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INTRODUCTION
The vermicomposting process is a result of the 
combined action of the earthworms and microflora 
living in earthworm intestines and in the growth 
medium. Vermicompost improve the soil 
structure, increasing the water holding capacity 
and porosity which facilitate the root respiration 
and growth (Lee, 1992; Parthasarathi et al., 2008). 
The beneficial effects of vermicompost on crops 
like maize (Gutierrez-Miceli et al., 2008), wheat 
(Sharma and Madan, 1988), strawberry (Singh 
et al., 2008), petunias (Arancon et al., 2008), 
marigold, pepper, cornflower, tomato (Bachman 
and Metzger, 2008), blackgram (Parthasarathi 
et al., 2008) and pepper (Arancon et al., 2004) 
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absTRaCT
Parthenium plants and neem leaves were composted using the epigeic earthworm, Eisenia fetida (worm-worked 
compost) to study the growth and reproductive indices of earthworm involved in the process of composting. 
Similarly, parthenium plants and neem leaves were composted without worms (worm-unworked compost). 
Efficacy of the resulting composts in supporting the growth of plant was tested with the germination and growth of 
Vigna radiate seedlings. The results showed that higher parthenium amendment significantly reduced the growth 
and reproduction of Eisenia fetida compared with control. The two-way ANOVA results showed a significant 
difference in the growth rate of worms when exposed to different amended concentrations of parthenium plants 
and neem leaves at different durations as fixed factors. The following compost parameters were not significantly 
different when compared with control: pH, nitrogen, phosphorus, iron for parthenium worm-worked compost; 
nitrogen, phosphorus, magnesium, iron, organic carbon and carbon/nitrogen ratio for neem worm-worked compost; 
nitrogen, phosphorus and organic carbon for parthenium worm-unworked compost and pH, nitrogen, phosphorus, 
zinc and carbon/nitrogen ratio for neem worm-unworked compost. Between parthenium plant composts and neem 
leaves composts, significant differences were not observed in any of the plant biometric parameters. The results 
obtained from the present study indicated that the parthenium composting at low amendments with cow dung may 
help its eradication for better utilization. 
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have already been reported. Sugar factory waste 
(Lakshmi and Vijayalakshmi, 2000), pig solids 
(Dominguez and Edwards, 1997) and sludge 
(Alidadi et al., 2005; Parvaresh et al., 2004) could 
all be converted into good quality soil addition 
along with the biomass production of earthworms. 
Epigeic earthworms like Eudrilus eugeniae, 
Eisenia foetida and Perionyx excavatus are the 
most popularly used species for vermicomposting 
(Kale et al., 1982 and Neuhauser et al., 1988).
Parthenium hysterophorus Linn. is an exotic 
weed which has become naturalized and which 
is spreading at an alarming rate all over India. 
The plant was introduced in 1956 from seeds 
present in wheat received from Mexico under 
the PL-480 scheme of the US Government. This 
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plant, popularly known as congress grass, is a 
defamed plant in view of its toxic and allergic 
properties, since it causes health problems to 
man and domestic animals. At present, it is one of 
the most troublesome weeds in India, spreading 
rapidly in forests, pastures and agricultural 
lands. Several attempts have been made for its 
prevention, eradication and control, but to date 
without success (Kavita and Nagendra, 2000). 
Hence, huge quantities of this weed are annually 
produced in India, but its economic use as food 
source is impaired by its toxicity. This is why 
vermicomposting might be a useful alternative 
to convert biomass from this species to a useful 
material that could be used as soil conditioner. 
The neem tree (azadirachta indica A. Juss) is 
distributed throughout India. Almost all parts 
of the tree are used for medicinal purposes (leaf 
and fruit extract, neem oil, neem oil cake or 
fruit). Many neem seed products (such as oil, 
cake extracts and purified fraction) have been 
intensively tested against a large number of insect 
species in view of insecticidal properties of neem 
leaves extracts (Saxena, 1987), and presenting an 
important potential for insect control (Fagoonee, 
1981). The interest of using neem leaves in this 
study because this tree swayed in the autumn 
breeze eventually leaves were accumulated in 
soil. 
The present work brings out another dimension 
of the potential use, as raw material for 
vermicomposting, of different plant waste 
materials produced in India in order to obtain 
materials usable as soil conditioner. The work 
also encompasses effects of parthenium plant 
and neem leaves on the growth and reproductive 
indices of the earthworms used in the process of 
composting. The suitability as soil amendment 
of the vermicomposts produced was assessed 
studying the growth of Vigna radiata L., 
Wilczek. 

maTeRIals aND meThODs
Experimental design
The earthworm Eisenia fetida was purchased 
from the Bangalore University of Agricultural 
Sciences (India) and cultures were maintained in 
the laboratory over a period of two years with cow 
dung as the substrate and food. Leaves of neem 

plant (azadirachta indica A. Juss) and parthenium 
(Parthenium hysterophorus Linn) plants collected 
from the Bharathiar University campus were 
washed, shade dried, and cut into pieces of 3-4 
cm length. The substrates for vermicomposting 
were prepared by mixing 50 (P1), 75 (P2) and 
100 g (P3) of parthenium or neem leaves (N1, 
N2 and N3) with a fixed quantity of cow dung 
(500 g) in plastic containers. Controls consisted 
on 500 g of cow dung (C). Control and treatments 
were replicated six times. The moisture content 
of the substrate was maintained at 60–65% for 
a period of 15 days to facilitate preliminary 
decomposition of materials. After that period, in 
half of the replicates (n=3) 10 adult worms were 
added to each container, which corresponded to 
the worm-worked composts (WC). The other half 
of replicates (n=3) corresponded to the worm-
unworked composts (WU). The processes of 
vermicomposting (WC) or composting (WU) were 
allowed to take place under laboratory conditions 
(27+20 C) with natural day light cycle.

growth and reproduction of worm
After an undisturbed 7 days composting period, the 
content in the replicates was mixed, and moisture 
content was checked together with earthworms’ 
activity. Every 15 days over a period of 45 days, 
the worms were hand sorted and weighed. The 
weight of the 10 worms were taken together (in 
mg) and calculated to percentage of single worm 
weight. Cocoons were harvested weekly, placed 
in distilled water in Petri dishes and incubated in 
dark at room temperature. The water in the Petri 
dishes was changed every second day and the 
percentage of hatching success was assessed. 

characteristics of the composts 
After 45 days, worms were removed from the WC 
composts. Samples of WC and WU composts 
were then sun dried and analysed for pH (1:2.5 
soil water suspension), electrical conductivity 
(EC) (1:2.5 soil water suspension filtrate), 
organic carbon (OC) (Walkley and Black, 1934), 
nitrogen (N) (Humphries, 1956), phosphorous (P) 
(Jackson, 1973), potassium (K) (Toth and Prince, 
1949), together with iron (Fe), magnesium (Mg), 
zinc (Zn) and copper (Cu) (Lindsay and Norvell, 
1978).
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growth of the plants 
For the assessment of the quality of the final 
composts as soil amendment, the different 
replicates of sun dried WC and WU composts 
were pooled together. Then 50, 75 and 100 g 
of compost were taken in plastic cups (200 mm 
height, 100 mm width) and mixed with 500 g of 
air dried soil (3 days) sieved below <2 mm. This 
corresponded to concentration values of 20, 30 
and 40% of compost. Non amended soil was used 
as control. The soil characteristics were pH=7.3, 
7.8% clay, 25% silt, 62.1% sand and 0.25% 
organic matter. The treatments were replicated 
three times. Two seeds of V. radiata were placed 
per plastic cup containing compost-soil mixture 
and irrigated regularly. After 20 days, plants were 
carefully uprooted and length and weight of the 
shoot and roots was measured.

Statistical analysis
One-way ANOVA followed by Tukey test at the 
0.05 confidence level was performed to evaluate 
the significance of the observed differences in 
the earthworms growth, the number of cocoons 
produced per worm, the percentage of hatching and 
compost characteristics. Two-way ANOVA was 
performed on the worm-growth data using time 
and treatment as the independent factors. Finally, 
one-way ANOVA was employed to compare the 
effects of the different amendments effects within 
the worm-worked compost and worm-unworked 
compost on biometrics parameters of V. radiate.

ResUlTs
Worms growth and reproduction 
The worms in the control (WC-C) treatment 
grew well and attained a mean body mass of 
747.9 mg (164%) in 45 days (Fig. 1). Further 
increase in the quantity of parthenium caused 
significant reduction (p<0.05) in growth rate 
(WC-P1, WC-P2 and WC-P3) and also mortality 
of earthworm (WC-P3) (<10%). However, 
there was no significant difference between 
the control (WC-C) and the neem treatments 
(WC-N1, WC-N2 and WC-N3). The statistical 
analysis employing two-way ANOVA showed a 
significant difference (p<0.05) in the growth rate 
of worms between control and parthenium plant 
and neem leaf treatments.
The worms in control treatment (WC-C) produced 
12 cocoons per worm (Table 1). The decrease in 
number of cocoons produced per worm, compared 
to the control, was statistically significant at 
parthenium amendments of 100 g (WC-P3). 
The number of cocoons produced in neem leaf 
amended growth media remained the same as that 
of the control (>8). The total hatching success of 
cocoons in the control (WC-C) as well as in other 
treatments (parthenium and neem) was around 
88%. The decrease in the percentage of hatching, 
compared to that of the control (85.8%), was 
statistically significant at parthenium amendment 
quantity of 75 g (WC-P2) and 100g (WC-P3). 
There was no significant difference in hatching 
of cocoons between controls and that observed in 
neem leaf treatments (Fig. 1 and Fig. 2). 


















 

 





   
















Fig. 1. Changes in the biomass of E. fetida (mg per worm) after 15 days their introduction in toughs amended with different 
concentration of parthenium plant.
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characteristics of compost 
Table 2 and 3 shows the chemical characteristics of 
the worm-worked and worm-unworked composts. 
Both composts recorded a significantly higher EC 
values except the worm-unworked compost WU-
P1. Neutral to slight alkaline (6.8 to 8.5) range of 
pH values was found in all samples. There was 
no significant difference in the N and P content 
between the control and parthenium plant and 
neem leaves compost produced with worms and 
without worms (Tables 2 and 3). All treatments 
(worm-worked and worm-unworked parthenium 
and neem compost) produced significantly 
higher K contents than the control (p<0.05, 
Tables 2 and 3). Copper and zinc contents were 
significantly less in worm-worked parthenium 

and neem composts than in control (Table 2). In 
the case of parthenium worm-unworked compost, 
treatments were un-decomposed and the samples 
not enough for the analysis of micronutrient 
contents. Compared to control (WU-C), Cu and 
Zn contents were less neither with-significantly 
(Cu) nor without-significantly (Zn) in neem leaf 
worm-unworked compost (Table 3). Also, in 
general, there was no significant difference in 
Mg and Fe contents between the control (WC-U) 
and parthenium and neem leaves worm-worked 
composts. The Mg content of neem leaf compost 
produced without worm were significantly lower 
than the control compost whereas, Fe content was 
significantly high . 




 


  
 

      

 











           
                       

                        

                       






            

                        

                       

                       

Table 2: Physiochemical characteristics of worm worked parthenium plant and neem leaves compost

* P < 0.05  ns -not significant 

* P < 0.05  ** P < 0.01  ns - not significant 

  






 

        
          

         

         

        
          

         

         

Table 1: Reproduction of the earthworm, E. fetida exposed to different treatments of parthenium plant and neem leaves 
(after 45 days)









   
















 

 

Fig. 2. Changes in the biomass of E. fetida (mg per worm) after 15 days their introduction in toughs amended with different 
concentration of neem leaves.
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When compared to control, significant difference 
of OC was found in compost only in the case 
of higher addition of parthenium plant compost 
obtained from worm-worked compost and all 
additions of neem leaves compost obtained 
from worm-unworked compost. Accordingly 
the carbon nitrogen ratios were also higher in 
composts produced without worms compared 
to those of produced with worms.  Furthermore, 
carbon and carbon/nitrogen ratios of parthenium 
compost produced with worms were higher than 
those of produced from neem leaves. 
Plant growth
The results for the biometric parameters of V. 
radiata after 20 days are presented in Tables 4 and 
5. The germination rate of V. radiata was 100% in 
all the soil-composts mixtures and compost types. 
The shoot length of V. radiata in WC compost 
mixtures was significantly higher than that was 
observed in soil. Shoot length differences were 
not comprehensible in the case of WU composts 

however; higher addition rates of parthenium 
composts (WU-P2; 40% and WU-P3; 20, 30 and 
40%) can reduce significantly on shoot length. 
The root length in neem leaves worm-worked 
compost amended soils was significantly higher 
than that observed in soil, where as the length of 
the root significantly decreased when plants grew 
in higher parthenium amendments (WU-P3; 20, 
30 and 40%) obtained from worm-unworked 
compost. Further, as in the case of shoot length, 
root length was also higher in vermicompost than 
in compost produced without worms. 
Generally, the plant wet and dry weights were 
greater in all worm-worked composts compared 
to those in soil. However, both of these parameters 
were significantly lower in all compost produced 
from worm-unworked compost than in soil. In 
general, between parthenium plant composts 
and neem leaves composts (from WC and WU) 
significant differences were not observed in any 
of the plant biometric parameters.

Table 3: Physiochemical characteristics of worm un-worked parthenium plant and neem leaves compost

* P < 0.05  ns - not significant  NA – not analysed

Table 4: Worm worked parthenium plants and neem leaves compost effect on biometric parameters of V. radiata

* P < 0.05; ns - not significant  
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DIsCUssION
Sustenance of efficient composting depends on 
growth, survival and perpetuation of earthworms. 
Unaffected growth without mortality and normal 
level of castings and their hatching success 
indicate acceptability of neem leaves as feeding 
material and its non toxic nature to earthworms 
irrespective of its pesticidel properties. Even 
though neem is known to kill nematodes rather 
easily, it had no deleterious effect on earthworms. 
On the other hand, significant reduction in 
the growth of worms in highest treatment of 
parthenium plant (WC-P3), the weight gain, and 
the number of castings laid showed parthenium 
is toxic to earthworm beyond 75 g (WC-P3) of 
parthenium amendment with 500 g of cow dung. 
These results are contradictory to the previous 
observations of Nagendra and Kavita (1999) 
wherein an increase was observed in the weight 
of amynthus alexandri was observed within 60-
70 days. This may probably be due to the addition 
of 2 kg of soil with parthenium and cow dung 
mixture. 
The composts produced from both neem leaves 
and parthenium plants promoted the growth of V. 
radiata to a level comparable to that of the cow 
dung compost. Further, growth indices recorded 
for V. radiata were comparatively better (not 
significantly) in composts produced with worms 
than without worms suggesting the level of 
improvement of fertility and productivity of the 
soil by worm-worked composts even though the 
organic carbon content of composts produced with 
worms was less than that in composts produced 

without worms (Table 2 and 3). However, perusal 
of the data on micronutrient content of composts 
showed that their contents were comparatively 
higher in composts produced by the former than 
by the latter. Comparatively the higher level of 
organic content in non worm-worked composts 
may be due to the increase in their microbial load, 
which is expected to be less in worm-worked 
composts (Garg and Kaushik, 2005; Parvaresh 
et al., 2004; Suthar, 2009). Moreover, significant 
reduction in the organic carbon in higher treatment 
of worm-worked parthenium plant and neem leaf 
composts may be related to its assimilation in the 
process of composting leading to their growth 
related weight gain.
The observed increase in the EC, N, P, K and 
micronutrients (Cu, Zn, Mg and Fe) in all worm-
worked composts (except in the case of N in 
neem leaves compost) showed that the activity of 
earthworm E. fetida along with microorganisms 
promoted mineralization process and brought the 
nutrients to ready to use form for plant growth. 
Similar findings have been reported for amynthus 
alexandri by Mba (1983) and Karmegam and 
Daniel (2000).  The C/N ratio was low in worm-
worked composts than in worm-unworked 
composts and this shows that E. fetida is a very 
good decomposer of both parthenium and neem 
leaves irrespective of their known antibiological 
properties and is capable of reducing C/N ratio 
very quickly. A similar reduction in C/N ratio was 
reported by Senapati et al., (1980), Mba (1983), 
Talashilkar et al., (1999), Bansal and Kapoor 





 

 

 








 


 








 


        


               

             

             


             

             

             


              

             

            


            

            

            

Table 5: Worm un-worked parthenium plants and neem leaves compost effect on biometric parameters of V. radiata

* P < 0.05;  ns - not significant  
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(2000) and Karmegam and Daniel (2000). 
Neem leaf contains a group of pharmacologically 
active compounds, the neem limonoids, which 
have well reached efficacy for antimicrobial 
properties. Application of the neem plant parts 
or extracts to nematode infested soil affects 
nematode directly and stimulates soil microbes 
that reduce nematode populations (Muhammad 
et al., 2004). If the composts produced from 
neem leaves retained limonoids they may help to 
contain soil plant pathogens, an added advantage 
apart from the nutritive value of the composts.  
Parthenium is a weed and its allelopathic activity 
was attributed to parthenium (Khosla and Sobti, 
1981). Efficiency of E. fetida in composting 
parthenium is a welcome sign, though growth 
reduction and egg laying efficiency was reduced, 
because composting of parthenium serves for a 
dual purpose of eradication of the weed as well 
as for a better utilization as compost. The study 
indicates that E. fetida can very well be used for 
the production of high quality vermicompost 
from the medicinal plant neem and common 
weed parthenium. 
Among the two tested plant organic matter 
sources used for composting, parthenium reduced 
the growth and reproductive efficiency beyond 
the amendment concentration of 75 g 500 g-1 of 
cow dung. An increase was recorded in the EC, 
NPK and micronutrient (Cu, Zn, Mg and Fe) 
contents of composts. In addition, a reduction 
was recorded in the C/N ratio. This shows that E. 
fetida is a very good decomposer of parthenium 
plant and neem leaves. Parthenium composting 
at low amendments with cow dung may help its 
eradication for better utilization. Neem compost, 
if it retains Limonoids may help to contain soil 
plant pathogens.

aCKNOWleDgemeNTs
The authors thank Dr. P. Lakshmanaperumal-
samy, Professor and Head, Department of Envi-
ronmental Sciences, Bharathair University for his 
keen interest in the present work.

RefeReNCes 
Alidadi, H., Parvaresh, A. R., Shahmansouri, M. R., 

Pourmoghadas, H., (2005). Combined compost 
and vermicomposting process in the treatment and 

bioconversion of sludge. Iran. J. Environ. Health. Sci. 
Eng., 2 (4): 251-254.

Arancon, N. Q., Edwards, C. A., Atiyeh, R., Metzger, J. D., 
(2004). Effects of vermicomposts produced from food 
waste on the growth and yields of greenhouse peppers. 
Bioresource Technol., 93 (2): 139–144. 

Arancon, N. Q., Edwards, C. A., Babenko, A., Cannon, 
J., Galvis, P., Metzger, J. D., (2008). Influences 
of vermicomposts, produced by earthworms and 
microorganisms from cattle manure, food waste and 
paper waste, on the germination, growth and flowering of 
petunias in the greenhouse. Appl. Ecol., 39 (1): 91-99. 

Bachman, G. R., Metzger, J. D. (2008). Growth of bedding 
plants in commercial potting substrate amended with 
vermicompost. Bioresource Technol., 99 (8): 3155–3161. 

Bansal, S., Kapoor, K. K., (2000). Vermicomposting of crop 
residues and cattle dung with Eisenia fetida. Bioresource 
Technol., 73 (2): 95-98.

Fagoonee, I., (1981). Behavioral response of crocidolomia 
binotalis to neem in: Natural Pesticides from the Neem 
Tree. Eds., Schmutterer, Ascher and Rembold, Proceedings 
of the First International Neem Conference, Rottach-
Egern, Eschborn. GTZ, Germany, pp. 109-120.

Garg, V.K., Kaushik, P. (2005). Vermistabilization of textile 
mill sludge spiked with poultry droppings by epigeic 
earthworm Eisenia fetida. Bioresource Technol., 96 (9): 
1063-1071.

Gutierrez-Miceli, F. A., Moguel-Zamudio, B., Abud-
Archila, M., Gutierrez-Oliva, V. F., Dendooven, L., 
(2008). Sheep manure vermicompost supplemented with 
a native diazotrophic bacteria and mycorrhizas for maize 
cultivation. Bioresource Technol, 99 (15): 7020–7026.

Humphries, E. C., (1956). Mineral components and ash 
analysis. Modern Methods of Plant Analysis., 1: 468-502.

Jackson, M. L., (1973). Soil Chemical Analysis, Prentice 
Hall of India, New Delhi, India. 

Kale, R. D., Bano, K., Krishnamoorthy, R. V., (1982). 
Potential of Perionyx excavatus for utilizing organic 
wastes, Pedobiologia, 23: 419–425. 

Karmegam, N., Daniel, T., (2000). Utilization of some 
weeds as substrates for vermicompost preparation using 
an epigeic earthworm, Eudrilus eugeniae. Asian J. 
Microbiol. Biotechnol. Environ. Sci., 2 (1-2): 63-66.

Kavita, G., Nagendra, B., (2000). Effect of Vermicompost 
of parthenium on two cultivars of wheat. Ind. J. Ecol., 27: 
177-180.

Khosla, S. N., Sobti, S. N., (1981). Parthenin - A promising 
root inhibitor from Parthenium hysterophrous Linn. 
Pesticides, 15 (3): 8-11.  

Lakshmi, B. L., Vijayalakshmi, G. S., (2000). 
Vermicomposting of sugar factory filter pressmud 
using African earthworm species E. eugeniae, Pollution 
Research., 19 (3): 481-483.

Lee, K. E., (1992). Some trends opportunities in earthworm 
research or: Darwin’s children. The future of our discipline.  
Soil Biol. Biochem., 24 (12): 1765–1771.

Lindsay, W. L., Norvell, W. A., (1978). Development of 
DTPA soil test for zing, iron, manganese and copper. Soil 
Sci. Soc. Amer. J., 42: 421-428.

Mba, C. C., (1983). Utilization of Eudrilus eugeniae for 



S. Sivakumar, et al., EffIcIENcy of comPoStINg PartHENIum...

208

disposal of cassava peel in: Earthworm Ecology: From 
Darwin to Vermiculture. Ed. Satchell, Chapman & Hall, 
London, pp. 315-321.

Muhammad, S. A, Tariq, M., Riaz, A., (2004). Some 
studies on the control of citrus nematode (tylenchulus 
semipenetrans) by leaf extracts of three plants and their 
effects on plant growth variables. Asian J. Plant Sci., 3 
(5): 544-548.

Nagendra, B., Kavitha, G., (1999). Effect of parthenium 
and lantinia organic waste on earthworm biomass. J. 
Ecophysiol., 2: 75-78.

Neuhauser, E. F., Loehr, R. C., Makecki, M. R., (1988). The 
potential of earthworms for managing sewage sludge in: 
Earthworm in waste and environmental management. Eds., 
Edwards, and Neuhauser, SPB Academic Publishing, The 
Hugue, pp. 9-20.

Parthasarathi, K., Balamurugan, M., Ranganathan, L. S., 
(2008). Influence of vermicompost on the physic-chemical 
and biological properties in different types of soil along 
with yield and quality of the pulse crop-blackgram. Iron. 
J. Environ. Health. Sci. Eng., 5 (1): 51-58.

Parvaresh, A., Movahedian, H., Hamidian, L., (2004). 
Vermistabilization of municipal wastewater sludge with 
Eisenia fetida.  Iron. J. Environ. Health. Sci. Eng., 1 (2): 
43-50.

Saxena, R.C., (1987). Antifeedants in tropical pest 
management. Insect Sci. Appl. 8 (4-6): 731-736.

Senapati, B. K., Dash, M. C., Rana, A. K., Panda, B. K. T., 
(1980). Observation on the effect of earthworm in the 
decomposition process in soil under laboratory conditions 
Octochaetona surensis. Comparative Physiol. Ecol., 5 (3): 
140-142. 

Sharma, N., Madan, M., (1988). Effects of various organic 
wastes alone and with earthworms on the total dry matter 
yield of wheat and maize. Biol. Wastes., 25 (1): 33-40. 

Singh, R., Sharma, R.R., Kumar, S., Gupta, R.K., Patil, 
R. T., (2008).Vermicompost substitution influences 
growth, physiological disorders, fruit yield and quality 
of strawberry (fragaria x ananassa Duch.). Bioresource 
Technol., 99 (17): 8507–8511.

Suthar, S., (2009). Vermistabilization of municipal sewage 
sludge amended with sugarcane trash using epigeic Eisenia 
fetida (Oligochaeta). J. Haz. Mater., 163 (1):  199–206.

Talashilkar, S. C., Bhangarath, P. P., Mehta, V.P., (1999). 
Changes in chemical properties during composting of 
organic residues as influenced by earthworm activity. J. 
Ind. Soc. Soil Sci., 47: 50–53.

Toth, S. J., Prince, A. L., (1949). Estimation of cation-
exchange capacity and exchangeable Ca, K and Na 
contents of soils by flame photometer techniques. Soil 
Sci., 67: 435-439. 

Walkley, A. G., 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 Sci., 37: 29-37.


