
1 
 

 

Relative efficacy of distillery effluents on germination pattern and 
seedling growth of Pisum sativum L. var. FPP15 

Kirti Pandita and Piyush Malaviya* 

Department of Environmental Sciences, University of Jammu  

Jammu-180006 (J&K) India 

 

*piyushmalaviya@rediffmail.com (Author for correspondence) 

 
Abstract: The current experiment was performed to investigate the impact of different types of distillery effluents on 

various seed germination parameters and seedling growth of Pisum sativum L. var. FPP15. The study showed that the 

treated distillery effluents (primary and secondary treated) were not inhibitory for seed germination and seedling 

growth but the untreated distillery effluent (also known as spentwash) was very toxic and inhibitory for seeds 

germination. Maximum values of positive germination parameters viz., peak value (36.67), germination index (35.8), 

percent germination (73.33), vigour index (381.316) and minimum values of negative germination parameters viz. 

Phytotoxicity index (0.54) and percent inhibition (20) were observed in the treatment receiving secondary treated 

effluent after control. No seed was found to be germinated in the treatment receiving untreated distillery effluent. 

The maximum values for all the growth parameters [shoot length (13.66cm) and root length (4.66cm), fresh root 

weight (0.154g) and dry root weight (0.019), fresh shoot weight (0.554g) and dry shoot weight (0.048g) and root-shoot 

ratio (0.404) were observed in the control compared to both the primary and secondary treated distillery effluent.  
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I. INTRODUCTION  

Water a natural resource is used by different sectors of society for various activities like drinking, 

diluting wastes, manufacturing goods, food production, and energy generation and so on to fulfil national 

demands. Water pollution is any change in the physical, chemical or biological properties of water that will have a 

detrimental consequence on any living organism. It signifies contamination of water bodies, which makes their 

water unfit for drinking and other purposes. The industrial effluent or wastewater generation is one of the major 

activities causing water pollution. In the last three decades the wastewater generation rates have increased 

multifold. According to the Central Pollution Control Board (CPCB), during 2015 approximately 61,754 

Millions of Litres Per Day (MLD) of wastewater was generated out of which only 22,963 MLD was treated 

before release while the remaining 38,791 MLD i.e. 62% of wastewater was drained into water bodies without 

meeting the standards, thus converting the water bodies ultimate dumping grounds carrying high loads of 

pollution (Lakshmi and Reddy, 2017). Various industries such as distillery, sugar industry, paper and pulp, 

chemical, pharmaceutical and tanneries dispose off their untreated or partially treated wastewater directly into 

the soil and water bodies which causes serious problem of pollution (Pandita and Malaviya, 2018b). Also, 

several industries still rely on older and obsolete technologies that produce a greater amount of pollutants 

compared to modern technologies. In many countries, industrial water is not treated effectively before 

discharging it into rivers or lakes.  
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Distillery is an agro based industry and gaining importance in agricultural sector. Manufacture of ethyl 

alcohol in distilleries constitutes a major industry in Asia and South America. The distillery effluent known as 

spent wash is a dark brown highly organic effluent and is approximately 12-15 times by volume of the product 

alcohol. The spent wash is characterized by high BOD (5,000-8000 mg l-l) and COD (25,000-30,000 mg l-l) 

having an unpleasant smell of burnt or caramelized sugar. The brown colour of the spent wash can be attributed 

to the presence of melanoidin, the reaction product of sugar-amine condensation (Pandita and Malaviya, 2018b).  

It is one of the most complex and strongest organic industrial effluents. At present, there are 319 distilleries in 

India with an installed capacity of 3.29 billion litre of alcohol (Pandita and Malaviya, 2016). The disposal of 

wastewater is a major problem faced by industries, due to its generation of high volume of effluent and with 

limited space for land based treatment and disposal. If the wastewater generated from industries could be 

recycled and reused in environmental friendly manner, it may solve water scarcity and pollution problems 

(Salian et al, 2018). Additionally, wastewater can also be considered as a resource that can be applied for 

productive uses, as it contains nutrients that can be used for the cultivation of agricultural crops (Hati et al., 

2007; Chandra et al., 2009; Rath et al., 2011).  

Various organic and inorganic nutrients are present in the distillery effluent which has a positive effect 

on growth and yield of crops. Nevertheless; the distillery effluent with its high salt load may cause a severe 

inhibitory effect on germination and growth. However, different crop species may have differential tolerance or 

sensitivity to the salinity (Ramana et al., 2002). Different workers have carried out various investigations to find 

the impacts of diverse types of effluents on germination and growth of various crops (Malaviya and Sharma, 

2011a; 2011b; Narain et al., 2012; Malaviya et al., 2012; Pandita and Malaviya, 2016; Pandita and Malaviya, 

2018a; 2018b). The present experiment was performed to study the comparative effects of untreated, primary 

treated and secondary treated distillery wastewater on seed germination and growth characteristics of Pisum 

sativum L. variety FPP15. 

 

II. MATERIALS AND METHODOLOGY 

Seeds of Pisum sativum L. variety FPP15 used in the present experiment were procured from SKAUST 

Jammu. The untreated, primary treated and secondary treated distillery effluent used in the present study were 

collected on weekly basis in pre-cleaned containers from M/S Dewans Breweries Ltd. (Brewers and Distillers) 

located at Talab Tillo, Jammu. Various physiochemical characteristics of the effluent samples were analysed 

using standard methods (APHA, 1998). Analysis for sodium and chloride ions in the effluent samples were 

carried out using 850 Professional Ion Chromatograph system supplied from Metrohm, Switzerland.   

   Experimental Set-up and Experiment Process: 

    For the experiment, four treatment sets were made, Set-1 was taken as control in which tap water was 

used for irrigation and for Set 2, 3 and 4 untreated, primary treated and secondary treated distillery effluent were 

used respectively, for treatment of seeds. Petri plates (previously autoclaved and labelled) were prepared by 

placing sterilized absorbent cotton layer in it. The cotton was moistened with 50 ml of tap water for control and 

with the same quantity of untreated, primary treated and secondary treated distillery effluents. Seeds were 

treated in antifungal solution (Bavistine) and washed thoroughly with double distilled water before using for 

experiment. Ten seeds of Pisum sativum L. variety FPP15 were placed on the cotton layer in the Petri plates. All 

the experiments were carried out in triplicate and the results were averaged.  
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   The Petri plates were incubated at 25±10C in a BOD incubator. Germination was recorded daily at a 

fixed hour and the emergence of the radical was taken as a criterion of germination. Number of seeds 

germinated per day was counted until the germination of seeds became constant. Germination percentage (G %) 

is an estimate of the viability of a population of seeds, which was calculated by dividing the number of 

germinated seeds on the total number of seeds sown (Ellis and Roberts, 1980). Germination Index (GI) was 

calculated by the formula given by Zucconi et al. (1981) and Vigour Index by Abdul Baki and Anderson (1973). 

Other parameters like peak value, germination value and percent inhibition were calculated using formulae 

adopted from Rao et al. (1993) and Czabator (1962). Phytotoxicity index was calculated according to the 

formulae given by Mekki et al. (2007).  

After the termination of experiment the root and shoot length of seedlings were measured by using a 

meter scale. The fresh root and shoot weight was taken using Metler-Toledo digital balance. After taking the 

fresh weights, the roots and stems along with leaves were dried at 650C in a hot-air oven for 48 h for recording 

their dry weights. Root/ Shoot ratio was calculated in terms of biomass (dry weight).  

   Statistical analysis:  

    All the experiments were conducted in triplicate. The data obtained were statistically analysed using 

SPSS Inc. (v. 17.0) software for mean and standard error. The quantitative changes in plant growth due to 

effluent application were evaluated at 5% using Duncan’s multiple range Test. 

 

III. RESULTS 

   Physicochemical parameters of effluent: 

The various physicochemical characteristics of distillery effluents showed that the untreated effluent 

was dark brown in colour, primary treated effluent was light brown and secondary treated effluent was almost 

colourless. The pH of untreated effluent was acidic while it was slightly alkaline in case of other two effluents. 

The turbidity of untreated effluent was 2887 NTU, for primary treated it was 706 NTU and for treated effluent it 

was 009 NTU.  The values for sodium were found 1774.452 mg l-l, 498.002 mg l-l and 308.465 mg l-l whereas, 

for chloride 558.1 mg l-l, 330.688 mg l-l and 250.582 mg l-l in untreated, primary treated and secondary treated 

distillery effluent, respectively.  

Germination parameters  

The effects of distillery effluent on various germination parameters of Pisum sativum L. variety FPP15 

are shown in Table-1. It was observed that the maximum value for germination percentage (73.33) was found in 

secondary treated effluent followed by control (63.33) and primary treated effluent (53.33). The percent 

germination was zero in untreated effluent as no seed was found to be germinated in this treatment. Similar 

trend was found in case of peak value and germination value also. The minimum values for all the positive 

germination parameters were observed at primary treated effluent like percent germination (53.33), peak value 

(10.67), germination index (14.64), germination value (569.03) and vigour index (249.051). It was also recorded 

in the results that minimum value for percent inhibition (0) was found in control while the maximum value (100) 

was observed in untreated effluent treatment set. The values of the Phytotoxicity Index (PI) ranges between 0 

and 1, in which a higher value means a negative (i.e., toxic) effect and a lower value means a positive (i.e., 

stimulatory) effect. In the present study, PI of control was found to be 0 whereas it was 1, 0.74 and 0.54 in case 

of untreated, primary treated and secondary treated effluent, respectively. 
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Growth parameters  

The effect of distillery effluents on various growth parameters of Pisum sativum L. variety FPP15 are 

shown in Table-2. It depicts that the maximum values of all parameters like seedling length (18.33cm), fresh 

shoot weight (0.554 g), dry shoot weight (0.048 g), fresh root weight (0.154 g), dry root weight (0.019g) and 

root shoot ratio (0.404) were observed in the seedlings of control treatment. As mentioned earlier that in the 

untreated distillery effluent no seed germination was observed hence no seedling growth was recorded. After the 

control treatment (Set-1), secondary treated effluent (Set-4) showed higher seedling length (5.20cm) and higher 

root-shoot ratio (0.291) but in all the other parameters like shoot length, root length, fresh shoot and root weight, 

dry shoot and root weight, the difference in the values of Set 3 (primary treated effluent) and Set 4 (secondary 

treated effluent) were very less e.g. Shoot length of Pisum sativum L. variety FPP15 in Set 3 was 3.46 cm 

whereas in Set 4 it was 3.06cm. This shows that the seedlings performed in the similar manner in both the 

effluents i.e. primary treated and secondary treated distillery effluent. 

IV. DISCUSSION 

In the distillery effluent, various metals and non-metals may be toxic to the plant at higher 

concentrations of the effluent and can show toxic effects on seed germination and seedling growth ultimately 

adversely affecting plant growth and development (Om et.al., 1994). Germination is believed to be the most 

sensitive and vulnerable to water availability and to the salinity and toxic compounds of the growth medium 

(Pandita and Malaviya, 2018a). The seeds take up water during germination in order to hydrolyse the stored 

food material and to activate their enzymatic systems.  

As absorption takes place by osmosis, the salt content outside the seeds may act as a limiting factor, 

which might be responsible for the delay in germination (Garg and Kaushik, 2006). Ramana et al. (2002) found 

that inhibition in germination might be due to higher concentrations of inorganic salts and higher EC (Electrical 

Conductivity) of the distillery effluent. The present findings are supported by Bharagava et al. (2008) who 

observed that 100% post- methanated distillery effluent decreased germination in Brassica nigra L. (mustard). 

Similar trends were observed by Sharma and Malaviya (2016) while studying the effect of untreated and treated 

brewery-distillery effluent on germination behaviour of marigold (Tagetes erecta L. var. Pusa Basanti). They 

observed that lowest values for all positive germination parameters like percent germination, peak value, 

germination index and vigour index were shown by 100% untreated effluent. This may be attributed to the fact 

that high salt concentration in the effluent induces high osmotic pressure and anaerobic condition which affect 

various biochemical processes such as movement of solute, respiration process of seeds and enzymatic steps of 

seed germination (Bhargava and Chandra, 2010).   

The distillery wastewater contains high-salt load hence seedlings could not regulate ion concentration 

and there may have been severe physiological dysfunctions leading to decreased growth rates and eventually 

cell death leading to death of whole plant, which was observed in the seeds receiving untreated wastewater in 

the present experiment (Ramana et al., 2002). Pandita and Malaviya (2018a) while evaluating the phytotoxicity 

of distillery wastewater on seed germination and seedling growth of Pisum sativum L. var. FPP41 also observed 

that the untreated distillery wastewater was very toxic for the seed germination and seedling growth. They 

reported that secondary treated distillery effluent promoted the germination and growth of pea seeds although 

the values of the parameters were very less in comparison to the control. 
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V. CONCLUSION 

The untreated wastewater from the distillery industry was found unfit for agricultural use as all types of 

effluents showed the suppressive and toxic effects on seed germination and seedling growth of Pisum sativum L. 

var. FPP15 as compared to control. The present study showed that primary treated and secondary treated 

distillery effluents were relatively less toxic than untreated effluent. Further studies are required to observe the 

impact of such distillery effluents after proper dilution on the experimental crop before recommending their use 

for irrigation. 
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Treatment 

 

Germination 
percentage 

Germination 
index 

Peak value Germination 
value 

Germination 
period 

Percent 
inhibition 

Vigour index Phytotoxicity 
index 

Control  63.33 100 21.11 1336.9 1.5 0 593.402 0 

Untreated effluent 0 0 0 0 0 100 0 1 

Primary treated 
effluent 

53.33 14.64 10.67 569.03 2.5 40 249.051 0.74 

Secondary treated 
effluent 

73.33 35.8 36.67 2689.01 1 20 381.316 0.54 

 

 

 

Treatment Shoot length Root length Seedling length Fresh shoot 
weight 

Fresh root 
weight 

Dry shoot 
weight 

Dry root weight Root shoot ratio 

Control 13.66a ±0.333 4.66a ±0.440 18.33 a ±0.166 0.554a ±0.018 0.154 a ±0.004 0.048 a ±0.000 0.019 a ±0.002 0.404a ±0.049 

   Untreated effluent - - - - - - - - 

Primary treated 
effluent 

3.46b ±0.033 1.20 c ± 0.115 4.666 c ±0.145 0.158 b ±0.001 0.025 b ±0.000 0.020 b ±0.000 0.007b ±0.000 0.277b ±0.013 

Secondary treated 
effluent 

3.066 b ±0.066 2.133 b ±0.088 5.200 b ±0.100 0.131 b ±0.001 0.035 a ±0.002 0.016 c ±0.000 0.004 b ±0.000 0.291b ±0.013 

1Values are means of three replicates ± S.E.; within each column values not followed by the same letters are significantly different at p˂ 0.05. 

 
        Table 1: Effect of untreated, primary treated and secondary treated distillery effluent on various germination parameters of Pisum sativum L. var. FPP15 

Table 2: Impact of different distillery effluents on growth parameters1 (shoot and root length, fresh and dry shoot and root weight and   root-shoot ratio) of Pisum sativum       
L.var. FPP15 
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