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Abstract 
The aim of the present study was to describe the potential influence of earthworm abundance on soil 

properties and to investigate the available nutrients present in earthworm casts in comparison to 

surrounding soil in different regions of Punjab viz., Amritsar, Shaheed Bhagat Singh Nagar and Moga. 

On average, at all sites, significantly more nutrients were available in earthworm casts as compared to 

surrounding soils. Among three sites, maximum significant results were obtained at Shaheed Bhagat 

Singh Nagar where earthworm population was more and contained higher content of nitrogen, 

phosphorous, potassium, organic carbon and optimum levels of pH and EC (electrical conductivity) in 

casts as compared to surrounding soil. Earthworm abundance and nutrient availability was maximum in 

the month of March, this correlates with earthworm population. The study indicates that earthworms and 

earthworm castings are valuable nutrient sources for plants and can improve the physical and chemical 

properties of the soil.   

 

Keywords: Earthworm casts, physico-chemical properties, soil fertility, soil properties, surrounding soil, 

earthworm population 

 

Introduction 

Protection and conservation of the soil habitat is the first step towards sustainable management 

that determines its long term quality and productivity. Usually it is accepted that soil biota 

benefits soil productivity and fertility but very little is known about the organisms that live in 

soil as well as their role in the functioning of the soil ecosystem [1]. Earthworms are the large 

megadrile annelids of the class Oligochaeta that constitutes more than 80% of soil invertebrate 

biomass in terrestrial ecosystems [2]. India is a diverse country harbouring a very high diversity 

of earthworms, which mostly concentrated in Western Ghats and Eastern Himalayas both of 

which are recognized as biodiversity ‘hot spots’. Although this area is only 2% of the world’s 

land mass, it supports about 105 per cent of the total known global earthworms, estimated 

around 4000 species. Predominantly the Indian earthworm fauna is composed of native 

species, which constitute about 89% of total earthworm diversity in the country [3]. 

Earthworms are considered as one of the most important group of soil engineers [4, 5]. They 

make to form the major group of soil invertebrates in tropical, sub-tropical and temperate 

zones [6]. Earthworms play a prominent and significant role in creating heterogeneous patterns 

in ecosystems, mostly by displacing soil organic and mineral compounds from one site to 

another, and by producing biogenic structures, i.e. organo-mineral aggregates (faeces, burrows, 

etc.), with specific type of physical, chemical and biological properties [7, 8]. 

The nutrient cycling is a critical function of ecosystem which is essential for life on earth [9]. 

Earthworms feed on soil along with on a wide range of decaying organic substances, and 

excrete waste in the form of casts. The castings egested by earthworms have normaly been 

assumed to be more stable and fertile than the parent soil aggregates and contain certain 

enzymes, microorganisms, hormones, inorganic and organic materials which it acquires during 

the passage of digestion through the earthworm gut [10]. The earthworm gut contains many 

endogenic and exogenic enzymes to convert organic minerals into more exchangeable and 

available forms to plants [11]. The production of casts in earthworm is an indicator of 

burrowing and soil turnover because 99.9 % of ingested material is egested as castings [12]. 

The presence of earthworms in the field is generally associated with the formation of water 

stable biogenic aggregates, i.e. the casts, where a significant proportion of soil organic matter  
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(SOM) is physically and chemically protected which is further 

stabilized [13, 14]. In cultivated soils, where organic matter is 

frequently related to fertility and productivity, the invertebrate 

community especially earthworms play an significant role in 

soil organic matter dynamics by regulating the processes of 

humification and mineralization [15]. Earthworm casts and 

burrow linings contain more extractable nutrients than the 

parent surrounding soil [16]. They are important agents in 

many tropical and temperate ecosystems in regulating soil 

organic matter, nutrient cycling processes and through their 

activities in soils they even create new habitat for other 

organisms [17]. Most of the studies conducted, to access the 

role of earthworm castings in nutrient cycling and soil 

structure are related to surface casting species and only a few 

have dealt with casts deposited under field condition [17]. The 

present study was carried out to examine, the relationship of 

earthworms on physicochemical properties of surface casts in 

wheat fields of Punjab. The study also compared the 

properties of surrounding soil with the earthworm biogenic 

structures. 

 

Materials and Methods 
Study site: The study was conducted in different regions of 

Punjab. The study area was representative of Majha 

(Amritsar), Doaba (Shaheed Bhagat Singh (SBS) Nagar) and 

Malwa (Moga) regions of Punjab. Sampling was done 

minimum in three villages from each district and three fields 

from each village. The villages and fields were randomly 

selected from each district. Randomly selected villages from 

different districts are Amritsar (village I - Kohali, village II - 

Loharka kalan, village III - Sohian kalan), SBS Nagar (village 

I - Attari, village II - Renewal, village III – Dupalpur), Moga 

(village I - Rouke, village II – Himmatpura, village III - 

Jaimal wala). 

 

Earthworm and casts collection: Earthworm and casts 

sampling was carried out in wheat growing districts of Punjab 

[Amritsar, Shaheed Bhagat Singh Nagar (SBS Nagar) and 

Moga] during November 2014 to April 2015. Sampling was 

done minimum in three villages from each district. Three 

fields were randomly selected from each village. Earthworm 

and casts sampling was carried out every month from each 

village in wheat growing fields. Earthworms were removed 

by hand-sorting and preserved in formalin solution for 2 days 

and then transferred to 70% alcohol. The presence or absence 

of earthworm casthills on the soil surface was scored for the 

studied area. Casts were collected, air-dried and weighed. The 

surrounding soil was also sampled without casthills. 100g of 

surrounding soil and cast samples was collected from the 

study area for analysis. 

 

Physico-chemical Analysis: The physicochemical parameters 

of the earthworm casts and surrounding soil were analysed 

using standard methods. The pH and electrical conductivity 

(EC) was determined using a double distilled water 

suspension in the ratio of 1:2 (w/v) and measured using digital 

pH and EC meter. Organic carbon (OC) content was 

determined by partial oxidation method (Walkey and Black, 

1934). Total kjeldahl nitrogen was measured by the method as 

described by Jackson (1958). Phosphorus was analysed with 

molybdenum in sulphuric acid by NaHC03 (Sodium hydrogen 

carbonate) method (Olsen et al., 1954). Ammonium acetate 

exchangeable potassium was determined by using flame 

photometer. 

Statistical Analysis: Data was expressed as mean±S.E. 

Differences in the physico-chemical properties of surrounding 

soil and earthworm casts was compared using student’s t-test. 

A significant level of p<0.05 was considered throughout the 

analysis. 

 

Results 

Earthworm Abundance 
Comparison of the earthworm abundance in different districts 

is shown in table 1. Earthworm population varied with 

variation in the edaphic factors of different regions. Total 

earthworm population was maximum at Shaheed Bhagat 

Singh Nagar (446), followed by Amritsar (336) and least in 

Moga (202). Analysis of monthly differences of earthworm 

abundance at all the study sites in wheat fields showed that 

the earthworm population was maximum in the month of 

March. However, the lowest average of earthworm abundance 

at all the study areas was observed in November when 

moisture decreased and temperature increased. Earthworm 

individuals were not found in the month of December and 

January when temperature and moisture conditions of soil are 

not favourable for earthworm survival. 

 
Table 1: Earthworm population (from each district) in wheat 

growing fields in different regions of Punjab 
 

Months Amritsar SBS Nagar Moga 

November 54 56 40 

December 0 0 0 

January 0 0 0 

February 65 83 52 

March 146 167 69 

April 71 140 41 

Total 336 446 202 

 

Physical and Chemical properties of earthworm casts and 

surrounding soil in different studied areas: 

During the study period, it was found that there was decrease 

in physical properties such as pH, EC (electrical conductivity) 

and increase in chemical properties such as nitrogen, 

phosphorous, potassium and organic carbon in the earthworm 

casts as compared to surrounding soil. The pH shows non-

significant result while EC, Nitrogen, phosphorus, potassium 

and organic carbon content differed significantly (p<0.05) in 

the earthworm casts as compared to surrounding soil in 

different regions of Punjab (Table 2 and 3). The pH level 

decreased throughout the study period in earthworm casts as 

compared to surrounding soil in all the studied districts. In 

earthworm casts the lowest pH and EC was observed in the 

month of March. On an average decrease in pH from 

surrounding soil to earthworm casts was 7.51±0.04 to 

7.34±0.07 at Amritsar, 7.41±0.04 to 7.32±0.04 at SBS Nagar 

and 7.50±0.03 to 

7.37±0.03 at Moga (Table 2). The EC of earthworm casts is 

also decreased slightly from the surrounding soil during the 

study period. The maximum decrease in physical properties of 

earthworm casts was observed in SBS Nagar followed by 

Amritsar and decrease was least observed in Moga. The 

decrease in pH was non-significant and EC shows the 

significant decrease. In the earthworm casts pH reached 

towards neutrality and EC was found to be within normal 

limits in all the three districts. 

Availability of all the nutrients was more in earthworm casts 

as compared to surrounding soil and content was maximum in 

the month of March as compared to other months in all the 
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districts due to increase in earthworm population in this 

month. In earthworm casts the significant (p<0.05) average 

increase in nitrogen content at Amritsar, SBS Nagar and 

Moga was 166.64±1.77 kg/ha, 175.55±5.52 kg/ha and 

164.84±2.87 kg/ha respectively. In different districts average 

percent increase in nitrogen was 21.14%, 23.43% and 22.26% 

respectively. Phosphorus follows the similar trend and 

significant (p<0.05) results were observed in earthworm casts 

when compared with surrounding soil. In earthworm casts 

with an average value maximum significant (p<0.05) results 

were obtained at SBS Nagar (46.87±1.90 kg/ha) followed by 

Amritsar (45.97±1.32 kg/ha) and was least in Moga 

(44.19±2.07 kg/ha). Average percent increase in phosphorus 

level was 43.74% (Amritsar), 43.99% (SBS Nagar) and 

49.84% (Moga). 

Potassium increased significantly (p<0.05) from surrounding 

soil to earthworm casts. Maximum increase in potassium 

content in earthworm casts was at SBS Nagar (172.55±5.45) 

and minimum was at Moga (155.93±1.77 kg/ha) and the 

average percent increase was 15.06% in Amritsar, 15.09% in 

SBS Nagar and 11.31% in Moga. Organic carbon also 

increased significantly (p<0.05) in the earthworm casts as 

compared to surrounding soil. The increase was maximum at 

SBS Nagar (0.75±0.02%) with an average percent increase of 

38.89%. 

 
Table 2: Physical properties of surrounding soil and earthworm casts in wheat fields from different regions of Punjab. 

 

Months 
  pH     EC (dS m-1)   

Amritsar SBS Nagar Moga Amritsar SBS Nagar Moga 

 Soil Cast Soil Cast Soil Cast Soil Cast Soil Cast Soil Cast 

Year 2014             

November 7.54±0.02 7.48±0.01 7.52±0.04 7.40±0.07 7.56±0.02 7.43±0.02 0.62±0.01 0.54±0.01 0.57±0.03 0.49±0.02 0.64±0.06 0.55±0.04 

December 7.67±0.02 0.00±0.00 7.58±0.01 0.00±0.00 7.69±0.03 0.00±0.00 0.67±0.02 0.00±0.00 0.61±0.03 0.00±0.00 0.68±0.02 0.00±0.00 

Year 2015             

January 7.69±0.01 0.00±0.00 7.59±0.13 0.00±0.00 7.70±0.10 0.00±0.00 0.67±0.01 0.00±0.00 0.65±0.02 0.00±0.00 0.69±0.04 0.00±0.00 

February 7.60±0.03 7.39±0.01 7.45±0.09 7.37±0.10 7.47±0.0 7.38±0.0 0.62±0.01 0.49±0.03 0.58±0.02 0.47±0.03 0.61±0.02 0.50±0.01 

March 7.38±0.01 7.12±0.02 7.26±0.04 7.19±0.04 7.41±0.03 7.26±0.02 0.59±0.02 0.43±0.02 0.52±0.01 0.40±0.03 0.60±0.05 0.44±0.03 

April 7.52±0.02 7.36±0.01 7.39±0.14 7.31±0.15 7.55±0.01 7.41±0.01 0.60±0.01 0.48±0.03 0.56±0.04 0.46±0.04 0.63±0.02 0.55±0.03 

Average 

(kg/ha) 
7.51±0.04 7.34±0.07 7.41±0.04 7.32±0.04 7.50±0.03 7.37±0.03 0.61±0.08 0.48±0.02* 0.61±0.01 0.45±0.01* 0.62±0.01 0.51±0.02* 

Average 
2.26% 1.21% 1.73% 21.31% 19.64% 17.74% 

%decrease 

Values are Mean±SE, the values with superscript (*) show significant difference (p<0.05) between surrounding soil and earthworm casts 

 
Table 3: Chemical properties of surrounding soil and earthworm casts in wheat fields from different regions of Punjab 

 

   Nitrogen kg/ha     Phosphorous kg/ha   

Months 
Amritsar SBS Nagar Moga Amritsar SBS Nagar Moga 

Soil Cast Soil Cast Soil Cast Soil Cast Soil Cast Soil Cast 
 

Year 2014             

November 131.40±1.61 162.63±1.64 137.64±1.74 162.91±1.33 131.93±1.56 160.59±1.25 30.37±0.88 42.88±0.67 30.90±0.65 41.82±0.50 28.13±0.82 39.02±0.82 

December 108.59±1.54 0.00±0.00 123.98±1.22 0.00±0.00 111.29±1.41 0.00±0.00 25.75±0.21 0.00±0.00 25.42±0.96 0.00±0.00 24.06±0.71 0.00±0.00 

Year 2015             

January 107.61±1.52 0.00±0.00 121.96±1.42 0.00±0.00 110.90±1.05 0.00±0.00 23.71±0.75 0.00±0.00 23.61±0.99 0.00±0.00 23.99±0.76 0.00±0.00 

February 137.09±1.34 164.70±1.74 138.72±1.86 174.97±1.79 135.26±0.80 164.78±1.22 31.65±0.70 44.78± 0.23 31.60±0.78 46.14±0.74 29.97±0.44 45.66±0.41 

March 145.09±1.49 169.96±1.70 151.78±1.84 189.88±1.91 139.45±1.04 172.98±0.64 32.97±0.91 48.77±0.68 334.23±0.72 50.42±0.87 30.06±0.23 48.85±0.72 

April 136.65±0.77 169.28±1.85 140.74±1.39 174.47±1.24 132.70±1.33 161.00±1.27 32.95±0.99 47.44±0.58 33.46±0.4 49.12±0.60 29.80±0.41 43.23±0.37 

Average 137.56±2.82 166.64±1.77* 142.22±3.25 175.55±5.52* 134.83±1.69 164.84±2.87* 31.98±0.62 45.97±1.32* 32.55±0.77 46.87±1.90* 29.49±0.45 44.19±2.07* 

Average 

%increase 
21.14% 23.43% 22.26% 43.74% 43.99% 49.84% 

   Potassium kg/ha     Organic carbon (OC) %   

Seasons 
Amritsar SBS Nagar Moga Amritsar SBS Nagar Moga 

Soil Cast Soil Cast Soil Cast Soil Cast Soil Cast Soil Cast 

Year 2014             

November 139.08±1.62 159.26±1.41 142.68±0.76 161.79±1.39 135.68±1.04 151.04±1.55 0.48±0.01 0.68±0.02 0.50±0.05 0.71±0.03 0.41±0.02 0.60±0.02 

December 132.30±1.61 0.00±0.00 133.86±1.12 0.00±0.00 123.62±1.67 0.00±0.00 0.41±0.03 0.00±0.00 0.37±0.02 0.00±0.00 0.36±0.01 0.00±0.00 

Year 2015             

January 129.68±1.21 0.00±0.00 135.91±1.71 0.00±0.00 123.81±1.55 0.00±0.00 0.40±0.02 0.00±0.00 0.37±0.05 0.00±0.00 0.35±0.02 0.00±0.00 

February 143.40±1.39 167.67±1.17 146.75±1.26 168.37±1.29 139.29±1.19 157.04±1.11 0.47±0.02 0.71±0.04 0.51±0.02 0.73±0. 02 0.45±0.01 0.73±0.04 

March 152.93±0.90 177.71±1.19 169.77±1.22 187.52±1.86 147.23±1.62 164.15±1.80 0.55±0.02 0.78±0.03 0.62±0.06 0.80±0.04 0.52±0.03 0.74±0.02 

April 141.79±1.42 159.49±0.92 140.46±1.62 172.51±1.06 138.14±1.88 156.17±0.59 0.49±0.01 0.73±0.04 0.51±0.04 0.76±0.05 0.43±0.03 0.67±0.03 

Average 
144.30±3.01 166.03±4.35* 149.92±6.74 172.55±5.45* 140.08±2.49 155.93±1.77* 0.50±0.01 0.73±0.02* 0.54±0.02 0.75±0.02* 0.45±0.02 0.68±0.03* 

(kg/ha) 

Average 15.06% 15.09% 11.31% 46% 38.89% 51.11% 

Values are Mean±SE, the values with superscript (*) show significant difference (p<0.05) between surrounding soil and earthworm casts 

 

Overall the results revealed that maximum earthworm 

population was observed at SBS Nagar so as the nutrient 

availability. Nutrient content was maximum in the month of 

March which correlates with the earthworm population. 

Presence of earthworms increases the availability of nutrients 

and vice-versa. Nutrient levels decreased with the decrease in 

earthworm population. Earthworm abundance and nutrient 

availability follows the trend as SBS Nagar>Amritsar>Moga. 

 

Discussion 

Soil fertility can be maintained and improved by manipulating 

the community of earthworms in the soil habitat [19]. The 
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distribution and density of earthworm population have been 

correlated with soil type, and agricultural land use [20]. 

Ecological engineers like earthworms play an influential role 

in agro-ecosystems in maintaining soil productivity and 

fertility by changing the physico-chemical parameters of soil. 

These changes results due to reorganisation of structure of 

soil by movement of earthworms through soil and during gut 

transit [9]. Physico-chemical properties of the soil also play an 

significant role in maintaining earthworm biodiversity [21]. 

Earthworm population density and soil physic-chemical 

properties are positively correlated [22]. 

In wheat fields from all the districts of Punjab earthworm 

abundance was maximum in the month of March which 

correlates with nutrient availability. Nutrient availability 

decreases with earthworm population. Minimum earthworm 

population was observed in the month of November so as the 

nutrients. The results of soil analysis also revealed that 

earthworm containing soil have the high nutrient content as 

compared to the soil with less number of earthworms. The 

abundance and distribution of earthworms have been known 

to influence with both physical and organic factor of soil [23]. 

Nutrient dynamics of soil was significantly correlated with 

earthworm number in the soil habitat [21]. At all the study 

sites, nutrient availability was significantly higher in the 

presence of earthworms. 

The present study showed lower pH, EC and higher nitrogen, 

phosphorous, potassium and organic carbon in earthworm 

casts as compared to surrounding soil in all the three districts 

of Punjab. A lower pH value in earthworm cast compared to 

surrounding soil observed in the present study, might be due 

to the difference in organic matter (OM) and Ca content [21]. 

Calcium and OM of certain residue are able to correct the 

alkalinity of cast, thus the pH of cast becomes lower. The pH 

value of cast soil was lower this may also be due to the 

ammonia secreted in the worm’s gut, which further act as a 

neutralizing factor [24] and/or the calciferous glands produce 

calcium carbonate and its release into the intestine [25]. The 

change in pH value toward neutrality may be due to the 

mineralization of nitrogen and phosphorous into nitrites or 

nitrates and into orthophosphates [26]. Elvira et al., [27] reported 

that the joint action of earthworms and microbial 

decomposition lead to lower pH in the vermicast. 

In the present study, EC slightly decreased in the casts when 

compared with surrounding soil. Soil pH and EC are 

interrelated. Decrease in soil pH would results in lower EC of 

the soil [28, 29]. This decrease in EC may be due to loss of 

organic matter and release of different mineral salts in 

available forms such as phosphate, ammonium and potassium 
[30]. High salt content may cause phytotoxicity problems and 

therefore EC is a good indicator of the suitability and safety 

of a cast for agricultural practices [31]. 

Significant difference in nitrogen content between casts and 

surrounding soil was observed in all the districts of Punjab. In 

the presence of earthworms nitrogen mineralization is 

increased, either directly through the release of N by their 

metabolic products (casts, urine, mucus which contain NH4+, 

urea, and uric acid) and dead tissues, or indirectly through 

fragmentation of organic material with other soil organisms 
[25]. Cortez et al., [32] also reported that the presence of 

earthworms increased the quantity of inorganic N in the soil. 

Earthworms can impact plant growth by promoting N-

availability [33, 34]. The presence of earthworms is also able to 

increase N mineralization due to active mineralization of 

carbon (decaying plant root and leaf litter) upon gut passage 

[35]. Many other studies have reported similar results [36, 21]. 

The amounts of available phosphorous in earthworm casts 

were higher by 302% and 509%, respectively, than in soils. 

Earthworm castings are richer in exchangeable phosphorus 
[37,38]. Similar observations were made by others [16, 39]. As for 

the phosphorous status in soil, the increases in available 

phosphorous were probably caused by modifications in pH 

(5% improvement) in earthworm casts [41]. As reported by 

Basker et al., 1993 [42] the total potassium and exchangeable 

potassium contents in earthworm casts were 116 % and 165% 

greater than the surrounding soil. They further stated that 

earthworm activity increased amounts of exchangeable K, and 

concluded that the increase in exchangeable K in cast must be 

due to the displacement of K+ from the wedge sites of clay 

minerals by NH4+ ions produced by enhanced mineralisation 

of organic N. 

In cultivated fields, earthworm population play a significant 

role in soil organic matter (SOM) dynamics through 

regulation of processes like mineralization and 

hummification. [15]. The efficiency of earthworms indicates 

increased transfer of the organic C and N into soil aggregates 

to facilitate stabilization of SOM and its accumulation in 

agricultural systems [43]. In present findings, organic carbon 

was significantly higher in earthworm casts than in 

surrounding soil, which has also been reported by others in 

temperate [44,16] and tropical regions [45]. Feeding behaviour of 

the earthworms which consumed fresh organic fragments 

from the soil leads to increase in the organic carbon. 

Earthworms, they enhance mineralization by fragmenting 

SOM and by mixing SOM, mineral particles and 

microorganisms, thus creating new contact surfaces between 

various microorganisms and the SOM [46]. Since earthworms 

of different ecological groups prefer different food resources, 

they are likely to affect nutrient mineralization. Anecic 

earthworms incorporate litter material into the mineral soil 

thereby making it available for the soil food web. Endogeic 

earthworm species, in contrasts, primarily consume soil and 

associated humified OM in the upper layer of the mineral soil 
[47]. Lavelle and Spain [39] also reported higher level of organic 

carbon content in vermicasts as compare to surrounding soil. 

Coq et al., [48] showed that casts of endogeic species 

Pontoscolex corethrurus were slightly enriched in C and 

showed significantly higher mineralization than the non-

ingested soil. 

 

Conclusion 

Earthworms are important biological factors in soil 

ecosystems. The highest number of the earthworms were 

found in SBS Nagar of Punjab so as the nutrients. Nutrient 

availability is positively correlated with earthworm 

abundance. It could be concluded that the abundance of 

earthworm population in soil is beneficial for maintaining the 

soil nutrient status for sustainability of agricultural practices 

in the different regions of Punjab. All the tested nutrients 

showed significantly higher concentrations in casts as 

compared to surrounding soil. The estimated nutrient 

enrichment by earthworms was significant, especially for N, 

and indicates that the casts are valuable nutrient sources for 

plants. 
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