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Abstract

Tomato (S. Lycopersicum L.) is most widely grown fruit or vegetable in the world, including Pakistan. Due
to water dearth, farmers are irrigating their crops by alternate ways. The goal of this research to determine
which concentration of which industrial effluents is good for tomato plant growth. In this research, the
different effluents (Domestic, Oil and Textile industry) in different concentrations (Control, 25%, 50% and
75%) used to know the impact of effluents on growth of 5 genotypes (ROMA-VF, AGRO MART, Red TARA,
SULTAN F1 and HERO 110) of S. Lycopersicum L. Meteorological study, water and soil analysis of the
studied area was also done. Plant material was digested for determination of heavy metals (Fe, Mn, Zn,
Co, Cu, Cd, Ni, Hg and Pb) by wet digestion method. The growth of the plants stopped, their color became
dull and the inner cells were damaged at high concentrations of all effluents. A study of morphology,
anatomy and physiology concluded that 25% concentration of domestic and oil industry effluents are
somewhat acceptable, but none of concentration of effluents of textile industry was good for growth. AGRO
MART genotype showed the acceptable growth and survival phenomenon in polluted soil which irrigated
by oil and textile industry effluents like Red TARA in domestic effluents treatments. HERO 110 genotypes
showed the worst result as compared to all other genotypes. The extraction of chlorophyll contents is better
by 80% acetone than water method. The growth of plants were declining, internal structure was being
destroyed, the level of chlorophyll contents was decreasing, amount of heavy metals in the fruit was
increasing along with increased concentrations.

Keywords: Effluents, Growth and yield, Heavy metals in tomato fruit, Soil properties, Tomato.

Abbreviations: EC, Electrical Conductivity, BOD; Biological Oxygen Demand, COD; Chemical Oxygen Demand, TDS; Total
Dissolved Solids, As; Arsenic, Cr; Chromium, Fe; Iron, Pb; Lead, Cd; Cadmium, Cu; Copper, Ni; Nickel, Hg; Mercury, Mn;
Maganese, NFI; Number of Flowers, NFr; Number of Fruits, LA; Leaf Area, PH; Plant Height, NB; Number of Branches, AFW;
Average Fruit Weight, LSR; Leaf to Stem Ratio, SX; Stem Xylem, SP; Stem Phloem, SVB; Stem Vascular Bundle, SEC; Stem
Epidermal Cell, SGT; Stem Ground Tissue, RX; Root Xylem, RP; Root Phloem, RVB; Root Vascular Bundle, CC; Cortex Cell, Leaf
Xylem, LP; Leaf Phloem, LVB; Leaf Vascular Bundle, LC; Leaf Cell, LEC; Leaf Epidermal Cell.
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Introduction

Water and factories both are essential for the development of country and the betterment of human life, but
their misuse is not only ruining human life but also the ecosystem (Nazir et al., 2019). Water of factories
containing the toxic substances (Pb, Cr, Cd and Zn) is being dumped into water bodies without filtration
and the same water is being used for agriculture purpose (Ali et al., 2017). Pakistan is facing shortage of
water for more than last two decades, which is why the farmer is forced to apply the different effluents to
their fields (Khanum et al., 2017). In Pakistan about 64% of effluents are disposed into water bodies
without any treatment and 30% effluents directly used for irrigation purpose (Murtaza et al., 2010).

The high concentration of industrial effluent is destroying crops especially vegetables (Ramana et al.,
2002). The accumulation of heavy metals is responsible for many biological and physiological changes in
plants (Fisher et al., 1981). Heavy metals have also become a threat for human health as they reach humans
through vegetables (Mehfooz et al., 2020). Tomato is the most widely grown vegetables in the world.
Pakistan ranks 53" in the list of tomato exporter and 0.35% GDP of Pakistan economy come from tomato
export. It is a good source of vitamins, iron and calcium etc. It acts as an antioxidant agent against growth
of cancer cells (Adenuga et al., 2013). The purpose of this research is to tell farmers which effluents and in
which concentration is best for tomato growth in Pakistan. Amongst the vegetables, tomato is one of most
chief kitchen item which is cooked, used as condiments and salad on daily basis in Pakistan.

Materials and Methods

Experimental site: The experiment was performed in the Botanical Garden of The Islamia University
Bahawalpur. It stands in the flat plains of Southern Punjab, between longitude 71° 40 east, latitude 29° 25
North, with an elevation of 181m (702 ft) above sea level.

Soil testing: The soil testing of the field was performed before starting of experiment in the soil fertility
laboratory of Ayub Agriculture Research Institute, Bahawalpur, Pakistan by grid sampling method
(Wollenhaupt and Wolkowski, 1994). According to the observation (Table: 1), the soil conditions are not
well for crops. According to Cornel University Cooperative Extension report, 2008, 3-6% organic matter is
ideal and 30% saturation is considered the wilting situation for plants growth.

Table 1: Soil test calibrations before experiment

EC dS/m pH Organic Available Available Saturation%  Texture Mn (mg/kg)
Matter% Potassium Phosphorus
(mg/kg) (mg/kg)
0.75 7.4 0.81 9.6 145 35 loam 3.21
As (mg/kg) Cd(mg/kg) Cr(mg/kg) Cu(mg/kg) Fe (mg/kg) Ni (mg/kg) Pb (mg/kg) Hg (mg/kg)
0.03 0.03 0.03 0.39 2.79 0.07 0.12 1.21

Meteorological study: The meteorological data get from meteorological department of Ayub Agriculture
Research Institute, Bahawalpur, Pakistan. The annual average temperature, rainfall, relative humidity,
evaporation and wind speed was 32.4°C, 57.9mm, 45.4%, 6mm and 5.25 km/h respectively.

Treatments: The seeds of 5 genotypes (ROMA-VF, AGRO MART, Red TARA, SULTAN F1 and HERO
110) collected from Punjab Seed Corporation Bahawalpur. In this research the 3 different effluents
{Domestic, Textile industry (Gulistan Textile Mills), Oil industry (Shamim Oil Mills). All effluents used in
different concentration {25% (25 ml polluted water + 75 ml distilled water), 50% (50 ml polluted water +
50 ml distilled water) and 75% (75 ml polluted water + 25 ml distilled water)) to know which effluents in
which concentration were best for tomato growth.
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Table 2: Table showing weather condition of studied period
Months Temperature (°C)  Total Avg. Evaporation Wind speed
rainfall relative (mm) (Km/h)

Max. Min. (mm) ;‘)’midity Max. Min. Max. Min.
June 48.0 25.5 41.7 42.5 13.2 5.2 5.5 9.7
July 46.0 25 86.6 29.7 11.3 4.5 6.4 115
August 415 22.4 145 53.5 7.2 2.8 2.7 3.8
September  41.3 22 72.6 51.5 6.7 2.3 3.1 3.7
October 35.4 17 74.4 49.8 4.4 2.8 3.5 3.1
Average 424 22.4 57.9 45.4 8.5 3.5 4.2 6.3

The contaminated water applied on the soil before sowing the seeds. The contaminated water (500 ml) was
applied after one month and continued for three months until the tomato plants began to bear fruit. The
water analysis was done in the soil fertility laboratory of Ayub Agriculture Research Institute Bahawalpur.
The pH meter and EC meter measured the pH and EC of water respectively. The alkalinity and TDS of
water was measured by 2320, Standard method and 2540C standard method (1992) respectively. The
concentrations of heavy metals were quantified by Atomic Absorption Spectrophotometer (Radulescu et

al., 2014).

Table 3: Physic-chemical characterization and heavy metal concentrations in different effluents

Sr. No. Parameters

Control treatment

(Distilled water)

Domestic effluents

Textile industry  Oil industry

pH

EC (dS m™)
BOD

COD

TDS (mg L™Y)
Alkalinity
As (mg L)
Cr(mg L™
Fe (mg L™
Pb (mgL™)
Cd (mg L™
Cu(mg L™
Ni (mg L)
Hg (mg L™)
Mn (mg L™)

O© 00 N O O b W N P

e~ el ol =
g M WN L O

6.9
0.4
23
144
89
193
0.1
0.1
0.3
0.1
0.1
0.1
0.1
0.5
0.8

7.3
1.8
35
53
165
343
0.2
11
222
0.9
0.3
6.3
11
3.9
14

9.7
170.3
645.8
425.6
6381
782
2.33
2.7
21
1.8
2.3
7.6
2.5
4.6
21

9.9
177.4
688.7
455.3
643.2
876
1.2
1.9
1.2
1.2
14
4.3
1.3
24
1.7

Morphological study

Phenotypic diversity was explored based on eight parameters, Germination percentage, Number of flowers,
Number of fruits, Leaf area (cm), Plant height (cm), Number of branches, Average fruit weight (gm), Leaf

to stem ratio.
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Anatomical study

The whole plants (Roots, Stems and Leaves) were preserved in Fomalin-Aceto-Alcohol (Distilled water
35%, Acetic acid 5%, Formailn 10% and ethyl alcohol 50%) solution after the final harvest for anatomical
study. The sections were taken from the FAA solution and cut. After sections cutting, these were mounted
on watch glass for staining purpose. Sections were dehydrated by different alcoholic ranks (10%, 30%,
50%, 70%, 90% and 100%). Safranin (after 70%) and Fast green (after 90%) were used as dyes in staining.
Canada balsam was used for making permanent slides. Sections were studied at 3 magnifications of
electron microscope (4X, 10X and 40X) after staining (Ahmad et al., 2016).

Physiological study

Chlorophyll contents: Leaves were collected early morning for chlorophyll contents analysis before
cutting of final harvest. The 100 mg fresh leaves were grinded and extracted for Chlorophyll contents with
2 extraction methods (i) 80% acetone (10 ml) (ii) Distilled H,O (10 ml). The solution was centrifuged at
3000 rpm for 10 minutes. Take the supernatant and discard the pellet. The absorbance read at 645 nm (Chl
a); 663 nm (Chl b) and 652 nm (carotene) wavelength by atomic absorption spectrophotometer (AAS). The
chlorophyll contents were found out by using Arnold equation (1949).

Determination of levels of heavy metals in fruit juice:

The levels of heavy metals in fruit determine by following the wet digestion method. Tomatoes were
desiccated in an oven at a high temperature until all moisture content was diminished. Tomato fruits ash
used for evaluating the chemical composition or to know the heavy metals level of 5 distinct genotypes.
According to the wet digestion method, ash (250 mg) was digested by HNO3:HCIO, (3:1) and transferred
on a hot plate at 200°C temperature until samples were colorless and the appearance of brown fumes was
diminished. Filtration and dilution of samples were done for analysis (Palma et al., 2015). The quantity of
Fe, Mn, Zn, Co, Cu, Cd, Ni, Hg and Pb was measured by using AAS, following the conditions described in
AOAC (1990).

Statistical analysis

The experiment was carried out in pots with triplicates under CRD. Correlation (Pearson) analysis was
done by using Statistics 8.1to compare correlation level between anatomical traits. Duncan test at 5%
probability level was done with SPSS 16.0 version to compare the mean values of chlorophyll contents and
morphological parameters of all treatments.

Results and Discussion

The overall germination percentage was highest in control treatment (90%) followed by domestic {(77%
(25%), 73% (50), 71% (75%)} and oil industry {(72% (25%), 69% (50%), 63% (75%)} effluents and
lowest in textile industry effluents {(57% (25%), 51% (50%), 42% (75%)}.

Soil analysis: The soil testing again done at the end of experiment after eradication of plants to know the
impact of different effluents on soil. The soil which treated with textile industry effluents had the highest
levels of heavy metals followed by soil which irrigated by industrial and then domestic effluents. Tomatoes
plants showed the worst growth which treated by textile industry effluents.

According to WHO (2011) report, 6.5 to 8.5 pH of the soil was best for well plant growth. The pH of soil
must be 5.5 to 6.5 because all nutrients are available at this pH (Koppe et al., 2011). The pH range 7.31 to
8.39 is unfavorable to element mobility in soils (Gentili et al., 2018). The mobility of micronutrients (Cu,
Mn, Zn, Pb, Cd, Ni, Hg and Fe etc.) is governed by different factors like EC, organic matter and pH. The
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high concentrations of Mn and Fe decreased the mobility of Cu, Zn and Pb by disturbing the other complex
fractions (Dhaliwal et al., 2019).

Table 4: Physio-chemical characteristics of unpolluted soil (control treatment)

EC dS/m pH As Cd Cr Cu Fe Ni Pb Hg

(mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg)

0.73+0.03* 7.1+0.01* 0.03+0.01* 0.03+0.02* 0.03+0.01* 0.39£0.03* 2.79+0.02* 0.07+0.01* 0.12+0.03* 1.2

1+0.01*

* = Correlation is significant at 0.05 level; ** = Correlation is highly significant at 0.01 level; ns= Non-
significant

Table 5: Physio-chemical characteristics of polluted soil (irrigated with effluents)

Traits Domestic effluents Textile industry effluents Oil industry effluents
25% | 50% | 75% 25% | 50% | 75% 25% | 50% | 75%

EC dS/m 0.71+0.01* 0.67+0.02* 0.66+0.01* 0.62+0.03* 0.60+0.03* 0.57+0.02* 0.67+0.01* 0.63+0.01* 0.61+0.01*
pH 7.6+0.03* 7.8+0.02* 8.1+0.03**  8.3+0.02* 8.7+£0.02* 9.5+0.01* 7.7£0.02** 8.1+0.03* 8.9+0.03*
As (mg/kg) 0.05+£0.01**  0.06+0.01*  0.9+0.02* 0.06+0.01*  0.09+0.01*  0.12+0.01* 0.04+0.01* 0.06+0.02*  0.09+0.01*
Cd (mg/kg) 0.05+0.01* 0.06+0.03* 0.10+0.01* 0.11+0.01* 0.17+0.01* 0.19+0.02* 0.09+0.01** 0.10+0.01* 0.13+0.01*
Cr (mg/kg) 0.35+0.01" 0.51+0.01*  0.81+0.03*  0.45£0.02*  0.77+0.02*  0.93+0.01* 0.31+0.01* 0.55+0.03*  0.77+0.03*
Cu (mg/kg) 0.70+0.01* 0.78+0.1**  0.99+0.1™ 0.73£0.03*  0.95+0.01*  1.11+0.02" 0.51+0.02* 0.71+0.02*  0.93+0.01*
Fe (mg/kg) 29.70+0.02*  31.20£0.1*  33.73+0.2*  21.3+0.01*  29.5+0.02*  35.30+0.01*  20.21+0.01*  23.5+0.01*  29.11+0.2*
Ni (mg/kg) 0.09+0.01* 0.12+0.1** 0.22+0.01* 0.31+0.01* 0.42+0.02* 0.61+0.03** 0.21+0.02* 0.29+0.01* 0.41+0.03*
Pb (ma/kg) 0.53+0.03* 1.20+0.2* 2.10+0.01*  0.51%0.02*  1.40+0.03*  1.90+0.02* 0.41+0.03* 0.99+0.03*  1.30+0.01*
Hg (mg/kg) 1.51+0.02" 1.88+0.1* 2.13+0.02*  1.33+0.02*  1.98+0.01*  2.03+0.02* 1.21+0.01* 1.91+0.02*  2.1+0.02*

* = Correlation is significant at 0.05 level; ** = Correlation is highly significant at 0.01 level; ns= Non-
significant

Morphological results

The heavy metals in effluents affected the plants growth. Due to heavy metals, the plant did not grow
properly. The leaves were small in size, turned curl and yellow in color. The fruit also weighed less due to
accumulation of heavy metals (As, Cd, Cr, Cu, Fe, Ni, Pb and Hg). The worst effects on plant growth were
caused by textile effluents followed by oil industry and domestic effluents. The growth of plant was good
in control treatment than all other treatments. ROMA-VF showed the highest number of flowers, number of
branches and leaf to stem ratio. Red TARA showed the highest number of fruits and plant height and
SULTAN F1 showed the good fruit weight and leaf area (Table: 6).

In domestic effluents, ROMA-VF genotype showed the highest value of number of flowers and leaf to stem
ratio at both 50% and 75% concentrations like number of fruits at 50% and plant height at 75%. AGRO
MART genotype showed the highest number of flowers and number of branches at 25% concentration and
leaf area was good at 50% concentration. It showed the highest number of fruits and average fruit weight at
75% concentration. Red TARA genotype showed the good fruit yield at both 25% and 50% concentrations
and number of branches is highest at 50%. Plant height and leaf area was good at 25% concentration.
HERO 110 genotype showed the highest number of fruits and leaf to stem ratio at 25% concentration and
plant height and leaf area was good at 50% and 75% concentrations respectively (Table: 7).

In oil industry effluents treatments, ROMA-VF genotype showed the highest number of branches and leaf
to stem ratio at both 50% and 75% concentrations and number of flowers are highest at 50%
concentrations. AGRO MART genotype showed the highest value of number of flowers (25% and 75%
concentrations), number of fruits (25%, 50% and 75% concentrations), leaf area (25% and 75%
concentrations), plant height (25% and 75% concentrations), number of branches (25%) and fruit yield at
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25% concentration. Red TARA genotype showed the good leaf area and SULTAN F1 genotype showed the
highest value of leaf to stem ratio (Table: 8).

In textile industry effluents, ROMA-VF genotype showed the highest value of leaf to stem ratio at 75%
concentration and highest number of branches showed at both 50% and 75% concentrations. AGRO MART
genotype showed the highest value of number of flowers (25%, 50% and 75% concentrations), number of
fruits (25%, 50% and 75% concentrations), leaf area (25% and 75% concentrations), plant height (25% and
75% concentrations) average fruit weight (25% and 75% concentrations) and number of branches at 25%
concentrations. Red TARA genotype showed the good value of leaf area at 25% concentrations and plant
height and average fruit weight at 50% concentration. SULTAN F1 genotype showed the highest value of
leaf to stem ratio at both 25% and 50% concentrations (Table: 9).

The morphological traits of vegetables are more sensitive towards wastewater as compared to all other
crops (Islam et al., 2015). The lower concentration of domestic and oil industry effluents was acceptable
for irrigation of vegetables, because heavy metals (Zn, Ni, Pb, Cd and Fe) enhance the growth (Ain et al.,
2019). The accumulation of heavy metals caused the reduction of cell enlargement and inhibits the growth
of plant (Shafig and Igbal, 2005). The wastewater at lower concentration did not inhibit the growth of
plants (Panaskar and Pawar, 2011a) because wastewater also contained organic matter along with heavy

metals which necessary for good plant growth (Nath et al., 2007).

Table 6: Analysis of morphological traits at different concentrations (Control treatment)

Genotypes name  NFlI NFr LA (cm®  PH (cm) NB AFW (gm) LSR
ROMA-VF 58+3.37*  744527*  41+3.37** 093+6.18"™  28+4.21* 95%6.18* 0.48+5.27*
AGRO MART 5645.27** 71+6.18** 39+4.21*  91#3.39** 254#527*  91+3.37™ 0.46+4.21**
Red TARA 54+4.21*  78+£3.39*  444527** 95+4.21*  22+46.18** 89+3.39* 0.48+3.37™
SULTAN F1 51+3.39** 72+3.37*  46+6.18*  89+3.37*  27+3.39** 9745.27* 0.44+6.18™
HERO 110 57+6.18*  75+4.21*  4243.39*  94+5.27** 24+3.37*  93+4.21** 0.45+3.39*

* = Correlation is significant at 0.05 level; ** = Correlation is highly significant at 0.01 level; ns= Non-

significant

Table 7. Analysis of morphological traits at different concentrations (Domestic effluents)

Genotypes Treatments NFI NFr LA (cm®  PH (cm) NB AFW LSR
name (gm)
ROMA- 25% 48+3.07*  67+3.21* 36+3.21* 88+2.87* 23+3.21* 86+4.34* 0.47+0.07*
VF 50% 47+2.87** 55+4.02* 34+4.02* 81+3.21*  19+4.02* 71+4.02* 0.45+0.01*
75% 44+4.34™  50+3.07* 30+4.34™ 78+3.07*  16+2.87* 65+3.21* 0.42+0.07*
AGRO 25% 49+3.21*  68+4.02* 37+4.02* 87+4.02* 25+3.21* 87+2.87* 0.46+0.02*
MART 50% 46+4.02*  57+4.34* 36+3.07* 82+4.34*  18+4.02* 71+4.34* 0.43+0.07*
75% 44+2.67*  52+4.02* 31+2.87*  78+2.87** 17+3.07* 67+2.87* 0.42+0.04*
Red 25% 4744.34*  69+4.34* 38+3.21*  89+3.21*  22+2.87* 89+4.02* 0.47+0.01*
TARA 50% 4542.87** 53+3.07* 34+4.34** 80+4.34*  20+4.34* 74+3.07* 0.44+0.07**
75% 43+3.21*  49+4.34* 324+2.87*  78+2.87*  19+4.02* 65+2.87* 0.42+0.04*
SULTAN  25% 48+4.34*  65%3.21* 35+3.07*  85+4.02*  21+3.21* 84+3.21* 0.48+0.07™
F1 50% 46+£3.21*  54+4.02* 34+3.21*  83+4.34*  18+4.02* 70+2.87* 0.44+0.07*
75% 43+3.07*  50+4.34* 30+4.34* 78+£3.07* 16+3.07* 64+4.02* 0.41+0.04*
HERO 110 25% 47+2.87*  68+3.21* 36+2.87* 86+3.21* 23+2.87* 83t4.34* 0.48+0.07*
50% 45+4,02*  55+3.07* 35+4.02* 85+3.07*  17+4.02* 71+3.07* 0.43+0.02*
75% 44+3.07™ 51+4.02* 32+3.07* 78+4.02* 15+#3.07* 64+4.02* 0.41+0.07*

* = Correlation is significant at 0.05 level; ** = Correlation is highly significant at 0.01 level; ns= Non-

significant
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Table 8: Analysis of morphological traits at different applications (Oil industry effluents)

Genotypes Treatments NFI NFr LA (cm®)  PH (cm) NB AFW LSR
name (gm)
ROMA-  25% 45+3.17*  65+4.24%* 34+321* 85+3.21* 21+3.21* 81#3.21* 0.43x0.07*
VF 50% 44+2.67*  51#3.17*  33+4.24*  T9+4.24** 17+2.67* 67+2.67* 0.42+0.01*
75% 41+4.24%%  49+3.07%  29+2.17*  76+3.07*  13+4.24* 61+2.17* 0.39+0.07*
AGRO 25% 47+3.21*  66+3.21*  35+3.21*  86+3.21*  22+2.67* 84+3.21* 0.42+0.04*
MART 50% 43+4.12%  55+4.24™  3443.07*  80+4.24*  14+321* 66+2.67* 0.40+0.07*
75% 42+42.17*  51#2.17*  31#£2.17*  77+2.67*  12+3.07* 64+2.17* 0.38+0.01*
Red 25% Q4+4.24%%  65+321%  36+4.24*  85+3.21*  10+2.17* 83+4.21" 0.43+0.07*
TARA 50% 4242.67%  48+3.07*  3243.21*  82+2.17*  16+2.67* 70+3.07* 0.41+0.07*
75% 41+4.24%  45+2.67%  30£2.17*%  T5+2.67*  12+4.24* 62+3.21* 0.380.04*
SULTAN  25% 45+3.21*  63+3.21*  34+3.07*  81+3.21*  10+3.21* 80+2.67* 0.44%0.07*
F1 50% 43+2.17%  48+4.24%* 30+321*  77+4.24*  15+2.67* 66+3.21* 0.40£0.07*
75% 41+3.07%  45+2.17%  27+4.24*  T72+3.07*  12+3.07* 60+4.24* 0.37+0.01*
HERO 110 25% 45+3.21%  65+3.21%  33+2.17*  83+4.24*  20+3.21* 77+2.17* 0.430.04*
50% 43+4.24** 54+307™ 30+3.21*  80+3.21*  15+4.24* 68+3.07* 0.400.07*
75% 41+2.17%  50£4.12%  26+4.24%* 73+4.12*  12+2.17* 61+4.12* 0.3620.02*

* = Correlation is significant at 0.05 level; ** = Correlation is highly significant at 0.01 level; ns= Non-

significant

Table 9: Analysis of morphological traits at various applications (Textile industry effluents)

Genotypes  Treatments  NFI NFr LA (cm?)  PH (cm) NB AFW LSR
name (gm)
ROMA-  25% 41+3.11* 60+3.11* 30+4.89% 80+3.12*  17+4.78** 76+3.11*  0.39+0.04*
VF 50% 3942.64*  47+3.12* 28+3.11*  75+4.89*  13+3.11*  63+4.89*  0.36+0.09*
75% 37+4.78**  44+3.07* 25+4.78** 71+3.07*  9+4.78**  56+3.11*  0.35+0.07*
AGRO 25% 43+3.12*  62+4.89* 30+3.12*  82+3.11*  18+4.78** 79+4.89*  0.37+0.08**
MART 50% 40+4.89%  51+3.11* 29+3.07*  75+4.78** 10+2.64*  61+2.64*  0.36+0.02*
75% 38+2.09*  47+2.64* 26+4.89*  72+4.89*  7+3.07*  60+3.11*  0.33+0.04*
Red 25% 40+£3.11*  60+3.12* 31#3.11*  81+3.11*  14+4.78** 78+4.78** 0.39+0.09*
TARA 50% 38+4.89%  44+3.07* 27+4.78** 76+4.89*  12+43.11*  65+3.07*  0.36+0.04*
75% 34+2.64*  41+2.64* 25+2.64*  70+3.12*  7+4.89*  58+4.89*  0.33+0.09*
SULTAN 25% 40£3.12*  57+3.11* 30+3.07*  75+3.11*  14+2.64*  75+3.11*  0.400.07*
F1 50% 37+2.64*  42+4.89% 263.12*  73+4.89*  10+4.78** 60+3.12*  0.38+0.04*
75% 36+3.07*  40+3.12* 22+3.11*  72+3.07* 8+3.07*  54+4.89*  0.32+0.09*
HERO 25% 40+3.12*%  60+2.64* 28+4.78** 78+4.78** 15+3.12*  72+2.64*  0.39+0.01*
110 50% 37+3.11*  49+3.07* 25+3.11*  75+2.64*  10+3.11*  63+3.07*  0.37+0.08**
75% 33+4.78** 43+4.89* 21+4.89*  68+3.11*  7+3.12*  57+4.78** 0.31+0.01*

* = Correlation is significant at 0.05 level; ** = Correlation is highly significant at 0.01 level; ns= Non-

significant
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Anatomical results

The internal structure of the tomato plant was also interpreted due to accumulation of heavy metals. The
result of anatomical traits was the same like morphological attributes, meaning that the heavy metals in the
effluents of textile industry was badly affected the internal structure of plant. The result of domestic
effluents and oil industry effluents was almost the same but the internal structure of plant was more ruined
by oil industry effluents than domestic effluents. Cell diameter and epidermal thickness decreased from
25% to 75% concentrations in all effluents but other parameters showed the opposite response due to
inhibition in mitotic division. The stem, root and leaf diameter was observed at 4x magnification power of
electron microscope and noted that the diameter of all sections was decreased with increased concentration
of all effluents. The smallest section size of stem, root and leaf was observed in textile industry effluents
treated plants. The anatomical structure of control plants was good. The results of all sections of all
treatments showed the significant results. The internal structure of control plant was not affected but the
anatomy of treated plants was badly affected due to presence of heavy metals in effluents (Uaboi-Egbenni
et al., 2009). The ground cell diameter increased with increased concentration of heavy metals because they
stopped the division of cell (Kabir et al., 2008).

Table 10: Correlation amid anatomical traits at 10x magnification power

SVB SEC SGT RVB CcC LVB LC LEC
SVB  1.000
SEC  0.927* 1.000
SGT  0.881* 0.998** 1.000
RVB  0.981** 0.941* 0.952* 1.000
CcC 0.961* 0.997** 0.995** 0.995** 1.000
LVB  0.987** 0.953* 0.990** 0.989* 0.981** 1.000
LC 0.967* 0.975* 0.983* 0.982** 0.985** 0.987** 1.000
LEC 0.986** 0.974* 0.991** 0.989* 0.982** 1.011** 0.987* 1.000
* = Correlation is significant at 0.05 level; ** = Correlation is highly significant at 0.01 level
Table 11: Correlation amid anatomical traits of stems at 40x magnification power
SX SP SVB SEC SGT
SX 1.000
SP 0.988* 1.000
SVB 0.967* 0.950** 1.000
SEC 0.986* 0.974* 0.987* 1.000
SGT 0.947* 0.928* 0.988* 0.980** 1.000
* = Correlation is significant at 0.05 level; ** = Correlation is highly significant at 0.01 level
Table 12: Correlation amid anatomical traits of roots at 40x magnification power
RX RP RVB CC
RX 1.000
RP 0.989** 1.000
RVB 0.984* 0.982* 1.000
CcC 0.999* 0.998* 0.989** 1.000
* = Correlation is significant at 0.05 level; ** = Correlation is highly significant at 0.01 level
Table 13: Correlation amid anatomical traits of leaves at 40x magnification power
LX LP LVB LC LEC
LX 1.000
LP 0.996* 1.000
LVB 0.979* 0.986* 1.000
LC 0.999* 0.962* 0.932** 1.000
LEC 0.953* 0.887* 0.842** 0.992* 1.000
* = Correlation is significant at 0.05 level; ** = Correlation is highly significant at 0.01 level
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Physiological results

The irreversible relationship between the amount of heavy metals and amount of chlorophyll was existed,
meaning that as the amount of heavy metals increased, the amount of chlorophyll contents decreased. The
80% acetone chlorophyll extraction method was better than the water method. The acetone method had
high chlorophyll contents. The fruit juice contained highest amount of heavy metals and lowest level of
chlorophyll contents which grow by textile industry effluents. The healthy fruit turned into harmful fruit
due to different effluents which affected the human health. The level of chlorophyll contents was high and
level of heavy metals was acceptable in control plants. The chlorophyll contents decreased with increased

concentrations of any effluents (Mahawar & Akhtar, 2016)

Table 14: Chlorophyll contents in control plants

Genotypes Name Distilled water 80% acetone
Chl a Chl b Carotene Chla Chl b Carotene
ROMA-VF 19.1+1.12* 36.8+2.02* 0.51+0.03* 19.7+£1.02**  37.4+3.02* 0.56+0.03*
AGRO MART 18.6+0.90* 35.9+3.02* 0.53+0.07* 19.3+0.90* 36.7+£3.02*  0.58+0.07*
Red TARA 18.7+1.45* 35.8+2.02* 0.49+0.07* 19.5+1.45* 36.8+2.02*  0.52+0.07*
SULTAN F1 19.7+1.02* 36.9+1.02* 0.55+0.07* 19.9+1.02* 36.9+1.02* 0.56+0.07*
HERO 110 18.9+0.90* 35.7+3.02* 0.51+0.07* 19.7+£0.90* 36.6+3.02*  0.54+0.07*
Table 15: Impact of different effluents on chlorophyll contents (Water method)
Genotypes Treat- Domestic Oil Textile
Name ments
Chla Chl b Carotene Chla Chl b Carotene Chla Chl b Carotene
ROMA- 25% 18.741.02**  357+3.02* 0.47+0.03"  17.241.02* 34.8+3.02* 0.43+0.01* 16.9+0.90* 31.9+1.02* 0.39+0.03**
VF
50% 17.1+1.05* 34.2£1.02*  0.45+0.02* 16.9+0.90* 33.6+£1.02* 0.41+0.03* 15.3£1.05* 29.8+3.02* 0.37+0.02*
75% 16.3+1.07* 33.9+2.02*  0.44+0.03* 15.3+1.05* 32.6+£1.02* 0.39+0.04* 14.8£1.45* 27.2+1.02* 0.35+0.07*
AGRO 25% 18.1+0.90* 35.3£3.02* 0.48+0.07* 17.5+1.45* 34.5+£3.02* 0.43+£0.03* 15.7£0.90* 31.4+1.02* 0.38+0.03*
MART
50% 17.3+0.78*  34.7+2.02* 0.45+0.02*  16.2+1.02* 33.5+2.02* 0.40+0.01* 15.5+1.02* 29.3+2.02* 0.37+0.01*
75% 16.1+1.21*  33.5+1.02* 0.41+0.07*  15.7+0.90* 32.7+1.02* 0.38+0.04* 13.1+1.45* 27.8+1.02* 0.36+0.03"™
Red 25% 18.3+1.45*  35.4+2.02* 0.4620.07*  17.3+1.02* 34.2+1.02* 0.42+0.03* 14.5+0.90* 31.3+1.02* 0.39+0.04*
TARA
50% 17.5+£1.67** 34.5+£1.02* 0.45+0.02** 16.9+1.45* 33.9+3.02* 0.41+0.04* 14.1+1.45* 29.7£2.02* 0.37£0.05*
75% 16.5+1.66* 33.1£3.02*  0.44+0.03* 15.1+1.05* 32.2+2.02* 0.40+0.01* 13.2+1.05* 27.3+2.02* 0.35+0.05*
SULTAN 25% 18.9+1.02* 35.9+1.02* 0.48+0.07* 17.8+1.02* 34.6+£1.02* 0.43+£0.04* 16.2£1.02* 31.9+1.02* 0.37+0.02*
F1
50% 17.9+1.45%  34.1+#1.02* 0.47+0.03*  16.7+0.90* 33.3+1.02* 0.42+0.01* 15.3+1.45* 29.9+3.02* 0.35+0.05"™
75% 16.9+0.78*  33.5+2.02* 0.45+0.02*  15.4+1.02* 32.8+3.02* 0.39+0.03* 14.9+0.90* 27.1+2.04* 0.31+0.03*
HERO 25% 18.5+0.90 35.1+£3.02  0.46+0.07 17.1#1.05  34.4+2.02  0.42+0.04 154+105 31.5+1.02  0.37+0.05
110
50% 17.6+1.45 34.3£1.02 0.44+0.03 16.3+0.90 33.8+£3.02 0.40£0.01 14.4+1.45 29.1+3.02 0.36+0.02
75% 16.7£1.02 33.8+3.02  0.41%0.02 155+0.90  32.4+1.02  0.39+£0.03  14.1¥0.78  27.7#1.02  0.35+0.03

* = Correlation is significant at 0.05 level; **

significant

ISSN: 2308-7056

= Correlation is highly significant at 0.01 level; ns= Non-

Anwer, Ain, Ahmad, Amjad & Khan (2021)

55




www.irbas.academyirmbr.com

January 2021

International Review of Basic and Applied Sciences Vol. 9 Issue.l

Table 16: Impact of different effluents on chlorophyll contents (Acetone method)

Genotypes Treat- Domestic Oil Textile
Name ments
Chl a Chl b Carotene Chla Chl b Carotene Chla Chl b Carotene

ROMA- 25% 18.9+1.02**  35.8+3.02* 0.48+0.03* 17.4+1.02* 34.9+3.02* 0.44+0.01* 16.9+0.90* 31.9+1.02* 0.40+0.03™
VF

50% 17.1+£1.05* 34.5+1.02* 0.46+£0.02* 16.9+0.90* 33.8+£1.02* 0.42+0.03* 15.5+1.05* 29.9+3.02* 0.38+0.02*

75% 16.5+1.07* 33.9+2.02* 0.44+0.03* 15.5+1.05* 32.8+£1.02* 0.40+0.04* 14.9+1.45* 27.4+1.02* 0.36+0.07*
AGRO 25% 18.3+£0.90* 35.7+£3.02* 0.48+0.07* 17.7+1.45* 34.7£3.02* 0.44+0.03* 15.9+0.90* 31.6+1.02* 0.39+0.03*
MART

50% 17.6+0.78* 34.8+2.02* 0.46+0.02* 16.3+1.02* 33.8+2.02* 0.41+0.01* 15.7+#1.02* 29.5+2.02* 0.38+0.01*

75% 16.4+1.21* 33.8+1.02* 0.43+0.07* 15.9+40.90* 32.8+1.02* 0.39+0.04* 13.4+1.45* 27.9+1.02* 0.37+0.03*
Red 25% 18.5+1.45* 35.8+2.02*  0.47+£0.07* 17.5+£1.02* 34.4+1.02* 0.43+0.03* 14.6+0.90* 31.5+1.02* 0.39+0.04*
TARA

50% 17.7£1.67™  34.7+1.02* 0.46+0.02* 16.9+1.45* 33.9£3.02* 0.42+0.04* 14.3%1.45* 29.8+2.02* 0.38+0.05*

75% 16.6+1.66* 33.4+3.02* 0.44+0.03* 15.4+1.05* 32.4+2.02* 0.41+0.01* 13.5+1.05* 27.4+2.02* 0.36+0.05*
SULTAN 25% 18.9+1.02* 35.9+1.02* 0.48+0.07* 17.9+£1.02* 34.8+1.02* 0.45+0.04* 16.5+1.02* 31.9+1.02* 0.38+0.02*
F1

50% 17.9+1.45* 34.3+1.02* 0.46+£0.03* 16.9+0.90* 33.5+£1.02* 0.43+0.01* 15.5+1.45* 29.9+3.02* 0.36+0.05*

75% 16.9+0.78* 33.8+2.02* 0.45+0.02* 15.6+1.02* 32.9+3.02* 0.40+0.03* 14.9+0.90* 27.5+2.04* 0.32+0.03*
HERO 25% 18.7+£0.90* 35.6+£3.02*  0.47+£0.07* 17.3+1.05* 34.7£2.02* 0.43+0.04* 15.7+£1.05* 31.7+1.02* 0.38+0.05*
110

50% 17.6+1.45* 34.5+1.02* 0.45+0.03* 16.5+0.90* 33.9+3.02* 0.41+0.01* 14.7+1.45* 29.4+3.02* 0.37+0.02*

75% 16.8+1.02* 33.9+3.02* 0.44+0.02* 15.8+0.90* 32.7£1.02* 0.39+0.03* 14.4+0.78* 27.9£1.02* 0.36+0.03*

* = Correlation is significant at 0.05 level; ** = Correlation is highly significant at 0.01 level; ns= Non-

significant

Table 17: Level of heavy metals in control plant fruits

As (mg/L) Cd (mg/L) Cr (mg/L) Cu (mg/L) Fe (mg/L) Ni (mg/L) Pb (mg/L)

Hg (mg/L)

0.03+0.002*  0.03+0.001* 0.03+0.002* 0.03+0.001* 0.04+0.002* 0.03+0.001* 0.03+0.001*

0.03+0.002*

Table 18: Impact of different effluents on heavy metal contents in fruits

Concentrations

Traits | Domestic Oil Textile

25% 50% 75% 25% 50% 75% 25% 50%

75%

(mg/L)
(mg/L)
(mg/L)
(mg/L)
(mg/L)
(mg/L)

(mg/L)

(mg/L)

As 0.04+0.002* 0.07+0.001* 0.12+0.003* 0.06+0.003* 0.13+0.001* 0.17+0.002* 0.15+0.001* 0.21+0.001*
Cd 0.04+0.001* 0.06+0.002* 0.12+0.001* 0.07+0.002* 0.14+0.003* 0.18+0.003* 0.16+0.002* 0.22+0.003*
Cr 0.04+0.003* 0.06+0.001* 0.11+0.001* 0.07+0.001* 0.12+0.002* 0.18+0.001* 0.14+0.001* 0.21+0.002*
Cu 0.04+0.001* 0.07+0.003* 0.11+0.002* 0.06+0.001* 0.13+0.001* 0.17+0.001* 0.15+0.003* 0.21+0.001*
Fe 1.66+0.001* 1.99+0.002* 2.22+0.001* 1.92+0.002* 2.46+0.001* 2.76+0.002* 2.21+0.001* 2.81+0.001*
Ni 0.04+0.003* 0.07+0.001* 1.01+0.003* 0.06+0.003* 1.21+0.001* 1.67+0.003* 1.23+0.001* 1.76+0.002*
Pb 0.09+0.002™ 0.13+0.001* 0.27+0.001* 0.12+0.001* 0.34+0.003* 0.58+0.001* 0.31+0.002* 0.61+0.001*

Hg 1.21+0.001* 1.43+0.003* 1.65+0.002* 1.41+0.001* 1.68+0.002* 1.99+0.001* 1.61+0.003* 2.03+0.003*

0.27+0.002*

0.26+0.001*

0.26+0.001*

0.27+0.003*

2.99+0.002*

2.01+0.003*

0.78+0.001*

2.34+0.001*
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Conclusion

The domestic and industrial effluents directly discharge into water bodies which used by local farmers. The
study also dealt with the effect of different concentrations of different effluents on seed germination,
seedling growth, plant height, average fruit weight, internal structure and physiological contents of tomato.
The polluted soil exerted negative impacts on the growth, yield, chlorophyll contents, internal structure and
nutritional level of fruit juice. AGRO MART genotype showed the acceptable growth and survival
phenomenon in polluted soil which irrigated by oil and textile industry effluents like Red TARA genotype
in domestic effluents treatments. The ground cell diameter increased with increased concentrations of
heavy metals because they stopped the division of cells. The chlorophyll contents in treated plants were
higher in domestic effluents followed by oil and textile industry effluents. While using the effluents for the
irrigation purpose, proper dilution of effluents is a must for the low negative impacts. Awareness
programme should be launch for local farmers to deliver knowledge about the impacts of effluents and its
proper utilization.
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