
International Research Journal of Public and Environmental Health Vol.1 (4),pp. 95-109, June 2014 
Available online at http://www.journalissues.org/irjpeh/ 
© 2014 Journal Issues                                                                                                                                                                       ISSN 2360-8803  

 
 
 
 
 

Original Research Paper 
 

Toxic element contamination in soil and spinach 
(Spinacia oleracea L.) after fertigation with sugar mill 

effluent 
 

Accepted 4 June, 2014 
 

Vinod Kumar*  
and   

A.K. Chopra 
 

Agro-ecology and Pollution 
Research Laboratory 

Department of Zoology and 
Environmental Science 

Gurukula Kangri University, 
Haridwar-249404 (Uttarakhand), 

India. 
 

*Corresponding Author 
E-mail: drvksorwal@gmail.com 

Tel: +91-1334-249091 
 
 
 
 
 
 
 
 
 
 

The aim of this study was to investigate the contamination of heavy metals in 
soil and spinach (Spinacia oleracea) after fertigation with sugar mill effluent. 
The plants of S. oleracea (var. Hybrid-7) were grown in two seasons i.e. the 
rainy and winter season during the year 2011 and 2012. Different doses of 
sugar mill effluent viz. 5%, 10%, 25%, 50%, 75% and 100% were used for 
the fertigation of S. oleracea along with bore well water (control). The 
results revealed that sugar mill effluent significantly (P<0.01) increased the 
nutrients and heavy metals viz. cadmium (Cd), chromium (Cr), copper (Cu), 
manganese (Mn) and zinc (Zn) in the soil. The contents of metals were found 
to be below the maximum levels permitted for soils in India. The most 
agronomic performance and biochemical components of S. oleracea were 
found at 25% concentrations of sugar mill effluent in both seasons. The 
contents of Cd, Cr, Cu, Mn and Zn in S. oleracea were increased from 5% to 
100% concentrations of sugar mill effluent in both seasons. Among different 
metals the contents of Cu, Mn and Zn except Cd and Cr in were noted under 
the permissible limit of FAO/WHO standards. The order of contamination 
factor (Cf) of various heavy metals was Mn>Cr>Cd>Zn>Cu for soil and 
Cu>Zn>Mn>Cd>Cr for S. oleracea plants after fertigation with sugar mill 
effluent. Thus, fertigation increased concentration of heavy metals in soil 
and S. oleracea. Therefore, regular monitoring related to the effluent 
fertigation and contamination of soil and S. oleracea is needed. 
 
Key words: Spinacia oleracea, agronomical characteristics, contamination factor, 
ferti-irrigation, heavy metals, sugar mill effluent 

 
 
INTRODUCTION  
 
Heavy metals contamination in soils has attracted serious 
attention in recent years, which poses a considerable 
hazard to health (Besalatpour et al., 2008; Sharma et al., 
2007; Loska et al., 2004; Cheng, 2003). After long-term 
application of untreated wastewaters, significant amounts 
of heavy metals can accumulate in the soil at toxic levels 
(Kumar and Chopra, 2012; Muchuweti et al., 2006; Nan et 
al., 2002). At present, heavy metals, such as cadmium (Cd), 
chromium (Cr), copper (Cu), manganese (Mn), lead (Pb), 
zinc (Zn), etc., are commonly found in subsurface soil 
irrigated with wastewater (Arora et al. 2008; Mapanda et 
al., 2005; Kisu et al., 2000). Once the adsorption sites of the 

soil for heavy metals are saturated, more heavy metals 
would be distributed in the aqueous phase and the 
bioavailability of heavy metals would subsequently be 
enhanced (Abrahim and Parker 2008; Sridhara et al., 2008; 
Muchuweti et al., 2006). The accumulation of heavy metals 
in agricultural soils has been a wide concern of the public as 
well as governmental agencies, due to the food safety issues 
and potential health risks as well as its detrimental effects 
on soil ecosystems (Tandi et al., 2004; Mapanda et al., 
2005). In addition, heavy metals pollution has frequently 
been reported in many contaminated sites (Ayyasamy et al., 
2008;  Besalatpour et al., 2008; Amathussalam et al., 2002; 
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 Kisu et al., 2000). 

Moreover, these potentially toxic elements accumulate in 
the soils and induce a potential contamination of food chain 
and endanger the ecosystem safety and human health 
(Muchuweti et al., 2006; Sharma et al., 2006; Yadav et al., 
2002). Sources of heavy metals in soils mainly include 
natural occurrence derived from parent materials and 
human activities (anthropogenic sources). Furthermore, 
anthropogenic inputs are associated with industrialization 
and agricultural activities such as atmospheric deposition, 
waste disposal, waste incineration, urban effluent, vehicle 
exhausts, fertilizer application and long-term application of 
sewage sludge in agricultural land (Ahmed and Gani, 2010; 
Arora et al., 2008; Abrahim and Parker, 2008). 

Wastewater irrigation is known to contribute 
significantly to the heavy metal content of the soils (Tya 
and Othman, 2014; Kumar and Chopra, 2013a, b; Mapanda 
et al., 2005). The heavy metals may also accumulate in the 
soil at toxic levels as a result of long-term application of 
untreated wastewaters (Chen and Pu, 2007; Rattan et al., 
2005; Chandra et al., 2004). They are considered as soil 
contaminants due to their widespread occurrence, acute 
and chronic toxicity (Khan et al., 2008; Sridhara et al., 2008; 
Liu et al., 2005). 

Spinach (Spinacia oleracea L.) is known as one of the 
most useful green veggies packed with essential nutrients 
and natural elements (Arora et al., 2008). It is being widely 
cultivated throughout the world. Spinach is recommended 
by modern nutritionists as the best source of iron, vitamins, 
minerals and mineral salts (Olusegun et al., 2011). These 
herbs is rich in minerals like magnesium (Mg), sodium (Na), 
potassium (K), phosphorus (P), calcium (Ca), Cu, iodine (I), 
Zn, Mn and, certainly, iron (Fe); it has folic acid and 
vitamins A, E, K, C and B complex; it is very rich in amino 
acids and fiber, and also has lipids, mineral salts and other 
essential elements. Spinach benefits embrace its diuretic, 
soothing, calming, coagulant, demulcent, detoxifying, 
laxative, cooling and other properties. This leafy vegetable 
can be used for preparing a variety of meals, as well as for 
preparing tinctures, infusions or very therapeutic spinach 
juice. There are numerous health benefits of spinach 
(Olusegun et al., 2011; Arora et al., 2008).  

Agriculture sector in India has been considered for the 
major user of water (Kumar and Chopra, 2010; Sharma et 
al., 2006; Yadav et al., 2002). In the changing scenario, 
reuse of domestic and industrial wastewater in agriculture 
for irrigating crops appears to be a beneficial option. 
Besides being source of irrigation water, these wastewaters 
contain appreciable amounts of plant nutrients 
(Vijayaragavan et al., 2011; Sridhara et al., 2008; Tandi et 
al., 2004). The use of industrial effluents for irrigating 
agricultural lands is on the rise especially in the peri-urban 
area (Ezhilvannan et al., 2011; Khan et al., 2008; Swamy et 
al., 2001). These wastewaters carry appreciable amounts of 
trace toxic metals (Baskaran et al., 2009; Krishna and 
Leelavathi,  2002;  Barman   et al.,  2000).      Although      the  

 
 
 
 
concentration of heavy metals in the effluents are low, long-
term use of these wastewaters on agricultural lands often 
results in the build-up of the elevated levels of these metals 
in soils and crops (Sharma et al., 2007; Yadav et al., 2002; 
Tiwari et al., 2000). 

Additionally, industrial effluent is an important source of 
irrigation water and plant nutrients such as nitrogen (N), P, 
K and trace elements like Na, Ca and Mg (Tya and Othman, 
2014; Kumar and Chopra, 2013a, 2012; Amathussalam et 
al., 2002). Effluent irrigation can eradicate water shortage; 
reduce the need for chemical fertilizer and enhance the soil 
fertility (Sanjay and Solomon, 2005; Chandra et al., 2004; 
Maliwal et al., 2004). However, unregulated irrigation with 
untreated effluent poses serious public health risks, as 
effluent is a major source of heavy metals that cause 
accumulation in plant parts (Khan et al., 2008; Borole and 
Patil, 2004; Maliwal et al., 2004). The effluent contains 
heavy metals such as Cd, Cr, nickel (Ni) Cu, Fe and Zn which 
accumulates in plant and vegetable parts, and cause 
adverse health effects (Baskaran et al., 2009).  

The sugar industry is one of the major effluent generation 
industries in the world (Ezhilvannan et al., 2011; 
Vijayaragavan et al., 2011). Among agro-based industries, 
sugar mills are one of the most polluting industries in India 
(Borole and Patil, 2004; Chandrasekar et al., 1998). There 
are about 650 sugar mills are potentially producing about 
182 lakh tonnes of sugar per year (Kumar and Chopra, 
2013b). They generate a huge amount of wastewater 
having high biological oxygen demand (BOD) and chemical 
oxygen demand (COD) values (Kumar and Chopra, 2013a; 
Vijayaragavan et al., 2011).  

Recently various studies have been carried out on the 
contamination of soil and crop plants after irrigation with 
industrial effluents (Ezhilvannan et al., 2011; Sharma et al., 
2006). But most of these studies were conducted on few 
agronomic stages with limited parameters in various crops, 
but there are few reports on comprehensive agronomic 
studies at various agronomic stages of these plants 
(Baskaran et al., 2009). Thus, much attention has not been 
paid so far on the use of industrial effluents on the 
cultivation of agricultural crops like S. oleracea. Keeping in 
view the reuse of effluent as fertigant and the economic 
importance of S. oleracea, the present investigation was 
undertaken to study the contamination of heavy metals in 
soil and Spinacia oleracea (L.) after irrigation with sugar 
mill effluent. 
 
 
MATERIALS AND METHODS  
 
Experimental design 
 
A field study was conducted in the Experimental Garden of 
the Department of Zoology and Environmental Sciences, 
Gurukula Kangri University Haridwar, India (29o55'10.81'' 
N and 78o07'08.12'' E), to study the contamination of heavy  



 
 
 
 
metals in soil and S. oleracea after irrigation with sugar mill 
effluent. The crop was cultivated in the rainy and winter 
seasons during the year 2011 and 2012. Seven plots (each 
plot had an area of 9 m2) were selected for seven 
treatments of sugar mill effluent viz. 0% (control), 5%, 
10%, 25%, 50%, 75% and 100% for the cultivation of S. 
oleracea. The seven treatments were placed within each of 
the seven plots in a randomized complete block design. 
 

Effluent collection and analysis  
 

The effluent samples were collected from the Uttam Sugar 
Mills Ltd. Libberheri, Roorkee, Haridwar, Uttarakhand 
(29°44'38"N 77°51'14"E), which produces sugar from 
sugar cane at the rate of 120 ton sugar per day and 
generates effluent about 2000 m3/day. The effluent was 
collected in plastic containers from a settling tank installed 
in the campus, by the sugar mill to reduce the BOD and total 
solids from the effluent. It was brought to the laboratory 
and analyzed for total dissolved solids (TDS), pH, electrical 
conductivity (EC), dissolved oxygen (DO), BOD, COD, 
chlorides (Cl-), bicarbonates (HCO3

-), carbonates (CO3
2-), 

Na+, K+, Ca2+, Mg2+, total Kjeldahl nitrogen (TKN), nitrate 
(NO3

2-), phosphate (PO4
3-), sulphate (SO4

2-), Cd, Cr, Cu, Fe, 
Mn, Zn, standard plate count (SPC) and most probable 
number (MPN) following standard methods (APHA, 2005; 
Chaturvedi and Sankar, 2006) and used as fertigant. 
 

Sowing of seeds of S. oleracea 
 

Seeds of S. oleracea were sown at the end of July 2011 and 
2012 for the rainy season crop and at the end of November 
2011 and 2012 for the winter season crop. Seeds of a high 
yield variety of S. oleracea, cv. Hybrid-7, were procured 
from Indian Council of Agriculture Research (ICAR), Pusa, 
New Delhi, and sterilized with 0.01% mercuric chloride and 
soaked in water for 12 hours. Seeds were sown in 10 rows 
with a distance of 30.0 cm between rows, while distance 
between the seeds was 15 cm. The thinning was done 
manually after 15 days of germination to maintain the 
desired plant spacing and to avoid competition between 
plants (Kumar, 1997).  
 

Irrigation pattern, soil sampling and analysis 
 

The plants in each polt were fertigated twice in a month 
with 50 gallons of sugar mill effluent concentrations 5%, 
10%, 25%, 50%, 75%, 100% and bore well water as the 
control. The soil was analyzed prior to planting and after 
harvest for various physico-chemical parameters like soil 
texture, bulk density (BD), water holding capacity (WHC), 
EC, pH, OC, Na+, K+, Ca2+, Fe2+, Mg2+, PO4

3-, SO4
2-, TKN, Cd, Cr, 

Cu, Mn and Zn determined following standard methods 
(Chaturvedi and Sankar, 2006). 
 
Study of crop parameters 
 
The agronomic parameters of S. oleracea at different stages 
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(0-90 days) were determined following standard methods 
for seed germination, plant height, root length, number of 
leaves, leaves length and crop yield (Chandrasekar et al., 
1998); dry weight (Milner and Hughes, 1968); chlorophyll 
content (Porra, 2002); relative toxicity (RT) (Kumar and 
Chopra, 2010), Leaf Area Index (LAI) (Denison and 
Russotti, 1997) and harvest index (HI) (Sinclair, 1998). The 
nutrients quality of S. oleracea was determined by using the 
following parameters; crude protein, crude fiber 
(Anonymous, 1980) and the total carbohydrate in dry 
matter were determined by the anthrone reagent method 
(Cerning and Guilhot, 1973). 
 
Extraction of metals and their analysis  
 
For metal analysis 10 ml sample of sugar mill effluent and 
1.0 g of air dried soil or plants were taken in digestion tubes 
separately. For each sample 3 ml of concentrate HNO3 was 
added and digested in an electrically heated block for 1 
hour at 145oC. To this mixture 4 ml of HClO4 was added and 
heated to 240oC for 1 hour. The mixture was cooled and 
filtered through Whatman # 42 filter sugar and made to 50 
ml and used for analysis. Metals were analyzed using an 
atomic absorption spectrophotometer (PerkinElmer, 
Analyst 800 AAS, GenTech Scientific Inc., Arcade, NY) 
following methods (APHA, 2005; Chaturvedi and Sankar, 
2006). The contamination factor (Cf) for metals 
accumulated in sugar mill effluent irrigated soil and S. 
oleracea was calculated following Håkanson (1980). 
 
Data analysis 
 
Data were analyzed with SPSS (ver. 14.0, SPSS Inc., Chicago, 
Ill.). Data were subjected to one-way ANOVA. Mean 
standard deviation and coefficient of correlation (r-value) 
of soil and crop parameters with effluent concentrations 
were calculated with MS Excel (ver. 2003, Microsoft 
Redmond Campus, Redmond, WA) and graphs produced 
with Sigma plot (ver. 12.3, Systat Software, Inc., Chicago, 
IL). 
 
 

RESULTS AND DISCUSSION 
 
Characteristics of sugar mill effluent  
 
The physico-chemical and microbiological parameters of 
sugar mill effluent are given in Table 1. The effluent 
parameters were significantly (P<0.01) different over 
concentrations. The effluent was rich in plant nutrients as 
well as heavy metals. The sugar mill effluent was noted 
alkaline i.e. pH 8.84. The alkaline nature of the sugar mill 
effluent might be due to the use of alkalis in the purification 
of sugarcane juice in the sugar manufacturing process. The 
values of BOD, COD, Cl-, Ca2+, Fe2+, TKN, SO4

2-, MPN and SPC 
were recorded above the prescribed limits of the Indian 
Irrigation Standards (BIS, 1991). Higher values of  BOD and  
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Table1. Physico-chemical and microbiological characteristics of sugar mill effluent 
  

 
Parameter 

Effluent concentration (%) BISb for irrigation water 
0 (BWW)a 5 10 25 50 75 100 

TDS (mg L-1) 220.40 1428.00** 1864.00** 2380.00** 2674.00** 2960.00*** 4050.00*** 1900 
EC (dS m-1) 0.44 2.64* 2.96** 4.08** 4.31** 5.27** 6.88** - 
pH 7.60 7.69ns 7.77ns 7.98ns 8.12ns 8.32ns 8.84ns 5.5-9.0 
DO (mg L-1) 8.34 6.45ns 5.32ns 3.66* 2.52* 1.80* NIL - 
BOD (mg L-1 5.78 80.12* 138.90* 324.50** 640.77** 960.30*** 1250.64*** 100 
COD (mg L-1) 10.45 170.40* 324.70* 848.00** 1560.30** 2264.90*** 2985.45*** 250 
Cl - (mg L-1) 45.60 86.30* 138.96* 250.77** 370.84** 688.92*** 890.42*** 500 
HCO3- (mg L-1 275.45 282.55* 305.12* 332.40** 430.90** 564.82*** 580.84*** - 
CO32-  (mg L-1) 112.78 132.50* 168.70* 195.67** 218.56** 256.87*** 324.78*** - 
Na+ (mg L-1) 14.50 42.60* 85.74* 153.66** 289.50** 398.54*** 529.60*** - 
K+ (mg L-1) 7.55 27.44* 56.87* 118.30** 197.65** 255.83*** 286.70*** - 
Ca2+ (mg L-1 24.78 74.25* 138.56* 268.40** 458.90** 597.34*** 825.75*** 200 
Mg2+ (mg L-1) 12.45 22.48* 45.60* 105.78** 197.40** 273.58*** 334.60*** - 
TKN (mg L-1) 20.65 38.90* 77.98* 127.34** 174.87** 285.89*** 345.66*** 100 
NO32- (mg L-1) 28.44 58.47* 128.70* 184.45** 250.66** 345.70*** 448.50*** 100 
PO43- (mg L-1) 0.05 10.56* 21.76* 72.55** 130.65** 198.60*** 248.95*** - 
SO42- (mg L-1) 26.60 64.50* 129.56* 265.40** 423.56** 578.97*** 686.58*** 1000 
Fe2+ (mg L-1) 0.18 1.19* 2.56* 4.98** 10.34** 17.45*** 22.68*** 1.0 
Cd (mg L-1) 0.07 0.45* 0.97** 1.88** 3.79** 5.42*** 7.25*** 15 
Cr (mg L-1) 0.06 1.34* 2.68* 4.22** 5.36** 8.67*** 10.78*** 2.00 
Cu (mg L-1) 0.24 1.28* 2.86* 5.96** 9.88** 12.79*** 17.96*** 3.00 
Mn (mg L-1) 0.12 0.84* 1.80** 4.95** 8.35** 11.66*** 15.98*** 1.00 
Zn (mg L-1) 0.38 1.56* 3.07** 7.45** 14.96** 25.45*** 28.65*** 2.00 
SPC (SPC mL-1) 5.4×101 7.9×105* 8.0×106* 6.9×107** 7.4×108** 8.2×109*** 9.0 ×1012*** 10000 
MPN (MPN100 mL-1) 3.7×101 5.0×104* 4.9×105* 5.4×106** 4.9×107** 6.0×108*** 7.4×1010*** 5000 

 

ns, *, **,*** non-significant or significant at P<0.05 or P<0.01or P<0.001, ANOVA; Least Squares Means analysis. 
a BWW = bore well water. 
b BIS = Bureau of Indian standard. 

 
 

Table 2. ANOVA for effect of sugar mill effluent on soil characteristics 
 

Source  WHC BD EC pH OC  TKN 
Season (S) ns ns ns ns * * 
SME concentration (C) ns ns ** * ** ** 
Interaction S × C ns ns * * ** ** 

 

ns, *, ** non-significant or significant at P<0.05 or P<0.01, ANOVA. 

 
 
COD might be due to the presence of high utilizable organic 
matter and rapid consumption of dissolved inorganic 
materials. The higher bacterial load (SPC and MPN) in the 
sugar mill effluent might be due to the presence of more 
dissolved solids and organic matter in the effluent as earlier 
reported by Kumar and Chopra (2010). The values of TKN, 
PO4

3-, K+, Ca2+ and Mg2+ in sugar mill effluent were higher 
than the prescribed standards (Table 1).  

In the present study, the values of BOD, COD, TKN, Cl-, 
SO4

2- and PO4
3- were recorded higher in sugar mill effluent 

then the content of BOD (865.80 mgL-1), COD (1160.50 mgL-

1), total nitrogen (48.50 mgL-1), chlorides (475.80 mgL-1), 
sulphate (630.75 mgL-1) and phosphate (50.70 mgL-1) in 
sugar mill effluent reported by Ezhilvannan et al. (2011). In 
the case of metals, the contents of Cd, Cr Cu, Fe, Mn and Zn 
were higher than permissible limits for industrial effluent 

(BIS, 1991). The content of these metals in sugar mill 
effluent were also higher then the content of Cr (24.60 mgL-

1), Cu (19.50 mgL-1) Mn (17.80 mgL-1) and Zn (20.40 mgL-1), 
in sugar mill effluent reported by Borole and Patil (2004).  
 
Effect of Sugar Mill Effluent on Characteristics of Soil 
 
Physico-chemical characteristics of the soil changed due to 
irrigation with sugar mill effluent. At harvest (60 days after 
sowing of S. oleracea) there was no significant change in the 
soil texture (sandy loam; 60% sand: 20% silt: 20% clay). 
WHC and BD were found to be insignificantly (P>0.05) 
different with all concentrations of sugar mill effluent in 
both the cultivated seasons (Table 2). WHC and BD were 
reduced from their initial (control) values 41.30% and 1.35 
gm cm-3   to   40.10%  and  1.34 gm cm-3,    respectively   with  
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Table 3. ANOVA for effect of sugar mill effluent on concentrations of cations and anions 
 
 
 
 
 
 

*, ** significant at P<0.05 or P<0.01, ANOVA. 

  
Table 4 ANOVA for effect of sugar mill effluent on concentrations of metals 

 
 

 

*, ** significant at P<0.05 or P<0.01, ANOVA 

 
 
Table 5. Effects of sugar mill effluent concentration and season interaction on physico-chemical characteristics of soil before and after 
irrigation of S. oleracea in both seasons 
 
Season × %SME EC (dS m-1) pH OC (mg kg-1) Na+(mg kg-1) K+(mg kg-1) Ca2+(mg kg-1) Mg2+(mg kg-1) 

Rainy 0 2.10 7.54 0.46 18.76 160.87 18.97 1.95 
5 2.80ns 7.68ns 1.88* 25.65 ns 184.60 ns 40.15 ns 5.52 ns 
10 2.92ns 7.80ns 4.80* 31.75* 208.95 ns 50.20 ns 10.18 ns 
25 3.07* 7.98ns 6.77** 38.90* 224.50* 112.48* 15.30* 
50 3.57* 8.18* 8.95** 44.54* 232.56* 140.55* 19.65* 
75 4.13* 8.45* 9.70** 50.12** 240.25** 164.70* 24.54* 
100 4.65** 8.76* 10.45** 56.70** 248.90** 182.34** 30.23* 

Winter 0 2.12 7.52 0.45 18.50 160.20 18.24 1.92 
5 2.89ns 7.52ns 1.74* 24.30ns 180.84 ns 38.86 ns 4.78 ns 
10 2.99ns 7.56ns 4.45* 29.90* 205.16 ns 45.64 ns 8.97 ns 
25 3.58* 7.75ns 6.65** 36.40* 215.40* 104.50* 12.34* 
50 3.96* 8.03* 8.76** 42.54* 225.65* 132.45* 15.64* 
75 4.88* 8.30* 9.20** 46.80** 236.50** 155.60* 20.66* 
100 5.34** 8.67* 10.17** 52.44** 242.76** 178.90** 26.50* 

 
 
 
100% sugar mill effluent concentration. Seasons, sugar mill 
effluent concentrations and the their interaction 
significantly (P>0.01) affected OC, TKN, all cations like Na+, 
K+, Ca2+, Mg2+, Fe2+, anions PO4

3- and SO4
2- and metals Cd, Cr, 

Cu, Mn and Zn in the soil (Tables 2-4). The pH of the soil 
was turned alkaline to more alkaline (8.67 and 8.76) after 
irrigation with 100% sugar mill effluent in both seasons 
(Table 5). Soil pH was affected by 50%, 75% and 100% 
sugar mill effluent concentrations (Table 5). The change in 
soil pH and reduction in WHC and BD after sugar mill 
effluent irrigation have also been observed earlier by 
Kumar and Chopra (2012).  

In the present study, more irrigation of S. oleracea 
considerably increased the nutrients Na+, K+, Ca2+, Mg2+, 
Fe2+, OC, TKN, PO4

3-, SO4
2- and heavy metals Zn, Cd, Cu, Mn 

and Cr in the soil. The 25% to 100% sugar mill effluent 
concentrations significantly (P<0.01) affected the nutrients 
and heavy metals in the soil in both seasons (Tables 5, 6). 
Irrigation with 100% sugar mill effluent had the most 
reduction in WHC, BD; and increase in EC, OC, Na+, K+, Ca2+, 

Mg2+, Fe2+, TKN, PO4
3-, SO4

2-, Cd, Cr, Cu, Mn and Zn in both 
seasons (Tables 5, 6). The findings were very much in 
accordance with Baskaran et al. (2009).  

The OC content in the soil irrigated with effluent was 
higher than the soil irrigated with bore well water. The 
more organic matter in effluent irrigated soil might be due 
to the high organic nature of the effluent. Kumar and 
Chopra (2010) found the organic content in the soil 
irrigated with sugar mill effluent to be higher than in the 
soil irrigated with bore well water. Average values of TKN, 
PO4

3- and K+ in the soil irrigated with effluent were found to 
be higher than in soil irrigated with bore well water. The 
higher TKN, PO4

3- and K+ in the soil was due to irrigation 
with TKN, PO4

3- and K+ rich sugar mill effluent. The content 
of Na+

 and SO4
2- was higher in the soil irrigated with sugar 

mill effluent indicating a link between soil Na+
 and SO4 

2- and 
higher EC in the sugar mill effluent. 

The soil parameters viz. EC, OC, Na+, K+, Ca2+, Mg2+, Fe2+, 
TKN, PO4

3-, SO4
2- Zn, Cd, Cu, Mn and Cr were found to be 

positively correlated with sugar mill effluent concentration  

Source  Na+ K+ Ca2+ Mg2+ Fe2+ PO43- SO42- 
Season (S) * * * * * * * 
SME concentration (C) ** * * * ** ** ** 
Interaction S × C ** ** ** ** ** ** ** 

Source  Cd  Cr Cu Mn Zn 
Season (S) * * * ns * 
SME concentration (C) ** ** ** * ** 
InteractionS × C ** ** ** ** ** 
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Table 6. Effects of sugar mill effluent concentration and season interaction on physico-chemical characteristics of soil before and after 
irrigation of S. oleracea in both seasons 
 

 
Season × %SME 

TKN 
(mg kg-1) 

PO43- 
(mg kg-1) 

SO42- 
(mg kg-1) 

Fe2+ 

(mg kg-1) 
Cd 

(mg kg-1) 
Cr 

(mg kg-1) 
Cu 

(mg kg-1) 
Mn 

(mg kg-1) 
Zn 

(mg kg-1) 
Rainy 
 

0 28.56 45.86 77.12 2.95 0.65 0.44 2.24 0.48 1.15 
5 65.70 ns 78.96 ns 82.44 ns 3.94* 2.10* 1.74* 3.76* 1.34* 1.92* 
10 80.32** 90.24 ns 90.84 ns 4.78* 2.55* 2.58* 4.75* 1.95* 2.89* 
25 150.30** 108.45* 98.76* 6.63** 3.40** 3.06** 6.85** 2.46** 3.78** 
50 212.67** 124.86** 118.94* 7.74** 4.05** 3.64** 8.54** 3.27** 5.24** 
75 278.90** 135.65** 132.48** 8.89** 4.42** 3.85** 9.43** 4.50** 6.58** 
100 310.43** 142.70** 142.86** 11.45** 4.98** 4.12** 10.13** 5.96** 7.44** 

Winter 0 28.20 45.34 76.66 2.93 0.64 0.43 2.22 0.47 1.14 
5 62.45ns 72.66 ns 79.50 ns 3.87* 2.03* 1.56* 3.65* 1.29* 1.80* 
10 75.40** 84.75* 82.24* 4.75* 2.30* 2.34* 4.45* 1.82* 2.78* 
25 145.69** 104.55* 93.84* 5.89** 3.39** 2.87** 5.97** 2.29** 3.35** 
50 198.75** 118.46** 112.40* 7.24** 3.94** 3.04** 7.34** 3.14** 4.69** 
75 268.90** 129.60** 125.86** 8.45** 4.34** 3.40** 8.75** 4.24** 5.47** 
100 304.76** 136.78** 136.78** 10.88** 4.67** 3.76** 9.80** 5.07** 6.87** 

 

Least Squares Means analysis; ns, *** non-significant or significant at P<0.01 

 
 
 
in both seasons (Table 7). The contamination factor (Cf) of 
the metals indicated that Mn (12.41 and 10.78) was highest 
while Cu (4.52 and 4.41) was lowest in both seasons after 
irrigation with 100% sugar mill effluent. The Cf of metals 
were in the order of Mn>Cr>Cd>Zn>Cu after irrigation with 
sugar mill effluent in both seasons (Figure 1). The contents 
of heavy metals were found to be below the maximum 
levels permitted for Cd (6.0 mg kg-1), Cr (10.0 mg kg-1), Cu 
(270 mg kg-1) and Zn (600 mg kg-1) for soil in India (BIS 
1991). Thus, fertigation with sugar mill effluent increased 
nutrients as well as metals content in the soil. 
Contamination of various metals was also observed by 
Amathussalam et al. (2002) in the soil after sugar mill 
effluent irrigation. 
 
Effect of sugar mill effluent on seed germination of S. 
oleracea   
 
The most seed germination (90.00%) of S. oleracea was 
observed with control and the least (74.00 and 70.00%) 
was noted with 100% treatment of sugar mill effluent 
(Figure 2). Germination was found to be negatively 
correlated (r = -0.98) with sugar mill effluent 
concentrations in both seasons. The ANOVA indicated that 
seasons had no significant (P>0.05) effect on seed 
germination and relative toxicity. Sugar mill effluent 
concentrations and their interaction with seasons affected 
seed germination of S. oleracea, but not relative toxicity 
(Table 8).  

The highest relative toxicity (121.62 and 128.57%) of 
sugar mill effluent against germination was observed for 
the 100% sugar mill effluent (Figure 3) and it was observed 
to be positively correlated (r = +0.59 and +0.61) with sugar 
mill effluent concentrations in both seasons. The findings 
are very much in accordance with Krishna and Leelavathi 

(2002) reported that the germination of paddy (Oryza 
sativa L.) was decreased as concentration of the sugar mill 
effluent increased from 50% to 100%. In the present study, 
the higher concentrations (50% to 100%) of sugar mill 
effluent did not support seed germination. The higher 
concentrations of sugar mill effluent lowered germination 
of S. oleracea. It is likely due to the presence of more 
contents of salts and heavy metals in the effluent at these 
concentrations. Seed take up water during germination and 
hydrolyse stored food material and to activate enzymatic 
systems. During germination salts can inhibit seed 
germination. The mechanism of inhibition of seed 
germination by NaCl may be related to radicle emergence 
due to insufficient water absorption, or to toxic effects on 
the embryo. Seed that absorb an insufficient amount of 
water can accumulated a large amount of Cl- when the 
osmotic pressure of the substrate is increased by salts 
concentration, and as a result, the seeds emerged slowly, 
and at higher concentrations do not germinate (Krishna 
and Leelavathi, 2002; Kumar and Chopra, 2010).  
 
Effect of sugar mill effluent on vegetative growth of S. 
oleracea 
 
Vegetative growth at 45 days was affected in both seasons 
(Table 8). Maximum plant height (12.64 and 15.65 cm), 
root length (6.85 and 8.56 cm), dry weight (5.28 and 5.80 
g), chlorophyll content (4.29 and 4.72 mg./g.f.wt) and 
LAI/plant (3.24 and 3.34) of S. oleracea were due to the 
treatment with the 25% concentration of sugar mill effluent 
in both seasons. Average plant height (9.16 and 9.66 cm), 
root length (4.45 and 4.95 cm), dry weight (3.80 and 3.98 
g), chlorophyll content (3.86 and 3.94 mg./g.f.wt) and 
LAI/plant (2.40 and 2.56) of S. oleracea were observed with 
control while plant height (10.52 and 10.87 cm), root length  
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Table 7. Coefficient of correlation (r) between sugar mill effluent and soil 
characteristics in both seasons 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 
 
(5.26 and 5.36 cm), dry weight (4.75 and 4.95 g), 
chlorophyll content (3.96 and 4.12 mg./g.f.wt) and 
LAI/plant (2.78 and 2.90) of S. oleracea were noted with 
100% sugar mill effluent in both seasons. Vijayaragavan et 
al. (2011) reported that the growth of radish (Raphanus 
sativus L.) was decreased when the concentration of sugar 
mill effluent increased. The ANOVA indicated that sugar 
mill effluent concentrations significantly (P<0.05) affected 
plant height, chlorophyll content and LAI of S. oleracea 
(Table 8). Seasons had no effect on plant height, root length, 
dry weight and LAI of S. oleracea. The interaction of seasons 
and sugar mill effluent concentrations only affected plant 
height, chlorophyll content and LAI of S. oleracea (Table 8).  

Plant height, root length, dry weight, chlorophyll content 
and LAI/plant of S. oleracea were recorded to be positively 

correlated with sugar mill effluent concentrations in both 
seasons (Table 9). Kumar and Chopra (2010) reported the 
maximum chlorophyll content in Phaseolus vulgaris (L.) and 
Vigna radiata (L.) at 25% concentration of sugar mill 
effluent. The findings were also supported by Ezhilvannan 
et al. (2011) who reported that the growth of maize (Zea 
mays L.) decreased when concentration of sugar mill 
increased. 

Vegetative growth of S. oleracea was decreased at higher 
concentrations i.e. 50% to 100% of sugar mill effluent. It is 
likely due to that higher content of heavy metals in the 
higher concentrations of sugar mill effluent, which lowered 
the plant height, root length, dry weight, chlorophyll 
content and LAI/plant of S. oleracea. Vegetative growth is 
associated with the development of new  shoots, leaves  and  

Sugar mill effluent /soil characteristics Season r - value 
Sugar mill effluent  versus soil WHC  Rainy -0.86 

Winter -0.85 
Sugar mill effluent  versus soil BD  Rainy -0.89 

Winter -0.87 
Sugar mill effluent  versus soil EC Rainy +0.94 

Winter +0.92 
Sugar mill effluent  versus soil pH Rainy +0.92 

Winter +0.90 
Sugar mill effluent  versus soil OC  Rainy +0.99 

Winter +0.98 
Sugar mill effluent  versus soil Na+  Rainy +0.98 

Winter +0.97 
Sugar mill effluent  versus soil K+  Rainy +0.98 

Winter +0.97 
Sugar mill effluent  versus soil Ca2+  Rainy +0.97 

Winter +0.96 
Sugar mill effluent  versus soil Mg2+ Rainy +0.95 

Winter +0.94 
Sugar mill effluent  versus soil TKN  Rainy +0.99 

Winter +0.99 

Sugar mill effluent  versus soil PO43-  Rainy +0.97 
Winter +0.96 

Sugar mill effluent  versus soil SO42-  Rainy +0.98 
Winter +0.98 

Sugar mill effluent  versus soil Fe2+  Rainy +0.98 
Winter +0.97 

Sugar mill effluent  versus soil Cd  Rainy +0.92 
Winter +0.90 

Sugar mill effluent  versus soil Cr Rainy +0.95 
Winter +0.94 

Sugar mill effluent  versus soil Cu  Rainy +0.97 
Winter +0.96 

Sugar mill effluent  versus soil Mn  Rainy +0.95 

Winter +0.94 
Sugar mill effluent  versus soil Zn Rainy +0.97 

Winter +0.96 
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Figure1: Contamination factor of heavy metals in soil after fertigation with sugar mill effluent in both 
seasons. Error bars are standard error of the mean 
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Figure 2: Seed germination of S. oleracea after fertigation with sugar mill effluent in both seasons. Error 
bars are standard error of the mean 

 
 

Table 8. ANOVA for effect of sugar mill effluent on germination and vegetative growth of S. oleracea 
 

 
Source 

Seed 
germination 

Relative 
toxicity 

Plant 
height 

Root 
length 

Dry 
weight 

Clorophyll 
content 

 
LAI 

Season (S) ns ns ns ns ns ns ns 
SME concentration (C) * ns * ns ns * ns 
Interaction S × C * ns * ns ns * ns 

 

ns, *,  non-significant or significant at P<0.05, ANOVA 

 
 
 
leaf area. Plant height, root length, dry weight and 
LAI/plant of S. oleracea were noted higher at 25% of sugar 
mill effluent, and it may be likely due to maximum uptake of 
nitrogen, phosphorus and potassium by plants. The 
improvement of vegetative growth may be attributed to the 
role of potassium in nutrient and sugar translocation in 

plants and turgor pressure in plant cells. It is also involved 
in cell enlargement and in triggering young tissue or 
mersitematic growth (Porra, 2002). Chlorophyll content 
was found higher due to use of 25% sugar mill effluent in 
both seasons, and is likely due to Fe, Mg and Mn contents in 
the     sugar    mill    effluent,    which    are    associated   with  
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Figure 3: Relative toxicity of sugar mill effluent against seed germination of S. oleracea in both seasons. 
Error bars are standard error of the mean 

 
 

Table 9. Coefficient of correlation (r) between sugar mill effluent and S. oleracea in 
both seasons 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 
 
 
 
 
 
 
chlorophyll synthesis (Porra, 2002; Kumar and Chopra, 
2010; Kisetu et al., 2014). Thus, 25% concentration of sugar 
mill effluent contains optimum contents of nutrients 
required for maximum vegetative growth of S. oleracea. 

Effect of sugar mill effluent on maturity of S. oleracea 
 
At maturity stage (60 days after sowing), the maximum 
number of  leaves/plants  (14.00  and 16.00),  leaves  length  

Sugar mill effluent /   S. oleracea Season r - value 
Sugar mill effluent  versus plant height Rainy +0.75 

Winter +0.74 
Sugar mill effluent  versus root length Rainy +0.34 

Winter +0.32 
Sugar mill effluent  versus dry weight Rainy +0.45 

Winter +0.42 
Sugar mill effluent  versus chlorophyll content Rainy +0.68 

Winter +0.65 
Sugar mill effluent  versus LAI Rainy +0.74 

Winter +0.72 
Sugar mill effluent  versus  no. of leaves/plant Rainy +0.54 

Winter +0.52 
Sugar mill effluent  versus leaves length  Rainy +0.48 

Winter +0.47 
Sugar mill effluent  versus crop yield/plant  
 

Rainy +0.32 

Winter +0.30 
Sugar mill effluent  versus harvest index Rainy +0.40 

Winter +0.38 
Sugar mill effluent  versus Cd Rainy +0.96 

Winter +0.97 
Sugar mill effluent  versus Cr Rainy +0.95 

Winter +0.96 
Sugar mill effluent  versus Cu Rainy +0.98 

Winter +0.99 
Sugar mill effluent versus Mn Rainy +0.98 

Winter +0.99 

Sugar mill effluent  versus Zn Rainy +0.97 
Winter +0.98 
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Table 10. ANOVA for effect of sugar mill effluent on maturity stage of S. oleracea 
 
 

 

ns, non-significant 

 
 
Table 11. ANOVA for effect of sugar mill effluent on concentrations of metals in S. oleracea 

 
Source Cd Cr Cu Mn Zn Crude proteins Crude fiber Total carbohydrates 
Season (S) * * * ns * * * * 
SME concentration (C) ** ** ** ** ** ** ** ** 
Interaction S × C ** ** ** ** ** ** ** ** 

 

ns, *, ** non-significant or significant at P<0.05 or P<0.01, ANOVA. 

 
 
 
(14.55 cm and 15.78 cm) fresh yield/plant (24.90 and 27.75 
g) and HI (424.27 and 442.10%) of S. oleracea were 
recorded with 25% concentration of sugar mill effluent in 
both seasons. Numbers of leaves/plant, leaves length, crop 
yield/plant and HI of S. oleracea were noted to be positively 
correlated with all concentrations of sugar mill effluent in 
both seasons (Table 9). Numbers of leaves/plant, leaves 
length, crop yield/plant and HI of S. oleracea were not 
affected by seasons, sugar mill effluent concentrations and 
their interaction (Table 10). The least number of 
leaves/plants (9.00 and 10.00), leaves length (9.53 cm and 
9.86 cm) fresh yield/plant (15.90 and 16.55 g), and HI 
(390.50 and 396.58%) of S. oleracea were with the control 
while moderate leaves/plants (11.00 and 13.00), leaves 
length (10.75 cm and 11.96 cm) fresh yield/plant (19.60 
and 20.40 g) and HI (394.44 and 398.96%) of S. oleracea 
were recorded with 100% sugar mill effluent in both 
seasons. 

The role of K, Fe, Mg and Mn at maturity is important and 
associated with synthesis of chlorophyll, and enhances the 
crop yield (Kumar and Chopra, 2012, 2013a, b). The K, Fe, 
Mg and Mn contents could enhance the yield of maize (Zea 
mays L.) as reported by Ezhilvannan et al. (2011). The 25% 
sugar mill effluent favored crop yield of S. oleracea. This is 
likely due to the presence of K, Fe, Mg and Mn in 25% sugar 
mill effluent; higher concentrations i.e. 50% to 100% of 
sugar mill effluent lowered crop yield of S. oleracea, thus 
inhibited the growth of S. oleracea and it may be due to the 
presence of more heavy metals, which reduced the uptake 
of nutrients. 
 
Effect on biochemical components and heavy metals in 
S. oleracea 
 
The contents of various heavy metals were found to be 
positively correlated with all concentrations of sugar mill 
effluent in both seasons (Table 9). Seasons, all 

concentrations of sugar mill effluent and their interaction 
affected all the biochemical constituents like crude fiber, 
and total carbohydrates, and metals Cd, Cr, Cu, Mn and Zn 
in S. oleracea (Table 11). Maximum crude proteins, crude 
fiber and total carbohydrates were recorded with 25% 
concentration of sugar mill effluent in both seasons 
(Figures 4, 5, 6). Contents of crude proteins (r = +0.59 and r 
= +0.56), crude fiber (r = +0.41 and r = +40) and total 
carbohydrates (r = +0.50 and r = +0.49) were noted to be 
positively correlated with all concentrations of sugar mill 
effluent in both seasons. The 25% to 100% concentrations 
of sugar mill effluent affected contents of Cd, Cr, Cu, Mn and 
Zn in S. oleracea. The most contents of Cd, Cr, Cu, Mn and Zn 
in S. oleracea were observed with 100% sugar mill effluent 
(Figures 7, 8). It might be due to the presence of more 
heavy metals in 100% sugar mill effluent, which added 
more metals in the soil due to irrigation. Contamination of 
various metals was also observed by Krishna and 
Leelavathi (2002) in paddy crops after sugar mill effluent 
irrigation. Olusegun et al. (2011) reported that wastewater 
irrigation significantly increased the contents of heavy 
metals Cd, Cu, Cr, Zn and Pb in the soil and S. oleracea.  

The accumulation of Cu, Mn and Zn except Cd and Cr in S. 
oleracea was noted below the permissible limit of 
FAO/WHO standards for Cd (0.20 mg Kg -1), Cr (2.30 mg Kg 
-1), Cu (40.00 mg Kg -1) and Zn (60.00 mg Kg -1) (FAO/WHO 
2011). The contamination factor (Cf) of heavy metals was 
affected in both seasons (Figure 8). The Cf of various metals 
was in the order of Cu>Zn>Mn>Cd>Cr in S. oleracea after 
irrigation with sugar mill effluent (Figure 9). The highest 
contamination factor was noted for Cu (9.42 and 8.37), 
while the least was found for Cr (4.52 and 3.86) in S. 
oleracea with 100% sugar mill effluent in both seasons. The 
contents of these metals were more at 50% to 100% 
concentrations of sugar mill effluent, and likely inhibited 
growth of S. oleracea. The 25% concentration of sugar mill 
effluent favored vegetative growth, flowering  and  maturity  

Source  No. of leaves Leaves length Crop yield/plant  Harvest index (HI) 
Season (S) ns ns ns ns 
SME concentration (C) ns ns ns ns 
Interaction S × C ns ns ns ns 
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Figure 4: Crude proteins in S. oleracea after fertigation with sugar mill effluent in both seasons. Error 
bars are standard error of the mean 
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Figure 5: Crude fiber in S. oleracea after fertigation with sugar mill effluent in both seasons. Error bars are 
standard error of the mean 
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Figure 6: Total carbohydrates in S. oleracea after fertigation with sugar mill effluent in both seasons. 
Error bars are standard error of the mean. 
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Figure 7: Content of Cd, Cr and Cu in S. oleracea after fertigation with sugar mill effluent in both seasons. 
Error bars are standard error of the mean 
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Figure 8: Content of Mn and Zn in S. oleracea after fertigation with sugar mill effluent in both 
seasons.Error bars are standard error of the mean 
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Figure 9: Contamination factor of heavy metals in S. oleracea after fertigation with sugar mill effluent in 
both seasons. Error bars are standard error of the mean 



 
 
 
 
of S. oleracea. This is likely due to optimal uptake of these 
metals by crop plants, which supports various biochemical 
and physiological processes.  
 
 
Conclusions 
 
The results reported here show that the sugar mill effluent 
was rich in plant nutrients and heavy metals. Sugar mill 
effluent fertigation increased the contents of nutrients and 
heavy metal in the soil in both seasons. The maximum 
agronomic and biochemical components like crude 
proteins, crude fiber and total carbohydrates in S. oleracea 
were observed with 25% concentration of sugar mill 
effluent in both seasons. The growth of S. oleracea was 
inhibited at higher concentrations (50% to 100%) it might 
be due to the presence of more contents of heavy metals at 
these concentrations. The accumulation of Cd, Cu, Cr, Mn 
and Zn was increased in soil and S. oleracea from 5% to 
100% concentrations of sugar mill effluent in both seasons. 
The contamination factor (Cf) of various heavy metals was 
in order of Mn>Cr>Cd>Zn>Cu for soil and 
Cu>Zn>Mn>Cd>Cr for S. oleracea plants after fertigation 
with sugar mill effluent. The contents of Cu, Mn and Zn 
except Cd and Cr in S. oleracea were noted under the 
permissible limit of FAO/WHO standards. Thus, this study 
suggests that there may not be a significant threat posed by 
heavy metals contamination of S. oleracea and soils. 
Moreover, sugar mill effluent has potentiality for its use as 
biofertigant in the form of plant nutrients needed by S. 
oleracea crop plant. Therefore, it can be used as agro-based 
biofertigant after its appropriate dilution for irrigation 
purposes to avoid the contamination of soil and S. oleracea. 
Further studies on the regular monitoring related to the 
effluent fertigation and contamination of soil and S. 
oleracea is needed. 
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