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ABSTRACT The present study was aimed to explore the diversity, distribution and seasonal population density of earthworms 
inhabiting vegetable crop fields in the vicinity of Buddha Nullah. Fortnightly collection of earthworms from the veg-

etable fields at four selected villages adjoining Buddha Nullah and reference fields at Punjab Agricultural University (PAU) campus from 
March 2013 to February 2014 indicated the presence of three species of earthworms belonging to family Megascolecidae these were Met-
aphire posthuma (Vaillant), Metaphire peguana (Rosa) and Lampito mauritii Kinberg. All these species showed their significant abundance 
during rainy season (July to October 2013) at all the sites. During the rainy season soil moisture content was found to be highest (ranging 
from 28.10 to 32.73%) along with higher contents of organic matter and organic carbon. Soil pH was towards alkaline nature (7.87 to 8.79) 
throughout the study areas. All the soil parameters studied showed statistically non- significant difference at sites selected near Buddha Nul-
lah and the reference site at PAU.

 D K Kocher Associate Professor, Department of Zoology, Punjab Agricultural University, Ludhiana, 
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INTRODUCTION
Earthworms are among the most important components of soil 
biota in terms of soil formation and maintenance of soil struc-
ture and fertility (Bhadauria and Saxena 2010). Although not 
numerically dominant, their size makes them one of the major 
contributors to invertebrate biomass in soils (Edwards 2004). 
They have been recognised as the most important soil engi-
neers because they are prominently involved in regulating soil 
processes (Lavelle et al 1997, Santra and Bhowmik 2001). Ap-
proximately 4,400 species of earthworms have been identified 
worldwide (Sinha 2009,Tsai et al 2000, Blakemore 2003, Chang 
and Chen 2005, Blakemore et al 2006, Sautter et al 2006). Julka et 
al 2009 reported 590 species of earthworms from India. Twenty 
species of earthworms have been recorded from Punjab and the 
Union Territory of Chandigarh belonging to six families distrib-
uted evenly throughout the region (Dhiman and Battish 2006). 
The present study was conducted to explore the diversity, dis-
tribution and seasonal population density of earthworms from 
vegetable crop fields in the vicinity of Buddha Nullah, district 
Ludhiana, Punjab (India). 

Buddha Nullah is a seasonal water stream which is highly 
contaminated with domestic and industrial sewage and runs 
through the Malwa region of Punjab, after passing through the 
highly populated and industrialized district Ludhiana.  Hun-
dreds of tonnes of raw sewage from Ludhiana flow into the river 
Sutlej every day and are distributed all over the state through ir-
rigation canals (Anonymous, 2008).  According to the State De-
partment of Fisheries, the pollution of the Buddha Nullah has 
led to drastic reductions in fish yields in the river Sutlej (Prashar 
1997). A great proportion (80%) of biomass of terrestrial inver-
tebrates is constituted by earthworms which play an important 
role in structuring and increasing the nutrient content of the 
soil. Therefore, they can be suitable bioindicators of chemical 
contamination of the soil in terrestrial ecosystems, providing an 
early warning of deterioration of soil quality (Bustos and Goico-
chea 2002). 

MATERIALS AND METHODS
Four vegetable crop fields situated at an average distance of 2-3 
km from Buddha Nullah were selected to conduct the present 
study; these were named Site I (Dairian village), Site II ( Jassian 
village), Site III (Choorpur village), and Site IV (Balloke village). 
Another site (V) was selected at Punjab Agricultural Univer-
sity vegetable farms as a reference. Earthworms were collected 
from vegetable fields fortnightly from March 2013 to February 
2014. The data were compiled by season i.e., summer (March- 

June), rainy (July- October), and winter (November- February).  
Five spots per field (three half-acre fields per village,) were dug 
randomly (each spot = 25 x 25 x 50 cm) and hand sorted to col-
lect earthworms. Live worms were brought to the laboratory 
for identification. For diagnostic and taxonomic characteris-
tics, some earthworms were narcotized in 30% ethyl alcohol 
and fixed in 10% formalin for 24 hours and the rest were finally 
preserved in 10% formalin. These earthworms were identified 
to species using monographs (Gates 1972, Julka 1988). Then the 
identification of all the collected species was confirmed by the 
Zoological Survey of India Solan and the Zoological Survey of 
India Kolkata. Samples were collected from one square meter 
marked area and the number of different earthworm species 
were recorded per square meter area for studying the seasonal 
variation in relative abundance of different earthworm species 
was reported at study sites. 	 The physico- chemical proper-
ties of soil from each sampling site were also analysed. Soil pH 
was measured by the potentiometric method (Jackson 1973), 
soil texture by the international pipette method (Gee and Baud-
er 1986), temperature at 0-15 cm depth   by soil thermometer, 
soil moisture by oven drying at 105oC, and organic carbon and 
organic matter by the method of Walkley and Black (1934). The 
chi-square test was used to analyse the relationship among 
earthworm species distribution and density. The Pearson cor-
relation was employed seasonally to find relationships between 
physico-chemical parameters and earthworm density. Analyses 
were done with SPSS version 16.0 program for windows.

RESULTS
The total earthworm counts recorded during the one year study 
period were 526, 450, 413, 456 and 586 from study sites I, II, III, 
IV and V (reference site) respectively. The largest number of 
earthworms was collected from reference site V and their count 
was significantly different from the other four sites (Table 1). 
From all these sites three species of earthworms, i.e., Metaphire 
posthuma (Valliant), Lampito mauritii (Kinberg) and Metaphire 
peguana (Rosa) belonging to family Megascolecidae, were found 
as reported previously by Koul et al (2015). From a seasonal 
analysis of the data, a significantly high number ( at 1% and 5% 
level of significance) of earthworms / m2 were observed during 
the rainy season compared to summer and winter seasons at all 
study sites. During the rainy season, population count of earth-
worms was 345, 285, 239, 309 and 375 at sites I, II, III, IV and V 
respectively.Earthworm density in summer was lower than in the 
rainy season and the winter season showed few earthworms at 
any sites. Even density by species was higher during the rainy 
season followed by summer then winter (Table1). 
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Overall distribution of three earthworm species indicated 
that M. posthuma was predominant having relative abun-
dance at the five sites ranging from 42.5% to 50.8%. The 
other species, L. mauritii and M. peguana, showed relative 
abundance ranging from 24.8% to 29.2% and 20.2% to 30.0% 
respectively (Fig.1). Species density (earthworms / m2) at 
all sites showed highest average value of M. posthuma fol-
lowed by L. mauritii and least of M. peguana (Table 2). Data 
calculations indicated higher number of earthworms / m2 

during rainy season at all the sites i.e. 8.63±0.39, 7.13±0.38, 
5.98±0.36, 7.73±0.34 and 9.38±0.42 at sites I, II, III, IV and V 
respectively as compared to the other seasons. This density 
/ m2 in rainy season was followed by the one during summer 
and then during winter at all the sites (Table 2). Even species 
wise count /m2 also indicated maximum number of the three 
identified species during the rainy season at all the sites. Site 
V- PAU (reference site) showed the maximum number of to-
tal earthworm /m2 and also different species of earthworms/
m2 as compared to the other four sites studied in the vicinity 
of Buddha Nullah (Table 2).

Seasonal recording of various soil parameters like moisture, 
temperature, pH, organic matter and organic carbon was 
also carried out. Results indicated that soil moisture was 
highest during the rainy season at all the sites with its per-
cent value as 29.51±4.48, 28.10±3.90, 32.73 ±6.38, 28.96±4.23 
and 32.51±3.90,  at site I, II, III, IV and  V respectively, thus 
showing no significant difference in moisture content of 
soils at different selected sites   (Table 3). High soil moisture 
content in the rainy season was followed by winter and the 
lowest moisture was found during summer season at all 
the sites (Table 3). Soil temperature at all the sites showed 
its highest value during rainy season as it was recorded to 
range from 29.70±1.08  to 29.82±1.07, followed by summer 
(25.89±3.11 to 26.55±2.76) then winter season (12.20±1.01to 
12.33±1.01 oC; Table 3).  The pH of soil was alkaline at all 
the sites and ranged from 7.87±0.07 to 8.79±0.06 throughout 
the year, with minor variation at different sites. Two other 
parameters of soil,  organic matter and organic carbon, 
showed almost similar range during different seasons and 
at various selected sites. All the soil parameters recorded 
during the present study showed statistically non- signifi-
cant differences among sites I, II, III and IV in the vicinity of 
Buddha Nullah in comparison to site V, the reference site at 
PAU (Table 3). The correlation studies between earthworm 
population density and various physico-chemical parameters 
showed significant positive correlation with soil temperature 
and moisture during summer and rainy seasons. Out of five 
soil parameters tested, summer temperatures showed sig-
nificantly positive correlation with earthworm density at all 
sites (α=5%).  Rainy season temperatures correlated positive-
ly and significantly at sites IV and V. Rainy season soil mois-
ture correlated positively with earthworm density at sites II, 
III, and V.  However other soil parameters showed statisti-
cally non-significant correlation with earthworm population 
(Table 4).

DISCUSSION
Density of earthworms in a particular ecosystem is the result 
of interactions among a number of edaphic factors (Valle et 
al 1997). Soil habitat microclimatic or abiotic factors like 
moisture, temperature, pH, organic matter and organic car-
bon affect earthworm populations . Among various soil pa-
rameters, soil moisture plays a significant role in the occur-
rence and distribution of earthworm species. The highest 
number of all the earthworm species in the present study 
was observed in the rainy season, when soil moisture was 
maximal. Higher number of earthworms during the wet pe-
riod of the year and the importance of soil moisture in rela-
tion to cocoon production, hatching and emergence pattern 

of earthworms has also been reported by various researcher 
in India (Dash and Senapati 1980, Haokip and Singh 2012, 
Mohan et al 2013). Rainfall together with relative humid-
ity during the rainy season lead to an increased population 
of earthworms. Low rainfall and soil moisture in winter and 
summer probably decrease the population of earthworms 
which is consistent with the results of the present study. 
Thus, soil moisture content plays a major role in the fluc-
tuation patterns of the earthworm population. The second 
important parameter studied was soil temperature, as the 
appropriate range of temperature (generally from 25-30oC) 
favours reproduction of earthworms (Edwards and Bohlen 
1996, Sautter et al 2006). However, low soil temperature may 
reduce earthworm population, because in winter hatching of 
cocoons is delayed (Timmerman et al 2006). The low count 
of earthworms in winter observed at all the sites during the 
present study is thus because of low temperature of soil, as 
also supported by Ghafoor et al (2008).

Earthworms generally prefer neutral soils having pH near 
7.0, but some can tolerate acidic or alkaline soils also. The 
soil pH value recorded from various study sites varied from 
7.90-8.79, which is within the range for the distribution of 
earthworms (Chaudhuri and Bhattacharjee 1999).  The popu-
lation of earthworms in an ecosystem is related to the avail-
ability of surplus organic and inorganic food in the soil in 
the form of organic matter and organic carbon. The values of 
these two parameters were higher during the rainy season as 
compared to summer and winter at all the study sites. High 
status of organic carbon and organic matter during the rainy 
season may be due to higher decomposition rate of litter and 
availability of favourable microclimatic conditions like op-
timum moisture content and temperature of soil, which en-
hance decomposition during the rainy season and in turn re-
sult in higher populations of earthworms (Haokip and Singh 
2012). During the present study soil parameters of soil like 
moisture, temperature, pH, OM and OC were not found to 
differ at selected four sites near Buddha Nullah and the ref-
erence site at  PAU, but the population density of total earth-
worms as well as three species of earthworms were found to 
be higher at reference site -PAU.  Previous reports have indi-
cated  the contamination of Budhha Nullah stream with do-
mestic and industrial wastes and heavy metals being added 
by the dyeing industries (Prashar 1997, Anonymous 2008),  
due to which the vegetable fields in the vicinity of Budhha 
Nullah have been found to be contaminated with high levels  
of heavy metals especially cadmium, nickel and lead (Kaur 
and Sangha 2014) . Thus low population density of earth-
worms in the vegetable fields near Buddha Nalla compared 
to the reference site at PAU may be attributed to heavy metal 
contamination at Buddha Nullah site, which needs to be fur-
ther explored.

CONCLUSIONS
Three species of earthworms belonging to family Megascol-
ecidae (M. posthuma, L. mauritii and M. peguana) were found 
in the study sites. Maximum earthworm abundance was ob-
served during the rainy season because of favourable soil 
moisture, temperature and organic matter. Population densi-
ty of earthworms vary significantly among the seasons, thus 
climate and physico-chemical characteristics of soil play a 
significant role in earthworm distribution and their density.
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Table 1. Total seasonal population count of earthworm species at different study sites.

Sites Seasons Number of earthworms Total
(n=120) Grand Total

Chai 
Square 
ValueM. posthuma M.peguana L.mauritii

Site I 
Summer 94 31 45 170

526  9.78*Rainy 171 75 99 345
Winter 2 6 3 11

Site II 

Summer 76 26 51 153 450

 14.94**Rainy 145 83 57 285

Winter 7 1 4 12

Site III 
Summer 74 42 45 161

413  12.24*Rainy 105 72 62 239
Winter 3 7 3 13

Site IV 
Summer 86 19 41 146

456  12.07*Rainy 145 72 92 309
Winter 0 1 0 1

Site V 

Summer 77 61 68 206

586s  7.09*
Rainy 169 113 93 375

Winter 3 2 0 5

- Site I- Dairian Village, Site II– Jassian Village, Site III- Choorpur 
Village, Site IV-Balloke Village and Site V-PAU (reference site)

- n represents the number of times samples taken / m2

 - S refers to the significant difference in earthworm’s total count 
at reference Site V as compared to other four sites

- *Values are significant during rainy season at 5% level of sig-
nificance (p<0.05)

- **Values are significant during rainy season at 1% level of sig-
nificance (p<0.01)   

   

Site I- Dairian Village, Site II- Jassian Village, Site III- Choorpur 
Village, Site IV-  Balloke Village, Site V- PAU (reference site) 

Fig. 1. Overall distribution of earthworms at different study 
sites.

Table 2. Seasonal population density of earthworm species 
at different study sites.
Earthworm 
species
(/m2) 

Sites
Seasons

Summer Rainy Winter

M.posthuma

Site I 2.35±0.34S 4.28±0.47 0.05±0.05S

Site II 1.90±0.32S 3.36±0.46 0.18±0.07S

Site III 1.85±0.30 2.63±0.51 0.08±0.05S

Site IV 2.15±0.29 3.63±0.45 0.00±0.00S

Site V 1.93±0.29S 4.23±0.54 0.08±0.04S

M.peguana

Site I 0.78±0.16 1.88±0.22 0.15±0.07S

Site II 0.65±0.14S 2.08±0.37 0.03±0.03S

Site III 1.05±0.18 1.80±0.25 0.18±0.11S

Site IV 0.48±0.10S 1.80±0.24 0.03±0.03S

Site V 1.53±0.21S 2.83±0.35 0.05±0.03S

L.mauritii

Site I 1.13±0.22 2.48±0.35 0.08±0.06S

Site II 1.28±0.27 1.43±0.19 0.10±0.06S

Site III 1.13±0.29 1.55±0.22 0.08±0.05S

Site IV 1.03±0.17 2.30±0.23 0.00±0.00S

Site V 1.70±0.33 2.33±0.25 0.00±0.00S

Total

Site I 4.25±0.27S 8.63±0.39 0.28±0.06S

Site II 3.83±0.26S 7.13±0.38 0.30±0.06S

Site III 4.03±0.27 5.98±0.36 0.33±0.06S

Site IV 3.65±0.23S 7.73±0.34 0.03±0.01S

Site V 5.15±0.28S 9.38±0.42 0.13±0.03S

•	 	 Site I- Dairian Village, Site II– Jassian Village, Site III- 
Choorpur Village, Site IV-Balloke Village and Site V-PAU 
(reference site),

•	 	 S refers statistically significant difference of values during 
that particular season in comparison to rainy season
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Table 3.  Physico-chemical parameters of soil from vegeta-
ble fields at selected sites of district Ludhiana during differ-
ent seasons.
Param-
eters

Sites Seasons
Summer Rainy Winter

Moisture

(%)

Site I
Site II
Site III
Site IV
Site V

16.15±1.15 29.51±4.48 21.13±1.06

16.56±1.17 28.10±3.90 21.65±1.53
17.14±0.87 32.73±6.38 21.49±1.09
17.27±1.10 28.96±4.23 22.62±1.20
17.66±0.80 NS 32.51±3.90 NS 22.16±0.99 NS

Tempera-
ture

(0C)

Site I
Site II
Site III
Site IV
Site V

25.89±3.11 29.70±1.08 12.33±1.01
25.93±3.10 29.73±1.08 12.27±1.01
25.89±3.12 29.82±1.07 12.22±1.02
26.55±2.76 29.78±1.08 12.20±1.01
25.93±3.12NS 29.76±1.09NS 12.22±1.01NS

pH
Site I
Site II
Site III
Site IV
Site V

8.53±0.05 7.97±0.07 8.79±0.06
8.40±0.19 8.27±0.11 8.16±0.14
8.20±0.12 7.90±0.04 7.87±0.12
8.73±0.05 8.30±0.04 8.27±0.07
8.83±0.14 NS 8.37±0.11NS 8.73±0.10NS

Organic 
matter 
(%)

Site I
Site II
Site III
Site IV
Site V

1.32±0.08 1.31±0.12 1.31±0.14
1.20±0.10 0.99±0.04 1.12±0.11
1.18±0.04 1.32±0.13 1.13±0.11
0.74±0.05 1.06±0.06 0.73±0.04
1.25±0.06NS 1.41±0.04NS 1.41±0.09NS

Organic 
carbon 
(%)

Site I
Site II
Site III
Site IV
Site V

0.77 ± 0.05 0.76 ± 0.07 0.76± 0.08
0.70 ± 0.12 0.58 ± 0.02 0.65± 0.04
0.69±0.02 0.77±0.07 0.66±0.06
0.43±0.02 0.62±0.04

0.82±0.05NS
0.43±0.03
0.82±0.08NS0.73±0.04NS

- 	 Site I- Dairian Village, Site II– Jassian Village, Site III- Choor-
pur Village, Site IV-Balloke Village and Site V-PAU (reference 
site)

- 	 NS- refers statistically non-significant difference of values at 
sites I, II, III and IV in comparison to site V (reference site)

 
Table 4: Seasonal correlation studies between population 
density of earthworm (m2) with physio-chemical paramaters 
at different study sites.

Parameters Sites Correlation coefficient
Summer Rainy Winter

Moisture 
(%)

Site I
Site II
Site III
Site IV
Site V

0.092 0.707 -0.338
0.024 0.895** -0.180
0.116 0.791* -0.279
0.450 0.676 -0.395
0.150 0.792* -0.407

Temperature
 (0C)

Site I
Site II
Site III
Site IV
Site V

0.944** 0.365 0.567
0.926** 0.609 0.494
0.929** 0.692 0.402
0.895* 0.740* 0.495
0.926** 0.734* 0.511

pH

Site I
Site II
Site III
Site IV
Site V

0.082 0.266 -0.024
-0.079 0.117 -0.000
-0.034 0.051 -0.107
-0.077 0.085 -0.098
0.077 0.082 -0.414

Organic 
matter 
(%)

Site I
Site II
Site III
Site IV
Site V

-0.058 0.440 0.167
-0.049 -0.086 0.510
-0.153 0.070 0.479
-0.108 0.198 0.436
-0.095 0.092 0.056

Organic 
carbon (%)

Site I
Site II
Site III
Site IV
Site V

-0.058 0.440 0.167
-0.049 -0.086 0.510
-0.153 0.070 0.479
-0.108 0.198 0.436
-0.095 0.092 0.056

-  	 Site I- Dairian Village, Site II– Jassian Village, Site III- Choor-
pur Village, Site IV-Balloke Village and Site V-PAU (reference 
site)

 - 	 *Values are significant during rainy season at 5% level of sig-
nificance (p<0.05)

 - 	 **Values are significant during rainy season at 1% level of 

significance (p<0.01)
 
REFERENCES
1.	 	 Anonymous,. (2008). Buddha Nullah the toxic vein of Malwa/312236. http://

www.expressindia.com.  Indian Express: May 21, 2008.

2.	 	 Bhadauria, T. and Saxena, K. P. (2010). Role of earthworms in soil fertility main-

tenance through the production of biogenic structures. Appl Environ Soil Sci: 

7pages, doi:10.1155/2010/816073.

3.	 	 Blakemore, R. J. (2003). Japanese earthworms (Annelida:Oligochaeta): a review 

and checklist of species Organisms, Diversity and Evolution 11: 1 - 43.

4.	 	 Blakemore, R. J.,   Chang, C. H.,   Chuang, S. C., Ito, T. M., James, S., and Chen 

J. H. (2006). Biodiversity of earthworms in Taiwan: a species checklist with the 

confirmation and new records of the exotic lumbricids Eisenia fetida and Ei-

seniella tetraedra. Taiwania 51: 226-236.

5.	 	 Bustos, O. E. and  Goichochea, R. I. (2002).  Pesticide soil contamination mainly 

affects earthworm male reproductive parameters. Asian J Androl 4: 195-199.

6.	 	 Chang, C. H. and  Che, J. H. (200)5. Taxonomic status and intraspecific phylo-

geography of two sibling species of Metaphire Oligochaeta: Megascolecidae) in 

Taiwan. Pedobiol 49: 591-600.

7.	 	 Chaudhuri, P. S. and Bhattacharjee. (1999). Earthworm resources of Tripura. 

Proceedings of National Academy of Sciences, India 69: 159-70.

8.	 	 Dash, M. C. and   Senapat, B. K. (1980).  Cocoon morphology, hatching and 

emergence pattern in tropical earthworms, Pedobiol 20: 316-324.

9.	 	 Dhiman, N. and  Battish, S. K.  (2006). Earthworms from Northern India States 

with Ocneodrilus Eisen, 1878 as a new report from Punjab, zoo’s Print J, 21: 

2135-2137.

10.	 	 Edwards, C. A. (2004). Earthworm Ecology. 2nd edn. St Lucie Press, Boca Ra-

ton.

11.	 	 Edwards, C.A. and  Bohlen, P. J. (1996). Biology and Ecology of Earthworms. 

Chapman & Hall, London. 

12.	 	 Gates, G. F. (1972). Burmese earthworms; An introduction to the systematic 

and biology of megadrile of Oligochaetes with special reference to south east 

Asia. Trans  Ameri Philosop Soc. 62:1-326.

13.	 	 Gee, G. W. and  Bauder, W. (1986). Principle of the pipette method. pp. 394-396. 

In: A. Klute (ed.) Agronomy. Methods of Soil Analysis. Part I: Physical and Min-

eralogical Methods. American Society of Agronomy, Madison. 

14.	 	 Ghafoor, A. M., Hassan &and  Alvi, Z. H. (2008).  Biodiversity of Earthworm 

Species from various habitats of District Narowal, Pakistan. Int j Agric & Biol 

10: 681-684.

15.	 	 Haokip, S. L. and Singh, T. B. (2012). Diversity and distribution of earthworms 

in a natural reserved and disturbed sub-tropical forest ecosystem of Imphal-

West,Manipur,India. Int Multi Res J 2: 28-34

16.	 	 Jackson, M. L. (1973). Soil Chemical Analysis. Prentice Hall of India Pvt. Ltd., 

New Delh

17.	 	 Julka, J. M. (1988).  The Fauna of India and the adjacent countries. Megascoleci-

dae: Octochaetidae Haplotaxida, Lumbricina :XIV,  Zoological Survey of India, 

Calcutta, India. pp 400.

18.	 	 Julka, J. M.,  Paliwal, R. and Kathireswari P. (2009).  Biodiversity of Indian earth-

worms – an overview pp.  36-56. In: C. A. Edwards, R. Jayaraaj & I. A. Jayraaj 

(eds.) Proceedings of Indo-US Workshop on  Vermitechnology in Human Wel-

fare. Rohini chagam, Coimbator.

19.	 	 Kaur, K. and Sangha, G. K. (2014). Effect of metal contaminated soils  on  Eise-

nia fetida (Savigny) at  Ludhiana (Punjab), Indian.J App Nat Sci. 6 (2):519-523.

20.	 	 Koul, S., Kocher  D. K. and Hundal, S. S.   (2015). Morphometric variations in 

earthworms inhabiting vegetable fields around Buddha Nullah, Ludhiana (Pun-

jab) - A Preliminary study. Agric Res J ( accepted).

21.	 	 Lavelle, P., Bignell,  D.,  Lepage, M.,  Wolters,V.,  Roger,P.,  Ineson,P.,  Heal, O W. 

&andDhillion, S. (1997). Soil function in a changing world: the role of inverte-

brate ecosystem engineers. Europ  J   Soil   Biol   33:159-93.

22.	 	 Mohan, V. C., Watts , P.  and  Kaur, A.  (2013).  Diversity and distribution of 

earthworms species in Guru Nanak Dev University Campus, Amritsar, Punjab, 

India Res J Agric Fores  Sci.  1(2), 35-40.

23.	 	 Prashar, A.  S. (1997).   Ludhiana heading for a Bhopal like tragedy. The Tribune 

August . http://www.tribuneindia.com/50yrs/environ1.htm.

24.	 	 Santra,   S.  K. and  Bhowmik, K. L. (2001).  Vermiculture and development of 

agriculture, pp 43-45 in     yojana (March).

25.	 	 Sautter,  K. D.,  Brown, G. G.,   James, S. W.,  Pasini,  A.,  Nunes, D. H. and Benito 

N P.( 2006). Present knowledge on earthworm diversity in the State of Parana, 

Brazil. Europ J Soil Biol 42: 296-.300.

26.	 	 Sinha, R. K. (2009).  Earthworms: the miracle of nature (Charles 



252 IJSR - INTERNATIONAL JOURNAL OF SCIENTIFIC RESEARCH

Volume : 5 | Issue : 3 | March 2016 • ISSN No 2277 - 8179 �| IF : 3.508 | IC Value : 69.48
Research Paper

Darwin’s‘unheralded soldiers of mankind & farmer’s friends’). Environmentalist 

29: 339-34.

27.	 	 Timmerman, A,. Bos,D.,  Ouwehand, J.  and Goede.R. J. G. M. (2006). Long-term 

effects of fertilisation regime on earthworm abundance in a semi-natural grass-

land area. Pedobiologia 50: 427-432.

28.	 	 Tsai, C.F.,  Shen, H. P. and Tsai, S. C. (2000). Native and exotic species of ter-

restrial earthworms (Oligochaeta) in Taiwan with reference to northeast Asia. 

Zool Sci 39:285-94.

29.	 	 Valle, J. V., Moro, R. P.,   Garvin,  M. H.,  Trigo, D. and  Diaz Cosin, D. J (1997). 

Annual dynamics of the earthworm Hormagaster elisae (Oligochaeta, Hor-

mogastridae) in central Spain. Soil Biol  Biochem 29: 309-312.

30.	 	 Walkley, A.  and   Black, I. A. (1934). Chromic acid titration  for determination 

of soil organic matter. Soil Science 34: 63-251.


