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ABSTRACT 
 

Present study was carried out at Department of Soil Science and Soil Water 

Conservation, PMAS-Arid Agriculture University, Rawalpindi, Pakistan to obtain 

phosphorus (9) enriched compost from municipal solid waste (MSW) including 

rock phosphate (RP) solubilized with phosphate solubilizing bacteria (PSB) and 

to evaluate this compost for enhancing maize growth and nutrient uptake. The 

MSW composting treatments were RP (5 and 10 % by weight of MSW) and PSB 

strains (Burkholderia-cepacia and Klebsiella-pneumoniae) in different 

combinations, incubated for 120 days. Combined addition of RP (10%) and both 

PSB strains resulted in the highest contents of total P (2.05 %) and soluble P 

(120 mg/kg). This compost was selected for growing maize as test crop in the 

greenhouse. Treatments included application of P-enriched compost (PEC) for 

50, 100, 150 and 200 percent of recommended P rate for maize and a 

combination of compost and SSP (75:25), half and full rate of SSP fertilizer. The 

highest dose of PEC (200%) caused higher concentration (mg/kg) of 

macronutrients (nitrate−N 18.2; available P 7.8; extractable K 162) in soil. 

Contents of N P and K in maize plants were 2.9, 0.47, and 1.72 percent, 

respectively being also higher under this treatment. The PEC (200%) yielded the 

highest fresh and dry weight (123.6 and 32.3 g/pot followed by that with full rate 

of SSP. Mixture of PEC and SSP (75:25) also gave results comparable to those 

obtained from 200%  PEC and SSP. Therefore, use of PEC and P-fertilizer 

mixture is suggested as an economic and efficient way of P input to soil for 

having sustainable maize yield. 
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INTRODUCTION 

 
Arid regions of Pakistan are known for their phosphorus deficiency as more 
than 90 percent of Pakistani soils are deficient in phosphorus (26). Farmers 
have to use costly phosphatic fertilizers to overcome this deficiency. 
However, high pH, fixation by clays and high calcium (Ca) activity are the 
factors which drastically reduce the efficiency of these fertilizers (8). There is 
dire need to find cheap and efficient alternatives. 

 
Rock phosphate (RP) is used as a raw material for manufacturing phosphatic 
fertilizers. It is technically insoluble phosphate of calcium called apatite. 
General formula for rock phosphate is Ca5 (PO4)3 (OH,F,Cl). According to the 
last attached group in formula it is called chloro, floro or hydroxyl apatite, 
respectively (13). In Pakistan, there are 26 million tons of rock phosphate 
reserves but due to Silicon (Si) impurity in it, manufacturers prefer to use 
imported RP, which is another reason of high cost of phosphatic fertilizers in 
Pakistan. Availability of P from rock phosphate could be improved by using 
phosphate solubilizing microorganisms, organic residues (2, 4, 6). Phosphate 
solubilizing bacteria (PSB) use the processes like acidification, chelation, 
exchange reactions, and polymeric substances formation for bringing 
unavailable phosphorus into available form and meeting P deficiency in soil 
(9, 19).  

 
Similarly, rate of municipal solid waste (MSW) generation in Pakistan is very 
high and estimated to be 55,000 tons per day (1). Government agencies 
cannot properly handle this much amount and that’s why only 60 percent 
MSW is collected while remaining is thrown in open places. Compost 
prepared from the decomposition of MSW is being used the world over as 
organic source to improve soil properties. Application of municipal solid waste 
compost (MSWC) in soils reduces the fixation of phosphorus (P) in soil and 
thus increases its availability (20). The research work on improving the 
quality of MSWC is lacking. For composting of municipal solid waste along 
with rock phosphate, PSB could help in managing huge volume of solid 
waste. It would also result in better quality compost with high P content to 
meet P deficiency in arid soils. 

 
The aim of the present study was to improve the phosphorus status of 
municipal solid waste compost by using cheaper local resources like rock 
phosphate and PSB and then to check the efficiency of this P-enriched 
compost for raising maize crop. 

 

http://www.sciencedirect.com/science/article/pii/S0892687514004063#b0085
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MATERIALS AND METHODS 
 

Preparation of P-enriched compost 

 
This study was carried out at Department of Soil Science and SWC, PMAS-
Arid Agriculture University, Rawalpindi, Pakistan during 2012. About 1000 kg 
municipal solid waste was collected from different dumping sites of 
Rawalpindi city. This waste was homogenized by thorough mixing and 
segregated to determine its physical composition i.e; plastic (17.3%), paper 
(10.7%), cloth pieces (5.6%), metals (2.9%), animal residues (3.2%), glass 
(1.5%), stones (3.4%), wood (0.4%), miscellaneous decomposable material 
(55%).  Chemical composition of MSW was: N (0.97%), P (0.48%), K 
(0.93%), Zn (127 mg/kg), Cu (67 mg/kg), Fe (988 mg/kg), Mn (197 mg/kg), 
Cr (62 mg/kg), Cd (0.96 mg/kg) and Pb (113 mg/kg). Buffalo dung was 
added @ 5 percent of MSW to serve as a natural inoculum/starter. This 
MSW-buffalo dung mixture was used as a base material for making P-
enriched compost (PEC). Rock phosphate (RP) was collected from 
Abbotabad district with total P content (24%), extractable P (190 mg/kg), 
soluble P (3 mg/kg), K (43 mg/kg), Zn (4.0 mg/kg), Cu (6.8 mg/kg), Fe (28 
mg/kg), Mn (8.4 mg/kg), Ca (190 mg/kg), Mg (6.0 mg/kg) and Pb (150 
mg/kg). 
 
Nine phosphate-enriched composts (PEC) were prepared aerobically by 
mixing MSW, RP and PSB in different combinations. Treatments included: T1 
[(control/basic composting material) (mixture of MSW and buffalo dung), T2 
(composting material mixed with only 5 and/or 10 percent RP), and T3 
(composting material mixed with 5 and/or 10 percent RP along with two PSB 
strains i.e., B. cepacia and/or K. pneumoniae). Moisture and aeration were 
maintained in all the treatments by regular monitoring of water content at 50 
percent and turning the composting mixture fortnightly. Samples of 
composted materials/mixtures were drawn bi-weekly and analyzed for C:N 
ratio and total/soluble P contents. Composting was continued till attainment 
of constant temperature and a C:N ratio around 15 in the heaps. 
 

Green house study 

 
Compost enriched with 10 percent RP and both strains of PSB had the 
highest total and soluble P contents, therefore, it was selected for use in the 
green house crop experiment. Nutrient and mineral contents in the selected 
PEC were: N (1.3%), P (2.05%), K (1.2%), Zn (155 mg/kg), Cu (100 mg/kg), 
Fe (1298 mg/kg) Mn (350 mg/kg) Cr (87 mg/kg) Cd (1.43 mg/kg) and Pb 
(142 mg/kg). This experiment was carried out to assess the effect of PEC on 
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maize growth, nutrient content in soil and plants. Ten kilogram air dried, 
grinded and sieved soil was filled in each pot. Characteristics of the soil were: 
texture: sandy clay loam, pH (7.3), NO3 nitrogen (7.6 mg/kg) available P (2.8 
mg/kg) extractable K (111 mg/kg) and organic matter (0.76). Treatments 
included: GT1 : control (no compost), GT2 : application of half dose (50 kg 
P2O5/ha) and GT3 : full dose (100 kg P2O5/ha) of P fertilizer viz. single super 
phosphate (SSP), PEC for providing 50, 100, 150 and 200 percent of 
recommended P dose  and combination of P from PEC and SSP in 75:25 
ratio. Five maize seedlings were retained in each pot for 90 days. Soil 
samples drawn before sowing and after the harvest of crop were analyzed for 
N, P and K contents. At the terminal stage of crop, parameters like plant 
height, fresh and dry biomass were recorded, and plant samples were 
obtained and analyzed for N, P, and K contents. 
 

Analytical procedures 

 
Total nitrogen in representative compost and plant samples was determined 
by digesting it with a mixture of sulphuric acid and salicylic acid (5). Total P 
was determined by digesting compost samples with di-acid mixture (nitric 
acid and perchloric acid) and using ammonium vanadomolybdate as colour 
developing solution (18). Total potassium (K) was measured in the digested 
filtrate directly by using flame photometer. Micronutrients and heavy metals 
were determined by atomic absorption spectrophotometer. Nitrate-N, P and K 
in soil were measured by using AB-DTPA extraction method (29). 
 

Statistical analysis 

 
Data on total and soluble P contents in the composts prepared through 
various combinations of RP and PSB were compared by graphical 
presentation. Whereas, data regarding the effect of P fertilizer and PEC 
treatments on plant growth attributes, nutrient contents in soil and plants 
were subjected to analysis of variance (ANOVA), and comparison of mean 
values was undertaken by LSD test (31). 
 

RESULTS AND DISCUSSION 

 

Effect of composting on total P contents 

 
At the start of composting total phosphorus (P) content varied from 0.55 
percent in simple MSW compost to 1.13 percent in 10 percent RP + 
PSB1+PSB2 (Fig. 1).  
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RP represents rock phosphate; PSB1 is first inoculum of phosphorus solubilizing bacteria 
(Burkholderia cepacia); and PSB2 is second inoculum of phosphorus solubilizing bacteria 
(Klebsiella pneumoniae). 5 percent and 10 percent are the weight share of RP with respect to 
composting mixture. 
 

Fig. 1. Dynamics of total P content during composting as affected by the application of 

rock phosphate and phosphorus solubilizing bacteria. 

 

Total P content increased during composting. In simple compost it increased 
from 0.55 to 0.7 percent (a change of 27 percent over initial value). In 10 
percent RP + PSB1 + PSB2 total P changed from 1.13 to 2.05 percent. 
Improvement in total P content to different extent was also noted in other 
treatments. Initially change in total P was more in control till 45

th
 day. 

However slow change was noticed afterwards as the decomposition 
continued. Volume of the compost heaps also considerably reduced to 
almost one-half within two weeks in most of the treatments.  RP-amended 
compost resulted in higher total P as compared to control. So the treatment 
with 10 percent RP had higher total P content than the treatments with 5 
percent RP. However this increase in total P was slow and gradual. In 10 
percent RP+PSB1+PSB2 highest total P (2%) was observed. Due to slow 
increase in total P such compost is likely to be effective source of P for long 
time. These results conform to the previous findings of Huang et al. 12, Li et 
al. 21 and Nishanth and Biswas 25. 
 

Effect of composting on soluble P dynamics 
 

Soluble phosphorus content was also affected considerably during 
composting (Fig. 2). The highest soluble P content (120 mg/kg) at the end of 
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composting was noted in 10 percent RP + PSB1 + PSB2, while the lowest (63 
mg/kg) was recorded in control.  
 

 
 

RP represents rock phosphate; PSB1 is first inoculum of phosphorus solubilizing bacteria 
(Burkholderia cepacia); and PSB2 is second inoculum of phosphorus solubilizing bacteria 
(Klebsiella pneumoniae). 5 percent and 10 percent are the weight share of RP with respect to 
composting mixture. 
 

Fig. 2. Dynamics of soluble P content during composting as affected by the application 

of rock phosphate and phosphorus solubilizing bacteria 

 
Soluble P content increased with composting and after two weeks, there was 
a noticeable change regarding soluble P in all the treatments. Gradual 
change in soluble P was noted in the treatments where RP had been added. 
Among two rates of RP (5 % and 10 %), 10 percent RP accounted for higher 
soluble P. Soluble P content improved significantly in the treatments where a 
mixture of RP and P solubilizing bacteria had been applied. In such 
treatments release of soluble P continued for extended time. 
 
In control, change in soluble P level in short time interval might be due to fast 
decomposition as the composting material was simple however in the 
treatments involving RP and PSB change in soluble P content was slow and 
gradual. Reactions of various ratios with released phosphorus could be a 
possible reason for slow change/increase in soluble P level (28). Higher 
soluble P content in the treatments with RP and PSB after 120 days of 
composting means these composts are effective P source in soil for long 
duration. Phosphorus solubilizing fungi and bacteria produce acids like 
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tartaric acid, oxalic acid, gluconic acid and lactic acid (3). Reduction of pH of 
the medium through production of H

+
 contributes in the solubilization of rock 

phosphate. Production of phytase and phosphatase enzymes by these 
microbes further helps in the solubilization process (27).  
 

Macro-nutrient contents in soil 

 
The lowest N, P and K contents in soil were noted in control (Table 1). 
Among compost treatments, PEC-200 gave the highest NO3-N (18.7 mg/kg) 
and it was statistically at par with PEC-150 (16.3 mg/kg). Results for NO3-N 
in PEC-100 (15.6 mg/kg), PEC-150 (16.3 mg/kg) and PEC-75+P-25 (13.8 
mg/kg) were statistically comparable. Highest soil P content was noted in 
PEC-200 (6.8 mg/kg) however it was statistically similar to P-100 (6.2 mg/kg) 
and PEC-150 (6.1 mg/kg). With increasing doses of PEC, P content in soil 

was also improved. 
 
Table 1. Extractable N, P and K content of soil as affected by various rates of 

phosphorus (P) enriched compost and P fertilizer. 

  
Treatments NO3-Nitrogen Phosphorus Potassium 

(mg/kg) (mg/kg) (mg/kg) 

T1: Control  9.5 d 2.6 e 114 e 

T2: P-50  10.2 d 4.3 d 116 e 

T3: P-100  11.3 cd 6.2 ab 119 e 

T4: PEC-50  11.8 cd 3.1 e 140 d 

T5: PEC-100  15.6 b 5.6 bc 152 bc 

T6: PEC-150   16.3 ab 6.1 abc 158 ab 

T7: PEC-200  18.7 a 6.8 a 167 a 

T8: PEC-75 + P-25    13.8 bc 5.3 c 143 cd 
 

Means with same letters are statistically non-significant at P=0.05. P = phosphorus from fertilizer; PEC is 
phosphate enriched compost. P-25, P-50 and P-100 indicate 25, 50 and 100 % dose of P-fertilizer, 
respectively. PEC-50, PEC-75, PEC-100, PEC-150 and PEC-200 indicate rates of enriched compost to 
supply the P corresponding to 50, 75, 100, 150 and 200 % dose of P-fertilizer. 

 

The soil was highly deficient in available phosphorus (P). Even in PEC-200 
and P-100, the soil P did not touch sufficiency mark (7 mg/kg). Combination 
of P-enriched compost with P-fertilizer also increased soil P content (5.3 
mg/kg). However it was still lesser than that in PEC-200 and P-100. The 
mean minimum K content (114 mg/kg) was recorded in control, while the 
mean maximum K content (167 mg/kg) was noted in PEC-200. Increased 
application of enriched compost also improved soil K content. Increase in 
NO3-N, P and K content in soil with compost treatments could be due to 
enhanced activity of microbes in soil (16), resulting in more mineralization 
and availability of these nutrients. Improvement in the soil P level might be 
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due to improved P content of enriched compost (4). It also confirmed earlier 
studies suggesting MSWC to be a good source of plant available phosphorus 
(7). However, Gil et al. (4) found statistically similar available phosphorus 
content in soil from mineral P fertilizer and a combination of compost and P 
fertilizer. Increased availability of P might also be due to the property of 
compost to reduce fixation of P by clays (14). Similarly Iglesias-Jimenez and 
Alvarez (15) concluded that application of MSWC at the rate of 40-50 mg per 
hectare provided nitrogen similar to inorganic fertilizer. Increased soil K and 
its uptake by the application of municipal solid waste have also been reported 
by Montemurro et al. (24) in alfalfa and in red clover by Zheljazkov et al. (33). 
 

Macro-nutrient contents in plants 
 

Comparatively lower N concentration in leaves (1.8 %) was observed in 
control. However N concentration was also improved accordingly by 
application of different doses of P fertilizer and P-enriched compost (Table 
2). The highest nitrogen concentration (2.9 %) was observed with PEC-200. 
However, the treatments viz. P-100, PEC-100, PEC-150, PEC-200 and PEC-
75+P-25 showed statistically non-significant effect on total plant nitrogen. 
Total P and K contents also showed similar response to the treatments. 
 

Table 2. Total N, P and K content of maize plants as affected by the application of 

P- enriched compost and P-fertilizer. 
 

Treatments NO3-Nitrogen (%) Phosphorus (%) Potassium (%) 

T1: Control  1.8 c 0.16 e 1.2 e 

T2: P-50  2.1 bc 0.22 d 1.48 bcd 

T3: P-100  2.8 a 0.42 b 1.7 ab 

T4: PEC-50  1.9 c 0.24 d 1.33 de 

T5: PEC-100  2.6 a 0.32 c 1.45 cd 

T6: PEC-150   2.8 a 0.38 b 1.67 abc 

T7: PEC-200  2.9 a 0.47 a 1.73 a 

T8: PEC-75 + P-25    2.5 ab 0.37 bc 1.67 abc 

Means with same letters are statistically non-significant at P = 0.05. P = phosphorus from fertilizer; PEC 
is phosphate enriched compost. P-25, P-50 and P-100 indicate 25, 50 and 100 % dose of P-fertilizer, 
respectively. PEC-50, PEC-75, PEC-100, PEC-150 and PEC-200 indicate rates of enriched compost to 
supply the P corresponding to 50, 75, 100, 150 and 200 % dose of P-fertilizer. 
 

In P-100 total P concentration was 0.42 percent while in control 0.16 percent 
was noted which falls in deficient range (32). Among the enriched compost 
treatments, the highest P concentration (0.47%) in plants was obtained with 
PEC-200. Phosphorus concentration from PEC-150 (0.38 %), P-100 (0.42 %) 
and PEC-75+P-25 (0.37 %) were statistically similar. It is evident from the 
data that PEC-200 produced highest P concentration which was statistically 
different from all other treatments. Nishanth and Biswas (25) reported 
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increased P uptake in wheat by the application of rice straw compost 
enriched with RP and phosphorus solubilizing fungus. On the other hand, 
Mkhabela and Warman (23) reported non-significant difference in P uptake 
among various rates of MSWC and recommended NPK treatment. 
 
Compost application also significantly affected potassium concentration in 

maize (Table 2). Maximum K concentration (1.73 %) was observed in plants 

treated with PEC-200, however it was at par with treatments viz. P-100, PEC-

150 and PEC-75 + P25. Similarly, the treatments of P-50, PEC-100, PEC-

150 and PEC-75 + P-25 showed statistically no significant difference. The 

increased K concentration by the application of enriched compost might be 

due to enhanced availability of macro-nutrients in the compost. Release of 

various nutrients including K during the decomposition of organic compounds 

might also be another cause (30). Higher uptake of potassium in alfalfa by 

the application of MSWC has been reported by Montemurro et al. (24). 
 

Plant biomass and height 
 

The perusal of data (Table 3) indicated that the lowest fresh weight (59.7 
g/pot)  was  recorded in control while with the application of half and full dose 
 
Table 3. Fresh, dry biomass and maize height as affected by the application of  enriched compost 

and P-fertilizer. 

 
Treatments Fresh biomass (g) Dry biomass (g) Plant height (cm) 

T1: Control  59.7 e 19.1 c 45.2 b 

T2: P-50  74.2 de 22.9 bc 53.3 ab 

T3: P-100  121.1 a 32.8 a 61.4 a 

T4: PEC-50  84.2 cd 24.9 abc 52.8 ab 

T5: PEC-100  96.6 bc 27.7 abc 57.4 ab 

T6: PEC-150   108.4 ab 30.8 ab 58.4 ab 

T7: PEC-200  123.6 a 32.3 a 58.9 ab 

T8: PEC-75 + P-25    114.8 ab 31.6ab 59.9 ab 

Means with same letters are statistically non-significant at P = 0.05. P-25, P-50 and P-100 indicate 
corresponding levels of P-fertilizer. PEC-50, PEC-100, PEC-150 and PEC-200 indicate rates of enriched 
compost to supply corresponding levels of P-fertilizer in soil. 

 
of P fertilizer, biomass was 74.2 and 121.1 g per pot, respectively. With PEC-

75+P-25, the fresh biomass was 114.8 g per pot. By increasing rates of P-

enriched compost, both fresh and dry biomass increased, respectively. 

Regarding plant height, all the treatments had statistically non-significant 

difference; however, the maximum plant height (61.4 cm) was in the pots 

receiving P-100, and the smallest (45.2 cm) in control. From chemical 
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fertilizers nutrients are readily available so plant growth is better. On the other 

hand organic sources are slow suppliers of nutrients (7). 

 

Preferably the compost should be given proper time for the decomposition 

and release of nutrients. He Z.I. et al. (11) and Loecke et al. (22) 

recommended a gap of at least three months between compost application 

and crop sowing for maximum benefits. As the P-enriched compost in our 

experiment was applied two weeks ago so it could also be factor for lesser 

plant height in P-enriched compost treatments. 

 
CONCLUSION 

 
Phosphate-enriched compost (PEC) could be best prepared from the 

composting mixture through incorporation of 10 percent RP by weight and 

inoculation with two PSB strains (Burkholderia cepacia and Klebsiella 

pneumoniae). Use of such P-enriched compost at the rate equivalent to 200 

percent of P-fertilizer (PEC-200) was found to be superior source of P 

nutrition for maize crop against the P-fertilizer alone. Combined application of 

P-enriched compost and SSP fertilizer (75:25) also had the prospects in 

terms of plant growth and yield comparable to PEC-200 and P-100 alone. 

Application of phosphorus along with organic matter enhances the amount of 

P available to plants and leaves lesser chance of P-fixation in the soil. 
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