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  Abstract 

 

Today our earth is experiencing various serious environmental challenges, among which one of the most critical is associated 

with raw poultry litter and fast food waste. These challenges could be mitigated by stabilizing its nutrients with co-composting. 

In the present study, co-composting of poultry litter (PL) and fast food waste (FFW) was carried out in a pile under aerobic 

condition to analyze the chemical changes during the composting process. The experiment was conducted with complete 

randomized design with five treatments, i.e., T1= PL+FFW (100:0); T2= PL+FFW (75:25); T3= PL+ FFW (50:50); T4= PL+ 

FFW (25:75); T5= PL+FFW (0:100), and three replications. Samples were collected at 15 days interval for the duration of 105 

days and analyzed for C: N ratio, macro-nutrients (N, P and K) and micronutrients (Cu, Fe, Zn & Mn) in each treatment. 

Treatment PL+FFW (75:25) attained C:N ratio up to the desired level (12:1). While N, P and K concentrations recorded at 105th 

day of composting for this treatment were 3.3%, 1.06% and 2.71%, respectively. The concentration of Cu, Fe, Zn and Mn of 

poultry litter and fast food waste (75:25) were 21.92 mg kg-1, 210.25 mg kg-1, 288.63 mg kg-1 and 172.05 mg kg-1 respectively, at 

the 105th day of composting. The study depicted that the poultry litter and fast food waste in 75:25 ratio released maximum 

amount of macro nutrients, i.e. N, P and K, as compared to other treatments. Hence, it can be considered as a more 

appropriate ratio for co-composting of poultry litter and fast food waste. This study would help in conversion of poultry litter 

and fast food waste to bio-fertilizer as a feasible and potential technology in the future to maintain the natural resources and to 

reduce the impact on environmental quality. 
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Introduction 

A food waste is the second largest component of 

municipal wastes posing serious environmental 

hazards when subjected to land filling and 

incineration (USEPA, 2011). Composting is 

considered to be a more sustainable alternative to 

land filling and incineration for managing food waste 

(USEPA, 2010) and to transform into useful bio-

fertilizer (Debosz et al., 2002).  In various studies 

about food being wasted, amounts 35%, based on the 

difference between the calories brought into the home 

and calories consumed (Saer et al., 2013; ERS 2007). 

Fast food waste usually contains about 80% of water 

besides oil and biodegradable organic matter (Haruta 

et al., 2005; Gonzales et al., 2010). Poultry litter is in 

fact a mixture of poultry droppings and bedding 

materials (Regulation, 2002; Lynch et al., 2013), 

which is produced in millions of tons and ultimately 

subjected to improper disposal. In general, farmers 

use this manure directly as fertilizer in their field 

without any preliminary treatment. Thus, this leads to 

serious environmental problems such as increased 

nutrient loss through leaching, erosion and runoff 

from agricultural fields along with many pathological 

problems (Gerba and Smith, 2005; Font-Palma, 

2012). Nitrogen losses from manure are larger with 

possible contamination of soil (Petric et al., 2009), 

and other environmental implications (Font-Palma, 

2012). Co-composting is a biological process to 

decompose two or more types of organic materials 

(Petric et al., 2012) into a stable humus like 

substance, and is expected to overcome the 

disadvantages of composting of a single material 

(Kumar et al., 2010). Different combinations of 

residual matters had been tested for co-composting 

such as: olive mill waste water with solid organic 

wastes (Paredes et al., 2000), rose processing waste 

with organic fraction of municipal solid waste (Tosun 

et al., 2008), poultry manure and wheat straw (Petric 

and Selimbasic, 2008), municipal solid wastes and 

sewage sludge (Fourti et al., 2010), physic nut de-

oiled cake with rice straw and different animal dung 

(Das et al.,  2011), sewage sludge, barks and green 

wastes (Watteau and Villemin, 2011). It is practiced at 

both large and small scales (Cooperband, 2000). The 

soils in Pakistan are characterized by low nutrients 

and poor organic matter contents, can be replenished 

by applying compost to enhance the fertility and 

productivity (Khan et al., 2003; Sarwar et al., 2008).  

 In Pakistan, both poultry and fast food industry is 

growing with a ramping speed. The restaurants, 

hotels and fast food chains are producing tons of 

solid, fast food waste every year. In the current 

scenario of advanced technology and scarcity of land, 

to handle this huge amount of poultry and food waste 

at waste disposal sites in the urban surroundings, had 

increased the demand for development of an efficient 

and environmental friendly waste management 

system among which co-composting is the right 

option.  Keeping this in view present study was 

designed to study the nutrients release pattern of co-

compost from poultry litter and fast food waste 

incurred during the preparation process and find the 

best combination of poultry litter and fast food waste 

in terms of nutrient release.  

 

Materials and methods 

Composting feedstock 

Poultry litter was collected from the sheds of Poultry 

Research Institute (PRI), Rawalpindi contains 

bedding material and poultry droppings. Likewise, 

fast food waste from the different fast food chains and 

restaurants like KFC, Pizza hut etc. containing 

cardboard, cooking oil, metals, food scraps and 

decomposable wastes (vegetables, meat). Five open 

pits of 1x1x1meter (LxWxD) were excavated and 

treatments were allotted in completely randomized 

design (CRD) as described by Inckel et al., 2005); 

Khan et al., 2012; Chaudhry et al., 2012). The pits 

were lined with concrete to reduce the leaching losses 

(Figure 1). Two pits were filled with poultry litter and 

fast food waste separately, while remaining three pits 

were filled with mixing poultry litter and fast food 

waste in different ratios. The treatments used for co-

composting where T1= Poultry litter + Fast food waste 

(100:0); T2= Poultry litter + Fast food waste (75:25); 

T3= Poultry litter + Fast food waste (50:50); T4= 

Poultry litter + Fast food waste (25:75) and T5= 

poultry litter + Fast food waste (0:100).  
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Feedstock characterization 

Temperature of compost heap was taken at 15 days 

interval by a thermometer at different depths of 

compost pile in the pit. Three compost samples were 

taken from each treatment at 15 days interval for 

analysis. A fresh sample of compost was taken and 

weighed it before drying in oven at 65C for 48 hours. 

Then the compost sample was weighed again by 

electric balance (APHA 1989). Total organic carbon 

was determined by wet digestion in 1.0N potassium 

dichromate (K2Cr2O7) solution and concentrated 

sulphuric (H2SO4) acid, and titrated against 0.5N 

ferrous ammonium sulphate solution 

(Fe(NH4)2(SO4)2) (Nelson and Sommers, 1982). Dried 

sample of compost (1.0g) was taken into micro 

Kjeldahl flask and total nitrogen was determined by 

digestion with sulphuric acid (H2SO4) and distillation 

process carried out by adding Boric acid in the 

presence of NaOH in distillation chamber. Nitrogen 

in the distillate was determined by titration against 

0.01N H2SO4 until the color changed from green to 

pink (Schouwenberg and Walinge, 1973). 

 

For the determination of total phosphorous, total 

potassium and micronutrients (Cu, Fe, Zn and Mn), 

dried compost sample (1.0g) was transferred into 100 

mL Pyrex digestion tube. Ten mL of nitric perchloric 

di-acid mixture (2:1) was added to it and allowed to 

stand overnight. The mixture was heated in block 

digester up to 235oC until the white fumes of 

perchloric di-acid started appearing. After cooling 

down the mixture, volume was made up to 100 mL 

with distilled water (Issac and Johnson, 1975). Total 

phosphorous was analyzed on a spectrophotometer 

(Spectronic 21) at 420nm by adding molybdate 

reagent in the samples (Anderson andIngram, 1993). 

Total Potassium was analyzed on flame photometer 

by taking 1.0ml filtrate with the addition of 4ml 

lithium chloride (LiCl2) Solution (Win kleman et al., 

1986). The filtrate of digested material was taken and 

used directly to determine micronutrient contents by 

atomic absorption spectrophotometer. 

                                          
 

 
 

A = Total volume of extract (mL) 

W = Weight of dry compost (g) 

Statistical analysis  

Analysis of Variance (ANOVA) was performed to 

compare the variation among treatments during co-

composting (Steel and Torrie, 1980). Significant 

differences between the mean values of the 

treatments were observed using LSD at P ≤ 0.05 

(Sokal and Rohlf, 1997). 

 

Results and discussion 

Physical changes during composting 

The temperature and moisture content profile of five 

composting piles with different ratios of material 

were depicted in figure 2 and 3, respectively. The 

internal temperature of piles, recorded at very first 

day of composting, was not significantly different 

from one another. It was recorded from 33.5C to 

35.92C in fast food and poultry wastes. A significant 

difference of 12.22as was noticed on the 15th day of 

intervals. Similar results were also reported by Raj 

and Antil (2011).  The temperature had increased with 

the passage of time, but not at a uniform speed. 

However, at 45th day of composting, an abrupt fall of 

temperature was recorded i.e., 6.86C. A similar 

decline in temperature was observed on the 60th day. 

No appreciable decrease in temperature was observed 

at 75 days interval. A minimum decrease in 

temperature was observed at 90th  and 105th days' 

time. Among all the treatments, the maximum change 

in temperature was observed during 15 to 30 days of 

composting, which suggested that during this time 

internal microbial activities were at peak and the 

decomposition (exothermic) process was carried out. 

The results were in line with those reported by Guang 

et al., (2010). Similar results were also reported by 

Goyal et al., (2005) that, initial temperatures of 28-

30C were recorded at the start of the composting 

process and the highest temperature was observed at 

thermophilic stage, up to 46C during composting 

organic wastes. Similarly, results were also observed 

by Ogunwande et al. (2008) that pile temperatures 

during composting ranged between 28 and 71C. 

Hachicha et al., (2009) also revealed that composting 

mixtures rapidly achieved thermophilic temperatures 

(>45C) and maximum temperature reached during 

composting was 62C. 
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Fig. 1. Poultry Litter composting pile under plastic 

cover. 

 

Data regarding release pattern nutrients suggested 

that maximum decomposition took place from 15th to 

45th days of composting. The moisture contents (MC) 

at the start of co-composting ranged from 50.58-

54.98% in fast food and poultry wastes, respectively 

(figure 2). Gradual increase in moisture contents was 

observed during the first 30 days of composting after 

that moisture content (MC) started to decrease 

throughout the composting process in all the 

treatments. Our findings were well in accordance with 

those of Patric and Selimbasic, (2008). They had 

reported that high MC above 69.11% could cause 

difficulty in the starting of the composting process as 

pores are completely filled, while too low MC (< 45) 

also leads to early drying of composting piles. On the 

30th day of composting maximum moisture contents 

(54.98%) were recorded in fast food waste (T5) 

depicting slowness of the composting process. Data 

revealed that most of the decomposition work by 

microbes was done during 60 to 105 days of 

composting. At the 105th day of composting minimum 

moisture content (38.4%) was recorded in poultry 

litter while the maximum in fast food waste (43.41%). 

Moisture contents recorded in treatment poultry litter 

and fast food waste (50:50) and poultry litter and fast 

food waste (25:75) were statistically at par but differ 

significantly with that of poultry litter and fast food 

wastes individually. Amlinger et al., (2008) had 

reported that 65-70% as initial moisture content and 

maintaining moisture content of 50-60% in 

subsequent stages.  These results was signed in 

agreement with the current research findings that 

moisture content ranges between 53-59%. 

Chemical changes during composting 

Comparative effect of co-composting of poultry litter 

and fast food wastes on concentration of 

micronutrients. The data of C: N ratio revealed that it 

was high in all the treatments at initial stage and 

decreased with the passage of time. At first day 

maximum C: N ratio (43.45).  

Fig. 2. Comparative effect of various ratios of poultry 

litter and fast food wastes (T1 to T5) on Temperature 

(C ) at different time intervals (0 to 105 days) during 

co-composting. Vertical bars show  standard error 

among three replicates and  subjected to LSD (α > 

0.05), where value is between 0.94 - 2.67. 

 

Gradual decline in C: N ratio was observed in all the 

treatments during the first 45 days, which speed up 

from the 60th day of composting and continued up till 

90th day. While the data recorded on 45th, 90th and 

the 105th day showed that composting was slowed 

down and there is decrease in C:N ratio. This trend 

showed that maximum composting activity was at the 

start of the composting process till 45th day. Lowest 

C:N was observed in treatment T1 and T5 with 100% 

poultry litter and fast food waste. The maximum 

decreasing trend for C:N was observed for poultry 

litter and fast food waste (75:25), which was 

considered to be the best combination of poultry litter 

and fast food waste as reported by Raj and Antil, 

(2011). Due to the decomposition of carbohydrates, 

the C:N ratio decreases. Several studies (Huang et al., 

2004; Benito et al., 2006; Amanullah, 2007; Zhu, 

2007; Kumar et al., 2010) reported that composting 

can also be effective at C/N ratio lower than 20. 

Therefore, equal amount of poultry litter and fast 

food waste (50:50) gave the highest C:N ratio and can 

be regarded as the best. 
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Fig. 3. Comparative effect of various ratios of poultry 

litter and fast food wastes (T1 to T5) on moisture (%) 

at different time intervals (0 to 105 days) during co-

composting. Vertical  bars show  standard error 

among three replicates and subjected to LSD (α > 

0.05), where value is between 1.02–1.63. was 

observed in the treatment T3, while minimum (29.25) 

was recorded in treatment T1 (figure 4). 

 

Combination of materials of good quality composts. 

Total Nitrogen  

The observation recorded on 1st day of composting 

depicted that blending of fast food with poultry litter 

had a positive effect on nitrogen content. At 1st day, 

maximum nitrogen content was found in treatment 

containing poultry litter and fast food waste (75:25). 

On the other hand, the treatment T5 had least 

nitrogen contents (1.98%). It was observed that 

nitrogen contents increased at variable rates in all the 

treatments with time. Maximum rate of nitrogen 

increase was observed between 60th and 75th day of 

composting in all treatments (figure 5). During the 

entire process of composting, maximum nitrogen 

content (3.3%) was recorded for poultry litter and fast 

food waste (75:25) at the 105th day of composting 

whereas, minimum nitrogen contents of 2.62% were 

found in poultry litter and fast food waste (0:100), 

reinforcing that fast food wastes is not a good source 

of nitrogen. On the other hand, presence of urine and 

poultry dropping the overall nitrogen content has 

increased in poultry litter.  Rodriguez et al., (2006) 

studied the co-composting of barley wastes and solid 

poultry with N contents (3.56%) in the solid poultry 

manure and found an increased trend of total 

nitrogen at compost maturity. The results for low 

nitrogen contents in 100 % fast food restaurant waste 

was also similar with those found by Zhang et al., 

(2003). So, poultry litter and fast food waste (75:25) 

was proved to be the best among all, as it provided 

maximum nitrogen contents not only during the 

composting process but also in the final product.  

Fig. 4. Comparative effect of various ratios of poultry 

litter and fast food wastes (T1 to T5) on C:N ratio at 

different time intervals (0 to 105 days) during co-

composting. Vertical  bars show  standard error 

among three replicates and subjected to LSD (α> 

0.05), where the value is between 1.36–2.22. 

 

Total Phosphorus 

Data recorded on the first day of composting revealed 

that maximum phosphorus (P) (0.46%) was present 

in poultry litter (T1) while fast food waste had the 

minimum phosphorus contents (0.28%). However, 

the blending of poultry litter with food waste had no 

significant effect on the phosphorus content as all the 

blended treatments (T2, T3 and T4) were statistically 

indifferent from one another (figure 5). The results 

also revealed that in all the treatments, there was an 

irregular trend of increasing P concentration till the 

end of composting. Similarly, increasing trend of P 

concentration was reported by Rodriguez et al., 

(2000), Preusch et al., (2004) and also been observed 

in Figure 5.  

 

The vermicomposting of poultry manure by Ghosh et 

al., (1999). During the first 60 days, P contents 

increased at a slower rate which speeded up during 

60th to  the 90th day of composting. Data indicates the 

highest concentration of P (1.06%) was found at the 

105th day of composting in mixture of poultry litter 

and fast food wastes (75:25) whereas, it was 

minimized  (0.55%) at the same time in 100% fast 

food waste. The poultry litter and fast food waste 
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(75:25) were found to be the best among all the 

treatments as it provides maximum phosphorus. 

Cooperband et al., (1996) found maximum P values in 

the poultry litter at the end of the composting 

process. These findings were not similar to that 

obtained from co-composting of a chestnut burr and 

leaf litter with solid poultry manure which showed an 

inverse behavior. A decrease in phosphorus during 

co-composting (0.71 to 0.12%) was observed by 

Rodriguez et al. (2001). 

Fig. 5. Effect of various ratios of poultry litter and 

fast food wastes (T1 to T5) on C:N, total N (%), Total P 

(%) and Total K (%) at different time intervals (0 to 

105 days) during co-composting. Vertical bars show  

standard error among three replicates and subjected 

to LSD (α > 0.05), where value is  between 1.36–2.22, 

2.66– 4.57, 5.41– 9.76 and 0.02– 0.06, respectively. 

 

Total Potassium 

The potassium (K) concentration ranged from 0.78-

1.11% on the first day of composting (figure 5). 

Poultry litter had the highest concentration of K 

whereas fast food waste had the minimum value. 

Results revealed that there was a linear increase in 

the K contents in all the treatments during the 

process of decomposition. The maximum increase in 

potassium contents was observed for the treatment T2 

for which the total K contents increased from 1.10-

2.71% in 105 days, While a minimum value of 1.36% 

was recorded for fast food waste (100%). The increase 

of the K in the co-compost could be explained by the 

mineralization process and decrease in the K 

concentration was due to the fixation process. It is 

inferred from the present results that treatment T2 is 

best for co-composting and can provide maximum K 

nutrients to the plants when applied. Rodriguez et al., 

(2001) and Clark, (2000) had reported an increase in 

the K concentration (2.82-3.26%) during co-

composting which is in accordance with the findings 

of the present study.  

Fig. 6. Effect of various ratios of poultry litter and 

fast food wastes (T1 to T5) on micronutrients (Cu, Fe, 

Zn, Mn at different time intervals (0 to 105 days) 

during co-composting. Vertical bars show  standard 

error among three replicates and subjected to LSD (α 

> 0.05), where value is  between 1 3.98–4.92, 0.03–

0.06, 0.01– 0.04 and 3.25– 6.49, respectively. 

 

Comparative effect of co-composting of poultry litter 

and fast food wastes on concentration of four 

micronutrients 

Copper 

The result revealed that the initial concentration of 

(Cu) recorded at first day of composting was much 

higher in poultry litter than that of fast food wastes 

(178.56 mg kg-1) was recorded in poultry litter, 

whereas it was 106.76 mg kg-1 for fast food waste 

while the concentration of all other mixtures lay 

within this range (figure 6). The gradual increase in 

the concentration of Cu remained till the 75th day. 

After that maximum Cu was released between the  

75th and 90th day of composting for all the treatments 

due to increased microbial activity. Overall maximum 

concentration of Cu was recorded at 105th day in 

poultry litter and fast food waste (75:25), while the 

minimum was observed in fast food waste. The 

overall concentration of Cu remains low in fast food 

waste during the composting which depicts that low 
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quantity of copper in fast food wastes. Hseu, 2004) 

obtained the similar findings and concluded that the 

Cu concentrations were lower (10.5 mg kg-1) in the 

wood residues while higher values (112- 511 mg kg-1) 

was found in manure. Zhou et al., (2005) found 

values of 152 mg kg-1 in poultry manure. Whereas low 

concentration of Cu (23 mg kg-1) was obtained from 

the composting of cow manure (Walker et al., 2004). 

Low concentrations of Cu were also detected by 

Hachicha et al., (2009), in the range of 27.71-31.83 

mg kg-1 in composted organic waste especially of plant 

origin. Bustamante et al., (2008) reported that the Cu 

concentration averaged at 45 mg kg-1 in composted 

animal waste especially of poultry manure.  

 

Iron 

Data at initial stage maximum concentrations of iron 

(192.6 mg kg-1) was recorded in fast food waste, 

whereas in poultry litter it was169.85 mg kg-1. Results 

showed that T3 and T4, and T1 and T2 were not 

significantly different from one another (figure 6). 

The concentration of iron increased to a uniform rate 

during the whole course of composting and among all 

treatments. The maximum concentration of iron was 

observed at 105th day of composting. The maximum 

increase in iron concentration was recorded in T3 and 

T4 for which value increased from 178.68 mg kg-1 to 

243.26 mg kg-1 and 179.94 mg kg-1 to 243.04 mg kg-1 in 

105 days respectively. Minimum iron concentration 

(188.98mgkg-1) was observed in poultry litter at the 

final stage of composting. From the results, it was 

concluded that either poultry litter and fast food  

waste at (50:50) or (25:75) could be the appropriate 

mixture of co-composting as both of these treatments 

release maximum amount of iron.  Kulcu et al., 

(2008) found some higher concentrations of Fe 

within chicken litter and spent mushroom compost 

(i.e., 566 mg kg-1). 

 

Zinc 

Zinc contents in poultry litter and fast food wasted 

recorded on the first day of co-composting 

represented the two extremes (figure 6).  Fast food 

wastes (79.03 mg kg-1) had much lower 

concentrations of zinc as compared to the poultry 

litter (203.13 mg kg-1). Data revealed that there was a 

gradual increase in the concentration of zinc in all the 

treatments as the composting process progressed. 

The concentration of zinc increased more rapidly 

after 60 days and continued till 90 days of 

composting, which showed that microbial activity 

remained high during this time span. Moreover, the 

increase in zinc content between 90th and 105th days 

of composting was not significantly increased which 

was the indication that composting process had 

almost completed. The maximum increase in zinc 

contents (191.76 mg kg-1 to 288.63 mg kg-1) was 

recorded for poultry litter and fast food waste (75:25). 

At the end of composting process the minimum 

contents of zinc were recorded in fast food wastes 

(122.86 mg kg-1). It is finally concluded that poultry 

litter and fast food waste (75:25) is the best 

combination to get higher contents of zinc. Rodriguez 

et al., (2006) that the co-compost obtained from solid 

poultry manure with chestnut burr/leaf litter and 

with barley wastes two values were under the legal 

local limits, i.e. (813 to 883 mg kg-1) respectively. 

Zinati et al., (2001) studied the characteristics of 

poultry litter and found relatively increased contents 

of Zn at the final stages of composting. The results of 

the present study were compared with the findings of 

Bao et al., (2008), that intensive mineralization of 

poultry litter Zn concentration ranged between 154.6-

237.2 mg kg-1. 

 

Manganese 

During the composting process, poultry litter 

concentration ranged from 96.94 mg kg-1 of 

manganese contents whereas fast food had the 

minimum contents (42.50 mg kg-1) at first day of 

composting (figure 6).  Moreover, treatments T2 and 

T3 were statistically at par with regard to manganese 

contents at first day of composting. The maximum 

increase in manganese concentration (80.22 mg kg-1 

to 172.05 mg kg-1) was observed in treatment T2 while 

in fast food the minimum (42.5 mg kg-1 to 62.24 mg 

kg-1) increasing trend was observed during 105 days 

of composting. During the composting process, Mn is 

released slowly in all composting treatments from 

initial stage (100-360 mg kg-1) to the final stage (120-
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388.36 mg kg-1) of finished compost. This is due to 

climatic effects, especially due to moisture availability 

and temperature build up in composting piles. The 

maximum and minimum values of Mn might be due 

to reason that after 75 days of composting process, 

slight decomposition of the material took place which 

increased gradually after 90 days of composting 

process. Similar results were also observed by 

Adediran et al., (2003). Bustamante et al., (2008) 

had reported that Mn concentrations were averaged 

at 150 mg kg-1 in composted agricultural waste 

especially of animal compost. 

 

Conclusion 

The present study depicted that the overall 

temperature during composting ranged from 30.75 to 

66.6 oC. It is observed that temperature increases as 

the time of composting progressed up to 45th day after 

that is declining in all treatments. The highest 

temperature increase was found in poultry litter as 

compared to the fast food waste. Therefore, it can be 

concluded that the increase in temperature releases 

more nutrients. Moisture contents during composting 

showed a unique trend as compared to temperature 

or release of other nutrients. In almost all the 

treatments it increased from first day to 30th day of 

composting after which it decreased till the end of 

composting. Poultry litter and fast food waste (75:25) 

released maximum amount of macro nutrients, i.e. N, 

P and K (3.3 mg kg-1, 1.06 mg kg-1and 2.71 mg kg-1 

respectively), at the 105th day of composting. On the 

other hand, concentrations of Cu, Fe, Zn and Mn of 

poultry litter and fast food waste (75:25) were 21.92 

(mg kg-1), 210.25 (mg kg-1), 288.63 (mg kg-1) and 

172.05 (mg kg-1) respectively, at the 105th day of 

composting. For co-composting, combination of three 

parts of poultry litter with one part of fast food waste 

is best to get the highest quantity of micro and macro 

nutrients. Beside the efficient nutrients release, there 

is a need to investigate the toxicological and microbial 

studies of the effective combination in order to be 

applicable for better plant growth. 
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