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ABSTRACT 

The physicochemical characteristics of rice mill wastewater was measured prior to field experiment. The wastewater 

revealed an alkaline pH (8.0) with low concentration of DO (0.9 mgl-1), nitrate (0.5 mg l-1), phosphate (21 mg l-1) 

and sulphate (40 mg l-1) and moderate concentration and COD (630 mg l-1), chloride (140 mg l-1) and TDS (670 mg 

l-1) and high concentration of total suspended solids (530 mg l-1) and BOD (450 mg l-1).  Moreover, the effluent was 

rich in sodium (235 mg l-1), total phenols (35 mg l-1) as well as silica (58 mg l-1). The field experiment was 

conducted during winter crop period extending from January until May 1998. On the basis of randomized block 

design method, four plots were identified as control plots and four plots as experimental plots. Jaya T90 variety of 

rice saplings having crop duration 120-130 days was cropped in all the plots. The control plots were irrigated with 
normal canal water of river the Mahanadi and the experimental plots were irrigated with the wastewater from the 

rice mill. The population, biomass, rate of reproduction and secondary production of a dominant crop field 

earthworm (Drawida willsi Michaelsen) was studied at fortnight intervals for 105 days. The population density of 

D.willsi of rice plots prior to irrigation was 41 m-2. The peak and average worm population showed 22.39 and 

21.75% decline respectively in plots irrigated with rice mill wastewater compared to control. Population structure 

showed decrease in non-adult/adult ratio in experimental plots, indicating greater susceptibility of juvenile and 

immature worms to rice mill wastewater.  Significant difference in the cocoon production (46.61% decrease) and 

rate of reproduction (25.39 % decrease) was also noticed between control and experimental plots. The biomass and 

two components of secondary production (tissue production and tissue utilized in reproduction) showed 26.43 - 

55.11% reduction in experimental plots over control plots during the study period. The significant reduction in 

population, reproduction, biomass and secondary production of D.willsi in experimental plots may be due to alkaline 

pH with higher content of phenols, silica, TSS, BOD, sodium and organic matter in the effluent. On the basis the 
above findings we suggest that rice mill wastewater should not be used as such for agricultural purpose. The 

treatment of the waste water be made to render the wastewater suitable for irrigation in agricultural lands.  

 

Key words: Rice mill, wastewater, earthworm, Drawida willsi, population, biomass, reproduction, secondary 

production. 

 

1. INTRODUCTION  

The use of industrial wastewater in agriculture has received considerable attention in recent years (Cox et al. 1997; 

Paredes et al. 1999). Since each type of industrial effluent has a specific character, it may or may not be beneficial to 

crop-soil-animal subsystem. This necessitates a detail scientific study on each subsystem before any effluent is 

recommended for use in agriculture. A review of literature indicates that several investigations have been carried out 
to study the influences of paper, distillery, tannery and textile industries effluent on crop growth, soil and soil 

organisms (Rajannan and Obliswamy 1979; Sahai et al.1983; Srivastava and Sahai 1987; Reddy and Chadrasekhar 

1988; Nandakumar 1989; Singaram 1996; Mishra and Sahoo 1997). By contrast, no report is available on the effect 

of rice mill wastewater on plant growth, soil and soil organisms, although rice mill industries in comparison to these 

are much more old and history of rice mill industry is associated with the history of human civilization.  

Among the soil organisms, earthworms constitute a major component of the invertebrate biomass in most of the 

agroecosystems of the world. They play an important role in improving soil structure and fertility (Lee 1985). Due 

to their beneficial role in terrestrial ecosystems, earthworms are often used as an indicator species in 

ecotoxicological evaluation (Abdul Rida and Bouche 1995). Few attempts have been made to study the effect of 

industrial discharge on earthworms (Goats and Edwards 1982; Mishra and Sahu 1989, 1997; Callahan et al. 1991). 

There are four varieties of earthworms found in agriculture fields of India. They are Drawida willsi, Michaelsen, 
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Ocnerodrilus occidentalis, Eisen, Lampito mauritii, Kinberg and Glyphidrilus tuberosus, Stephenson. Of these 

D.willsi is dominant (>80%) both in number and biomass (Pani 1987). In the present investigation an attempt was 

made to assess the suitability of rice mill wastewater for agricultural purpose using Drawida willsi, Michaelsen as 

indicator species and population, biomass, reproduction and secondary production as test parameters.   

 

2. MATERIALS AND METHODS 
The work was carried out near a rice mill, which is 5 km away from Sambalpur University campus, Orissa. The rice 

mill had a milling capacity of 10 MT/day. The physicochemical characteristics of the rice mill wastewater were 

analyzed following the procedures given by APHA (1989) and values have been given in Table 1.  

An upland, uncontaminated field of 30 m X 30 m area was selected near the rice mill for preparation of study plots. 

Eight equal plots of 5m X 5m size were prepared and the distance between individual plots were kept 10 m apart to 

maintain hydrological isolation of plots and drains. On the basis of randomized block design method, four plots were 

identified as control plots and four plots as experimental plots. The control and experimental plots had initially the 

following soil characteristics: laterite type, sandy loam by texture, pH 6.79, organic matter 3.9(g%), nitrogen 0.2 

(g%) and C/N ratio 11.5. The control plots were irrigated with normal canal water of river the Mahanadi, whereas, 

the experimental plots were irrigated with wastewater from the rice mill. Twenty days old Jaya T90 variety of rice 

saplings having crop duration of 120 to 130 days, collected from a nearby Agricultural Research Station at Chakuli 

was cropped in the present study. The saplings were planted during IV week of January 1998 immediately after 
preparation of the plots. Three saplings were planted in a single hill, at 15 cm gap in between both rows and 

columns. Normal canal water and rice mill wastewater were made available to the control and experimental plots 

respectively and water to a height of about 5 cm was maintained through out the cropping period except planting and 

pre harvesting period (Grist 1953). Harvesting was done during the II week of May 1998.  During the period 

between IV week of January and II week of May 1998, four random soil samples, each of 20cm (length) X 20cm 

(width) X 20 cm (depth) was taken from control and experimental plots at fortnightly interval. The samplings dates 

were fixed between 10th to 13th day (week II) and between 25th to 28th day (week IV) in each month. After removal 

of soil blocks earthworms and cocoons were extracted by hand-shorting and wet-sieving method as reported by Sahu 

et al. (1988). Three different age and size classes of D.willsi were distinguished for analysis of population, biomass 

and reproduction. These were juveniles (non-clitellate, < 2cm), immatures (non-ciltellate, 2 cm< 4cm) and adults 

(clitellate,  4 cm) (Pani 1987). 
The population dynamics of D. willsi earthworms were tabulated by counting the number of juvenile, immature and 

adult worms present per m2 in control and experimental plots at the intervals of 15 days. The reproductive strategy of 

D.willsi was studied by calculating the rate of reproduction. The rate of reproduction was estimated from the ratio of 
the total number of cocoons to the total number of adults at each sampling occasion (Sahu and Senapati 1988). For 

estimation of worm biomass, the worms were gut evacuated (kept half- immersed in glass Petriplate containing 30 

ml of tap water at 25+ 20C for 24 h), oven dried at 85 0C for 48 h and weighted (Dash and Patra 1977), whereas for 

estimation of cocoon biomass, the cocoons were directly kept at 850C for 48 h and weighed (Senapati and Dash 

1979). The biomass estimates of worms and cocoons were repeated at intervals of 15 days and their biomass was 

expressed in terms of g dry weight m-2. 

Statistical analysis of the data was done according to Snedecor and Cochran (1967). The student’s ‘t’ test was used 

to determine significant difference between the treatments. 

 

3. RESULTS  

 Physico-Chemical Analysis of Wastewater 

The effluent of rice mill industry showed an alkaline pH (8.0) with low concentration of DO (0.9 mg l-1), nitrate (0.5 
mg l-1), phosphate (21 mg l-1) and sulphate (40 mg l-1); and moderate concentration of COD (630 mg l-1), chloride 

(140 mg l-1) and TDS (670 mg l-1). The total suspended solids (530 mg l-1) and BOD (450 mg l-1) were much higher 

than the recommended standard set by ISI (1974, 1977) for the discharge of industrial effluent into inland surface 

waters as well as on land for irrigation, which indicate the presence of high amount of organic matter in the effluent 

(Table 1). Moreover, the effluent was rich in sodium (235 mg l-1), total phenols (35 mg l-1) as well as silica (58 mg l-

1). The higher concentration of sodium in the effluent may be due to the ingress of domestic sewage of the workers 

into the discharge outlet of the rice mill effluent. The higher values of phenolic compounds and silica in the effluent 

is perhaps because of boiling and cleaning operations involved during processing of raw paddy.   
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Table 1. Physico-chemical characteristics of the effluent of a rice mill at Sambalpur, Orissa with their maximum permissible 
limits as recommended by Indian Standards Institution. 

 

Parameters 

 

 

Range Mean 

± SD 

 

ISI limit for discharge of  

industrial effluents 

on land for 

 irrigation  

(ISI,1977). 

into inland  

surface waters 

 (ISI, 1974) 

 Colour   Brown - - 

Odour  Unpleasant  - - 

Temperature (0 C) 35.0-48.0 38.0±5.09 - 40 

Conductivity  (m  mho cm-1)  0.46-0.86 0.66± 0.15 - - 

pH  7.2 - 8.8 8.0±0.54 5.5-9.0 5.5-9 

Total solids (mg l-1) 998.1-459.1 1200.0±189.48 - - 

TSS (mg l-1) 432.5-576.0 530.0±53.00 100 100 

TDS (mg l-1) 522.1-883.1 670.0±149.2 2100 2100 

Dissolved oxygen  (mg l-1) 0.2-1.6 0.9±0.52 - - 

BOD at 20 0C (mg l-1) 312.1-540.1 450.0±76. 61 100 30 

COD (mg l-1) 400.2-892.1 630.0±183.03 - - 

Total Alkalinity (mg l-1)  180.7-340.1 272.0±58.29 - - 

Total hardness (mg l-1)  98.3-256.4 182.0±59.84 - - 

Ca hardness (mg l-1) 38.4-98.3 78.0±22.22 - - 

Mg Hardness (mg l-1)  14.1-24.3 21.0±3.68 - - 

Chloride (mg l-1)  95.1-170.3 140.0±28.06 600 1000 

Sulphate (mg l-1 ) 28.4-70.1 40.0±15.66 1000 1000 

Phosphate (mg l-1) 10.1-35.2 21.0±11.11 - - 

Nitrate (mg l-1) 0.3-0.8 0.5±0.15 - - 

Sodium (mg l-1) 213.4-263.7 235.0±20.34 60% - 

Potassium (mg l-1) 14.1-32.1 20.07.12 - - 

Phenols (mg l-1) 13.3-50.4 35.0±13.98 - 1.0 

SiO2 (mg l-1) 35.4-75.1 58.015.5 - - 

 

3.2.   Population Dynamics 

Population dynamics of D.willsi earthworms in control and experimental plots are given in Table 2. The population 

density of D.willsi of rice plots prior to irrigation was 41 m-2 (January IV week, 1998). The worm population 
increased up to 60 days (March IV week) in both the plots showing a peak of 259 and 201 m-2 in control and 

experimental plots respectively. The peak population of D.willsi in experimental plots was therefore decreased by 

22.39% in comparison to highest density noted in control plots. The population density (nos m-2) ranged from 73 – 

259 in control plots and 53 - 201 in experimental plots during the study period (Table 2). The average worm 

population in control and experimental plots were 129 and 101 m-2 respectively, indicating 21.75% decrease in the 

experimental plots due to wastewater irrigation. 

 Population structure constituted 24.65 - 33.97% of juveniles, 34.21 - 41.09% of immatures and 28.79 - 

39.47% of adults in control plots during the study period. In experimental plots the population structure comprised 

20.75- 30.34% juveniles, 37.73 - 43.47% immatures and 29.85 - 41.5% adults during the study periods (Fig 1). 
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Table 2. Fortnightly population dynamics (nos m-2) of D. willsi earthworms in control and experimental plots. 
 

Month (Week) 

 1998 

Days  Juvenile Immature  Adult  Non-adult Total worm 

Control plots 

Jan-IV 0 10* ± 1.414 17  ± 2.82 14 ± 2.16 27 ± 3.55 41 ± 2.82 

Feb-II 15 18  a  ± 1.632 30  a  ± 3.162 25  a ± 2.82 48  a ± 4.08 73  a ± 4.32 

Feb-IV 30 31  a  ± 2.82 40  a  ± 3.915 37  a ± 2.94 71  a ± 3.55 108  a ± 5.35 

March-II 45 50  a  ± 3.16 62  a  ± 2.94 50  a ± 3.16 112  a ± 3.74 162  a ± 5.71 

March-IV 60 88  a  ± 2.94 95  a  ± 4.32 76  a ± 4.54 183  a ± 4.54 259  a ± 5.71 

April-II 75 62  a  ± 2.94 74  a  ± 3.55 55  a ± 3.55 136  a ± 4.54 191  a ± 5.35 

April-IV 90 36  a  ± 2.16 45  a ± 3.55 39  a ± 2.16 81  a ± 2.94 120  a ± 3.74 

May-II 105 20  a  ± 2.16 26  a ± 2.16 30  a ± 2.94 46  a ± 3.55 76  a ± 4.54 

X SEM 
 39.375  ± 9.22 48.62 ± 9.373 40.75 ± 6.84 88.0 ± 18.5 128.75 ± 25.36 

Experimental plots  

Jan-IV 0 10 ± 1.414 17 ± 2.82 14 ± 2.16 27 ± 3.55 41 ± 2.82 

Feb-II 15 15  b ± 1.414 25 b ± 2.82 22  a ± 2.94 40 b ± 3.915 62 b ± 2.94 

Feb-IV 30 24  b ± 2.94 36 b ± 2.16 31 b ± 2.82 60 b ± 3.74 91 b ± 4.54 

March-II 45 32 b ± 2.44 55 b ± 3.55 42 b ± 3.74 87 b ± 2.94 129 b ± 4.32 

March-IV 60 61 b ± 2.94 80 b ± 2.94 60 b ± 3.74 141 b ± 4.54 201 b ± 4.96 

April-II 75 34 b ± 2.7 60 b ± 3.74 44 b ± 3.91 94 b ± 3.91 138 b ± 4.54 

April-IV 90 21 b ± 2.16 38 b ± 2.39 32 b ± 2.39 59 b ± 3.74 91 b ± 4.54 

May-II 105 11 b ± 1.82 20 b ± 2.16 22 b ± 2.94 31 b ± 2.82 53 b ± 3.74 

X  SEM 
 26.0 ± 5.91 41.375 ± 7.77 33.375 ± 5.24 67.375 ± 13.58 100.75 ± 18.79 

 

* Mean SD 

Values in the same column on same days with different alphabet are significantly different by student’s ‘t’ test. 
 

The average ratios of non-adults to adults were 2.06 and 1.94 in control and experimental plots respectively, 

indicating higher proportion of adults in wastewater irrigated plots. The statistical analysis by student’s ‘t’ test 
revealed that the difference between juvenile, immature adult and total worm population between control and 

experimental plots was significant from 15 days onwards (t 3.33, P < 0.05) till the end of the experiment (Fig 2). 

Figure 1.  Percentage occurrence of different age groups of  D. willsi  earthworm population in control (C) and experimental (E) 
plots.   (A- Adults; I-  Immatures;  J- Juveniles) 

 

1998 
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Figure 2. Non-adult (NA) to adult (A) ratio of D. willsi earthworms in control (C) and experimental (E) plots 
 

3.3 Reproductive Biology 

The fresh cocoon of D.willsi earthworm is pale brown in colour and gradually changes to deep brown and then to 

brownish red before hatching. It is round in shape (length-2 mm and diameter-2mm) and bears small indistinct 

ornaments. Incubation period of the cocoon is about 2 weeks (14  2 days) and usually 2 to3 juveniles hatch out 
from each cocoon. Prior to irrigation (i.e. during January IV week, 1998) the average number of cocoons of D.willsi 

noted in both control and experimental plots were 4m-2. The peak cocoon density was 118 m-2 in control plots and 

63 m-2 in experimental plots indicating 46.61% decrease in cocoon production in experimental plots as compared  to 

control plots (Table 3). 
 

Table 3.  Rate of reproduction of D. willsi earthworms in control and experimental plots. 
 

Month  

(Week) 1998 

 

Days  

Control plots Experimental plots Calculated 

‘t’ for CA-1 
Cocoon (C) Adult (A) C A-1 Cocoon (C) Adult (A) CA-1 

Jan-IV 0 4** ± 0.816 14 ± 2.16 0.29 4 ± 0.816 14 ± 2.16 0.29  

Feb-II 15 10 ± 1.414 25 ± 2.82 0.4 7 ± 0.816 22 ± 2.94 0.32 6.95* 

Feb-IV 30 25 ± 1.414 37 ± 2.94 0.68 17 ± 2.16 31 ± 2.82 0.55 6.70* 

March-II 45 52 ± 2.16 50 ± 3.16 1.04 34 ± 2.44 42 ± 3.74 0.81 8.28* 

March-IV 60 118 ± 4.54 76 ± 4.54 1.55 63 ± 2.708 60 ± 3.74 1.05 16.25* 

April-II 75 61 ± 3.915 55 ± 3.55 1.11 37 ± 2.94 44 ± 3.91 0.84 9.42* 

April-IV 90 25 ± 2.82 39 ± 2.16 0.64 13 ± 1.632 32 ± 2.39 0.406 14.61* 

May-II 105 11 ± 1.414 30 ± 2.94 0.37 6 ± 0.816 22 ± 2.94 0.27 14.72* 

X  

SEM 

 38.25 ± 13.45 40.75 ±6.84 0.76 

±0.16 

22.62 ± 7.27 33.375  

±5.24 

0.567 

±0.105 

 

** meanSD 

* P <0.05, NS= Not significant 

1998 1998 
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The rate of reproduction (cocoons adult-1) of D. willsi at the time of peak cocoon density was found to be 1.55 and 

1.05 in control and experimental plots respectively, indicating 32.25% inhibition in reproduction rate due to rice mill 

waster water irrigation. The average rate of reproduction was 0.76 and 0.567 in control and experimental plots 

respectively. The cumulative rate of reproduction after 105 days of experiment were 6.08 and 4.536 respectively, 

indicating 25.39% inhibition in experimental plots. Significant difference in the rate of reproduction of D.willsi was 

noticed between control and experimental plots from 15 days onwards (t  6.70, P< 0.05) till the end of the 
experiment.  

 

 3.4. Biomass and Secondary Production 

The average fortnightly worm and cocoon biomass (g dry wt m-2) in control plots were 1.74 and 0.022, whereas in 

experimental plots these were 1.28 and 0.013 respectively, indicating 26.43 and 40.91% decrease in experimental 

plots (Table 4). The peak biomass figure (g dry wt m-2) for total worms and cocoons were 3.52 and 0.07 in control 

plots and 2.53 and 0.037 in experimental plots respectively. The difference in the biomass of cocoons, juveniles, 

immatures, adults and total worms between control and experimental plots from were significant from 15, 15, 15, 30 

and 15 days onwards respectively (t  3.79, P < 0.05). 
 

Table 4.   Fortnightly Biomass dynamics (g dry wt m-2) of D. willsi earthworms in  control and experimental plots. 
 

* MeanSD 
Values in the same column on same days with different alphabets are significantly different by student’s ‘t’ test. 
 

The secondary production of D.willsi  (g dry wt m-2 105 days-1) during the study period was 0.9988 in control and 

0.4721 in experimental plots (Table 5). The two components of secondary production i.e. tissue production and 

tissue utilized in reproduction showed 55.11% and 41.98% reduction in experimental plots over control plots. The 

biomass turnover (secondary production/average biomass) in control and experimental plots were 0.574 and 0.369 
respectively (Table 5).  

Month 

(Week)   1998 

C  J I A TW NA 

Control plots 

Jan-IV 0.002*± 0.0004 0.035 ± 0.0025 0.167 ± 0.01 0.247 ±0.036 0.449 ±0.058 0.202 ± 0.038 

Feb-II 0.006 a ± .00024 0.067 a ±0.0037 0.311 a ± 0.029 0.432 a ±0.05 0.81 a ±0.071 0.378 a ± 0.05 

Feb-IV 0.015 a ± 0.0018 0.135 a ±0.0062 0.429 a ± 0.022 0.689 a ±0.05 1.253 a ±0.08 0.564 a ± 0.06 

March-II 0.031 a ± 0.0028 0.272 a ± 0.021 0.777 a ± 0.04 0.976 a ±0.07 2.025 a ±0.16 1.049 a ± 0.07 

March-IV 0.07 a ± 0.0035 0.559 a ± 0.032 1.266 a ± 0.071 1.695 a ±0.07 3.52 a ±0.45 1.825 a ± 0.085 

April-II 0.036 a ± 0.0032 0.425 a ± 0.047 1.027 a ± 0.084 1.339 a ±0.1 2.791 a ±0.126 1.452 a ± 0.1 

April-IV 0.015 a ± 0.0025 0.238 a ± 0.027 0.636 a ± 0.05 0.972 a ±0.12 1.846 a ±0.095 0.874 a ± 0.094 

May-II 0.006 a ±0.00024 0.138 a ± 0.015 0.358 a ± 0.05 0.72 a ±0.087 1.216 a ± 0.08 0.496 a ± 0.05 

X  SEM 
0.022 ± 0.008 0.234 ±0.064 0.621 ± 0.135 0.883 ±0.166 1.74 ± 0.363 0.855 ± 0.198 

Experimental plots  

Jan-IV 0.002 ± 0.0004 0.035 ± 0.0025 0.167 ± 0.01 0.247± 0.036 0.449 ± 0.058 0.202±0.038 

Feb-II 0.004 b ±0.0005 0.051 b ± 0.011 0.249 b ± 0.036 0.382 a ±0.05 0.682 b±0.057 0.3 b±0.044 

Feb-IV 0.01 b ±0.0025 0.085 b ± 0.01 0.37 b ± 0.042 0.573 b ±0.055 1.028 b±0.077 0.455 b±0.066 

March-II 0.02 b ±0.0021 0.116 b ± 0.02 0.581 b ± 0.061 0.825 b±0.063 1.522 b±0.098 0.697 b±0.066 

March-IV 0.037 b ±0.0032 0.264 b ± 0.02 0.929 b ± 0.065 1.34 b±0.07 2.533 b±0.114 1.193 b±0.11 

April-II 0.022 b ±0.0021 0.165 b ± 0.02 0.708 b ± 0.07 0.935 b ±0.097 1.808 b±0.081 0.873 b±0.05 

April-IV 0.007 b ±0.00024 0.094 b ± 0.015 0.481 b ± 0.054 0.652 b ±0.07 1.227 b±0.09 0.575 b±0.056 

May-II 0.003 b ±0.0004 0.069 b ± 0.006 0.332 b ± 0.045 0.593 b ±0.067 0.994 b±0.063 0.401 b±0.06 

X  SEM 
0.013 ±0.0043 0.109±  0.026 0.477 ± 0.089 0.693±0.12 1.28±0.235 0.587 ±0.115 
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Table-5 Biomass dynamics (g dry wt m-2 fortnight-1) and secondary production (g dry wt m-2105 days-1) of D. willsi earthworms 
in control and experimental plots.  

 
Month 

(week) 

1998 

Control plots Experimental plots Calculated ‘t’ value 

Total live 

tissue 

(B) 

Tissue 

production  

(Pg) 

Tissue utilized 

in reproduction  

(Pr) 

Total live 

tissue 

(B) 

Tissue 

production  

(Pg) 

Tissue utilized in 

reproduction  

(Pr) 

Total live 

tissue 

(B) 

Tissue 

production  

(Pg) 

Tissue utilized in 

reproduction (Pr) 

   Jan (II) 

 

Jan (IV) 

 

Feb (II) 

 

Feb (IV) 

 

Mar (II) 

 

Mar (IV) 

 

Apr (II) 

 

Apr (IV) 

 

X SEM 

 

0.449 

 

0.81 

 

1.253 

 

2.025 

 

3.52 

 

2.791 

 

1.846 

 

1.216 

 

1.74 

0.363 

 

 

0.0114 

 

0.0452 

 

0.1215 

 

0.2315 

 

0.225 

 

0.1244 

 

0.0588 

 

 

 

 

0.002 

 

0.006 

 

0.015 

 

0.031 

 

0.07 

 

0.036 

 

0.015 

 

0.006 

 

0.449 

 

0.682 

 

1.028 

 

1.522 

 

2.533 

 

1.808 

 

1.227 

 

0.994 

 

1.28 

0.235 

 

 

0.0051 

 

0.0229 

 

0.055 

 

0.132 

 

0.0847 

 

0.0458 

 

0.0216 

 

 

 

0.002 

 

0.004 

 

0.01 

 

0.02 

 

0.037 

 

0.022 

 

0.007 

 

0.003 

 

 

 

3.94* 

 

5.73* 

 

7.51* 

 

6.01* 

 

18.55* 

 

13.37* 

 

6.31* 

 

 

 

 

 

16.54* 

 

14.10* 

 

16.82* 

 

12.58* 

 

18.72* 

 

10.49* 

 

19.53* 

 

 

 

7.84* 

 

9.99* 

 

9.71* 

 

15.75* 

 

10.98* 

 

20.23* 

 

12.64* 

 

Components of Secondary Production (P) in g dry wt  m
-2 

105 days
-1

 ( kJ m
-2 

105 days
-1

) 
 

Pg                                          0.8178                                                       0.3671                                                      

                                              (15.58)                                                        (7.1)                                                  

Pr                                                                   0.181                                                           0.105                                                  

                                                                        (3.5)                                                           (2.03)                                                    

P=Pg + Pr                                        0.9988                                                          0.4721                                                   

                                                       (19.32)                                                            (9.13)  

* P<0.05 
 

4. DISCUSSION 
 

4.1 Population Density and Dynamics 

Population biology provides the first basic information about any species and it is regulated by both biotic and a 

biotic factors. Climate, habitat, food and other organisms including individuals from its own species and other 

species together effect natality and mortality and thus the population in quality and quantity (Odum 1971). 

Discontinuity and alteration of animal population with regard to time, space and stress has been long recognized 

(Elton 1927). Assessment of population in an ecosystem is therefore highly essential in ecotoxicological studies. It is 

achieved through determining the density, dynamics, age structure, natality and mortality parameters. D.willsi is a 

peregrine species (Gate 1972). It dominates most of the agricultural land of India (Julka 1993). Senapati et al. (1991) 

have reported that the total population density (no m-2) of this species varies from 40- 330 in irrigated rice filed of 

Orissa. The population density of D.willsi fluctuated in the present study was more or less same (41-259m-2) in the 
control plots irrigated with normal water. However we observed about 22.0% decline in D.willsi population in 

experimental plots irrigated with rice mill wastewater. The adverse effect may be due to the fact that rice mill 

wastewater being alkaline in nature (pH 8.0) contained high amount of total phenols (35 mg l-1), silica (58 mg l-1), 

TSS (530 mg l-1), BOD (450mg l-1) and sodium (235mg l-1). Decrease in earthworm numbers close to paper mill 

factory (Mishra and Sahoo 1997) and tannery factory (Nandakumar 1989) has also been well reported. These sites 

had also a fairly high level of pH, silica, organic matter and polyphenols. Warren and Zou (2001) also reported a low 

density and biomass of earthworms from the Eucalyptus plantation site rich with polyphenolic substances. In our 

study we also observed the ratio of non-adults / adults were 2.06 and 1.94 in control and experimental plots 

respectively. The decrease in non-adults / adults also indicate greater susceptibility of juvenile and immature worms 

to rice mill wastewater as compared to adults and it may result in the instability of age structure.  

 

4.2. Reproductive Strategy 
Reproduction plays a significant role in the life of living organisms. The successful establishment of any population 

in the ecosystem is mainly maintained through reproduction. A population may suffer from the environmental 

contaminants, not only due to the death of the individuals but also due to the direct and indirect effect on the 
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reproduction. For this reason reproduction has gained importance as a tool for ecotoxicological assessment in 

earthworms (Lakhani and Satchell 1970; Nowak 1975; Senapati and Dash 1981; Gibbs et al. 1996; Sahu and 

Senapati 1996). In the present study the total number of cocoon production and the rate of reproduction of D.willsi 

in rice mill wastewater irrigated plots was significantly decreased (46.6% in cocoon production and 32.25% 

inhibition in rate of reproduction) than their counterpart in control plots. The inhibition in the reproductive ability of 

D.willsi in experimental plots may be due to irrigation of rice mill wastewater having high pH, silica and organic 
matter content.  Similar results following irrigation of paper, textile and tannery mill effluents have been reported by 

Mishra and Sahoo (1997), Reddy and Chandrasekhar 1988 and Nandkumar (1989) respectively.  

 

4.3 Biomass and Secondary Production 

Biomass relates to the organismal tissue. It is expressed in terms of weight per unit area and time. Organismal 

biomass is the medium for production. Production can indicate the strategy of the population in directing mass and 

energy to other parts of the community and ecosystem (Calow and Townsend 1981). A very few studies have been 

undertaken so far for the quantification of secondary production of earthworms in different agro-ecosystem of the 

world. Reports pertaining to the effect of industrial discharge on biomass and secondary production of earthworms 

are however limited. Significant reductions in growth, reproduction and population of earthworm in soil irrigated 

with paper mill and nitrogeneous fertilizer plant effluent have been documented (Mishra and Sahoo 1997; Routray et 

al. 1993).  
 

5. CONCLUSION 

In the present study the decline in worm biomass (26.4%) and secondary production (52.73%) in experimental plots 

might be due to adverse effect of pH, polyphenols, silica and sodium on population dynamics and reproduction of 

D.willsi .On the basis of the above findings we suggested that rice mill waste water should not be used as such for 

agricultural purpose. The treatment of the wastewater be made to render the waster water suitable for irrigation in 

agricultural lands. 
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