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A b s t r a c t  K e y w o r d s  

Of late, compost in organic farming has become an accepted practice in 
agriculture ecosystem because of energy shortage, food safety and 

environmental concern arising due to indiscrimination use of inorganic 

fertilizers in conventional farming. In our country enormous amount of leaf 

residue are produced which can be effectively converted to good quality 
compost manure. Organic manures are by and large bulky in nature and low 

in plant nutrients. Their nutrient value can be enhanced by addition of 

additives like rock phosphates and microbial cultures through cow dung 
slurry. The present study demonstrated use of 10% rock phosphate with cow 

dung slurry enhanced enzymatic activity in bioconversion process of Tectona 

grandis leaf residue. 
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Introduction 

 
In recent years, there has been renewed emphasis on 
the integrated dose of chemical fertilizers and 
organic manures in order to sustain high yields, 
maintain chemical, physical and microbiological 
properties of soils and efficient utilization of all 
available sources of nutrients. Organic manures 
were the main source of replenishing soil fertility in 
India until the 1950’s when chemical fertilizers 
began to gain popularity. The adoption of high 
yielding varieties of crops during 1960’s brought 
greater use of chemical fertilizers to meet the higher 
nutrient needs of crops. Because of chemical 
fertilizers, unlike organic manures are less bulky 
and thus easier and cheaper to transport and 
produced much greater crop response, the use of 

organic measures in field crops lost popularity due 
to is bulk and low nutrient contents.  With 
increasing productivity of crops there is an 
increased nutrient removal from the soil. This 
continuous mining has to be replenished to sustain 
crop productivity. Presently there is a gap between 
the nutrient removal and addition through the 
fertilizer in the country is about 10 million tones. 
The deficit of 10 million tones have to be partially 
bridged through the increased use of organic 
manures as a source of plant nutrients due to neither 
decreasing nor renewable resources and increasing 
energy cost involving through the manufacture of 
inorganic fertilizers. India has the potential of 356 
tonnes of crop residue production of which half is 
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available for soil incorporation and rest is used as 
food and fodder for cattle and other purpose. All the 
nutrients in crop residues are not available to the 
crops for which the residues are incorporated to soil 
and sometimes residues also have residual effect. 
The practice of direct incorporation besides its 
benefits has its own limitations. It may cause delay 
in sowing of the immediate next crops, 
immobilization of soil nitrogen and injurious effects 
of the produced organic acids. Composting of the 
organic residues before its application to the soil 
may be an efficient method for recycling not only 
the agricultural wastes but also the urban wastes. A 
diverse kind of organic waste/residues can be easily 
handled through eco-friendly microbial system of 
composting. Decomposition of soil incorporated 
residue is essential for better quality of organic 
manure, not only by way of crop nutrition but also 
in terms of health of soil as suggested by Manna et 
al. (2000).With this concept the leaf residue of Teak 
plant (Tectona grandis) were subjected to 
composting independently and with  rock 
phosphates. As India have deposits of about 200 
millions rock phosphates and due to of low grade it 
cannot be used for super phosphate manufacture. It 
can be effectively and directly used in acid soils and 
for crops such as wet land rice, sugarcane, coffee 
and legumes (Panda, 1980) and its efficiency can be 
increased for alkaline soils by addition to 
decomposing organic materials (Mishra et al., 1982; 
Tomar et al., 1983; Khanna et al., 1984). 
 

Materials and methods 
 
Fortified leaf residues of teak plant (LT, Tectona 
grandis) were chosen for studying their 
biodegradation process. Dried leaves were crushed 
and kept in high density, small holed (aeration 
required for metabolizing reactions of 

microorganisms) polythene bags for 90 days. Eight 
treatments of leaf residues of teak plant with rock 
phosphate and cow dung in different combinations 
(LT + 5% Rock Phosphate; LT + 10% Rock 
Phosphate; LT + 15% Rock Phosphate; LT + 20% 
Rock Phosphate; LT + 5% Rock Phosphate+ 10% 
Cow dung; LT + 10% Rock Phosphate+ 10% Cow 
dung; LT + 15% Rock Phosphate+ 10% Cow dung; 
LT + 15% Rock Phosphate+ 10% Cow dung) were 
studied. Enzymatic activities viz., cellulase, 
dehydrogenase  and alkaline phosphatase were 
measured  following Mandels et al. (1976); Casida   
et al. (1964) and Tabatabai and Bremner  (1969) at 
30, 60 and 90 days of biodegradation process. Results 
are the means of three replicates. Two-way analysis 
of variance (ANOVA) was performed by using the 
SPSS 10.5 software. The objective of statistical 
analysis was to determine any significant differences 
among the parameters analyzed in different 
treatments during the biodegradation process. 
 

Results and discussion 
 
Enzymatic activities (Cellulase, dehydrogenase and 
alkaline phosphatase activities) at diffident intervals 
of biodegradation process of teak (Tectona grandis) 
leaf residues are presented in Tables 1, 2 and 3. It is 
evident that maximum cellulase (1.40±0.02 IU/ml) 
activity was recorded in degradation process of teak 
leaves with fortified with + 5% Rock Phosphate and 
10% Cow dung at 30 days (Table 1) at the same 
time dehydrogenase activity (Table 2) was also 
recorded significantly high, 6.38±0.20 µg/g/hr. 
Addition of rock phosphate more than 10% 
suppresses the cellulase and dehydrogenase activity 
of degradation process. Activity of dehydrogenase 
reaches at highest peak with fortified substrate (LT 
+ 5% rock phosphate + 10% cow dung) at 30 days 
of biodegradation process.  

 
Table 1. Cellulase activity (IU/ml) during biodegradation process of Tectona grandis leaf residue. 

Sl. 

No. 
Treatments 

Sample intervals in days 

30 60 90 

1. Leaves of Tectona grandis (LT) 0.23±0.01* 0.16±0.01 0.12±0.01 

2. LT + 5% Rock Phosphate 1.07±0.04 1.00±0.21 1.01±0.11* 

3. LT + 10% Rock Phosphate 1.05±0.02* 1.00±0.21* 0.95±0.10 

4. LT + 15% Rock Phosphate 1.07±0.11 1.07±0.31* 0.96±0.20* 

5. LT + 20% Rock Phosphate 1.00±0.04 0.89±0.20 0.83±0.10* 

6. LT + 5% Rock Phosphate+ 10% Cow dung 1.40±0.02* 1.34±0.21* 1.31±0.11 

7. LT + 10% Rock Phosphate+ 10% Cow dung 1.38±0.03* 1.36±0.30* 1.33±0.20* 

8. LT + 15% Rock Phosphate+ 10% Cow dung 1.32±0.21 1.28±0.21 1.06±0.10* 

9. LT + 20% Rock Phosphate+ 10% Cow dung 1.25±0.11 1.18±0.21 1.04±0.11 

All values are mean and standard deviation of three replicates. * Significant (p<0.01). 
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Table 2. Dehydrogenase activity (µg/g/hr) during biodegradation process of Tectona grandis leaf residue. 

Sl. 

No. 
Treatments 

Sample intervals in days 

30 60 90 

1. Leaves of Tectona grandis (LT) 0.73±0.01 0.62±0.30 0..50±0.10* 

2. LT + 5% Rock Phosphate 5.07±0.11* 4.00±0.20* 4.01±0.20* 

3. LT + 10% Rock Phosphate 6.05±0.20 5.69±0.20 5.18±0.30 

4. LT + 15% Rock Phosphate 5.07±0.21 4.07±0.30 3.96±0.30* 

5. LT + 20% Rock Phosphate 2.01±0.30 1.89±0.42* 1.63±0.20 

6. LT + 5% Rock Phosphate+ 10% Cow dung 6.40±0.20* 5.34±0.32 5.02±0.30* 

7. LT + 10% Rock Phosphate+ 10% Cow dung 6.38±0.10* 5.36±0.20* 4.33±0.10 

8. LT + 15% Rock Phosphate+ 10% Cow dung 5.32±0.20 4.28±0.20 2.06±0.20* 

9. LT + 20% Rock Phosphate+ 10% Cow dung 4.25±0.30 3.18±0.30* 1.44±0.20* 

All values are mean and standard deviation of three replicates. * Significant (p<0.01). 

 

Table 3. Alkaline phosphatase activity (µmole of PNP released/g/hr) during biodegradation process of Tectona 

grandis leaf residue. 

Sl. 

No. 
Treatments 

Sample intervals in days 

30 60 90 

1. Leaves of Tectona grandis (LT) 0.71±0.10 0.62±0.40 0.58±0.25 

2. LT + 5% Rock Phosphate 3.07±0.25* 3.00±0.35* 2.01±0.25* 

3. LT + 10% Rock Phosphate 3.05±0.20* 3.19±0.25* 2.18±0.20* 

4. LT + 15% Rock Phosphate 5.07±0.25 4.07±0.35 4.96±0.20* 

5. LT + 20% Rock Phosphate 6.61±0.20* 5.89±0.40 4.63±0.25 

6. LT + 5% Rock Phosphate+ 10% Cow dung 4.40±0.35 4.34±0.50* 3.12±0.20 

7. LS + 10% Rock Phosphate+ 10% Cow dung 5.38±0.20* 5.16±0.90 4.23±0.30* 

8. LS + 15% Rock Phosphate+ 10% Cow dung 6.32±0.20 4.88±0.20* 4.06±0.50* 

9. LS + 20% Rock Phosphate+ 10% Cow dung 6.28±0.25 4.68±0.35 4.44±0.60* 

All values are mean and standard deviation of three replicates. * Significant (p<0.01). 

 

It is significant to evaluate the dehydrogenase 
activity of degradation process of organic 

compound as biological oxidation of organic 

compounds is generally a dehydration process. 
Although dehydrogenase activity doesn’t 

consistently correlate with number of organisms in 

soil or with CO2 evolution in soil it has been used as 
an indicator for the activity of microorganisms 

during the composting process as suggested by Ladd 

(1978) and Tate (1995). On the contrary strong 

relations were reported between dehydrogenase 
activity versus total organic carbon and pH by 

Bolton et al. (1985) and Cochran et al. (1989). 

Spalding (1977) recorded correlation between CO2 
evolution and cellulase activity and humification in 

decomposition of coniferous leaf litter. Linkins et al. 

(1990) observed highest cellulase activity during 1
st
, 

2
nd

 and 3
rd

 week of decomposition process as 
colonization of cellulolytic microorganisms occurs 

rapidly in spite of high concentration of soluble 

sugars and phenolics in the litters. Fang et al. (1988) 
with coal flash and lagoon ash amended with sludge 

compost on the dehydrogenase activity showed that 

no suppressing activity was found which indicates 
that biological activity would be same for all 

compost with various amendments. The poor 
composting may led to high dehydrogenase activity 

as suggested by Abd-el-Malek et al. (1976). Trevors 

(1984) observed an 8.5 fold higher dehydrogenase 
activity at 70

0
 C than 5

0
C which shows that 

enzymatic activity was not suppressed due to higher 

temperature during composting. Linkins and 
Sinsabaugh (1990) recoded highest enzymatic 

activities during first 30-100 days of decomposition 

process of senescent leaves, red maple (Acer 

rubrulum) and chestnut oak leaves. Table 3 revealed 
the maximum phosphatase activity (6.61±0.20 

µmole of PNP released /g/hr) at 30 days of 

decomposition process with inoculation of 20% 
rock phosphate in substrate. Maximum phosphatase 

activity was recorded upto 30
th
 day of 

decomposition process in all the treatments. 

Findings are contrary to the observations of Goyal 
and Mishra (1983) who observed the addition of 

soluble phosphatase inhibited the activity of acid 

and alkaline phosphatase. Phosphatase activity was 
concentrated in the longer oil fractions and was 

probably associated with plant debris and the less 

humified organic matter. The alkaline soil and acid 
soil contains alkaline phosphatase and acid 
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phosphatase respectively in which thermal stability 

was recorded higher Roj et al. (1990) in alkaline 
phosphatase. Skujins (1976) suggested the use of 

phosphatase activity to estimate general microbial 

activity in soil that is based on microbial need for 

phosphorous and also the process of making 
phosphorous available for plant use (Neill and 

Reichle, 1980). Tarafdar and Junk (1987) observed 

a significant correlation between depletion of 
organic phosphorous and phosphatase activity in 

rhizosphere soil of wheat. It is known that soil fungi 

and bacteria can convert organic phosphorous into 
available phosphorous through the action of 

phosphatase activity (Casida, 1959). Similarly, 

Torriani (1968) and Inghan and Klein (1984) were 

found to produce alkaline phosphatase which 
degrades complex organic phosphorous compounds 

and releases orthophosphate in soil. Abbot and 

Tucker (1973) suggested organic forms of 
phosphorous are mineralized slowly and made 

available to plants and, considered compost and 

other organic manures as good source of 
phosphorous. The results of enzymatic activities 

showed that cellulase, dehydrogenase and 

phosphatase activities was maximum during the 

initial phase of degradation process and eventually 
declined after 30 days of decomposition. 
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