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Abstract

    In this present work an attempt has been made to study the effects of sewage waste on seed germination and variations in morphology and eco-physiology of economically important crop Oryza sativa Var. T3. Physico chemical analysis was done bimonthly. BOD in the sewage of the present study site was between 272 mg/L to 874 mg/L. Total dissolved substances ranged between 1843 mg/L to 2247 mg/L which is higher than the maximum permissible limit as fixed by ISI (IS: 2296- 1974). In the present study highest growth of Cyanophyceae occurred during summer when the temperature of the sewage water is high. Pronounced morphological and eco physiological variations were observed in Oryza sativa Var. T3. Variations were more significant at 30 percent sewage concentration in Oryza sativa Var. T3. Increase in root length, shoot length, number of leaves per plant, number of tillers per plant in Oryza sativa Var. T3 was found to be maximum at 30% sewage concentration. Increased chlorophyll content was recorded in the plants of Oryza sativa Var. T3 grown at 30% sewage concentration. Increase in Phytomass at p30 population of Oryza sativa Var. T3 is recorded. Seed germination increased with the increase of sewage concentration and reached a maximum 73.3% in Oryza sativa Var. T3 at 30% sewage concentration. Speeds of germination index of seed and hypocotyls length were also stimulated at 30% sewage concentration. These analyses indicate high degree of pollution in sewage. Therefore it is concluded that if sewage is used as such in agricultural field for irrigation purposes, it will have an adverse effect on the growth of the plant and soil properties. However, if this sewage is properly diluted and then treated, it could be used as a liquid fertilizer for the agricultural fields.
Key words: Phytomass, BOD, morphological and physiological variation      
Introduction

    Growing industrial establishments without proper attention on pollution control measures have resulted adverse impact on the local environment in the city like Dehradun (290 58' and 310 2'30" North latitudes and 770 34' 45" and 780 18' 30" East longitudes). Due to availability of various infrastructure facilities and several types of industries viz., Jute, Textile, Sugar, Leather, Soap, Plastic, Match, Iron rod, Galvanized iron products; stainless steel, liquors, biscuits, oil seed extraction mills etc. operate in Dehradun. These industries as well as rapidly expanding Dehradun sub metropolitan city discharge their untreated wastes directly into the natural environments (water courses, land, air) thereby polluting them. The use of wastewaters (industrial effluents as well as municipal Sewage) for irrigation has emerged in the recent past as an important way of utilization of wastewater taking the advantage of the presence of considerable quantities of nitrogen and phosphorus along with some other essential elements. Other advantage of wastewater irrigation includes an important aspect of pollution removal. The pollutants are partly taken up by the plants and partly transformed in the soil without causing any damage. Nevertheless, the use of waste waters for agriculture is marred by several constraints due to various problems like soil salinity, interaction of chemical constituents of the wastes with the uptake of nutrients and changes in soil property and micro flora (Goel and Kulkarni, 1994). This necessitates a detailed scientific study before any specific waste can be used for irrigation for a particular crop with particular soil and climate. Since crop plants are increasingly being exposed to the effluent discharge in the industrial area, an attempt has been done to study the comparative effects of industrial effluents and sub metropolitan Sewage of Dehradun on germination and seedling growth of rice (Oryza sativa Var. T3). 

Study site-
    Dehradun city is situated between 290 58' and 310 2'30" North latitudes and 770 34' 45" and 780 18' 30" East longitudes. It has an elevation of 760m above the sea level. The Song and the Susuwa are the two main rivers which flow south east into Ganga. Beside the Rispana and Bindal are the important rivers running in between the city which merge with Song before it going to river Ganga. The bulk of sewage waste water from municipality is thrown out near Kanwali village, about 5km away from the city. Around one million gallons of sewage water is thrown into the river Bindal everyday. A major portion of this sewage water is used for the irrigation purposes by the farmers and the remaining waste water merge with the Rispana River. The present study was carried out in a field hired from the local farmer near the main discharge point of sewage water. 
Materials and Methods

     The sewage water was collected directly at the point of discharge in Doon Valley in a plastic cane brought to the laboratory and kept at 60C in a refrigerator. The Physico chemical parameters of the effluents were estimated by APHA (1975) methods. The certified seeds of the Basmati rice (Oryza sativa Var. T3) were procured from Govt. Agricultural seed store. Two hundred and sixty seeds were screened for the germination capacity by standard methods (ISTA 1966). Germination was recorded by wet towel by plating the seeds on germination papers and incubating at 200C in a BOD incubator for three days. After three days the length of hypocotyls were measured by a meter scale. The speed of germination index was calculated according to the formula given by Carley and Watsan, (1968). The data was analysed statistically employing‘t’ test. For various other morphological and eco physiological studies saplings were first eased in nursery under controlled conditions.         120 saplings were treated with different concentrations (10%, 20%, 30%, 50%, 75% and 100%) of the sewage waste every day for 90 days. There plots were identified as p10, p20, p30, p50, p75, p100 population. The 8 plots were treated with ordinary water and were designated as control population (Pc). The chlorophylls (chl. a and chl. b) content of rice leaf were estimated by method given by Arnon, (1949). The biomass production was estimated by short term harvest method of Odum, (1960).

Result and Discussion
Physico chemical characteristics: The Physico-chemical analysis of sewage water reveals that the sewage water was alkaline with pH ranging from 8.5 to 9.3 which is higher than the limit pH 7.9 to 9.0 prescribed by Indian standards (ISI- 1981). The sewage contain high contents of total suspended solids and dissolved solid should be 500mg/L. the sewage waste was rich in BOD, poor in dissolved Oxygen. Carbonate and bicarbonate content in sewage was also significant. The Physico-chemical studies of sewage reveal that it is highly polluted.
Seed Physiology:  The present study showed that the concentration increased. However, seed germination and hypocotyls development increased significantly as the sewage concentration decreased. Maximum seed germination (73.30% ± 0.86%) occurred at 30% sewage concentration. Similarly the hypocotyls length was maximum (4.50% ± 5.65%) at 30% while minimum germination index (86% ± 2.35%) was recorded in seed soaked and treated with 100% sewage concentration (Table 1). The present study revealed that rice seed had the retarding effect at high concentration of sewage but at low concentration it had a beneficial effect on seed germination. Bhumbla et al., (1968), have reported that high salt concentration in the sewage causes a high osmotic pressure which is responsible for the suppression of seed germination. The result in present investigation also find support from the studies of Agrawal et al., 1980, Mishra, 1987 and Neelam and Sahai, 1988.

Table 1:  Response of Oryza sativa Var. T3 seeds to various concentration of sewage water

	parameters



	population

	
	Control
	10%
	30%
	50%
	75%
	100%

	Inhibition
	94.10±1.13
	82.30±2.20
	85.00±2.60
	41.10±0.61
	35.20±1.36
	25.20±1.57

	Germination %
	55.00±1.50
	65.00±0.52
	73.30±0.86
	70.00±0.89
	30.00±0.92
	13.50± .70

	Speed of germination
	688 ± 3.12
	764 ± 8.12
	792 ± 5.65
	736 ± 2.20
	176± 12.43
	86 ± 2.35

	Hypocotyls length (cms)
	2.8 ± 0.28
	3.50 ± 1.27
	4.50 ± 0.20
	2.20 ± 0.16
	0.50± 0.14
	0.30± 0.40


Morphological variation: 
    The development of root number of tillers, shoot length and number of leaves was increased along with the increase in sewage water concentration up to 30%, but above 30% the sewage water became gradually toxic. Root length showed a continuous increase over the control population 11.72 ± 0.79cm to p30 population (14.10 ± 0.75cm). Statistical studies for various treatments in different population show that the studies are highly significant (Table 2 and 2a). Table 2 also shows that average number of tillers per plant were also maximum at p30 populations (18.80 ± 0.89) and minimum (12.60 ± 1.20) of p100 population. Analysis of variance for average number of tillers/plant is statistically significant (Table 2c). Number of leaves per plant and shoot lengths were also maximum at p30 population. There was a continuous increase of shoot length over control (134.0 ± 12.0cm) till the concentration of sewage reached 30% (128.8 ± 16.0cm). The results were statistically significant (Table 2b). Day and Tucker, (1977), Banerjee and Kumar, (1979), Veer and Lata, (1987), have reported increase in root length and number of leaves per plant with the increase of sewage waste concentration up to certain limit. 

Table 2: Variation in morphological characteristics of different population of                 Oryza sativa Var. T3 
	parameters
	Population

	
	Control
	10%
	30%
	50%
	75%
	100%

	Root length (cm)
	11.72±0.79
	12.80±0.82
	14.10±0.75
	12.30±0.81
	10.20±1.20
	7.20±0.90

	Shoot length (cm)
	134.0±12.0
	149.4±15.0
	128±16.0
	111.6±7.9
	111.6±7.9
	84.2±5.2

	Average no. of tillers/plant
	12.60±1.20
	13.00±0.94
	18.80±0.89
	13.80±1.10
	10.80±0.78
	8.40±0.65

	Average no. of leaves/plant
	10.60±0.90
	11.80±0.89
	15.00±1.00
	11.00±1.20
	9.60±1.00
	8.20±0.85


Table 2a: Analysis of variance: root length of Oryza sativa Var. T3 (120 days old)

	Source of variation
	Degree of freedom
	Sum of square
	Mean sum of square
	Variance ‘F’ ratio

	Treatments
	6
	166.99
	27.83
	79.51

	Replications
	4
	0.866
	0.216
	0.28

	Error
	24
	8.442
	0.352
	

	Total
	34
	176.306
	


Critical difference at 5% level= 0.77

Critical difference at 1% level= 1.77

Table 2b: Analysis of variance: shoot length of Oryza sativa Var. T3 (120 days old)

	Source of variance
	Degree of freedom
	Sum of square
	Mean sum of square
	Variance ratio ‘F’

	Treatment
	6
	1852.5
	30.86
	122.50

	Replications
	4
	82.7
	20.70
	0.82

	Error
	24
	604.5
	25.20
	

	Total
	34
	19208
	


Critical difference at 5% level= 6.570

Critical difference at 1% level= 9.753

Table 2c: Analysis of variance: average number of tillers/plant in Oryza sativa Var. T3    (120 days old)

	Source of variation
	Degree of freedom
	Sum of square
	Mean sum of square
	Variance ratio ‘F’

	Treatment
	6
	309.14
	51.52
	29.44

	Replications
	4
	8.40
	2.10
	1.20

	Errors
	24
	42.00
	1.75
	

	Total
	34
	359.54
	


Critical difference at 5% level= 1.73

Critical difference at 1% level= 2.62

Table 2d: Analysis of variance: average number of leaves/plant of Oryza sativa Var. T3

	Source of variation
	Degree of freedom
	Sum of square
	Mean sum of square
	Variance ratio ‘F’

	Treatment
	6
	140.91
	23.49
	51

	Replications
	4
	4.171
	1.04
	2.27

	Error
	24
	11.02
	0.46
	

	Total
	34
	156.17
	


      Critical difference at 5% level= 0.88

      Critical difference at 1% level= 1.34
Chlorophyll Content: An increase in chlorophyll pigment content was also observed with an increase in sewage water concentration up to 30% but 100% sewage concentration decreased the chlorophyll content (Table 3). Swaminathan and Vaidheeswasan, (1991), have reported that the diluted sewage waste increase the chlorophyll content. Reductions in chlorophyll content at high concentration have been reported by Sahai and Srivastava, (1983), Neelam and Sahai, (1985) and Bhatnagar et al., (1986). The present investigation partially finds support from these studies.   
Table 3: Chlorophyll content (mg/g-1) of plants from different population of                        Oryza sativa Var. T3
	population
	Chl. ‘a’
	% of

increment/ reduction
	Chl  ‘b’
	% of

increment/ reduction
	Total chlorophyll
	% of

increment/ reduction

	Control
	0.707
	-
	0.605
	˗
	1.312
	˗

	10%
	0.724
	+2.40
	0.659
	+8.90
	1.384
	5.40

	30%
	0.786
	+11.10
	0.698
	+15.30
	1.491
	+13.60

	50%
	0.711
	+0.50
	0.540
	˗10.80
	1.264
	˗3.10

	75%
	0.633
	˗10.50
	0.466
	˗22.90
	1.099
	˗16.30

	100%
	0.532
	˗24.80
	0.395
	˗34.80
	0.924
	˗29.60


 Phytomass:
      Skousen and Clinger, (1993), have observed decreased in Phytomass beyond a certain concentration of sewage in this study carried out in various localities of West Verginia. Banerjee and Kumar, (1979), Veer and Lata, (1987), have also observed beneficial effect of municipal waste water at low concentration. In our investigation the Phytomass study was done at the time of harvesting. Maximum Phytomass (67.80 ± 1.40 gm) of plant as dried. Weight occurred in p30 population where as a minimum 34.58 ± 1.4g/plant occurred at p100 population (Table 4a & 4b). Hence from the present investigation it may be concluded that the sewage waste water is toxic to plants at high concentration, but it can be favourably used as irrigation water rich in nutrient for plants after proper dilution. 
                 Table 4a: Phytomass (gm/plant) and analysis of variance to Phytomass of different populations of Oryza sativa Var. T3

	Parameter
	Control
	10%
	30%
	50%
	75%
	100%

	Phytomass gm/plant
	49.86±0.54
	53.33±0.71
	67.80±1.40
	54.76±1.00
	42.28±0.89
	34.58±1.40


Table 4b: Analysis of variance, Phytomass of Oryza sativa Var. T3
	Source                  of   variation
	Degree           of freedom
	Sum of square
	Mean  sum  of square
	Variance ratio ‘F’

	Treatments
	6
	3443.30
	573.90
	45.540

	Replications
	4
	42.30
	10.60
	0.841

	Error
	24
	301.70
	12.60
	

	Total
	34
	3787.30
	


   Critical difference at 5% level= 4.648
  Critical difference at 1% level= 7.039

Conclusions and Recommendations
The present study reveals certain valuable conclusions:

1. The sewage waste is highly polluted as it is evident from the Physico chemical analysis and biological indices.

2. The sewage waste as such is highly toxic because of the presence of heavy metals.

3. Pure sewage has adverse effect on seed germination but its dilution 30% enhances seed germination.

4. Sewage waste at 30% concentration is beneficial for both morphological and eco-physiological variations in Oryza sativa Var. T3.

Recommendations:
1. Sewage waste left open without its treatment must be treated out before it joins with Rispana River.

2. Sewage must be diluted at the first outlet point so that farmers using it for irrigation purposes may be benefited.

3. Phyto- planktonic flora present in the sewage throughout the year must be utilized for evaluation of the pollution in diluted sewage water.
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