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ABSTRACT 

The effect of different concentrations (25, 50, 75 and 100 %) of fertilizer effluent was observed on seed 

germination, plant growth and metabolism of maize plants. Based on the outcomes of the current study, 

it can be concluded that germination, growth, yield, chlorophyll pigments, sugar and protein 

concentrations was decreased with increasing concentrations of effluent. Catalase enzyme showed 

variable results while activity of other enzyme peroxidase showed enhancement . A significant 

stimulation in amylase activity was observed at lower concentration of effluent, Chemical properties of 

soil analysis showed increase in pH and organic carbon while calcium carbonate % showed variable 

results with increasing concentrations of effluent as compared to control. 

Keywords : Fertilizer Industry Effluent, Maize, Growth, Pigments, Sugar, Protein, Catalase, Peroxidase, 

Amylase and soil chemical changes 

 

I. INTRODUCTION 

 

Since many years it has been observed that the industrial wastes are being discharged to various places 

like on land, water bodies. And the affect has lead to degradation of the environment as with the 

growing population and development, the waste disposal has increased that has led to disastrous 

consequences. It has also been observed that during a period of time due to the discharge of such 

harmful effluents, it is leading to toxicity and is harming the water resources even if the discharge 

contains some harmless nutrients but the content also has some dangerous organic and inorganic 

compounds that are leading to various issues. This fact in view this study was carried out to investigate 

the harmful effects of this effluent on the growth and metabolism of maize plants. 
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II. MATERIALS AND METHODS 

 

Experiment was carried out in soil as pot culture under controlled glass house conditions. The tap water 

washed soil was filled in medium size earthen pots provided with a central drainage hole. The soil pH 

was maintained by repeatedly flushing with distilled water. The glass distilled water was used for all 

metabolic and analytical work. The basal nutrient solution was prepared by method given by Hewitt 

(1966).When plants were raised basal nutrition solution were supplied. The plants were treated with 

different concentrations (25, 50, 75 and 100%) of effluent on alternate days. Growth of Maize plants 

subjected to different doses of fertilizer industry effluents were measured in terms of germination (%), 

shoot and root lengths (in cms), total fresh and dry weights (in gms).Activities of enzymes catalase and 

peroxidase was assayed by the modified methods of Bisht (1972) and Luck (1963) respectively. 

Chlorophyll, total sugars, proteins were measured by the  methods of Petering et al.(1940), Dubias et 

al.(1956) and Lowry et al.(1951) respectively. Amylase activity was assayed by the method of Katsuni 

and Frekuhara (1969).  Soil pH was determined in 1:2 soil water ratio (Jackson,1973). Calcium carbonate 

in the soil was determined by the rapid titration method of Piper (1942). The organic carbon in the soil 

was determined by Walkley and Black’s (1934) rapid titration method. 

 

III. RESULTS AND DISCUSSION 

Germination Percentage: The results indicate that the increasing concentration of effluent decreased the 

germination percentage of maize. Germination in control was 94.67 and it was decreased to 89.33, 80.00, 

77.33 and 72.00% respectively (Table-1). Reduction in germination percentage may be due to the high 

osmotic pressure caused by effluent that apprehended high amount of salt content. Adriano et al., (1973)  

reported  that, the salt content outside the seed is known to act as limiting factor and it might be 

responsible for delay in germination. The other possible reason is may be due to the inhibition of 

enzyme activity (Agarwal et al.1996). 

Plants Growth: Plants growth in terms of shoot and root length was found to be decreased with 

increasing concentration of effluent in plants. Shoot length percentage was reduced to 13.55,24.10,31.33 

and 41.57% and  a percentage decrease in root length were at the rate of 11.11,17.59,19.44 and 23.15 at 

25,50,75 and 100% concentration respectively than the control. The acquisition of plants biomass 

characteristics was detected and the results indicate a non significant loss in total fresh and dry weights 

was there (Table-1). Higher concentrations of effluent decreases enzyme dehydrogenase activity that is 

reasoned as one of the biochemical change which may have interrupted germination and seedling 

growth (Ahmed et al. 2006).  

Metabolic activities 

Chlorophyll: Chlorophyll a, chlorophyll b, total  chlorophyll and carotenoids was found to be gradually 

decreased at increasing concentration of effluent (Table-2). Reduction in pigments causes deficiency in 

light harvesting capacity and accordingly decreased photosynthetic activity of the cells 

(Ouzounidou,1996; Srivastava et al.,2005). According to Nagajyoti et al. (2008) various abiotic stresses 

decrease the chlorophyll content in plants. 

Sugar : Sugar concentration was significantly decreased at increasing concentration of effluent. It was 

22.73, 36.36, 39.40   and  42.94%  decrease at 25, 50, 75, and 100% concentration respectively than the 

control (Table-3). Manonmani et al.(1992) reported that it may be due to the deranged sugar metabolism 
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and poor translocation of starch and other metabolites to the growing axis and other possibility of 

reduction may be due to the heavy metal toxicity that may restrain the membrane transport system 

mechanism, which transport sugar to the phloem (Rauser, 1978). 

Protein: Protein concentration was found to be significantly decreased at increasing concentration of 

effluent. It was 3.90, 34.61, 40.38 and 50.02 % decrease at 25, 50, 75 and 100% concentration 

respectively than  the  control (Table-3). Palma et al.(2002) reported that decrease in protein 

concentration may be caused by enhanced protein degradation process and therefore increased protease 

activity under stress conditions. According to Ericson and Alfinito (1984) abiotic stress may inhibit 

synthesis of some proteins. 

Enzymes activity 

Catalase: At lower concentration catalase activity was found to be non significantly decreased while 

there was an increase at 50, 75 and 100% concentration of effluent (Table-4). The antioxidant enzyme, 

catalase  play an important role in the defence mechanism of plants (Khan and Patra,2007).The results 

indicated that enhanced activity of catalase as detoxifying enzyme and the induction of mechanism of 

tolerance (Sims and Bowel, 1980). 

Peroxidase : The peroxidase activity was found to be significantly increased. It was 7.68, 87.90, 129.07 

and 162.37% increase at 25, 50, 75 and 100% concentration respectively than the control.  The 

maximum increase was observed at higher concentration i.e. 162.37% as compared to control (Table -4). 

Gabara et al.(2003 ) reported that peroxidases are the most important part of the multiple plant defence 

system and are mostly synthesized in the chloroplasts.  In a stress conditions, enhanced peroxidase 

activity in the intercellular spaces can possibly lead to reduction of cell  growth, stimulating cell wall 

stiffening (Aki et al .2009). According to Sinha et al. (2008 ) peroxidase induction is a general response of 

higher plants to the uptaking of toxic metals in roots and leaves of various species. 

Amylase: Activity of amylase in maize plants was stimulated at lower concentration of effluent and 

inhibited at its higher concentration, the result showed that enzyme activity was significantly increased 

at 25% concentration  and significantly decreased at 50,75 and 100% concentration of effluent . The 

maximum increase was observed at 25% concentration of effluent and it was increased at 3.81% as 

compared to control (Table-4) the results coincide with Divyapriya et al. (2014), Sang Wans et al. (1997). 

According to Sheoran (1980) increased amylase activity is due to increased chloride concentration. 

Soil Chemical Changes:  Soil analysis showed that values of pH was found to be significantly increased.  

Calcium carbonate % showed variable results with increasing concentrations of effluent . It was found to 

be non- significantly increased while maximum increase was observed at 50% concentration of effluent. 

Organic carbon % showed non-significant increase at increasing concentrations of effluent (Table-5). 

The  pH of soil increased gradually with increase in the effluents concentration, it might be due to the 

continuous irrigation with the effluent which was alkaline in nature and that increased the salt 

accumulation in the soil Dhevagi and Oblisami (2006). Calcium carbonate % showed variable results 

with increasing concentration of effluent as compared to control. Similar results of increased soil CaC03 

was reported by Ajmal and Khan,1983. The organic carbon in the soil irrigated with effluent was found 

to be higher than the soil irrigated with unpolluted water. It might be due to the high organic nature of 

the effluent ( Ale et al.2008). The increased organic carbon was also a result of high total solid present in 

the effluent (Osaigbvoo and Orhue,2006) 

 



International Journal of Scientific Research in Science, Engineering and Technology (ijsrset.com)  1137 

Table 1. Effect of different concentrations of Fertilizer  industry effluent on germination percentage, 

growth and biomass yield of maize (Zea mays L.) plants. 

S. 

No. 

Effluent 

Concentration     

(%) 

Germination 

        (%) 

Shoot 

Length(cm) 

Root 

Length(cm) 

Total fresh 

weight (g) 

Total dry 

weight(g) 

1. Control  94.667a               

±1.333 

110.667a 

±3.844 

36.000a 

±3.055 

49.180 

±8.421 

14.187 

±2.163 

2. 25 89.333ab              

±2.667 

(-5.64%)                                      

 

95.667ab 

±0.667 

(-13.55%) 

34.333b 

±0.882 

(-11.11%) 

47.222NS 

±2.958 

(-3.98%) 

13.660NS 

±0.912 

(-3.72%) 

3. 50 80.000abc 

±0.000 

(-15.49%) 

84.000abc   

±1.155 

(-24.10%)      

29.667ab 

±0.333 

(-17.59%) 

40.782NS 

±5.045 

(-17.08%) 

11.517NS 

±1.663  

(-18.82%) 

4. 75 77.333abd 

±1.333 

(-18.31%) 

76.000abcd 

±0.577 

(-31.33%) 

29.000a 

±0.577 

(-19.44%) 

37.821NS 

±7.782 

(-23.10%) 

11.839NS±

1.789 

 (-

16.55%) 

5. 100 72.000abcd       

±0.000 

(-23.94%)                  

64.667abcd  

±2.603 

(-41.57%) 

27.667ab 

±0.333 

(-23.15%) 

32.920NS 

±2.000 

(-33.06%) 

8.638NS 

±0.502 

(-39.11%) 

 

All values are means of triplicates ±S.E. Identical superscripts on values denote significant difference 

(p<0.05) between means of different treatments according to Duncan’s multiple range test. NS=non 

significant. The values given in the bracket shows the percent increase or decrease as compared to 

control. 

  

Table 2. Effect of different concentrations of Fertilizer industry effluent on pigment contents of maize 

(Zea mays L.)plants. 

 

S.No. Effluent 

concentration 

(%) 

Chlorophyll a 

(mg/g FW) 

Chlorophyll b 

(mg/g FW)  

Total 

chlorophyll 

(mg/g FW) 

Carotenoid 

(mg/g FW) 

1. Control 2.158a  

±0.030 

1.167a  

±0.010 

3.325a  

±0.040 

1.060a 

 ±0.009 

2. 25 2.082ab  

±0.024     

(-5.24%) 

1.096ac 

±0.009 

(-6.08%) 

3.178ab        

±0.025      

(-4.42%) 

1.000ab  

±0.007  

(-5.66%) 

3. 50 1.962abc  

±0.017  

(-9.08%) 

1.126b 

 ±0.017  

(-3.51%) 

3.087ac 

±0.024  

(-7.16%) 

0.972ac 

±0.004  

(-8.30%) 

4. 75 1.771abcd  

±0.026  

1.013abcd  

±0.002   

2.784abcd  

±0.024  

0.916abcd 

 ±0.004  
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(-17.93%) (-13.20%) (-16.27%) (-13.59%) 

5. 100 1.520abcd 

 ±0.013    

(-29.56% 

0.877abcd  

±0.025  

(-24.85%) 

2.397abcd  

±0.038 

(-27.91%) 

0.845abcd  

±0.017  

(-20.28%) 

 

All values are means of triplicates ±S.E. Identical superscripts on values denote significant difference 

(p<0.05) between means of different treatments according to Duncan’s multiple range test. The values 

given in the bracket shows the percent increase or decrease as compared to control. 

  

Table 3. Effect of different concentrations of Fertilizer industry effluent on the concentrations of sugar 

and protein of maize (Zea mays L.)plants. 

 

S.No. Effluent concentration 

(%)  

Sugar Concentration 

(mg/g FW) 

Protein 

Concentration(%FW) 

1. Control 3.300a                             

±0.029 

2.063a 

±0.079 

2. 25 2.550ab                    

±0.104 

(-22.73%) 

1.983b  

±0.079  

(-3.90%) 

3. 50 2.100ab   

±0.058 

 (-36.36%) 

1.349abc   

±0.079 

(-34.61%) 

4. 75 2.000ab   

±0.076  

(-39.40%) 

1.230ab  

±0.040 

 (-40.38%) 

5. 100 1.883ab    

±0.044 

(-42.94%) 

1.031abc  

±0.079  

(-50.02%) 

 

All values are means of triplicates ±S.E. Identical superscripts on values denote significant difference 

(p<0.05) between means of different treatments according to Duncan’s multiple range test. The values 

given in the bracket shows the percent increase or decrease as compared to control. 

  

Table 4. Effect of different concentrations of Fertilizer industry effluent on the activity of different 

enzymes in maize (Zea mays L.)plants. 

 

S.No. Effluent 

concentration (%) 

Catalase activity    

(µ moles H2O2 

decomposed/min/mg 

Protein) 

Peroxidase 

activity(ΔOD/mg 

protein) 

Amylase 

activity(starch 

hydrolyzed in 

mg/gm FW) 

1. Control 30.733 

±1.403 

2.057abc      

 ±0.075 

1.667b   

±0.067 

2. 25 29.060NS  2.215abc  1.733a  
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±2.544 

 (-5.44%) 

±0.101  

(+7.68%) 

±0.067 

(+3.81%) 

3. 50 32.210NS 

±0.700 

(+4.81%) 

3.865ac 

±0.207  

(+87.90%) 

1.000abc  

±0.000  

(-40.01%) 

4. 75 34.663NS 

±1.053 

 (+12.79%) 

4.284ab  

±0.065  

(+129.07%) 

0.800abc  

±0.000 

(-52.01%) 

5. 100  36.067NS  

±3.657 

(+17.36%) 

 

5.397a  

±0.480 

 (+162.37%) 

0.733abc 

 ±0.067  

(-56.03%) 

 

All values are means of triplicates ±S.E. Identical superscripts on values denote significant difference 

(p<0.05) between means of different treatments according to Duncan’s multiple range test. NS=non 

significant. The values given in the bracket shows the percent increase or decrease as compared to 

control. 

  

Table 5. Chemical properties of Fertilizer industry effluent irrigated soils after harvesting of maize (Zea 

mays L. ) Plants. 

 

S.No. Effluent concentration(%)         pH 

(1:2 soil water) 

Calcium 

carbonate(%) 

Organic 

carbon(%) 

1. Control 7.133abc  

±0.033 

0.833  

±0.083 

1.342  

±0.051 

2. 25 7.267ab  

±0.033 

 (+1.88%) 

0.917NS    

±0.167 

 (+10.08%) 

1.350NS  

±0.052  

(+0.60%)  

3. 50 7.367c  

±0.033  

(+3.28%) 

1.333NS  

±0.083 

 (+60.02%) 

1.375NS  

±0.052  

(+2.46%) 

4. 75 7.500b  

±0.058  

(+5.15%) 

1.167NS  

±0.220  

(+40.10%) 

1.400NS  

±0.029 

(+4.32%) 

5. 100 7.533a  

±0.067  

(+5.61%) 

1.083NS 

±0.083 

 (+30.01%) 

1.425NS  

±0.038  

(+6.19%) 

 

All values are means of triplicates ±S.E. Identical superscripts on values denote significant difference 

(p<0.05) between means of different treatments according to Duncan’s multiple range test. NS=non 

significant. The values given in the bracket shows the percent increase or decrease as compared to 

control. 
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