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A study was conducted in pots on the field to assess the effect of different quantities of poultry 
manure (PM), cattle manure (CM) and pig manure (PG) on the release of available phosphorus 
from Togo rock phosphate (RP) and lettuce growth. There were eleven (11) treatments which 
were: Control (soil only); 2.5g RP; 2.5g CM; 2.5gRP + 2.5g CM; 2.5gRP + 5gCM; 2.5gPM; 2.5gRP + 
2.5gPM; 2.5gRP + 5gPM; 2.5gPG; 2.5gRP + 2.5gPG; 2.5gRP + 5gPG, applied per kg soil, using the 
Completely Randomized Design (CRD) with three replications. Available phosphorus and other 
parameters were assessed using standard methods. Results were statistically analyzed using the 
the GenStat (11th Edition) statistical software package. The amount and type of animal manure in 
the amendment affected the amount of the available P released. The addition of 2.5g manure to 
2.5g RP in a kg of soil significantly (P<0.05) increased available P by 4 to 7 times over the sole 
2.5g RP/kg soil treatment. Doubling the amount of manure in the amendment (5g manure + 2.5g 
RP) almost doubled the amount of P released, with the poultry manure combinations being more 
significant. The amount of available P in the soil positively related to the plant height (R2=63), 
leaf area (R2=0.55), dry weight (R2=0.73) and the percentage P in the leaf (R2=0.88) of lettuce. 
The PM at 2.5gRP + 5gPM recorded the highest significant (P<0.05) values. The study has 
provided further basis for manure selection and quantities to be used in enhancing the release of 
P from rock phosphate. However, investigations need to be continued using nuclear techniques. 
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Introduction 

In comparison with other parts of the world, most soils of Africa are considered as inherently poor. Nutrient 
mining combined with the inherently low soil fertility has been blamed for the low crop yields in Africa 
(Shepherd et al. 1996). 

It is generally viewed that substantial increases in inorganic fertilizer use are necessary to restore and 
maintain the fertility of African soils and enhance their productivity (Minot and Benson, 2009). Though 
inorganic fertilizers have dramatically increased food production worldwide, high costs, poor distribution 
systems and lack of manufacturing capacity are some of the factors preventing farmers from accessing the 
fertilizers they need to maintain the health of their farmland (Eurekalert, 2006).  

With the rise in costs of industrial fertilizers of which phosphorus fertilizers are integral part in developing 
countries, it has become necessary to look for alternative phosphorus sources for farming operations.  
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Rock phosphate, a naturally occurring mineral source of phosphate, could serve as an alternative source of 
phosphorus in developing countries. It has been found to be much less expensive than soluble phosphorus 
fertilizers (Lorion, 2004). However, rock phosphate material has poor solubility when used as a fertilizer in 
soils.  

Treating rock phosphate with organic materials is found to be a technique for enhancing the solubility and 
the subsequent availability to plants of phosphorus (Zapata and Roy, 2004). 

Several studies have been conducted on amending rock phosphates to enhance their rate of dissolution after 
application to soils. The incorporation of agricultural wastes like poultry manure and cow dung with rock 
phosphate significantly improved the release of P and performance of crops (Singh and Amberger, 1990; 
Akande et.al. 2005; Akande et.al. 2008).   

In the quest to delve more into the use of organic manure to ease the release of available phosphorus from 
rock phosphate, the present study was conducted with the objective of assessing the effect of different kinds 
and quantities of poultry manure, cattle manure and pig manure on the release of available phosphorus and 
growth of lettuce using Togo rock phosphate. 

Material and Methods 

An experiment was carried out at the College of Agriculture Education (latitude 07o 04’N; longitude 01o 
24’W), University of Education, Winneba Ghana, from May to July, 2014.  The soil of the area is classified by 
the FAO-UNESCO legend as Chromic Luvisol (Asiamah, 1988). 

Soil was sampled from the top layer (0 – 15cm) of the College’s experimental field and sieved through a 2mm 
sieve.  The sieved soil was amended with dried and ground poultry manure (PM), cattle manure (CM), pig 
manure (PG) and rock phosphate (RP), which were also sieved through a 2mm sieve at various proportions 
in pots (diameter - 10cm; 5kg soil capacity). The physical and chemical properties of the soil, animal 
manures and the rock phosphate are presented in Tables 1 and 2. 

Table 1. Some chemical and physical properties of the soil used for the study 

pH 
(1:1) 

OC,
% 

N,   
% 

Ca Mg K Na OM,  
% 

P, 
mg/kg 

Exch. 
A(Al+H) 

TEB, 
me/100g 

BS, 
% 

Sand, 
% 

Silt, 
% 

Clay, 
% (me/100g) 

  6.33 1.18 0.12 4.63 1.6 0.16 0.09 2.04 28.14 0.10 6.48 98.47 78.28 2.21 19.51 
Loamy Sand 

 

Table 2.  Some chemical properties of  rock phosphate and animal manures used for the study 

 Ca Mg K P N 
(%) 

Poultry manure 2.14 0.65 0.90 1.77 4.27 
Cattle manure 1.98 0.64 0.26 0.71 2.06 
Pig manure 0.26 1.40 0.48 1.57 2.13 
Rock phosphate 46.82 0.03 0.02 11.04 0.04 

The treatments per kg soil were: Control (soil only); 2.5g RP; 2.5g CM; 2.5gRP + 2.5g CM; 2.5gRP + 5gCM; 
2.5gPM; 2.5gRP + 2.5gPM; 2.5gRP + 5gPM; 2.5gPG; 2.5gRP + 2.5gPG; 2.5gRP + 5gPG. 

There were three replications for the treatments. The Completely Randomized Design (CRD) was used to 
assign treatments on the field. The treatments were placed on the field for two weeks under rainfall 
conditions. Samples of soil from the treatments were taken for chemical analyses before two weeks old 
lettuce (leaf lettuce) seedlings (4plants/pot) were transplanted on them. 

The physical and chemical properties of soil samples, animal manures, rock phosphate and plant samples 
were assessed using standard methods which involved; organic matter (Walkley and Black, 1934), particle 
size analysis (Bouyoucos, 1962), total nitrogen and total phosphorus (Anderson and Ingram, 1989), total K 
(IITA, 1985), available phosphorus (Bray and Kurtz, 1945), exchangeable Ca, Mn, K and Na (IITA, 1985) and 
Al (McLean, 1982). 
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At 30 days after transplanting the lettuce plants were harvested. Plant heights were measured with a meter 
rule and a string. The leaf area of the plants was measured by the grid counting method and the dry matter 
of the plant assessed by the oven dying method. Values of parameters were subjected to analysis of variance 
(ANOVA) and the Least Significant Difference Test (P<0.05) for the separation of means using the GenStat 
(11th Edition) statistical software package.   

Results and Discussion 

Table 3 indicates available P, exchangeable Ca, Fe, Mn and Al released from the rock phosphate soil 
amendment with different types of animal manure after two weeks of incubation under natural conditions 
on the field. At the same RP level of 2.5g/soil the animal manure soil amendments recorded significantly 
(P<0.05) higher values of available P than the RP + Soil and the control. 

Table 3. Available P levels and other nutrients after soil amendment 

Treatment  
(per kg soil) 

PO4,  
mg/kg 

Ca, me/100g Fe, mg/kg Mn, mg/kg Al,  me/100g 

Control 141.96 5.11 66.04 1.43 0.00 
2.5g RP 149.29 5.13 66.98 1.44 0.00 
2.5g CM  183.56 5.16 70.00 1.45 0.00 
2.5gRP + 2.5g CM 212.94 5.15 69.58 1.45 0.00 
2.5gRP + 5gCM 298.62 5.20 69.48 1.47 0.00 
2.5gPM 208.05 5.47 68.40 1.44 0.00 
2.5gRP + 2.5gPM 256.99 5.40 70.71 1.47 0.00 
2.5gRP + 5gPM 389.19 5.61 67.97 1.47 0.00 
2.5gPG 200.72 5.34 68.01 1.46 0.00 
2.5gRP + 2.5gPG 253.32 5.31 70.50 1.47 0.00 
2.5gRP + 5gPG 323.09 5.47 69.00 1.48 0.00 
LSD 
CV 

29.19 
12.40 

0.61 
4.11 

8.30 
3.22 

0.50 
10.00 

NA 
NA 

Figure 1 shows the estimated amount of available P released from the RP alone in the various treatments.   
The amount and type of animal manure in the amendment affected the amount of the available P released. 
The addition of 2.5g manure to 2.5g RP in a kg of soil significantly (P<0.05) increased available P by 4 to 7 
times over the sole 2.5g RP/kg soil treatment. Doubling the amount of manure in the amendment (5g 
manure + 2.5g RP) almost doubled the amount of P released, especially for the poultry and the cattle 
manures. Significant differences were seen among the different types of animal manures in the P released, 
especially, at 5g manure amendment, the poultry manure released the highest amount of P which was almost 
1.6 and 1.8 times greater than the amount released under the cattle and pig manures respectively. In a 
similar study using palm oil mill effluent, the release of available P from RP was found to increase with the 
application of the effluent and the amount applied (Oviasogie and Uzoekwe, 2011), which is observed in the 
current study. 

 
Figure 1. Estimated amount of available phosphorus released from only  rock phosphate (RP)  under different soil 

manure amendment (Figures with the same letters are not significantly (P<0.05) different from each other) 
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The ability of organic manure in enhancing the release of available P from RP has been related to increase in  
microbial activities and the acidic soil conditions created by the decay of the organic manure (Kim et al. 
1997; Rashid et al. 2004; Chen et al. 2006; Nishanth and Biswas, 2008; Kumari et al. 2008). Different organic 
materials will create different soil environmental conditions (Bangar et al. 1985; Nair and Ngouajio, 2012) 
and hence leading to differences in the release of available P from RP in soil amendments. Such situations 
might be the reasons behind the significant performance of the PM in enhancing higher release of available P 
in the amendments than the rest of the organic materials, because PM has been found to produce higher 
microbial biomass and hence acidic conditions in soil amendments (Lin et al. 2010).  

Available P in the soils may be converted into insoluble complexes (Mehta et al. 2015) through precipitation 
reactions with Ca2+ in calcareous soils and Mn3+,  Al3+ and Fe3+ in acidic soils (Khan et al. 2009). The effect of 
Ca2+ , Mn3+, Al3+ and Fe3+ impacting differences among the treatments may be considered as insignificant as 
the concentrations in the treatments were not significantly different (Table 3). 

The RP treated with different combinations of the organic manures significantly (P < 0.05) increased the 
growth and yield characteristics of lettuce (Table 4) as well as the percentage N, P and K contents of the 
lettuce leaves (Table 5) in comparison to the sole RP and the control treatments. The amount of available P 
in the soil positively related to the plant height (R2=63), leaf area (R2=0.55), dry weight (R2=0.73) and the 
percentage P in the leaf (R2=0.88) of lettuce. The PM at 2.5gRP + 5gPM recorded the highest significant 
(P<0.05) values of the parameters than the other treatments, bearing the same trend as the available P 
released in the soil discussed above. 
  Table 4. Growth and yield parameters of lettuce after soil amendment 

  Treatment (per kg soil) Plant Height (cm) Leaf Area (cm2) Dry weight (g) 
Control 9.20 38.18 11.36 
2.5g RP 11.90 40.50 12.23 
2.5g CM  12.30 49.02 14.11 
2.5gRP + 2.5g CM 15.70 79.75 16.58 
2.5gRP + 5gCM 15.70 75.46 17.53 
2.5gPM 16.70 75.40 18.12 
2.5gRP + 2.5gPM 19.50 78.02 19.21 
2.5gRP + 5gPM 21.30 80.80 23.62 
2.5gPG 13.10 59.64 14.51 
2.5gRP + 2.5gPG 13.60 65.28 15.40 
2.5gRP + 5gPG 15.55 69.84 16.62 
LSD 
CV 

1.51 
4.50 

2.44 
12.00 

1.60 
9.70 

  Table 5. Nutrient content of lettuce after soil amendment 
Treatment (per kg soil) N (%) P (%) K (%) 
Control 1.40 0.37 1.23 
2.5g RP 1.54 0.40 1.97 
2.5g CM  1.75 0.40 1.28 
2.5gRP + 2.5g CM 1.88 0.44 1.64 
2.5gRP + 5gCM 1.90 0.48 1.91 
2.5gPM 1.71 0.43 2.00 
2.5gRP + 2.5gPM 1.93 0.50 1.34 
2.5gRP + 5gPM 2.03 0.56 2.03 
2.5gPG 1.88 0.42 1.80 
2.5gRP + 2.5gPG 1.89 0.45 1.82 
2.5gRP + 5gPG 1.92 0.47 1.68 
LSD 
CV 

0.77 
3.22 

0.10 
5.10 

0.85 
2.00 

Conclusion 

The application of poultry manure, cattle manure and pig manure in rock phosphate soil amendment 
improved the dissolution of P from the rock phosphate, with the poultry manure being much more effective. 
The dissolution increased with the quantity of manure applied. The growth, yield and percentage P content 
of lettuce increased relative to the available P in the amended soil. Repetition of the experiment using 
nuclear techniques is imperative as this will give more accurate results. 



 K. Agyarko et al. / Eurasian J Soil Sci 2016, 5 (2) 84  - 88 
 

88 
 

References 

Akande, M.O., Adediran, J. A., Oluwatoyinbo, F. I., 2005. Effect of rock phosphate amended with poultry manure on soil 
available P and yield of maize and cowpea. African Journal of Biotechnology 4: 444-448. 

Akande, M.O., Oluwatoyinbo, F. I., Kayode, C. O., Olowookere, F. A., 2008. Response of maize (Zea mays) and okra 
(Abelmoschus esculentus) intercrop relayed with cowpea (Vigna unguiculata) to different levels of cow dung 
amended phosphate rock. African Journal of Biotechnology 7 (17): 3039-3043 

Anderson, J.M., Ingram, J.S.I., 1989. Tropical soil biology and fertility: A handbook of methods. Wallingford, UK: CAB 
International. 

Asiamah, R.D., 1988. Soil and Soil Suitability of Ashanti Region. Soil Research Institute (SRI). Tech. Report No. 193 SRI, 
Kwadaso, Kumasi, Ghana.  

Bangar, K. C., Yadav, K. S., Mishra, M.M., 1985. Transformation of rock phosphate during composting and the effect of 
humic acid. Plant and Soil 85: 259-266.  

Bray, R. H., Kurtz, L. T., 1945. Determination of total organic P and available forms of phosphorus in soils. Soil Science 
59: 39-45.  

Bouyoucos, G. J., 1962. Hydrometer methods improved for making particle size analysis of soils. Soils Science of America 
Proceeding 26: 464-465. 

Chen, Y. P., Rekha, P. O., Arun, A. B., Shen, F. T., Lai, W. A., Young, C. C., 2006. Phosphate solubilizing bacteria from 
subtropical soil and their tricalcium phosphate solubilizing abilities. Applied Soil Ecology 34: 33–41. 

Eurekalert, 2006.  Africa fertilizer summit facts.  
            Available at: http://www.eurekalert.org/staticrel.php?view=backgrounder0328 
International Institute of Tropical Agriculture (IITA), 1985. Laboratory manual of selected methods for soil and plant 

analysis. IITA, Ibadan, Nigeria. 
Kim, K. Y., Jordan, D., Krishnan, H. B., 1997. Rahnella aqualitis, a bacterim isolated from soybean rhizosphere, can 

solubilize hydroxyapatite. FEMS Microbiology Letters 153: 273–277. 
Kumari, A., Kapoor, K.K., Kundu, B.S., Mehta. R.K., 2008. Identification of organic acids produced during rice straw 

decomposition and their role in rock phosphate solubilization. Plant, Soil Environment 54 (2): 72-77. 
Khan, A. A., Jilani, G., Akhter, M.S., Naqvi, S.M.S., Rasheed, M., 2009. Phosphorous solubilizing bacteria; occurrence, 

mechanisms and their role in crop production. Journal of Agricultural and Biological Science 1: 48–58. 
Lin, X.J., Wang, F., Cai, H.S., Lin, R.B., He, C.M., Li, Q.H., Li, Y., 2010. Effects of different organic fertilizers on soil microbial 

biomass and peanut yield. 19th World Congress of Soil Science, Soil Solutions for a Changing World 72,  1 – 6 
August 2010, Brisbane, Australia, 72 – 75. 

Lorion, R.M., 2004.  Rock phosphate, manure and compost use in Garlic and potato systems in a high Intermontane 
valley in Bolivia.  Available at: http://www.dissertations.wsu.edu/thesis/summer2004/r_lorion_071404.pdf  

McLean, E. O., 1982. Soil pH and lime requirement, In: Methods of soil analysis, Part.2. Agron. 9, 2nd Ed., ASA, SSSA, 
Madison, Wisc. pp. 199-224. 

Mehta, P., Walia, A., Kulshrestha, S., Chauhan, A., Shirkot, C. K., 2015. Efficiency of plant growth promoting P-solubilizing 
Bacillus circulans CB7 for enhancement of tomato growth under net house conditions. Journal of Basic 
Microbiology 53: 1–12. 

Minot, N., Benson, T., 2009. “Fertilizer Subsidies in Africa: Are Vouchers the Answer?”, IFPRI Issues Brief 60. 
Nair, A., Ngouajio, M., 2012. Soil microbial biomass, functional microbial diversity, and nematode community structure 

as affected by cover crops and compost in an organic vegetable production system. Applied Soil Ecology 58: 45–
 55. 

Nishanth, D., Biswas, D.R., 2008.  Kinetics of phosphorus and potassium release from rock phosphate and waste mica 
enriched compost and their effect on yield and nutrient uptake by wheat (Triticum aestivum). Bioresource 
Technology 99: 3342–3353. 

Oviasogie, P.O., Uzoekwe, S.A., 2011. Concentration of available phosphorus in soil amended with rock phosphate and 
palm oil mill effluent. Ethiopian Journal of Environmental Studies and Management 4(1): 64-67. 

Rashid M., Khalil, S., Ayub, N., Alam, S., Latif, F., 2004. Organic acids production and phosphate solubilization by 
phosphate solubilizing microorganisms (PSM) under in vitro condition. Pakistan Journal of Biological Sciences 
7(2): 187-196. 

Singh, C.P.,  Amberger, A., 1990. Solubilization and availability of phosphorus during decomposition of rock phosphate 
enriched straw and urine. Biological Agriculture & Horticulture: An International Journal for Sustainable 
Production Systems 7: 261-269. 

Shepherd, K.D., Ohlsson, E., Okalebo, J.R., Ndufa, J.K., 1996. Potential impact of agroforestry on soil nutrient balances at 
the farm scale in the East African Highlands. Fertilizer Research 44: 97–99. 

Walkley, A., Black, I.A., 1934. An examination of Degtjareff method for determining soil organic matter and a proposed 
modification of the chromic acid titration method. Soil Science 37: 29–38. 

Zapata, F., Roy, R.N., 2004. Use of phosphate rocks for sustainable agriculture. FAO Fertilizer and Plant Nutrition 
Bulletin 13, Rome. 

http://link.springer.com/article/10.1007%2FBF02139630
http://link.springer.com/article/10.1007%2FBF02139630
http://journals.lww.com/soilsci/Citation/1945/01000/DETERMINATION_OF_TOTAL,_ORGANIC,_AND_AVAILABLE.6.aspx
http://journals.lww.com/soilsci/Citation/1945/01000/DETERMINATION_OF_TOTAL,_ORGANIC,_AND_AVAILABLE.6.aspx
https://dl.sciencesocieties.org/publications/aj/abstracts/54/5/AJ0540050464
https://dl.sciencesocieties.org/publications/aj/abstracts/54/5/AJ0540050464
http://www.sciencedirect.com/science/article/pii/S0929139306000047
http://www.sciencedirect.com/science/article/pii/S0929139306000047
http://www.eurekalert.org/staticrel.php?view=backgrounder0328
http://onlinelibrary.wiley.com/doi/10.1111/j.1574-6968.1997.tb12585.x/abstract
http://onlinelibrary.wiley.com/doi/10.1111/j.1574-6968.1997.tb12585.x/abstract
http://www.agriculturejournals.cz/web/pse.htm?volume=54&firstPage=72&type=publishedArticle
http://www.agriculturejournals.cz/web/pse.htm?volume=54&firstPage=72&type=publishedArticle
http://www.dissertations.wsu.edu/thesis/summer2004/r_lorion_071404.pdf
http://onlinelibrary.wiley.com/doi/10.1002/jobm.201300562/abstract
http://onlinelibrary.wiley.com/doi/10.1002/jobm.201300562/abstract
http://onlinelibrary.wiley.com/doi/10.1002/jobm.201300562/abstract
http://www.sciencedirect.com/science/article/pii/S0929139312000753
http://www.sciencedirect.com/science/article/pii/S0929139312000753
http://www.sciencedirect.com/science/article/pii/S0929139312000753
http://www.sciencedirect.com/science/article/pii/S0960852407006608
http://www.sciencedirect.com/science/article/pii/S0960852407006608
http://www.sciencedirect.com/science/article/pii/S0960852407006608
http://dx.doi.org/10.4314/ejesm.v4i1.8
http://dx.doi.org/10.4314/ejesm.v4i1.8
http://www.scialert.net/abstract/?doi=pjbs.2004.187.196
http://www.scialert.net/abstract/?doi=pjbs.2004.187.196
http://www.scialert.net/abstract/?doi=pjbs.2004.187.196
http://www.tandfonline.com/doi/abs/10.1080/01448765.1991.9754553
http://www.tandfonline.com/doi/abs/10.1080/01448765.1991.9754553
http://www.tandfonline.com/doi/abs/10.1080/01448765.1991.9754553
http://link.springer.com/article/10.1007%2FBF00750797
http://link.springer.com/article/10.1007%2FBF00750797
http://journals.lww.com/soilsci/Citation/1934/01000/AN_EXAMINATION_OF_THE_DEGTJAREFF_METHOD_FOR.3.aspx
http://journals.lww.com/soilsci/Citation/1934/01000/AN_EXAMINATION_OF_THE_DEGTJAREFF_METHOD_FOR.3.aspx

