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Abstract 

Effect of domestic effluents on tomato crop Solanum lycopersicum (L.) production” was carried out 

during 2015-2016 in pot experiment in the experimental farm of Department of Environmental Science, 

Dr. Y. S. Parmar University of Horticulture and Forestry, Nauni, Solan which is located at an altitude of 

1273 m amsl and at latitude of 35.5°N, longitude of 77.8°E. The studies were conducted in pot 

experiment, comprising of 4 treatments viz., T1 (75% of domestic effluent), T2 (50% of domestic 

effluent), T3 (25% of domestic effluent) and T4 (control, pond water). The whole set of experiment was 

carried out in 3 replications in CRD. The analysis of effluent (100%) indicated pH in the range of 5.92 - 

6.84, As content below permissible level, Cd, Cr, Cu, Fe and Pb content above permissible level except 

for pond water, high, Hg content (much above the permissible level) and negligible amount of Ni. 

Statistically, lowest number of flowers and lowest number of fruits were recorded at treatment T4 

(control, pond water) as compared to domestic effluent. Lowest leaf area was recorded at treatment T4, 

respectively. Lowest plant height was recorded in treatment T4, respectively. The number of branches 

varied from 2-3. The highest tomato fruit weight and yield was recorded in treatment T1, respectively. 

The As, Cd, Cr, Cu and Pb content was below permissible level, whereas, Fe content was above the 

permissible level for soil and Ni was negligible. Heavy metal contents for tomato leaves and fruits was 

below the permissible level. The N, P, K values for soil, leaves and fruits of tomato varied, respectively. 

 

Keywords: Heavy metal, effluent, heavy metal accumulation 

 

Introduction 

Water is a vital and precious Natural Resource which forms the basis of life. It is the median 

for development of civilizations all over the world and plays vital role in socio-economic 

development of a country. Water has become of serious economic, social and political 

concerns since last two decades due to its reduced availability and requirement in various 

sectors. Irrigation of crops with effluents is a very common practice in India due to scarcity of 

water for irrigation (Sharma et al., 2007, Arora et al., 2008) [37, 3]. Effluent is defined as 

wastewater treated or untreated that flows out of a treatment plant, sewer or industrial outflow 

(USEPA, 2006) [47]. Apart from domestic wastewater, application of wastewater/ effluents 

from agro industrial units, distillers and domestic or municipal effluents in agriculture is a 

common practice in many parts of the world. There are beneficial and damaging effects of 

wastewater irrigation on crops including vegetables (Ramana et al., 2002; Saravanamoorthy 

and Ranjitha-Kumari, 2007) [31]. Vegetables constitute an important part of the human diet 

since they contain carbohydrates, proteins, vitamins, minerals and fibers required for human 

health. Tomato (Lycopersicum esculentum L.) is one of the most widely grown crops in the 

world, with global tomato production exceeding 141 million tonnes yr-1 (Faostat, 2009) [9]. 

Himachal Pradesh is well known for off-season commercial vegetable crop production viz., 

tomato, cauliflower, cabbage, peas, potato etc. 

 

Materials and methods 

Four to five week old seedlings of tomato (Solanum lycopersicum) variety-Solan Lalima were 

procured from the Department of Vegetable Science, Dr Y.S. Parmar university of 

Horticulture and Forestry, Nauni-Solan, H.P. and planted in pots of 16 kg capacity in the 

month of April. The pots were filled with planting materials i.e. sand, soil and FYM in the 

ratio 1:1:1. The seedlings were irrigated daily with pond water until their establishment. The 

seedling took approximately one month for the establishment. Domestic effluent was collected 

from domestic treatment plant Nauni, Solan. The effluents were further diluted with water for 

preparing working concentrations. The quantity of effluents required for irrigating per pot was 

standardized according to the capacity of the soil per pot. The whole set of experiment was 

laid in three replications. 
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The effluent treatments were given twice in every week for 3 

months, after the establishment of the seedling. The effluents 

were analysed for various biochemical and morphological 

parameters. 

 

Biochemical parameters 

pH was estimated in 1:2 soil water suspension (Jackson, 

1973) [13] by using microprocessor based pH meter (Model 

510 of EIA make), turbidity was measured by using 

nephlometeric turbidity meter and expressed as (NTU) 

nephlometric turbidity unit, electrical conductivity and total 

dissolved solids (TDS) was measured using microprocessor 

based conductivity meter (Model-1601 EIA make), alkalinity 

of the effluents was recorded by using titration method, BOD 

was estimated by using 5 day BOD test as per 5210 B method 

(APHA, 2011) [2], The COD was estimated by oxidizing the 

effluent sample with hot H2SO4 solution of potassium 

chromate with silver sulphate as the catalyst by using closed 

reflux colorimetric method as per 5220 D method (APHA, 

2011) [2], the effluent samples were filtered with Whatman 

filter paper (No. 1). The samples for detection of heavy metal 

were prepared as per the digestion method of US-EPA 3050 B 

method (APHA, 2011) [2]. Heavy metals were estimated by 

using Inductively Coupled Plasma Emission Spectrometer-

6300 DUO (ICAP-6300 Duo), concentration expressed as mg 

kg-1. 

 

Studies on morphological parameter of tomato irrigated 

with domestic effluent 

Various morphological parameters and quality parameters of 

the tomato plant viz., leaf area, plant height, number of 

branches, average fruit weight, yield/plant, heavy metals and 

mineral elements were studied. Randomly five leaves were 

collected from each plant and leaf area was measured with 

leaf area meter (Model-LI-COR-3100), the values were 

expressed as average leaf area (cm2). Plant height was 

measured at the end of the experiment from soil level to the 

highest tip of the plant and mean height was expressed in 

meters (cm), number of branches in each seedlings were 

counted at the end of the experiment, at every harvest total 

fruit/plant was weighed by using weighing balance and mean 

fruit weight was expressed in (g), total yield was calculated 

by adding the total weight of the fruit at each harvest/plant. 

 

Studies on quality parameters of tomato irrigated with 

domestic effluents 

Preparation of samples and detection of heavy metals in 

leaf/fruit 

The samples for detection of heavy metals were prepared as 

per method of Singh et al. (2005) [39].  

 

Detection of mineral elements in leaf and fruit of tomato 

Total nitrogen was determined by microkjeldhal method 

(Jackson, 1973) [13] and expressed as (%), total phosphorus 

was determined by Vando-molybdo-phosphoric yellow colour 

method (Jackson, 1973) [13] and expressed as (%), total 

potassium was determined by flame photometer method 

(Jackson, 1973) [13] and expressed as (%). 

 

Soil Analysis 

Heavy metal estimation in soil 

The samples were digested in nitric acid and hydrogen 

peroxide mixture by using US-EPA 3050 B method (APHA, 

2011) [2] and heavy metals estimated by Inductively Coupled 

plasma Emission Spectrometer-6300 DUO (Model ICAP-

6300 DUO), and concentration expressed as mg/kg. 

 

Detection of mineral elements in soil 

Available nitrogen was determined by alkaline potassium 

permanganate method (Subbiah and Asija, 1956) [44] and 

expressed as kg/ha, available phosphorus was determined by 

extraction with ammonium molybdate solution (Olsen et al., 

1954) [25] and expressed as kg/ha, available potassium was 

determined by ammonium acetate method (Merwin and 

Peech, 1951) [22], estimated with a flame photometer and 

expressed as kg/ha. 

 

Statiscal Analysis 

The data generated in the study was analysed by using 

standard statistical procedure through CRD (Completely 

Randomised Design) as per method described by Cochran and 

Cox (1963) [8]. 

 

Results  

Physico-chemical characteristics of domestic effluents 

The physico-chemical analysis of the domestic effluents 

which were selected for the study is presented in Table 1. The 

pH was higher in domestic 6.57 than the pond water 6.5. The 

turbidity, EC, TDS, alkalinity and BOD values were more in 

the effluents as compared to the control i.e. pond water. 

Whereas, COD was less for domestic as compared to pond 

water (141.00). The arsenic (As), cadmium (Cd) and 

chromium (Cr) content was 0.12; 0.22 and 1.07 ppm in 

analyzed domestic, respectively. The As content was below 

the permissible level in domestic effluent (0.12 ppm). 

Whereas, the Cd content was above the permissible level 

except in control (pond water, 0.07 ppm). Similarly, Cr 

content was also above the permissible level except for pond 

water (0.07 ppm). 

The copper (Cu), iron (Fe) and lead (Pb) content was 6.67; 

21.20 and 0.77 ppm in domestic effluents, respectively. The 

Cu content was above the permissible level except for control 

(pond water, 0.07 ppm), also the Fe content was above the 

permissible level except for control, pond water (0.22 ppm). 

Similarly, Pb content was above the permissible level except 

for control, pond water (0.05 ppm). Among all the heavy 

metals, mercury (Hg) content was much above the 

permissible level (0.005 ppm) i.e 4.00 in domestic effluents, 

respectively as compared to 0.30 ppm in control (pond water). 

 
Table 1: Physico-chemical characteristics of domestic effluents 

 

Parameters Domestic effluent (100% ) Control (pond water) Permissible limits 

pH 6.57 6.50 6.5 

Turbidity (NTU) 21.24 10.62 1 

EC (dSm-1) 1.99 0.36 2 

TDS (mg/l) 161.00 88.32 1300 

Alkalinity (mg/l) 360.00 198.00 200 

BOD 36.00 20.00 20 

COD 51.00 141.00 250 
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As (ppm) 0.12 0.02 0.2 

Cd (ppm) 0.22 0.07 0.03 

Cr (ppm) 1.07 0.07 0.3 

Cu (ppm) 6.67 0.05 1.0 

Fe (ppm) 21.20 0.22 0.3 

Ni (ppm) -1.04 0.07 0.2 

Pb (ppm) 0.77 0.05 0.1 

Hg (ppm) 4.00 0.30 0.005 

 

Morphological parameters of tomato crop 

Periodic variation in number of flowers and fruits under 

domestic effluent treatments in tomato crop and effect of 

domestic effluent treatments on various growth 

parameters of tomato 

The data recorded on number of flowers per plant is presented 

in Table 2. Highest total number of flowers (48.29) were 

recorded at treatment T3 (25% of domestic effluent). Whereas, 

lowest number of flowers (42.31) was recorded for treatment 

T4 (control, pond water) which was statistically different from 

all other treatments. The data pertaining to number of fruits 

per tomato plant is presented in Table 2. Highest (67.30) total 

number of fruits were recorded in T3(25% of domestic 

effluent). Whereas, the lowest (47.90) total number of fruits 

were recorded at T4 (control, pond water) followed by T1 

(75% of domestic effluent) and T2 (50% of domestic effluent).  

The data pertaining to leaf area, number of branches, plant 

height, average fruit weight and yield per plant for tomato 

crop is presented in Table 2. Highest leaf area (34.20 cm2) 

was recorded in treatment T1 (domestic effluent) followed by 

T2 (50% of domestic effluent). Whereas, lowest leaf area of 

16.50 cm2 was recorded in T3 (25% of domestic effluent). 

 

 
Table 2: Periodic variation in number of flowers and fruits under domestic effluent treatments in tomato crop and effect of effluent treatments 

on various growth parameters of tomato 
 

Treatments Parameters 

 
Total No. of Flowers 

Total No. 

of fruits 

Leaf area 

(cm2) 

Plant height 

(cm) 

Number of 

branches 

Average fruit 

weight (g) 
Yield/ plant (g) 

T1(Domestic effluent75%) 44.98 50.30 34.20 108.70 3.00 47.96 293.60 

T2(Domestic effluent 50%) 47.30 55.60 30.80 131.70 3.00 52.33 379.50 

T3(Domestic effluent 25%) 48.29 67.30 16.50 138.70 3.00 86.04 699.00 

T4 (Control, pond water) 42.31 47.90 22.90 92.00 2.66 71.98 558.80 

CD0.05 1.08 1.11 2.38 28.51 1.10 32.04 151.50 

 

Whereas, lowest plant height of 92.00 cm was recorded in T4 

(control, pond water) which was statistically at par with 

treatments T1 (75% of domestic effluent), respectively. The 

mean number of branches in tomato crop irrigated with 

different effluent treatments varied from 2-3 (Table 2). 

Lowest number of branches (2.66) was recorded in treatments 

T4 (control, pond water). Thus, from the data it is evident that 

there was no significant impact of effluent treatment when 

compared with control on number of branches beared by 

tomato. 

The observations recorded on average weight of fruits of 

tomato crop irrigated with different effluents (Table 2) 

indicated that the fruit weight varied from 47.96 g to 86.04 g. 

Highest fruit weight 86.04 g was recorded in treatment T3 

(25% of domestic effluent). Whereas, the lowest fruit weight 

(47.96 g) was recorded at T1 (75% of domestic effluent). The 

total yield (g) per individual tomato plant when irrigated with 

domestic effluent treatments was calculated after harvest 

(Table 2). The average yield/tomato plant varied from 293.60 

to 699.00 g. The highest yield of 699.00 g was recorded in 

treatment T3 (25% of domestic effluent). Lowest yield of 

293.60 g was recorded for treatment T1 (75% of domestic 

effluent). 

 

Effect of domestic effluents on status of heavy metals and 

mineral nutrients in soil, leaves and fruits 

The data presented in Table 3, shows status of heavy metals in 

soil of tomato pot plants when irrigated with different dilution 

of domestic effluents. The arsenic content in soil ranged from 

0.02 to 0.07, highest (0.07 ppm) being at treatment T1 (75% 

of domestic effluent) whereas, lowest As content (0.02 ppm) 

was recorded in T3 (25% of domestic effluent) and T4 

(control, pond water). The Cd values in soil ranged from 0.02 

to 0.05 ppm. Highest Cd content (0.05 ppm) was recorded in 

treatment T1 (75% of domestic effluent) which was followed 

by T2 (50% of domestic effluent, 0.05 ppm) whereas, lowest 

(0.02 ppm) was recorded at treatments T4 (control, pond 

water). The chromium (Cr) content in the soil varied from 

0.02 to 0.50 ppm. Statistically highest Cr content (0.50 ppm) 

was recorded at T1 (75% of domestic effluent) followed by T2 

(50% of domestic effluent), T3 (25% of domestic effluent) 

whereas, statistically the lowest Cr content (0.02 ppm) 

recorded at T4(control, pond water). Similarly Cu content of 

0.95 ppm was recorded highest at treatment T1 (75% of 

domestic effluent) followed by T2 (50% of domestic effluent) 

and lowest Cu content of 0.37 ppm was recorded at T4 

(control, pond water). Highest Fe content (29.15 ppm) was 

recorded at treatment T1 (75% of domestic effluents) whereas, 

statistically lowest Fe content (2.77 ppm) was recorded at 

treatment T4 (control, pond water). The soils samples for all 

the treatments were also analyzed for heavy metals but 

negligible content of Nickel (Ni) was recorded in all the 

analysed effluents (100% concentration). The lead (Pb) 

content in the soils ranged from 0.10 to 0.60 ppm. 

Statistically, highest Pb content (0.60 ppm) was recorded at 

treatments T1 (75% of domestic effluent) followed by T2 

(50% of domestic effluent, 0.50 ppm) whereas, lowest Pb 

content (0.10 ppm) was observed at T4 (control, pond water), 

respectively. The mercury (Hg) contents in the soils of tomato 

crop when irrigated with effluents ranged from 1.17 to 2.05 

ppm. Highest Hg (2.05 ppm) was recorded at treatment T1 

(75% of domestic effluent) which was statistically at par with 

T2 (50% of domestic effluent, 1.70 ppm), whereas, lowest Hg 

(1.17 ppm) was recorded at T4 (control).  
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Table 3: Effect of domestic effluents on status of heavy metals and mineral nutrients in soil, leaves and fruits 

 

Treatments 
Heavy metals in soil (ppm) Mineral nutrients (Kg/ha) 

As Cd Cr Cu Fe Ni Pb Hg N P K 

T1 (Domestic effluent 75%) 0.07 0.05 0.50 0.95 29.15 -0.90 0.60 2.05 227.00 9.14 128.10 

T2 (Domestic effluent 50%) 0.05 0.05 0.45 0.70 26.45 -0.10 0.50 1.70 288.00 11.33 128.90 

T3 (Domestic effluent 25%) 0.02 0.02 0.30 0.67 27.3 -0.07 0.47 1.22 309.40 22.85 129.00 

T4 (Control, pond water) 0.02 0.02 0.02 0.37 2.77 0.05 0.10 1.17 222.90 5.79 120.00 

CD0.05 0.02 0.02 0.15 1.32 4.23 0.17 0.71 0.54 4.18 1.46 1.43 

Treatments 
Heavy metals in leaves (ppm) Mineral nutrients (%) 

As Cd Cr Cu Fe Ni Pb Hg N P K 

T1 (Domestic effluent 75%) 0.07 0.05 0.40 0.55 30.52 -0.22 0.55 1.57 2.62 0.72 2.46 

T2 (Domestic effluent 50%) 0.02 0.02 0.37 0.47 20.87 -0.07 0.55 1.37 2.76 0.78 2.51 

T3 (Domestic effluent 25%) 0.02 0.02 0.12 0.20 15.17 -0.77 0.35 0.95 2.81 0.86 2.58 

T4 (Control, pond water) 0.05 0.22 0.02 0.05 0.22 -0.22 0.17 0.15 2.61 0.76 2.50 

CD0.05 0.05 0.24 0.21 0.22 6.55 2.68 0.40 0.60 0.15 0.03 0.09 

Treatments 
Heavy metals in fruits (ppm) Mineral nutrients (%) 

As Cd Cr Cu Fe Ni Pb Hg N P K 

T1 (Domestic effluent 75%) 0.02 0.02 0.30 0.25 2.82 -0.12 0.37 1.05 2.49 0.60 2.22 

T2 (Domestic effluent 50%) 0.02 0.02 0.07 0.12 2.27 -0.30 0.25 0.25 2.70 0.68 2.37 

T3 (Domestic effluent 25%) 0.02 0.02 0.02 0.02 1.55 -0.02 0.05 0.12 2.78 0.79 2.46 

T4 (Control, pond water) 0.02 0.02 0.02 0.02 0.05 -0.02 0.02 0.02 2.62 0.62 2.21 

CD0.05 0.02 0.02 0.11 0.15 1.25 0.02 0.13 0.41 0.15 0.07 0.05 

 

The data presented in Table 3 shows the effect of domestic 

effluent on status of heavy metals in leaves of tomato crop. 

The arsenic content in leaves ranged from 0.02 to 0.07 ppm, 

highest (0.07 ppm) being at treatment T1 (75% of domestic 

effluent) whereas, lowest As content (0.02 ppm) was recorded 

in T2 (50% of domestic effluent) which was statistically at par 

with T3 (25% of domestic effluent, 0.02 ppm) andT13 (control, 

0.05 ppm), respectively. The Cd values in leaves ranged from 

0.02 to 0.22 ppm. Highest Cd content (0.22 ppm) was 

recorded in treatment T4 (control, pond water) whereas, 

lowest Cd content (0.02 ppm) was recorded at treatments T2 

(50% of domestic effluent) which was statistically at par with 

T3 (25% of domestic effluent, 0.02 ppm and T1 (75% of 

domestic effluent, 0.05 ppm), respectively. The chromium 

(Cr) content in the leaves varied from 0.02 to 0.40 ppm. 

Highest Cr content (0.40 ppm) was recorded at T1 (75% of 

domestic effluent) followed by T2 (50% of domestic effluent, 

0.37 ppm) whereas, the lowest Cr content (0.02 ppm) 

recorded at T4 (control) was statistically at par with T3 (25% 

of domestic effluent, 0.12 ppm), respectively. 

Statistically, Cu content was recorded highest (0.55 ppm) at 

treatment T1 (75% of domestic effluent) whereas, lowest Cu 

content of 0.05 ppm was recorded at T4 (control) which was 

statistically at par with T3(25% of domestic effluent), 

respectively. The iron (Fe) content in leaves varied from 0.22-

30.52 ppm. Statistically highest Fe content (30.50 ppm) was 

recorded at treatment T1 (75% of domestic effluents) followed 

by T2 (50% of domestic effluent) whereas, lowest Fe content 

(0.22 ppm) was recorded at treatment T4 (control, pond 

water), respectively. The leaves samples for all the treatments 

were also analyzed for heavy metals but contents of Nickel 

(Ni) was recorded negligible. The lead (Pb) content in the 

leaves ranged from 0.17 to 0.55 ppm. Highest Pb content 

(0.55 ppm) was recorded at treatments T1 (75% of domestic 

effluent) which was statistically at par with T2 (50% of 

domestic effluent) and T3 (25% of domestic effluent) 

whereas, lowest Pb content (0.17 ppm) was observed at T4 

(control, pond water). The mercury (Hg) contents in the 

leaves of tomato ranged from 0.15 to 1.57 ppm. Highest Hg 

(1.57 ppm) was recorded at treatment T1 (75% of domestic 

effluent) which was statistically at par with T2 (50% of 

domestic effluent) whereas, lowest Hg (0.15 ppm) was 

recorded at T4 (control, pond water), respectively.  

The arsenic content in fruits was 0.02 ppm in all the 

concentration and control. The Cd values in fruits was also 

0.02 ppm. The chromium (Cr) content in the fruits varied 

from 0.02 to 0.30 ppm. Highest Cr content (0.30 ppm) was 

recorded at T1 (75% of domestic effluent) which was 

statistically at par with T2 (50% of domestic effluent) 

whereas, the lowest Cr content (0.02 ppm) recorded at T4 

(control), respectively. Statistically, Cu content was recorded 

highest (0.25 ppm) at treatment T1 (75% of domestic effluent) 

followed by T2 (50% of domestic effluent) whereas, lowest 

Cu content of 0.02ppm was recorded at T4 (control) which 

was statistically at par with all the effluent treatments except 

T1 (75% of domestic effluent), respectively. The iron (Fe) 

content in fruits varied from 0.05-2.82 ppm. Statistically, 

highest Fe content (2.82 ppm) was recorded at treatment T1 

(75% of domestic effluents) followed by T2 (50% of domestic 

effluent) and T3 (25% of domestic effluent) whereas, lowest 

Fe content (0.05 ppm) was recorded at treatment T4 (control, 

pond water), respectively. The fruit samples for all the 

treatments were also analyzed for heavy metals but contents 

of Nickel (Ni) was recorded negligible. The lead (Pb) content 

in the fruits ranged from 0.02 to 0.37 ppm. Highest Pb content 

(0.37 ppm) was recorded at treatments T1 (75% of domestic 

effluent) followed by T2 (50% of domestic effluent) and T3 

(25% of domestic effluent) whereas, lowest Pb content (0.02 

ppm) was observed at T4 (control, pond water), respectively. 

The mercury (Hg) contents in the fruits of tomato ranged from 

0.02 to 1.05 ppm. Statistically, highest Hg (1.05 ppm) was 

recorded at treatment T1 (75% of domestic effluent) followed 

by T2 (50% of domestic effluent) and T3 (25% of domestic 

effluent) whereas, lowest Hg (0.02 ppm) was recorded at T4 

(control, pond water) which was statistically at par with all 

the treatments except T1 (75% of domestic effluent), 

respectively. 

The data presented in Table 3 represented the effect of 

domestic effluent treatments on N, P, K content in soil, leaves 

and fruits of tomato crop. Statistically highest nitrogen 

content of 309.40 kg/ha was recorded at treatment T3 (25% of 

domestic effluent) followed by T2 (50% of domestic effluent) 

whereas, lowest nitrogen content of 222.90 kg/ha was 

recorded at treatment T4 (control, pond water), respectively. 

Statistically, highest phosphorous content of 22.85 kg/ha was 

recorded at T3 (25% of domestic effluent) whereas, lowest 
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phosphorous content of 5.79 kg/ha was recorded at treatment 

T4 (control, pond water), respectively. Statistically, highest 

potassium content of 129.00 kg/ha was recorded at T3 (25% 

of domestic effluent) whereas, lowest potassium content of 

120.00 kg/ha was recorded at T4 (control, pond water), 

respectively. 

Highest nitrogen content (2.81%) in leaves were recorded in 

treatment T3 (25% of domestic effluent) which was 

statistically at par with treatments T2 (50% of domestic 

effluent). Whereas, lowest nitrogen content were recorded in 

treatment T4 (control, 2.61%) which was statistically at par 

with treatment T1 (75% of domestic effluent). Similarly, 

highest phosphorus content (0.86%) was recorded in 

treatment T3 (25% of domestic effluent) whereas, statistically 

lowest phosphorus content (0.72%) was recorded in treatment 

T1 (75% of domestic effluent), respectively. Statistically, 

highest potassium content (2.58%) was recorded in treatment 

T3 (25% of domestic effluent) whereas, lowest potassium 

content (2.46%) was recorded in treatment T1 (75% of 

domestic effluent). 

In fruits of tomato crop, highest nitrogen content (2.78%) was 

recorded in treatment T3 (25% of domestic effluent) which 

was statistically at par with treatment T2 (50% of domestic 

effluent) and T4 (control, 2.62%). Whereas, lowest nitrogen 

content were recorded in treatment T1 (75% of domestic 

effluent). Similarly, highest phosphorus content (0.79%) was 

recorded in treatment T3 (25% of domestic effluent) whereas 

lowest phosphorus content was recorded at treatment T1 (75% 

of domestic effluent). The highest potassium content (2.46%) 

was recorded in treatment T3 (25% of domestic effluent) 

whereas, lowest potassium content was recorded in treatment 

T4 (control), respectively. 
 

Discussion 

Physico-chemical characteristics of domestic effluents 

These findings are in confirmation with the findings of 

Somashekar et al. (1984) [43] who reported high levels of 

BOD, COD, dissolved solids, suspended solids and residual 

chlorine as compared to ISI standard. Further, the pH of all 

the effluents was on alkaline side in the automobile industry 

situated close to Mysore (Karnataka). Turbidity in water is 

caused by the presence of suspended matter such as clay, silt, 

finely divided organic/inorganic matter plankton and other 

microscopic organisms (Mishra, 2010) [23]. High turbidity 

values are in agreement with the results of Gupta et al. 

(2013). Similarly, Vaidhyanathan et al. (1995) [48] reported pH 

in the range of 4-4.2 and Vasanthy et al. (2004) [49] recorded 5 

pH for untreated and 6.8 pH for treated wastewater as 

compared 6.84 reported in the present study. 
 

Periodic variation in number of flowers and fruits under 

domestic effluent treatments in tomato crop and effect 

various growth parameters of tomato 

Detrimental effect of industrial effluents on the flowering of 

okra (Abelomoschus esculentus) with mean values for fruit 

numbers 3 has been reported by (Uaboi-Egbennai et al., 2009) 

[46]. The present study find support from the study of Rajan 

and Periyasamy (2013) [29] who reported declined trend in 

number of fruits with increase in the quantity of the 

electroplating industry effluent residue (500–2500 mg, 

12.33±1.15–7.67±0.58), as compared to control (13.67±1.53). 

Detrimental effect of industrial effluent on the fruiting of okra 

(A. esculentus) with mean number of fruits viz., 4, 4, 3, 4, 3, 9 

for main drain, detergent bar, toiletries, paint, plastic and 

control, respectively has been reported by (Uaboi- Egbenni et 

al., 2009) [46]. These findings are in confirmation with the 

findings of Magre and Khillare (2016) [19] reported decrease in 

the number of fruits of tomato crop when irrigated with 20, 

40, 60 and 80 per cent concentrations of tannery effluents i.e 

5±0.258, 3±0.167, 2±0.14 as compared to control 6±0.258. 

Similarly in an study on effect of different quantities viz., 0, 

200, 400, 600, 800, 1000 and 1200 mg of dyeing industrial 

effluent residue on number of fruits on brinjal (Solanum 

melongena) on 90th day, the number of fruits decreased with 

increasing concentration of residues i.e 1.0, 1.0, 1.0, 0.0, 0.0 

and 0.0 respectively (Rajan et al., 2013) [29]. Similar to present 

findings, the reduction in leaf area index of brinjal at higher 

concentration 1200 mg was 12 cm2 as compared to 50 cm2 in 

control of dyeing industrial effluent residues (Rajan et al. 

2013) [30]. Whereas, at 25 per cent of tannery effluent treated 

plant showed an increase leaf area of tomato (Karunyal et al., 

2000) [15]. In general with application of increasing 

concentrations of effluents there was increase in plant height 

of the crop. Similar to present findings, the decrease in plant 

height for industrial effluent as compared to control observed 

in the present study can be support from the findings of 

Magre and Khillare (2016) [19] who reported decrease in the 

plant height of tomato crop when irrigated with 20, 40, 60 and 

80 per cent concentrations of tannery effluents i.e. 

54.8±0.514, 50.1±0.305, 46.3±0.217 and 25.9±0.94, 

respectively as compared to control 60.7±0.728. Whereas, 

Medhi et al. (2011) [21] reported that plant height of mustard 

and pea crop showed an increased trend up to 30 per cent 

concentration of paper mill effluent applied on soil and 

thereafter, gradually decreased, which supports the present 

results of increase in plant height with decrease in 

concentration of the effluents in all the treatments. These 

findings are in confirmation with the findings of Aliello et al. 

(2007) [1] who reported highest yield obtained for tomato crop 

(variety ‘Missouri’) irrigated with fresh water than irrigated 

with wastewater. Rajan and Periyasamy (2013) [29] also 

reported reduction in the yield of tomato with the increase in 

the quantity of electroplating industry effluent residue. 

Similarly, Yakasai et al. (2015) [52] also reported that the 

wheat plants which were grown near the source of industrial 

pollution had decreased growth and yield, as well disorder of 

biochemical parameters. 

 

Effect of effluent on status of heavy metals and available 

n, p and k in soils, leaves and fruits  

These findings are in confirmation with the findings of 

Kashyap. (2015) [16] who revealed that there was significant 

increase in the content of Cu (81.62%) at (P>1%), Fe 

(79.62%), Zn (90.73%), Cd (98.99%), Pb(95.91%), Ni 

(98.40%), Cr (97.54%) at (p>0.1%) in the soil irrigated with 

paper mill effluent as compared to soil irrigated with pond 

water (control). Singh and Kansal (1983) [41] reported that the 

use of sewage water for irrigation substantially increased the 

accumulation of DTPA extractable Zn, Cu, Pb and Cd in soils 

of different cities of Punjab. The accumulation was higher in 

soils receiving sewage water of industrial cities. Kumar and 

Chopra (2013) [27] also reported that the content of heavy 

metals were increased significantly from their initial (control) 

level to 100 per cent of sewage sludge i.e (2.55-12.75, 0.88-

9.36, 0.09-8.59, 2.42-14.28, 0.12-6.75 and 0.18-5.88). In 

leaves, the findings are in confirmation with the findings of 

Kumar and Chopra (2013) [18] who reported that highest 

concentrations of Fe and Zn was found in the leaves (12.88 

mg g-1 and 9.66 mg g-1) while the least (8.36 mg g-1 and 5.44 

mg g-1) in the fruits of P. vulgaris at 100 per cent of sewage 

sludge. Similarly, Pathak et al. (2013) [27] reported that their 



 

~ 6 ~ 

Journal of Pharmacognosy and Phytochemistry 
was increased in the ratio of heavy metals as the dilution 

increased in the leaves of B. juncea grown in paper mill 

effluent and bore well water irrigated soil i.e. 10 per cent, 25 

per cent, 50 per cent, 75 per cent and 100 per cent (Pb, 9.21-

42.66; Cr, 13.55-39.80; Cd, 1.34-5.84; Ni, 30.06-88.64). 

Farooq et al. (2008) also reported that the concentration of Pb 

in the leaves of spinach, coriander, lettuce, radish, cabbage 

and cauliflower from the vicinity of industrial areas were 

2.251, 2.652, 2.411, 2.035, 1.921 and 1.331 mg kg-1, 

respectively. In fruits, the findings are in confirmation with 

the findings of Singh and Kansal (1983) [41] and Schirado et 

al. (1986) [36] who reported the effect of wastewater on maize, 

berseem, cauliflower and spinach. And found considerably 

higher concentrations of Fe, Mn, Zn, Cu, Pb and Cd than 

those soils irrigated with tube well water. Similarly, under 

acidic conditions, elements such as Fe, Al, Mn and the heavy 

metals (Zn, Cu, Pb and Cr) become highly soluble and may 

create problems for vegetation (Charman and Murphy, 1991) 

[7]. This is also agreement with what was reported by other 

workers that organic wastes contain high amounts of 

micronutrients and heavy metals (Roy et al., 2007) [33]. Singh 

et al. (1991) [42] also reported that heavy metals (Pb, Zn, Cd) 

are known to inhibit wheat growth and cause the decrease of 

crop. However, the observed differences in the metal 

accumulation in the different parts of the plant suggest 

cellular mechanisms of metal bioaccumulation, which may 

control their translocation and partitioning in the plant 

(Bradford et al., 1975) [5]. Fe, Zn and Cu are associated with 

the photosynthesis (Porra, 2002) [28]. 

Kaistha et al. (1990) [14] also reported low to medium 

available N in some soils of Kangra district of Himachal 

Pradesh. Similar results were recorded by Verma and Tripathi 

(1982) [51], Sharma and Kumar (2003) [38] and Pal et al. (2013) 

[26]. Verma et al. (1985) [50] also reported that potassium 

content in the soils of Himachal Pradesh varies from 40.26 to 

1507.00 kg/ha. Similar results were worked out by Khan et al. 

(1997) [17]. The available P was less which might be due to the 

higher organic matter content in surface soils of region 

(Ghosh et al., 1981) [11]. In the light of suggested critical limits 

soils of the studied area were rated low in their available P 

status. Similar results were also reported by Singh and Singh 

(2005) [40]. 

Whereas, in leaves, the observations are in agreement with 

those made by Thakur (1979) [45] and Campbell (2000) [6]. 

Maheswarapa et al. (2001) [20] reported that N content was 

higher in plants treated with FYM + NPK compared with 

NPK alone. Similarly, the increase in fruit nutrient element 

content of N, P and K with increasing levels of fertilization 

has also been reported by Rao and Seth (1959) [32] and 

Mortley et al. (1991) [24]. 

In fruits of tomato crop, this may be attributed to the fact that 

the amount of nutrients taken up by the plants primarily 

depends upon the concentration of these nutrients in the close 

proximity of the root surface (Black, 1968; Russell, 1973) [4, 34]. 
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