
1 

 

Effect of Organic and Inorganic Amendments in Reducing 

Bioavailability of Heavy Metals from Textile Industry Effluent 

 

By 

HINA SATTAR  

Regd# 2008-ag-1779 

M.Sc. (Hons.) Environmental Science 

 

A THESIS SUBMITTED IN PARTIAL FULFILLMENT OF REQUIREMENTS 

FOR THE DEGREE OF 

 

DOCTOR OF PHILOSOPHY 

IN 

ENVIRONMENTAL SCIENCE 

 

 

 

 

 

 

I n s t i t u t e  o f  S o i l  &  E n v i r o n m e n t a l  S c i en c e s  

F A C U L T Y  O F  A G R I C U L T UR E ,   

U N I V E RS I TY  O F  A G R I C U LT U R E ,   

F A I S A L A B A D  

P A K I S T A N  

2 019  



2 

 



3 

 



4 

 



5 

 

  



6 

 

 

DEDICATIONS 
 

 

 

DEDICATED  

TO  

MY DEAR PARENTS 

 

& 

 

        TEACHERS 

 

THEIR EAGERNESS FOR MY HIGHER EDUCATION 

HAS TRULY BRIGHTENED MY LIFE 

 

 



7 

 

 
  



8 

 

3.2.1.8 Soluble Ca2+ + Mg2+ 22 

3.2.1.9 Soluble CO3
2- 22 

3.2.1.10 Soluble HCO3
- 22 

3.2.1.11 Soluble Cl- 23 

3.2.1.12 Sodium (Na+) 23 

3.2.1.13 Sodium Adsorption Ratio (SAR) 23 

3.2.2. Experimental conditions 23 

3.2.2.1. Chlorophyll Content (SPAD value) 24 

3.2.3. Plant harvest and analysis 24 

3.2.3.1. Sample preparation 24 

3.2.3.2. Plant digestion 24 

3.2.3.3. Determination of Chromium 24 

3.2.4. Statistical Analysis 25 

3.3. Study 3: Immobilization of heavy metals using organic and 

inorganic amendments 

25 

3.3.1. Experimental conditions 25 

3.3.2. Soil analysis 26 

3.3.3. Collection and preparation of amendments 26 

3.3.4. Determination of gas exchange parameters 26 

3.3.5. Relative water content (RWC) 26 

3.3.6. Membrane stability index (MSI) 26 

3.3.7. Determination of chlorophyll content 27 

3.3.8. Plant Harvest 27 

3.3.8.1. Spinach harvesting 27 

3.3.8.2. Cabbage harvesting 27 

3.3.9 Statistical analysis 27 

Chapter 4 Results and Discussion 28 

Study 1: Characterization of Industrial Effluent Samples 28 

4.1.2. Results 28 

4.1.2.1 Physicochemical parameters 28 

4.1.2.2 Concentration of heavy metals 29 

4.1.2.3 Principal component analysis to categorize the evaluated effluent 33 

4.1.2.4. Correlation Matrix 34 

4.1.3. Discussion 35 

Study 2: Impact of Textile Effluent on Heavy Metals Accumulation in 

Vegetables 

38 

4.2.1. Growth parameters of Spinach irrigated with textile effluent 38 

4.2.1.1. Shoot length 38 



9 

 

4.2.1.2. Root length 38 

4.2.1.3. Number of Leaves 39 

4.2.1.4. Chlorophyll Contents (SPAD value) 39 

4.2.1.5. Shoot fresh weight (g) 40 

4.2.1.6. Shoot dry weight (g) 40 

4.2.1.7. Root fresh weight (g) 41 

4.2.1.8. Root dry weight (g) 41 

4.2.2.1. Cr concentration in shoots 42 

4.2.2.2. Cr concentration in roots 42 

4.2.3.1. AB-DTPA Extractable Cr 43 

4.2.3.2. pH of Post-Harvest Soil 43 

4.2.3.3. EC of Post-Harvest Soil 43 

4.2.2. Discussion 44 

Study 3: Immobilization of Heavy Metals using Organic and Inorganic 

Amendments 

49 

4.3.1 Growth parameters of spinach and cabbage 49 

4.3.1.1. Shoot length of spinach 49 

4.3.1.2 Number of Leaves of spinach 50 

4.3.1.3 Shoot length of cabbage 51 

4.3.1.4 Number of Leaves of cabbage 52 

4.3.1.5 Shoot fresh weight of spinach 53 

4.3.1.6 Shoot dry weight of spinach 54 

4.3.1.7 Shoot fresh weight of cabbage 56 

4.3.1.8 Shoot dry weight of cabbage 56 

4.3.1.9 Root length of spinach 58 

4.3.1.10 Root fresh weight of spinach 58 

4.3.1.11 Root dry weight of spinach 58 

4.3.1.12 Root length of cabbage 59 

4.3.1.13 Root fresh weight of cabbage 59 

4.3.1.14 Root dry weight of cabbage 60 

4.3.2. Physiological parameters of spinach and cabbage 60 

4.3.2.1 Chlorophyll contents (SPAD values) in spinach 60 

4.3.2.2 Photosynthetic rate of spinach 61 



10 

 

4.3.2.3 Transpiration rate of spinach 61 

4.3.2.4 Stomatal conductance of spinach 61 

4.3.2.5 Chlorophyll contents (SPAD values) in cabbage 62 

4.3.2.6 Photosynthetic rate of cabbage 63 

4.3.2.7 Transpiration rate of cabbage 63 

4.3.2.8 Stomatal conductance of cabbage 63 

4.3.2.9 Relative water contents in spinach 64 

4.3.2.10 Osmotic potential of spinach 64 

4.3.2.11 Membrane stability index of spinach 65 

4.3.2.12 Relative water contents in cabbage 66 

4.3.2.13 Osmotic potential of cabbage 66 

4.3.2.14 Membrane stability index of cabbage 67 

4.3.3. Chromium and micronutrients analysis 68 

4.3.3.1. Chromium concentration in spinach shoots 68 

4.3.3.2. Chromium concentration in spinach roots 68 

4.3.3.3 Chromium concentration in cabbage shoots 69 

4.3.3.4 Chromium concentration in cabbage roots 70 

4.3.3.5 Zinc concentration in spinach shoots 71 

4.3.3.6 Zinc concentration in spinach roots 72 

4.3.3.7 Zinc concentration in cabbage shoots 73 

4.3.3.8 Zinc concentration in cabbage roots 74 

4.3.3.9 Copper concentration in spinach shoots 75 

4.3.3.10 Copper concentration in spinach roots 76 

4.3.3.11 Copper concentration in cabbage shoots 77 

4.3.3.12 Copper concentration in cabbage roots 78 

4.3.3.13 Iron concentration in spinach shoots 79 

4.3.3.14 Iron concentration in spinach roots 80 

4.3.3.15 Iron concentration in cabbage shoots 81 

4.3.3.16 Iron concentration in cabbage roots 82 

4.3.3.17 Manganese concentration in spinach shoots 83 

4.3.3.18 Manganese concentration in spinach roots 84 

4.3.3.19 Manganese concentration in cabbage shoots 85 



11 

 

4.3.3.20 Manganese concentration in cabbage roots 86 

4.3.4. Chemical analysis of post-harvest soil 87 

4.3.4.1. AB-DTPA Extractable Cr in spinach soil 87 

4.3.4.2. pH of Spinach soil 88 

4.3.4.3. Electrical Conductivity (ECe) of spinach soil 88 

4.3.4.4. AB-DTPA Extractable Cr in cabbage soil 89 

4.3.4.5. pH of cabbage soil 89 

4.3.4.6. Electrical Conductivity (ECe) of cabbage soil 90 

4.3.5 Pearson correlation coefficients among growth and gas exchange 

parameters and between chromium and micronutrients 

91 

4.3.6. Discussion 96 

Chapter 5 Summary 99 

 Literature Cited 101 

 

 

 

 

 

 

  



12 

 

LIST OF TABLES 
Table Title Page 

3.1 Permissible limits of physicochemical characteristics of textile mills 

effluents 

19 

3.2. Characteristics of soils used in studies 20 

3.3. Different dilution levels of industrial effluent with different ratios 24 

4.1.1 Physico-Chemical Characterization of Textile Mills Effluents 30 

4.1.2 Heavy metals concentration in Textile Mills Effluents 32 

4.1.3 Correlation matrix of obtained values for the effluent samples 35 

4.2.1 Effect of textile effluent on plant height and root length (cm) of spinach 39 

4.2.2 Effect of textile effluent on number of leaves and chlorophyll contents of 

spinach 

40 

4.2.3 Effect of textile effluent on shoot fresh and dry weights (g) of spinach 41 

4.2.4 Effect of textile effluent on root fresh and dry weights (g) of spinach 42 

4.2.5 Effect of textile effluent on Cr concentration in shoots and roots of 

spinach 

43 

4.2.6 Effect of textile effluent on AB-DTPA Extractable Cr in soil, pH and EC 

of post-harvest soil 

44 

4.3.1 Shoot length (cm), number of leaves (pot-1) of spinach grown under 

different effluent concentrations with different treatments (n=3, Mean ± 

S.E) 

51 

4.3.2 Shoot length (cm), number of leaves (pot-1) of cabbage grown under 

different effluent concentrations with different treatments (n=3, Mean ± 

S.E) 

53 

4.3.3 Shoot fresh weight and dry weight (g pot-1) of spinach grown under 

different effluent concentrations with different treatments (n=3, Mean ± 

S.E) 

55 

4.3.4 Shoot fresh and dry weights (g pot-1) of cabbage grown under different 

effluent concentrations with different treatments (n=3, Mean ± S.E) 

57 

4.3.5 Root length (cm), root fresh and dry weights (g pot-1) of spinach grown 

under different effluent concentrations with different treatments (n=3, 

Mean ± S.E) 

59 

4.3.6 Root length (cm), root fresh and dry weights (g pot-1) of cabbage grown 

under different effluent concentrations with different treatments (n=3, 

Mean ± S.E) 

60 

4.3.7 Chlorophyll contents (SPAD values), Photosynthetic rate (A) (μmol CO2 

m-2 s-1), Transpiration rate (E) (mmol H2O m-2 s-1) and Stomatal 

conductance (gs) (mol m-2 s-1) of spinach grown under different effluent 

concentrations with different treatments (n=3, Mean ± S.E) 

62 

4.3.8 Chlorophyll contents (SPAD values), Photosynthetic rate (A) (μmol CO2 

m-2 s-1), Transpiration rate (E) (mmol H2O m-2 s-1) and Stomatal 

conductance (gs) (mol m-2 s-1) of cabbage grown under different effluent 

concentrations with different treatments (n=3, Mean ± S.E) 

64 



13 

 

4.3.9 Relative water contents (%), Membrane stability index (%) and Osmotic 

potential (%) of spinach grown under different effluent concentrations with 

different treatments (n=3, Mean ± S.E) 

66 

4.3.10 Relative water contents (%), Membrane stability index (%) and Osmotic 

potential (%) of cabbage grown under different effluent concentrations 

with different treatments (n=3, Mean ± S.E) 

67 

4.3.11 Cr concentration (mg kg-1) in shoots and roots of spinach grown under 

different effluent concentrations with different treatments (n=3, Mean ± 

S.E) 

69 

4.3.12. Cr concentration (mg kg-1) in shoots and roots of cabbage grown under 

different effluent concentrations with different treatments (n=3, Mean ± 

S.E) 

71 

4.3.13 Zn concentration (mg kg-1) in shoots and roots of spinach grown under 

different effluent concentrations with different treatments (n=3, Mean ± 

S.E) 

73 

4.3.14 Zn concentration (mg kg-1) in shoots and roots of cabbage grown under 

different effluent concentrations with different treatments (n=3, Mean ± 

S.E) 

75 

4.3.15 Cu concentration (mg kg-1) in shoots and roots of spinach grown under 

different effluent concentrations with different treatments (n=3, Mean ± 

S.E) 

77 

4.3.16 Cu concentration (mg kg-1) in shoots and roots of cabbage grown under 

different effluent concentrations with different treatments (n=3, Mean ± 

S.E) 

79 

4.3.17 Fe concentration (mg kg-1) in shoots and roots of spinach grown under 

different effluent concentrations with different treatments (n=3, Mean ± 

S.E) 

81 

4.3.18 Fe concentration (mg kg-1) in shoots and roots of cabbage grown under 

different effluent concentrations with different treatments (n=3, Mean ± 

S.E) 

83 

4.3.19 Mn concentration (mg kg-1) in shoots and roots of spinach grown under 

different effluent concentrations with different treatments (n=3, Mean ± 

S.E) 

85 

4.3.20 Mn concentration (mg kg-1) in shoots and roots of cabbage grown under 

different effluent concentrations with different treatments (n=3, Mean ± 

S.E) 

87 

4.3.21 AB-DTPA Extractable Cr concentration (mg kg-1), pH, EC (dS m-1) in 

post-harvest soil of spinach grown under different effluent concentrations 

with different treatments (n=3, Mean ± S.E) 

89 

4.3.22 AB-DTPA Extractable Cr concentration (mg kg-1), pH, EC (dS m-1) in 

post-harvest soil of spinach grown under different effluent concentrations 

with different treatments (n=3, Mean ± S.E) 

90 

4.3.23 Pearson correlation coefficients among growth and gas exchange 

parameters of spinach plants after 90 days 

92 

4.3.24 Pearson correlation coefficients among chromium and micronutrients 

concentration in spinach shoots and roots plants after 90 days 

93 

4.3.25 Pearson correlation coefficients among growth and gas exchange 

parameters of cabbage plants after 120 days 

94 



14 

 

4.3.26 Pearson correlation coefficients among chromium and micronutrients 

concentration in cabbage shoots and roots plants after 120 days 

95 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  



15 

 

LIST OF FIGURES 
List Title Page 

4.1.1 Principal component analysis of physicochemical pollutants in 

textile industries 

34 

4.2.1 Relationship b/w Cr concentration in shoots and % effluent 

concentrations  

46 

4.2.2 Relationship b/w Cr concentration in roots and % effluent 

concentrations  

47 

4.2.3 Relationship b/w Cr concentration in soil and % effluent 

concentrations  

47 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



16 

 

DECLARATION 

I hereby declare that the contents of the thesis “Effect of organic and inorganic amendments 

in reducing bioavailability of heavy metals from textile industry effluent” are product of my 

own research and no part has been copied from any published source (except the references, 

standard mathematical or genetic models/ equations/ formulae/protocols, etc). I further 

declare that this work has not been submitted for award of any diploma/degree. The 

university may take action if the information provided is found inaccurate at any stage (In 

case of any default the scholar will be proceeded against as per HEC plagiarism policy). 

 

 

                        HINA SATTAR 

                         2008-ag-1779 

 

 

 

 

 

 

 

 

 

 

 

  



17 

 

ACKNOWLEDGEMENTS 

 I indebted to Almighty Allah, the propitious, the benevolent and sovereign whose 

blessing and glory flourished my thoughts and thrived my ambitions, giving me talented 

teachers, affectionate parents, sweet brother and unique friends. Trembling lips and wet 

eyes praise for Holy Prophet Muhammad (P.B.U.H.) for enlightening our conscience 

with the essence of faith in Allah, converging all His kindness and mercy upon him. 

I deem it my utmost pleasure to avail myself this opportunity in recording my deep 

feelings of regards, sense of gratitude, enlightened guidance, affectionate help, personal 

interest and analytical supervision of, Dr. Muhammad Anwar-Ul-Haq Assistant 

Professor, Institute of Soil & Environmental Sciences, University of Agriculture, 

Faisalabad, who always provided necessary facilities throughout this research project. The 

impression of his kind personality will always remained engraved on my mind. 

 I offer my appreciations Dr. Hamaad Raza Ahmad Assistant Professor, Institute 

of Soil & Environmental Sciences, University of Agriculture, Faisalabad and Dr. 

Muhammad Jaffar Jaskani (Professor), Institute of Horticultural Sciences, University of 

Agriculture, Faisalabad for their kind behavior, untiring guidance, generous transfer of 

knowledge and sincere cooperation throughout my Ph.D. Degree. They are the special 

personalities of my life. May Allah Almighty bless them with success of both worlds? 

Words are deficient to express what I do feel for my loving Parents and my brother 

who have always build my trust in life ever along by my side, holding me tight guiding me 

right. They ever wished to see me glittering high in skies of success. Without their day and 

night prayers and moral support it would have been merely a dream for me to achieve 

privilege of my achievement I attained. I owe a lot to my in laws family members, 

especially to my loving husband for his encouragement, support and patience. 

My special thanks for my dear friend and my research fellow Munaza who assisted 

me in laboratory work.  

May Allah Almighty infuse with the energy to fulfill their inspirations and 

expectations and further modify my competence? May Allah bless with long happy and 

peaceful lives (Aameen). 

 

                   HINA SATTAR 

  



18 

 

ABSTRACT 

 
As the sense of fashion and modernism improves day by day the requests for apparel and 

clothing also increases. Hence, different kinds of garments, clothing and home textiles are 

industrialized to fulfill the increasing demands. Faisalabad; a city of Pakistan, is known for 

its different material enterprises. On the opposite side, this city additionally involved 

plentiful rural land. In Faisalabad irrigation is commonly done by reused sewage water 

from these textile units due to scarcity of better quality water. Agriculturists use surplus 

water to raise their crops as they consider it a healthier spring of nutrients, taking as 

substitution of excellent quality water round of the year. Heavy metals, i.e. lead, chromium, 

cadmium, and copper etc. are present in textile dyes which are used to assemble the 

dyestuffs. These metals which have been moved to the surroundings are noxious and can 

piled up` in the human body, water bodies and may incorporate in to the soil. To reclaim 

the metal degraded soils different practices are existing, amongst one is to incorporate 

organic and inorganic amendments in polluted soils to lessen the entry of metals into food 

chain by immobilizing them. Considering these evidences, a project was designed to 

observe the effect of organic and inorganic amendments to diminish the uptake of lethal 

metals in plants from textile effluent. Three tests were performed. In the first investigation 

the effluent acquired from different textile mills situated at different locations in Faisalabad 

and physico-chemical characterization of these effluent samples was done to check the 

pollution load. Heavy metal substances were also resolute in these samples by using atomic 

absorption spectrophotometer. The results revealed that all the effluent samples had a 

substantial quantity of pollutants especially chromium (Cr) metal which was present in 

higher concentration as compared to other heavy metals. On the basis of results, it was 

determined that Dawood Textile Industry generated more polluted effluent containing high 

contents of Cr and drained out it in the main drains without treatment. Hence effluent was 

collected from Dawood Textiles to use it for irrigation in second and third experiments. In 

second experiment accumulation of Cr in shoots and roots of spinach was checked. In third 

trial effectiveness of poultry manure (PM) and gypsum to immobilize the Cr was checked. 

Vegetables were reaped at maturity. Growth and physiological parameters were analyzed. 

Plant samples were also examined for Cr and micronutrients concentration. The post-

harvest soil was tested for chemical analysis and Cr concentration was also analyzed at the 

completion of the trial. The outcomes of various concentration of textile water 0, 10, 25, 

50 and 100% on growth of spinach revealed that control plants had improved growth as 

there was no stress of effluents while major decrease in growth was noted in plants where 

100% textile effluent was applied. Cr concentration was also high in plants irrigated with 

100% textile effluent. The organic and inorganic amendments were reduced the uptake of 

Cr and also improved growth and physiology of plants. Moreover, from different levels of 

both the amendments poultry manure @ 1% with the combination of 50% textile effluent 

concentration proved to be more operative in dropping the uptake of Cr to different plant 

parts. 
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CHAPTER 1 

INTRODUCTION 

Improving sense of fashion and lifestyles has created so much demand of outfits 

and dressing with the civilizing sense of standards of living; in this way textile materials 

are created to fulfill the increasing demands. In emerging states, for example, Pakistan, 

textile manufacturing transforms into their incomes that increases to their gross domestic 

production (GDP). Consequently, this has carried both magnitudes to such countries either 

improvement in financial conditions of the country or unfavorably to enlarged man made 

influence on the atmosphere (Desta, 2013). In 1947 after formation of Pakistan, Faisalabad 

has organized speedy walks in the industrial fields not only in textiles, but also in chemicals 

and foods. Currently, there are a lot of textile industries with other subsidiary units. There 

are likewise somewhere in the range of 12000 household businesses which incorporate 

around 60000 power looms (Sabir et al., 2013). 

A huge quantity of effluent from all industrial units discharged into unlined 

sanitations out of where the agriculturalists used this water (Krishna and Govil, 2005). 

Agriculturalists take this waste water as a beneficial way of nutrients, to irrigate their crops 

(Ensink et al., 2004; Ghafoor, 2004). The constant consumption of unprocessed effluent 

deposit the metals in soils and increase in various environmental and medical problems 

(Mapanda et al., 2005). The worldwide environmental framework seriously harms by this 

polluted water (Ardejani et al., 2007). The impacts of ecological contamination are 

emerging greatly due to industrialized leftover removal (Remyla et al., 2008). 

Ecologically the costumes we wear can cause unlimited hazards. The toxic and trace 

metals which are existing in the textile effluent which leach down to soil and underground 

water are hazardous for health (Manzoor et al., 2006). 

This effluent if permitted to stream in drains it influences the nature of drinking 

water for human intake. It likewise prompts outflow in sanitations to increase their maintenance 

price. Such poisoned water can be a propagation place for microorganisms (Kant, 2012).  

Heavy metals contents increase when soil is watered with sewage water (Mapanda 

et al., 2005). Heavy metals such as Cr and Cu etc are broadly consumed to built-up 

dyestuffs. Noxious altitudes for plants and animal health are built-up by using this effluent 

for watering for the long period of time (Jadoon et al., 2013). On the off chance that these 

effluents are consistently utilized for water system for long time then it might bring about 
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unsafe levels for plants and creature health. These metals are poisonous and can piled up 

in the human body, water bodies and leached down to soil (Mathur et al., 2006). Metals 

present in soil filters down into the underground water and can persuade the antioxidant 

enzymatic actions in plants or attached with solid clay particles (Iannelli et al., 2002). These 

metals entered into food chain either by filthy foodstuff or by intake water (Khan, 2006). 

Diet is the most important way of harmful metals by humans. Heavy metals are 

gathered in eatable and non-eatable portions of vegetables at amounts sufficiently to make 

medicinal complications to animals and humans. Abundant magnitude of metals afar from 

Maximum Permissible limit (MPL) causes many body weaknesses and additionally bone 

infections and different other medical issues (Jolly et al., 2013). 

It was noted that constant ingestion of Cadmium from edible things brings about 

increase of Cd in the kidneys and may become reason of numerous kidney disorders 

(ATSDR, 1993). Heavy metal which may gathered in to plants brings about deterioration 

of liver, mind and psychological abnormality in animals and humans (Misra and Dinesh, 

1991). Leafy vegetables cultivate comparatively good in the waste water. However, 

vegetables developed in the contaminated water comprise metals prompting health issues 

to the living organisms. (Murtaza et al., 2003). These metals even in minute quantities 

abolish cell enzymes and hence their release into the atmosphere. The plant progress 

lessened due to uptake and gathering of metals (Begum et al., 2011). 

It is all the time suggested that the waste water should be pretreated before 

agricultural use but because of the high costs required, in many places, wastewater, 

regardless of its source is used to raise the crops without treatment. This wastewater incurs 

a great part of the invisible threats into the food chain and incorporates other lethal 

components in the agricultural products. 

Metals supplementary in minor amounts discover particular adsorption places in 

soil wherever they are seized vigorously, either on organic or inorganic colloids (Sauve et 

al., 2000). Subsequently expansion to soil, carbon-based stocking of sewage water causes 

decay to carbon dioxide, organic acids of low molecular weight, left over organic and 

inorganic constituents (Boyd et al., 1980). Metals are also discharged in soil solution during 

decomposition. Yet, as a result of their lower solubility and controlled take-up by plants, 

metals have a tendency to aggregate in shallow soil and turn out to be a part of the soil 

matrix. Metals can accumulate in soil with the repetition of wastewater and become toxic 

for plant growth (Mapanda et al., 2005). 
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Along these lines, techniques should be discovered to diminish the movement of 

poisonous metals, making them stable, hence, diminishing their accessibility to the plant 

(Khan et al., 2012). 

Reclamation practices include reclamation of soil to reduce the uptake of metals 

(Basta et al., 2001). To reclaim the metal polluted soils distinctive procedures are utilized 

which are typically expensive and can cause other ecological and medical problems like 

kidney failure (Demir et al., 2005).  

For restriction of heavy metals, numerous amendments have been utilized, for 

example, adding of lime, phosphate and organic manure (Farfel et al., 2005). These 

managements prompt alterations in properties of soil, that alter the dissolvability of metals 

and subsequently accessibility to the plants (Singh and Agrawal, 2010). 

 Utilization of manures has likewise been attempted as a method for lessening metal 

accessibility to the plants (Vacha et al., 2002). Ordinarily, organic matter and lime is 

utilized for in-situ restraint of metals in soils which might be more alluring and cheaper 

choice. Metals can be insolubilizing in calcareous soils by using gypsum and phosphatic 

fertilizers. Inorganic amendments have additionally been establishing to lessening the 

bioavailability of metals because of making of binding sites (Puschenreiter et al., 2005).  

Organic amendments are vital due to their positive impacts on soil physicochemical 

properties which enhance plant development and fertility of polluted soils. Organic 

amendments changed the phyto-available types of metals to form composite with organic 

manure and ultimately could diminish the phytoavailability of metals (Walker et al., 2004). 

Various kinds of organic alterations are being utilized to insolubilize metals in soils by 

incorporating different fertilizers and manures got from various sources. Such organic 

amendments gave favorable yet different outcomes by immobilizing metals in degraded 

soils (Walker et al., 2004). Along these lines it might be concluded that the part of organic 

manure to diminish accessibility of metals in soils relies upon source of OM and time since 

use of organic matter (Arnesen and Singh, 1999). 

These techniques are so much important due to more ecological feasibility, to evade 

excavation and environmental instability. 

As per stated above, different studies will be conducted as per below objectives; 

• To characterize the effluent obtained from different textile industries. 

• To check the accumulation of heavy metals in different plant parts. 

• To observe the effectiveness of organic and inorganic amendments regarding their 

effect on reducing the bioavailability of heavy metals in vegetables. 
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CHAPTER 2 

REVIEW OF LITERATURE 

In Pakistan apparel & clothing industry is the biggest developing industry. Pakistan 

is the eighth biggest exporter of garment wares in Asia. This area subsidizes` 8.5% to the 

GDP. Likewise, the sector utilizes around 45% of the total labor force in the country and 

38% of the engineers and other workers. Hence textile industry considers as the backbone 

of the Pakistan's economy. Pakistan's garment unit has round about 50 huge and 2500 small 

outfit manufacturing units. Besides, it additionally houses around 600 knitwear-creating 

units and 400 towel-producing units. The export of Pakistan is intensely dependent on the 

garment sector and this is clearly evident from the way that 68% of our exports are textile 

related items. The clothing business in Pakistan can possibly develop provided its similar 

points of interest are kept up. There is widespread acknowledgment that textile industry of 

Pakistan has influenced their stamp to up especially those apparel industry administrators 

who have possessed the capacity to build up their specialty markets and keep on competing 

in worldwide markets. There is a lot of scope for apparel industry to furthermore develop 

as it enhances its efficiency. The share textile sector in GDP is assessed to raise from 10 

percent to 18.95 percent by year 2015 (Alam and Khan 2007). On the other hand, the 

ecological impacts of contamination of wastewater substances are intense. An extensive 

mixture of chemicals is utilized by the garment industry for coloring and printing activities 

and such incorporate bleaching agents vat colors, azodyes, sulfur dye, color pigments, 

which are made by utilizing formaldehydes, chromium salts, hydrochloric acid, caustic 

soda, ammonia and numerous other unsafe chemicals. These chemicals are making 

ecological contamination. 

2.1 Vegetables 

 The vegetables are imperative part of diet. Being as a potential wellspring of basic 

supplements vegetables comprises nutritional elements by supplying vitamins, protein, 

calcium and iron which are important for healthy body (Arai, 2002). Vegetables also 

neutralize the pH of the acidic elements which are formed during digestion processes (Bibi 

et al., 2014).  

Cabbage (Brassica oleracea L.var. capitata) is the most vital vegetable grownup 

around the world. It has a place with the family Cruciferous, which includes cauliflower, 
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broccoli, and kale (Singh et al., 2006). It is high in dietary fiber, foliate, water and vitamin 

C, which can help to protect a range of diseases from cancer to cataract (Krishna et al., 2005).  

Cabbage is used both in unrefined form or arranged in many ways, e.g., fermented 

or boiled and also utilized in salads. Because of its cancer prevention agent, cabbage has 

vast use in standard remedy of diseases (Rokayya et al., 2013). Chemical component 

investigation has demonstrated that the principle components of cabbage are sugars, 

involving about 90% of the dry weight, where about 33% is eating grit and 66% are small 

sub-atomic bulk starches. Other trademark constitunets are glucosinolates (Wennberg et 

al., 2006). 

Spinach (Beta vulgaris varcicla) is known to be rich in nutritional contents and has 

plenty of antioxidants, particularly when fresh or steamed (Anonymous, 2010b). It’s a great 

wellspring of vitamin A, E, C, K, manganese, magnesium, betaine, folate, vitamin B2, 

potassium, Ca2+, folic acid, vitamin B6, Cu, proteins and unsaturated fats. Rubiscolins can 

likewise be available in spinach (Mateljan, 2012; Anonymous, 2012c). Inadequacies in 

micronutrients, for example, vitamin A and iron in such nations which are at developing 

stage across the board have negative results for youngster’s' development and improvement 

(Aphane et al., 2002). In this manner, to supply the body with such supplements, this is 

necessary to cultivate vegetables like spinach. 

Presently, trend to better quality fruit and vegetables has increased. But better 

quality cannot be assured by the external morphology of vegetables. As, innovative 

mechanization techniques have delivered conveniences to humans but it has additionally 

contaminated our surroundings by haphazard escape of fluids and gases (Islam et al., 2015). 

Presently massive amount of effluents is being released on other surface for 

disposal. In developed countries, these effluents are discharged in environment after 

treatment but in most of the developing countries like Bangladesh, Pakistan and India etc. 

the effluent discharged out in drains without proper treatment. These seepages are either 

discharged into some water body or specifically on to the grounds, which are generally 

productive areas. Here and there these run-offs are deliberately utilized for watering system 

in light of lack of water, particularly to raise green vegetables and grain (Ghafoor et al., 

1995).  

Spinach and other leafy vegetables have great ability to buildup metals in their roots 

and shoots and delicate to mechanical effluents. The utilization of industrialized outlet for 

water system has risen in the current past, because it contained extensive amounts of N, P, 

K and Ca alongside other fundamental supplements (Niroula, 2003). In any case, there can 
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be both advantageous and harming impacts of sewage water on crops and vegetables 

(Saravanmoorthy et al., 2007). The vegetables developed in contaminated soil adopt 

extensive amounts of injurious materials in their diverse parts that can cause general 

medical issues (Khanam et al., 2011). 

2.1.1 Effect of Garment Sewage Water on Growth of Vegetables 

Gupta and Bishwas (2005) examined the impact of run-off of a color production 

unit on kernel sprouting, twig development and chlorophyll substance of 

Withaniasomnifera. It was examined that the germination rate and plant growth was 

reduced gradually by increasing the concentration of the effluent. Physico-chemical 

possessions of the textile dyeing industries were likewise examined. 

In order to analyzed if some winter vegetables could be irrigated with treated 

industrial effluent, tests were performed by Rehman et al. (2009). As per consequences, it 

was shown that the seepage has lessened seed propagation and evolution of all tubers. 

Additionally, treated overflow did not exhibit any diminishing influence on seed 

propagation of entire vegetables. Photosynthetic pigments and protein substance were 

greater in the leaves of every single tuber plant watered with treated industrial overflow 

than those of provided with crude effluents. It has been noted that metals were less in 

quantity in cured effluent and high in raw effluent. Despite that, propagation and 

development of each of the three vegetables was distinctive to cured or raw effluents 

corresponding to their levels. Moreover, the Raphanus sativus stood as forbearing followed 

by Brassica campastris and Brassica napus in view of sprouting and development replies. 

Scientists additionally presumed that in perspective of lack of water, industrial run-off 

might be utilized for vegetables afterward reasonable treating and treatment. 

The negative effect on seed germination was observed by using untreated textile 

effluent. A pot trial was conducted to study the possessions of brewery, garment and dye 

seepage on seed sprouting of green vegetables through absorbing of seeds effluents (50 and 

100% concentrations) and detected reaction for period of drenching and effluent 

applications for two vegetables. They proposed that industrialized overflow had adverse 

impact on seed propagation (Ogunwenmo et al., 2010).  

Expanding effluent concentration significantly affected on crop growth and 

improvement. A lab study was performed to know the influence of various applications in 

the scope of 0– 100% textile run-offs on seed sprouting (%), plant root and shoot length, 

shoot fresh weight, chlorophyll substance and carotenoid of three one of a kind cultivars of 
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wheat. No diminishing effect on seed sprouting is observed at low absorption level of textile 

industrial effluent i.e (6.15%). The other plant properties likewise show the similar 

behavior. It has likewise been presumed that impact of the industrial waste is cultivar 

particular and proper care ought to be taken before utilizing for irrigation (Kaushik et al., 

2005). 

The impacts and reasonableness of apparel plant emanating at various focuses (0, 

20, 40, 60, 80 and 100 %) for water system purposes were studied by Panaskar et al., 

(2011). The outcome showed that the apparel plant waste did not demonstrate any 

diminishing impact on seed sprouting at brings down focus. With the expansion in profluent 

fixation, development of seedlings was discovered more influenced. 

Another study on Stem Amaranth was conducted in which seven different types of 

textile dyeing wastewater was used to assess the suitability for further utilization in 

vegetables cultivation. The results revealed that pH, biochemical oxygen demand, 

dissolved oxygen, chloride and color of the mixed wastewater sample were exceeded the 

irrigation water quality standards from overall assessment, it was concluded that less 

polluted wastewater of a dyeing factory could be directly reutilized in irrigation purpose of 

vegetables cultivation (Khandaker et al., 2013). 

Crude textile industrial overflow reduced biomass of root and shoots of vegetables 

while cured one achieved a noticeable development, put up sugar and protein rate. This 

impact was surveyed by Jadoon et al., (2013) and reasoned that devastate water from 

clothing industry, ghee and various enterprises gave poisonous metals that accumulate in 

fruit and vegetables and has gravely influences vegetables developed. Heavy metals, for 

instance, Zn, Cd, Ni, Pb, As and Cu brings about limitation in root improvement, reduced 

yield on account of less take-up of water & nutrients and diminished plant advancement 

and seed germination. 

Different effluent concentrations pose different effects on physiological and growth 

parameters. An experiment with the same objective was directed to find the possessions of 

textile seepage on sorghum. Different five dilutions of textile seepage were prepared (0%, 

25%, 50%, 75% and 100%). The results showed that plants irrigated with 100% effluent 

were highly affected as compared to 0%. Vegetative growth and other physiological 

parameters were noted greater in 0% and lesser in 100%. Plants irrigated with 100% 

effluent had the minimum tallness and higher amount of senescent foliage among all 

treatments. Hence it was concluded that textile effluent is injurious for sorghum (Hayyat et 

al., 2013). 
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Parameswari, (2014) was characterized the sewage water from a typical cotton 

industry and found the high value of BOD, color, COD, and pH. The effluent from textile 

and color manufacturing plant was additionally contemplated for its influence on 

germination and energy list of the sprouts of heartbeat crops.  

Textile effluent badly affects the soybean crop.  To analyze the result of dye effluent 

on growing parameters of soybean crop following study was conducted. Crude effluent 

specifically represses every one of the parameters uniformly and primary treated effluent 

likewise altogether restrains the soybean crop. Outlet gushing did not restrain all parameters 

to evaluate control. Outlet treated effluent demonstrated the critical outcome to put side by 

side the raw and primary treated effluent (Ravi et al., 2014). 

Pandey and Singh, (2015) by studying the impact of cured textile factory overflow 

used as irrigation source to grow wheat crop and concluded that the control showed higher 

values of growth parameters and protein content in comparison to effluent irrigated crop. 

2.2 Heavy Metals 

Poisonous metals can be regarded as the segments having thickness range i.e 3.5-

7.0 g cm-3 (Duffus, 2002) having a place in inorganic gathering of chemicals i.e hard to 

portray (GWRTAC, 1997). Evacuation of wastages including metals, outpourings from 

modern zones, soil associated pesticides and manures, overflow of sewage water, creature’s 

fertilizers, stores of coal consuming and yield water system with squander water each one 

of these sources provoked the social affair and spoiling of soils by lethal heavy metals 

(Zhang et al., 2010).  

Soil is a definitive sink of all man made excreted metals, among mostly heavy 

metals don't pillaged synthetic (Kirpichtchikova et al., 2006). Biodegradation of natural 

poisons is obstructed in the presence of substantial metals. The polluted soil with 

considerable metals may make many risks to the plants and in the end can exhibit ruinous 

for organic group and individuals by ruining of ground water and exasperating evolved way 

of life (Ling et al., 2007).  

Releasing of metals on account of anthropogenic reactions is usually more 

adaptable when stood out from the metals (Kaasalainen and Yli-Halla, 2003). The elements, 

for example, Cu, Ni, Fe, Mo, Mn and Zn are major for creatures however ends up plainly 

dangerous at high fixation while metals like Cd, Pb, Cr and Hg can demonstrate noxious 

still at less application (Zhuang et al., 2009).  
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Heavy metals are amazingly difficult to degrade artificially and likewise naturally 

being constant in nature in view of its perseverance in the soil for long time (McGrath, 

1987). Initiations of chromium (Cr) contaminations dealt in discharges from plating 

procedures and exchange of Cr having remaining. Cr (VI) is the sort of Cr generally found 

at dirtied territories and dangerous levels are typical in soils associated with sewage slop. 

It can be lessened to Cr (III) by soil natural issue (Wuana et al., 2011).  

It can be transferred through surface spillover to surface waters in its dissolvable or 

precipitated form. The bulk of Cr discharged into common waters is in molecular form and 

at last stored into the silt. Cr is needed for sugar and lipid digestion, use of amino acids and 

as color pigments, paper, cement and rubber, metal plating to avoid deterioration, leather 

tanning and textile dyes (Ahmet et al., 2010). In likewise manner it maintains a normal 

glucose resistance factor. Chromium is utilized as color pigments, bond, paper, elastic, and 

different materials (Naidu et al., 2008). 

Chromium stays stable for a while in the soil without fluctuating its oxidation state. 

Truth be told, oxidative conduct of the Cr in soils is of biological centrality, since Cr is 

discovered more lethal to plants and creatures (Rai et al., 2004). Cr is assembled by plants 

and its collection is biomagnified at various trophic altitudes through characteristic natural 

way of life (Rai et al., 2002).  

Chromium meddles with a few metabolic procedures, making lethality to the plants 

resulting in diminished development and phytomass, chlorosis, debilitated photosynthesis, 

decay of plant at last. Moreover, plants grown in chromium-contaminated soil makes 

oxidative harm to biomolecules, for example, lipids and proteins (Vajpayee et al., 2002). 

Pandey and Singh, (2015) investigated the gathering of heavy metals in vegetables 

were brought up in unpolluted sandy soil utilizing pot culture technique and watered with 

effluent from electro plating business indicated optical poisonous side effects like hindered 

development, decomposition followed by chlorosis in leaves lastly decay of the plants. The 

plants treated with diluted effluent (50%) have less level of toxicity. 

Substantial metal contamination is secretive, determined and irreversible. This sort 

of contamination not just corrupts the nature of the climate, water bodies, and sustenance 

crops, yet additionally debilitates the wellbeing and prosperity of creatures and individuals 

by method for the evolved way of life (Li et al., 2014).  

For the most part, immersion of substantial metals in low measurements by people 

over a drawn out stretch of time through nourishment has been appeared to have brought 

about genuine wellbeing outcomes (Zango et al., 2013).  
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Take-up of overwhelming metals like Cr by crops developing in debased soil is a 

potential peril to human wellbeing as a result of transmission in the natural way of life. 

Poisonous impacts of Cr on human wellbeing are rashes on skin, upsetting of stomach and 

ulcer, respiratory issues, debilitated safe frameworks, kidney and liver harm, modification 

of hereditary material, tumor and demise (Abdul-Wahab et al., 2012). 

2.2.1 Effect of Textile Effluent on Uptake of Heavy Metals 

Consumption of vegetables contaminated with heavy metals can be regarded unsafe 

and harmful to humans. A study was conducted to find the concentrations of lead, cobalt, 

chromium, cadmium and nickel, in the more consumed food stuff and to evaluate the toxic 

metal values with the permissible limits. All sampled vegetables gave mean concentrations 

of Cd and Ni less than the permissible limits. Cr and Pb crossed the limits in 44 % of the 

test samples (Guerra et al., 2012). 

Textile effluent may affect the growth of vegetables as well as increases metals 

concentration in edible parts of vegetables. For this purpose, an experiment was performed 

to check the impact of textile effluent on tomato plant. The results showed that all the 

biochemical parameters (chlorophyll contents, carbohydrates, proteins and nitrogen) were 

highly affected with the increase in metal concentration. On the other hand, the root length 

and shoot length, plant biomass and total dry weight was also decrease by increasing textile 

effluent concentration. Fruit samples of plants after harvesting were treated with elevated 

concentration of textile industrial effluent and ultimately found highest concentration of 

metals in theses samples (Marwari and Khan, 2012). 

Another experiment on textile effluent was piloted to inspect the influence of textile 

effluent on accumulation of metals in vegetables. The significant accumulation of metals 

such as Cu, Zn, Cr, Co Fe, Cd, and Ni was noted in the different parts (root, shoot, leaves, 

and fruit) of all vegetables after irrigation with textile effluent (Kumar et al., 2013). 

The vegetables cultivated in contaminated soil build up abundant amount of toxic 

metals in their various parts that can results in medical issues. Another study was performed 

to check the accumulation of heavy metals in different parts of vegetables. It was concluded 

that the intake of vegetables was not ok for utilization in the examining zone. To lessen the 

hazard impacts, proper treatment of industrial waste was recommended along with phyto-

extraction of load of toxic metals and metalloids from contaminated sites (Bibi et al., 2014). 

Kant, (2014) stated that color is the principle fascination of any texture. Chemical 

dyes and colors gave a wide range of colorfast, inspiring shades. However, their toxic 
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nature has changed into a clarification behind grave worry to environmentalists. Use of 

manufactured colors and shades inimically impacts an extensive variety of life. Existence 

of S, acidic destructive, chemicals, driving forces chromium with everything taken into 

account makes the material gushing outstandingly hurtful.  

Amin et al., (2014) utilized mechanical sewage for irrigation thus resulting in 

contaminating the soil. This soil was analyzed for heavy metal substance by using atomic 

absorption spectrophotometer in control soil. Accumulation of the unsafe metal was 

basically more noticeable in the soil immersed with textile effluent than control soil. 

Substantial metals are amassed in the edible parts of vegetables having green leaves, 

when stood out from grain or natural product crops. Vegetables take up overpowering 

metals and total them in their satisfactory and unpalatable parts in sums adequately high to 

cause clinical issues both to animals and individuals when they eat up these metal-rich 

plants. An analysis was led to check the dietary presentation to a few substantial metals 

including, As, Hg, Zn, Ni, Cd, Cr, Co, Pb and Cu, as a hazard to human wellbeing through 

the utilization of vegetable crops. It was studied that the soil, growing vegetables on it, 

contains high amount of metals that could be moved into palatable parts of the plant, so 

vegetable growing areas ought to be observed frequently to evade wellbeing danger of 

individual because of disclosure with poisonous level (Tasrina et al., 2015). 

2.3 Effect of Amendments on Immobilization of Heavy Metals 

To treat metal polluted soils a few rectification methods can be utilized. Advances 

routinely used for rectification of metal polluted soils are costly and could achieve some 

additional biological and medical issues like carcinogenicity (Demir et al., 2005).  

To immobilize heavy metals in soil both in-situ and ex-situ strategies are used. The 

ex-situ technique includes the physical excavation of material consisting heavy metals from 

the polluted areas. Be that as it may, this training may demonstrate spiteful for biological 

community. Furthermore, is not economical (Cooper et al., 1999).  

As diverge from other rectification technique, in situ immobilization is more 

moderate and can give a whole deal rectification plan by the improvement of less 

dissolvable materials. The in-situ systems incorporate soil washing and manufactured 

corruption. Various regular or built materials are attempted, generally in the latest decades, 

to survey their capability of immobilization (Uchimiya et al., 2010).  

Unmistakable sorts of revisions both natural and inorganic are applied to bind the 

versatility of metals by precipitation, complexation, molecule exchange i.e oil trade, redox 
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responses and sorption. These alterations join characteristic composts, minerals, 

phosphates, Ca, zeolites and mud (Finzgar et al., 2006).  

Various mechanical symptoms are also shown better in view of most recent 

research. The right segment of immobilization is still not clarified as a result of the 

imprisonment of current explanatory systems and multifaceted nature of soil network 

(Wang et al., 2009).  

Immobilization of pollutants may be accomplished chiefly through complexation, 

adsorption and precipitation, and responses which result in the reorganization of pollutants 

from arrangement stage to solid stage, in this way diminishing their bioavailability and 

transport in the earth (Porter et al., 2004).  

Watering with untreated emanating in peri urban cultivating could realize social 

occasion and bio concentrations of overpowering metals. Assorted organic and inorganic 

amendments were applied to study their impact on openness, obsession, and take-up of 

metals in wheat in apparently exceptional soils. Yield was watered containing Cr and other 

toxic metals. Consecutive extraction demonstrated that number of metals were removed 

from the control in every part and that overwhelmingly metals were present in the carbonate 

portion (Ahmad et al., 2011).  

Another technique was directed to survey rice yield and nature of soil using 

particular natural and inorganic alterations. In perspective of these results, half of rice straw 

and gypsum changes could be recommended to improve yield profitability of the salt 

impacted grounds. There was a slight contrast in saltiness and pH as affected by different 

solutions in post-gather soil. Including rice straw and gypsum showed beneficial outcome 

on natural carbon in soil (Hossain and Sarker 2015). 

2.3.1 Metals Response to Inorganic Amendments 

The utilization of inorganic fertilizers has turned out to be the quickest and best 

method for adding up supplements and improving crop generation (Panda and Hota, 2009). 

In situ immobilization by utilizing inorganic revisions is an attainable decision for debased 

soils due to its earth good trademark. For confinement of Cr in soils the utilization of natural 

and inorganic corrections is beneficial decision. The viability of inorganic revisions in 

diminishing the metal bio-accessibility is accounted for as huge principally because of the 

way that making of extra restricting destinations for overwhelming metals and change of 

pH in the dirt arrangement (Grabowska, 2011).  
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The immobilization procedure is effected by different approaches including 

adsorption, exchange of cations, complexation and precipitation etc. (Hmid et al. 2015).  

Alkaline amendments as immobilizing agents in tainted soil can extraordinarily 

influence diminishing metal dissolvability and adaptability by methods for developing soil 

pH and correspondingly metal sorption to soil particles and improvement of ineffectually 

solvent metal hydroxides and carbonates (Kumpiene et al. 2008; Zeng et al. 2011). As of 

now, lime based materials like gypsum have been overviewed for their ability to offset 

generous metals and included as a biologically reasonable immobilization approach (Ok et 

al. 2010, Lee et al. 2013).  

Gypsum is for the most part taken as source of calcium that particularly exchanges 

the compatible Na+ on the soil trade complex. Additionally, inferable from its availability, 

sparing and portability (Amezketa et al., 2005) it is widely utilized as recovering to counter 

the harming impacts of high sodium inciting significant reduction in sodium adsorption 

extent of soil and electrical conductivity (Hamza and Anderson, 2003).  

Use of inorganic amendments alone or in mix with organic amendments was 

similarly viable in diminishing the substantial metals substance in vegetables. A research 

center and nursery tests were led to assess the impacts of natural and inorganic amendments 

on openness of Cu, Cr, Zn and Ni in sewage-watered soil. Results demonstrated usage of 

CaCO3 separately or in mix with FYM was also suitable in decreasing the Zn content in 

lettuce, while sole utilization of CaCO3 in a general sense lessened Ni content. In any case, 

just SSP was seen feasible in diminishing the Cu content in lettuce. (Paulose et al., 2007). 

Inorganic revisions diminished the metal take-up by plants. To check the 

aftereffects of various inorganic revisions including red mud, zeolite, hydrous 

aluminosilicate, and lime on metal portability in four unique soils and take-up of these 

changes by amaranthus (Amaranthushybridus L.) and fescue (Festucarubra L.). It was in 

this manner reasoned that by expending red mud substantial metals were decreased 

monotonously in soil and plants (Friesl et al., 2003).  

Sanderson et al. (2014) exposed that restriction of pollutants may be important by 

precipitation, complexation and adsorption which realize migration of pollutants from 

liquid stage to solid stage, subsequently decreasing bioavailability and transport of 

contaminants in nature.  
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2.3.2 Metals Response to Organic Amendments 

Incorporation of natural correction could diminish harmful metals by changing 

structures to buildings with oxides, carbonates, and organic matter (Walker et al., 2004). 

Natural corrections propel the dependability of agrarian system because of its long haul 

ameliorative results for physical, chemical and natural characteristics of soil (Ould-Ahmed 

et al., 2010).  

Fertilizers give supplements and important common material to the dirt which 

gathers soil structure and stay away from compaction. Nevertheless, disregarding these 

points of interest, kraal fertilizer separates bit by bit realizing a direct supplement release 

thusly supplements not being open as snappy as they are required by the present product 

(Boyanapalle, 2004; Anonymous, 2012b).  

As supplements are gotten up to speed in type of arrangement, dissolving 

supplements from kraal compost going before application may help stimulate the openness 

of supplements to the plant, along these lines the inspiration of endeavoring to characterize 

fluid fecal matter than can be used under little scale conditions. Development of organic 

amendments has routinely been seemed to fabricate the cation trade limit of soils, thusly 

recognizing extended metal adsorption. With increasing pH, the carboxyl, phenolic, 

alcoholic, and carbonyl useful gatherings in soil organic matter discrete, thusly growing the 

partiality of ligand particles for metal cations. The diminishment of metal fixations can be 

ascribed to an expansion of soil pH by avoiding sulfide oxidation/hydrolysis (Walker et al., 

2004).  

Different studies have exhibited that extension of characteristic soil changes 

redesigns the lessening of metal, for instance, Cr and Se. For example, the extension of 

cow’s fertilizer has realized the lessening of Cr (Bolan et al., 2003g).  

Walker et al., (2004) studied and expressed that usage of organic and inorganic 

amendments is an efficient option. Organic changes are more valuable as they help in re-

vegetation of polluted soils and recover plant advancement. Characteristic remedies 

diminished the take-up of overpowering metals by vegetables.  

Utilization of organic treatments in diminishing bioavailability of substantial metals 

in vegetables and products considered savvy techniques. An analysis was led to inspect the 

piece of composts in decreasing the considerable metal openness in soil, and consequent 

take-up in Beta vulgaris L. (var. All green). The impacts of normal fertilizer as farmstead 

excrement (FYM), commercial inorganic nitrogen, potassium (NPK) and phosphorus and 

a mix of FYM + N were differentiated and control one having no treatment on 
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physicochemical properties of the earth and overwhelming metal concentrations in plants 

and soil. Soil medications incited changes in the physicochemical characteristics of the soil, 

adjusting the phytoavailability of considerable metals. As the utilization of FYM alone and 

in blend with N realized reduced overpowering metal take-up and better creation, it may be 

seen as a straightforward and most conservative strategy for diminishing the levels of 

treating in food crops (Singh et al., 2010).  

Nigussie et al. (2012) checked the effectiveness of biochar on Cr polluted soils by 

growing Lettuce. Biochar framed by maize stalk was added on soils spiked with Cr at the 

levels of 0, 10 and 20 ppm. It was in this way presumed biochar application is basic to 

update soil production, improve supplement take-up and improve the metal corrupted soils  

Chromium immobilization is additionally a compelling ameliorative strategy 

utilized for diminishing take-up of heavy metals in plants. Khan et al. (2012) drove a test 

to study the changes on immobilization of harmful elements in sugar mills polluted soils. 

Soil was amended with diammonium phosphate (DAP), triple super phosphate (TSP), 

poultry compost (PM) and Farm Manure (FM). The outcomes displayed that AB-DTPA 

extractable metals were reduced considerably in treated plants as compared to control 

plants and the maximum reduction was found in FM treated plants. 

Sabir et al. (2013) checked the impact of organic amendments like mud, iron, 

poultry compost and activated carbon on immobilization of metals in the polluted soil. The 

plant improvement and gathering of metals in maize shoots was seen. It was noticed that 

every one of the amendments were extensively expanded the shoot dry weight when 

contrasted with control plants. The amendments additionally fundamentally diminished 

AB-DTPA extractable metals. Best performance was given by activated carbon. Hence, it 

was summarized that the utilization of activated carbon was best in the immobilization of 

metals rather than other treatments.  

Soil amendments have the noteworthy need for the viable growth of vegetation in 

the metal-degraded soils. The expansion of amendments, for instance, poultry compost is 

reasonable in cutting down the poisonous quality of metals in the soil and gives direct 

arrival of supplement sources, for instance, N, P. K to help plant improvement (Chiu et al., 

2006). 
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CHAPTER 3 

MATERIALS AND METHODS 

A chain of experimentations comprising one textile effluent characterization trial 

and two pot studies in soil were accompanied in the glass house, Institute of Soil and 

Environmental Science, University of Agriculture, Faisalabad during 2016-2017. Methods 

and investigative processes which were same in all studies are described in this chapter. 

3.1 STUDY 1 

3.1 Characterization of Industrial Effluent Samples 

3.1.1  Collection of Textile Effluent 

A total number of twenty-six effluent samples were obtained from textile industries 

located at three following sites in Faisalabad: - 

Site 1: Sargodha road Faisalabad 

Site 2: Maqbool road Faisalabad 

Site 3: Khurrianwala Faisalabad 

The water samples were composed during three months’ period of time i.e. March, 

April and May 2016. Sampling was started at 10:00 a.m and completed at 2:00 p.m and 

repeated twice to analyse the metals in textile effluent. Effluent was collected from selected 

points in plastic bottles attached to a long wooden stick, which were properly labelled. Then 

2 mL concentrated HNO3 was added to each sample to keep the pH of water below 2.00 to 

avoid precipitation of metals and placed the samples in icebox to reserve the physical 

characteristics of effluent and were analyzed at ISES, UAF laboratory while temperature 

and pH were analyzed at the spot and matched the results of all physic-chemical pollutants 

with National Environmental Quality Standards (NEQs). 

3.1.2 Physicochemical Characterization of Textile Effluent 

3.1.2.1 pH 

The pH of each sample was determined by pH meter model 350-jenway U.K.T 

certified buffers of pH 7.01 and 4.0 were used for the calibration of pH meter and after 

calibration, meter electrode was dipped into the polyethylene bottle and pH was noted.  
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3.1.2.2 Turbidity 

Turbidity was measured by using Potable Microprocessor Turbidity Meter model 

PCH-65277 Lovibond Germany. 

3.1.2.3 Hardness 

Hardness was measured by EDTA titration method with 0.01N EDTA as titrant. 

3.1.2.4 Total Dissolve Solids 

Total dissolved solids in water samples were determined by evaporation method 

by heating water samples at 180 ± 2oC in an oven for at least 1 hour. 

3.1.2.5 Biological Oxygen Demand (BOD) 

The test sample was filled in a water/air proof jug and incubated at particular 

temperature for 5 days. The dissolved oxygen (DO) substance of the example is resolved 

when five days of incubation at 200C and the BOD is calculated as; 

 

3.1.2.6 Electrical Conductivity: 

EC was checked by using EC meter HI-99300 Hanna, Italy. Method Detection 

Limit: 0.00-4000 /cm. 

Procedure 

Firstly, Electrical Conductivity meter was calibrated by using 1413 mms’ /cm 

standard and after calibration, meter electrode was dipped into polyethylene bottle and 

electrical conductivity was recorded. 

3.1.3 Heavy Metals Determination in Textile Effluent 

The collected samples were digested using HNO3 and the concentrations of 

Cadmium (Cd), Lead (Pb), Copper (Cu) and Chromium (Cr) were resolved utilizing AAS 

(Model: VARIAN, AA240 (APH, 1995).  

 

 

 

 

 

 

 



36 

 

Table 3.1: Permissible limits of Physicochemical Characteristics of Textile Mills 

Effluents 

Parameters Permissible Limits 

pH 6-10 

EC < 1.25  dS m-1 

Temperature Upto 400C 

TDS Upto 3500 mg L-1 

DO - 

BOD Upto 80 mg L-1 

Cr 1.0 mg L-1 

Cu 1.0 mg L-1 

Cd 0.1 mg L-1 

 

3.1.4 Statistical Analysis 

The data was analyzed on Microsoft Excel and was subjected to mean and standard 

error. A biplot graph was made by allocating the mean data through principal component 

analysis. This graph facilitated the visual evaluation of more polluted effluent and grouping 

of industries in the biplot graph (Yan, 2001). 

 

3.2  STUDY 2 

3.2 Impact of Textile Effluent on Heavy Metals Accumulation in 

Vegetables 

3.2.1 Soil Collection and Preparation 

Soil was collected from soil science farm, UAF. A sample of the organized soil was 

examined for its numerous physic-chemical properties, including pHs, ECe, OM, soil 

texture, CEC and water soluble cations and anions (U.S. Salinity Lab. Staff, 1954). The 

concentration of AB-DTPA extractable metals were determined (Amacher, 1996) by using 

AAS (Model Thermo S-Series) following Soltanpour, (1985) method. In 2nd and 3rd 

experiments same soil was used @ 12 kg soil pot-1. The pots were lined with plastic sheet 

to avoid leaching. 
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Table 3.2. Characteristics of soils used in studies 

Characteristics Unit Value 

Textural class - Sandy clay loam (SCL) 

Sand % 49.10 

Silt " 24.50 

Clay " 26.40 

pHs - 8.16 

ECe dS m-1 3.50 

CO3
2- mmolc L

-1 - 

HCO3
- " 4.70 

Cl- " 13.80 

Ca2+ + Mg2+ " 4.80 

Na+ " 24.80 

SAR (mmolc L
-1)1/2 16.00 

OM % 0.82 

Zn mg kg-1 3.37 

Cu " 3.75 

Mn " 4.01 

 

3.2.1.1 Particle Size Analysis  

Hydrometer method (Bouyoucos, 1962) was observed for particle size analysis. In 

400 mL beaker 40 g of air dry soil was weighed and added 40 mL of 2 % sodium 

hexametaphosphate solution, mixture was agitated for 10 minutes after transferring into 

diffusion cup. Then transferred this solution from dispersion cup to 1 L volumetric cylinder. 

Hydrometer was put in cylinder and distilled water up to 1 L was added to make the volume. 

Hydrometer was removed and solution in cylinder was agitated by hand by using metal 

plunger. Plunger was removed after making uniform suspension and noted the reading 

(HR1). Second reading (HR2) was note down 2 hours later. 

 

 

 

 

Calculations involved are; 



38 

 

 

3.2.1.2 Soil Saturated Paste  

Soaked the soil into distilled water and kept for over-night. Then saturated paste 

made which can fell freely from spatula. 

3.2.1.3 pH of Saturated Soil Paste (pHs)  

pH was checked by using pH meter (model HM-12P). Standardized the pH meter 

with buffer solutions of pH 4.00 and 9.00. The pH was checked by inserting the probes of 

pH meter in the paste.  

3.2.1.4 Soil Saturated Extract 

Soil saturated paste extract was obtained by applying positive pressure with the help 

of filter press. 

3.2.1.5 Electrical Conductivity of Saturated Extract (ECe) 

ECe was checked after regulating the instrument with 0.01 N KCl solution. Cell 

constant (k) was calculated by the formula:  

1.41118 dS m-1 

K =             --------------------------------- 

EC of 0.01 N KCl (dS m-1) 

                                  

3.2.1.6 Organic Matter 

Soil organic matter was resolved after the strategy portrayed by Walkly-Black 

(Jackson, 1962). For this reason, 2 g of soil was twirled in 10 mL of 1.0 N potassium 

dichromate solution; 20 mL of concentrated sulphuric acid was added, blended it finely and 

permitted to remain for 30 minutes. Diluted the mixture and then titrated against hydrated 

iron sulphate in the presence of 0.5 g sodium fluoride and also 30 drops of diphenylamine 

as marker to endpoint.  
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3.2.1.7 Soluble Ca2+ + Mg2+ 

0.01 N EDTA solutions was used to titrate the saturated extract, eriochrome black 

T was added as an indicator and NH4OH + NH4Cl were added as buffer solution and titrated 

until the blue end point. (Method 7 of U.S. Salinity Lab. Staff, 1954) using the formula: 

 

3.2.1.8 Soluble CO3
2- 

Titrate 10 mL saturation extract against 0.01 N sulfuric acid to a colorless end point 

using phenolphthalein as indicator and observed the value of carbonates (Method 12 of 

U.S. Salinity Lab. Staff, 1954). Concentration of carbonates was calculated as; 

 
 

3.2.1.9 Soluble HCO3
1- 

After CO3
2- determination titrate this aliquot against 0.01 N H2SO4 to a pinkish 

yellow endpoint using methyl orange as an indicator (Method 12 of U.S. Salinity Lab. Staff, 

1954). 
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3.2.1.10 Soluble Cl- 

Soluble Cl- were measured by titrating the aliquot after CO3
2- and HCO3

1- 

determination with 0.01 N silver nitrate solutions to a brick red end point using potassium 

chromate as an indicator (Method 14 of U.S. Salinity Lab. Staff, 1954). 

 

3.2.1.11 Sodium (Na+) 

Na+ was analyzed with the help of Jenway PFP-7 Flame Photometer having Na 

filter. The instrument was regulated with Na (0-20 ppm) solutions (Methods 10a). Then 

standard graph was drawn for Na. 

 

3.2.1.12 Sodium Adsorption Ratio (SAR) 

 

3.2.2 Experimental conditions 

To conduct the soil pot trial wire house of ISES, SARC, UAF was used. The pot 

culture experiment was directed to assess the stimulus of various concentrations of textile 

effluent on growth and yield of vegetables. Pots were filled with twelve kg of soil and 

spinach seeds were sown. The pots were watered with particular concentrations (10%, 25%, 

50% and 100%) of the textile effluent collected from specific industrial unit which was 

identified as more toxic from previous characterization trial. 

 The sets were made by dissolving calculated amount of effluents in tap water by 

maintaining the ratio of effluent and tap water as 0:100, 10:90, 25:75, 50:50, 100:0 

respectively as shown in table 3.2. 

 For each treatment, 300 mL of water was added in the relevant pot at three to four 

days’ interval. A control set, irrigated with tap water was also maintained for comparison. 
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After sprouting seeds were thinned to ten plants per pot in all the pots. The vegetative 

growth parameters were measured on weekly basis. Chlorophyll contents were also 

determined. The plant fresh and dry weights were determined at the end of experiment. The 

experimental design was CRD with three replications. 

Table 3.3 Different dilution levels of industrial effluent with different ratios 

S.No. Volume of 

effluent (%) 

Volume of tap 

water (%) 

Concentration 

(V/V) 

Effluent: Water 

Final 

Concentration (%) 

1 0 100 0:100 0 

2 10 90 10:90 10 

3 25 75 25:75 25 

4 50 50 50:50 50 

5 100 0 100:0 100 

 

3.2.2.1 Chlorophyll Content (SPAD value) 

Chlorophyll contents were recorded through Chlorophyll meter according to 

(Welbburn, 1994) (Minolta SPAD-502 Meter).  

3.2.3 Plant Harvest and Analysis 

 Spinach plants were reaped after 45 days of seeding. Plant height and fresh weights 

were measured at the time of harvesting and preceded for further analysis. 

3.2.3.1 Sample Preparation 

The plant samples were dehydrated in furnace at 70 0C till persistent weight, then 

ground to powder form. 

3.2.3.2 Plant Digestion  

The 0.2 g plant sample was taken in a funnel shaped cup and six ml HNO3 was 

included into containers and set aside overnight. Flasks were warmed on hot plate till the 

sample was clear (Ryan et al., 2001). After assimilation, flasks were cooled and volume 

was made 25 ml with distilled water. 

3.2.3.3 Determination of Chromium (Cr) 

The collected samples were digested using HNO3 and filtered through filter paper 

and then run on AAS for the determination of Cr metal following calibration of the 
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equipment with standard solutions of Cr metal. Then plant samples were run and metal 

contents were noted.  

3.2.4 Statistical Analysis 

The outcomes from the study were assessed utilizing programming Statistics 8.1. 

The information assembled from these examinations were broke down following ANOVA 

and means were isolated by LSD test. 

3.3  STUDY 3 

3.3 Immobilization of Heavy Metals using Organic and Inorganic 

Amendments 

3.3.1 Experimental Conditions 

To conduct the soil pot trial wire house of ISES, SARC, UAF. Faisalabad was used. 

The experiment included twelve treatments containing three concentrations of textile 

effluent and two levels of each organic and inorganic amendment which were laid out in  

CRD under factorial arrangement as follows: 

T1 Textile Effluent @ 10% + Poultry Manure @ 0.5% 

T2 Textile Effluent @ 25% + Poultry Manure @ 0.5% 

T3 Textile Effluent @ 50% + Poultry Manure @ 0.5% 

T4 Textile Effluent @ 10% + Poultry Manure @ 1% 

T5 Textile Effluent @ 25% + Poultry Manure @ 1% 

T6 Textile Effluent @ 50% + Poultry Manure @ 1% 

T7 Textile Effluent @ 10% + Gypsum @ 0.3% 

T8 Textile Effluent @ 25% + Gypsum @ 0.3% 

T9 Textile Effluent @ 50% + Gypsum @ 0.3% 

T10 Textile Effluent @ 10% + Gypsum @ 0.6% 

T11 Textile Effluent @ 25% + Gypsum @ 0.6% 

T12 Textile Effluent @ 50% + Gypsum @ 0.6% 

All the pots were occupied with twelve kg of soil per pot. The amendments were 

thoroughly assorted in soil at the time of pot filling. Two winter vegetables i.e. spinach and 

cabbage were sown for experiment. In one half of the pots spinach seeds were sown and in 

2nd half of the pots cabbage seeds were sown.  Each pot was irrigated with selected 

concentrations (10%, 25% and 50%) of textile effluent collected from Dawood textile 

industry located at Sargodha road, Faisalabad with respect to treatment plan. The calculated 

amount of water was applied to each pot according to a proper irrigation plan which was 
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set for all treatments. Total eleven irrigations (600 mL) were applied to spinach and twenty 

irrigations (600 mL) were applied to cabbage to the respective pot at three to four days 

interval.  Each treatment had three repetitions. In spinach pots seeds were uprooted to ten 

plants per pot after germination. The nursery of cabbage was grown-up in iron dishes. The 

plants were shifted in pots at two leaf stage. Gas exchange parameters i.e. photosynthetic 

rate, transpiration rate and stomatal conductance was monitored and noted by Infra-Red 

Gas Analyzer LCA4 (IRGA). Chlorophyll contents of both the vegetables were recorded 

by using chlorophyll meter. Physiological parameters i.e. relative water contents and 

membrane stability index were also determined by collecting the fresh leaves before final 

harvesting. The experimental design was CRD under factorial with three repetitions. 

3.3.2 Soil Analysis  

The pre harvested and post harvested soil was analyzed. The samples were air-dried 

and ground to pass through a 2 mm sieve. A sub sample of the prepared soil was analysed 

for various characteristics of soil including texture, pH, electrical conductivity (ECe), 

sodium adsorption ratio (SAR) and organic matter (OM) (Gee and Bauder, 1986). 

3.3.3 Collection and Preparation of Amendments 

Two amendments viz poultry manure (PM) as organic and gypsum (CaSO4.2H2O) 

as inorganic amendment were used to immobilize the metals in the current study. PM was 

collected from poultry farms, Universituy of Agriculture, Faisalabad and gypsum was 

bought from a technical store. The amendments were analyzed for physicochemical 

parameters following methods given in this chapter (Table 3.02) 

3.3.4 Relative Water Content (RWC) 

Instantly weighed the three repeats of fresh leaves of spinach and cabbage to record 

fresh weight (FW) of leaf, then dipped in distilled water for 12 h. (Sairam et al., 2002).  

 

3.3.5 Membrane Stability Index (MSI)  

Two sets of leaves of spinach and cabbage were arranged to measure the membrane 

stability index (MSI). 0.1 g of each leaf sample was dipped in 10 ml of distilled water. One 

set was placed at 40oC for 30 minutes and its EC (C1) was observed. The second set was 

put in boiling water bath (100oC) for 15 minutes, and its EC (C2) was also noted (Sairam 

et al., 2002).  The MSI was determined as: 
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3.3.6 Determination of chlorophyll content 

Chlorophyll content of maize leaves was measured using SPAD chlorophyll meter 

(Minlota, Japan). 

3.3.7 Plant Harvest 

3.3.7.1 Spinach Harvesting 

 First cutting of spinach was taken after 30 days of sowing and second cutting was 

taken after 45 days of first cutting, plant height and fresh weights of shoots and roots were 

measured at the time of harvesting. Shoots and roots were dried in an oven at 65 0C until 

constant weight and then dry weights were measured. Cr and micronutrient concentrations 

were determined after digestion process using atomic absorption spectrophotometer. 

3.3.7.2 Cabbage Harvesting 

 Two plants of cabbage were harvested after 45 days of sowing, and the remaining 

plant was harvested after 4 months. Plant height and fresh weights of shoots and roots were 

measured at the time of harvesting. Shoots and roots were dried in an oven at 65 0C until 

constant weight and then dry weights were measured. Cr and micronutrient concentrations 

were determined after digestion process using atomic absorption spectrophotometer. 

3.3.8 Statistical Analysis 

The results from the study were scrutinized using software Statistics 8.1. The data 

gathered from these studies were analyzed statistically following ANOVA and means were 

separated by Tukey HSD test. 
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CHAPTER 4 

RESULTS AND DISCUSSION 

 STUDY 1 

4.1 Characterization of Industrial Effluent Samples 

Textile effluents are exceedingly contaminated. Study 1 was conducted to 

characterize the industrial effluent on the basis of their physic-chemical properties and 

heavy metal concentration and to categorize the industries having higher concentration of 

pollutants in their effluent. 

4.1.2 Results 

4.1.2.1 Physicochemical Parameters 

The results pertaining to various physicochemical characteristics of textile effluents 

collected from all industries are shown in Table 4.1.2. 

All the apparel mills had their waste water having temperatures range between 25oC 

to 57oC which were mostly higher than the permissible limit. The textile effluent samples 

were multi colored mostly red and brown, with pungent smell having pH 6.63-11.80. It was 

obvious that only Munir Textiles sample had acidic pH while all other industrial effluent 

samples had alkaline pH and mostly above than the permissible limit. Electrical 

conductivity (EC) of all textile effluent samples ranged from 4.22-20.90 dSm-1 which was 

also higher than the permissible limits. The highest value of EC (20.90 dSm-1) was found 

in sample collected from Zamzam Textile industry and lowest value of EC (4.22 dSm-1) 

was found in sample taken from AMTex.All the effluent samples showed a higher level of 

total dissolved solids (TDS) varied from 2704- 13342 mg L-1. The values were much greater 

than the tolerance limits (upto 3500 mg L-1) prescribed by National Environmental Quality 

Standards which predict the presence of excess of materials and dissolved matter in textile 

effluents.  

The average values of dissolved oxygen contents (DO) of all samples were ranged 

between 2.70-5.76 mg L-1. The data shows that Dawood Textile has lowest DO (2.70 mg 

L-1) which leads to oxygen depletion. The observed values of Biological Oxygen Demand 

(BOD) were quite high of all industrial effluents. BOD values in all samples were ranged 

between 696-1236 mg L-1. The data showed that effluent taken fromRafique Fabrics 

industry had very high BOD value (1236 mg L-1). 
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4.1.2.2 Concentration of Heavy Metals  

Heavy metals concentrations were more than the allowed limits in the textile 

effluents and results are shown in Table 4.1.3. The chromium concentration in the sample 

is between 0.01 mg L-1 to 1.72 mg L-1. The data in table shows that some of the samples 

have Cr concentration within the permissible limit while maximum samples have 

concentration above the permissible limit presented in table 4.1. Specifically sample taken 

from Dawood Textile showed maximum amount of Cr (1.72 mg L-1). Similarly copper were 

also found in concentration. It varies from 0.03 mg L-1 to 1.94 mg L-1 which is also higher 

than the permissible limit in most of the samples. While Cd was found in lowest 

concentration in all effluent samples that is below the permissible limit of Cr.  
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Table 4.1.1: Physico-Chemical Characterization of Textile Mills Effluents 

 

S.No. Names of Industries pHw Temperature 

(0C) 

EC (dSm-1) TDS (mg/L) DO (mg/L) BOD5(mg/L) 

1 Dawood Textile 

 

11.00 ± 0.88 

 

35 ±1.76 10.45 ±0.04 

 

6614.67 ±32.76 

 

2.70 ±0.12 

 

1150 ±16.37 

 

2 Zafar Fabrics 

 

7.80 ±0.06 

 

25 ±2.03 

 

7.45 ±0.22 

 

4604.67 ±31.42 

 

4.35 ±0.02 

 

944 ±16.60 

 

3 ShoaibUsman 

 

11.60 ±0.15 

 

34 ±1.45 

 

10.91 ±0.07 

 

7089.90 ±32.77 

 

5.26 ±0.09 

 

883 ±3.79 

 

4 Atiqu-ur-Rehman 

 

7.97 ±0.24 

 

57 ±1.53 

 

8.59 ±0.05 

 

5477.67 ±66.24 

 

4.19 ±0.02 

 

879 ±8.25 

 

5 AB Colors 

 

9.83 ±0.20 

 

46 ±0.58 

 

6.19 ±0.04 

 

3929.73 ±27.35 

 

5.14 ±0.04 

 

914 ±1.53 

 

6 Alhamra Textiles 

 

9.60 ±0.12 37 ±1.15 

 

13.42 ±0.12 

 

8430.83 ±36.52 

 

4.29 ±0.01 

 

1184 ±14.86 

 

7 Sahib G Dyeing 

 

11.80 ±0.26 

 

33 ±0.88 

 

20.60 ±0.06 

 

13095.33 ±313.68 

 

3.50 ±0.06 

 

1149 ±10.99 

 

8 Siddique Printing 

 

10.57 ±0.15 

 

28 ±0.88 

 

7.73 ±0.07 

 

4970.97 ±75.26 

 

2.90 ±0.03 

 

871 ±13.05 

 

9 Azeem Dyeing 

 

9.60 ±0.06 

 

43 ±0.88 

 

14.52 ±0.31 

 

9458.60 ±13.74 

 

3.53 ±0.09 

 

833 ±11.72 

 

10 Hilal Textile 

 

9.53 ±0.18 

 

38 ±0.58 11.65 ±0.06 

 

7506.90 ±4.88 

 

4.39 ±0.1 

 

735 ±0.58 

 

11 United Textiles 

 

9.40 ±0.12 

 

38 ±0.58 

 

10.74 ±0.01 

 

6875.47 ±6.48 

 

5.76 ±0.01 

 

818 ±0.88 

 

12 Zamzam Textiles 

 

11.43 ±0.02 

 

47 ±0.58 

 

20.90 ±0.06 

 

13342.00±85 

 

4.45 ±0.01 

 

936 ±0.67 

 

13 Insaf Mills 10.48 ±0.06 48 ±0.58 14.94 ±0.01 9551.63 ±1.47 4.51 ±0.01 980 ±0.58 
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14 Munir Textiles 

 

6.63 ±0.08 

 

32 ±0.58 

 

10.96 ±0.02 

 

7023.40 ±1.56 

 

4.01 ±0.02 

 

713 ±0.58 

 

15 Alkaram Textiles 

 

10.29 ±0.05 

 

32 ±0.58 

 

16.37 ±0.01 

 

10470.57 ±7.47 

 

4.18 ±0.01 

 

850 ±0.88 

 

16 Khebar Textiles 

 

10.77 ±0.09 

 

45 ±0.58 

 

15.05 ±0.01 

 

9639.33 ±7.84 

 

5.42 ±0.01 

 

696 ±0.88 

 

17 Rafique Fabrics 

 

10.00 ±0.58 

 

39 ±0.58 

 

6.38 ±0.23 4231.57 ±4.80 

 

4.50 ±0.06 

 

1238 ±8.72 

 

18 MK Sons Pvt. Ltd. 

 

10.65 ±0.03 

 

35 ±0.58 

 

8.52 ±0.02 

 

5452.53 ±5.48 

 

4.20 ±0.17 

 

715 ±5.77 

 

19 AbubakarAnees Textile 

 

9.70 ±0.06 

 

42 ±0.58 

 

6.21 ±0.03 

 

3973.10 ±6.78 

 

3.90 ±0.58 

 

798 ±1.73 

 

20 Arzoo Textile 

 

9.65 ±0.03 

 

34 ±1.15 

 

11.64 ±0.06 

 

7449.27 ±4.49 

 

3.70 ±0.06 

 

1021 ±2.31 

 

21 Image Textile 

 

7.70 ±0.06 

 

31 ±1.15 

 

4.78 ±0.06 

 

3057.33 ±4.15 

 

3.63 ±0.07 

 

890 ±1.15 

 

22 AMTex 

 

7.50 ±0.76 

 

30 ±1.15 

 

4.22 ±0.01 

 

2704.27 ±4.08 

 

4.20 ±0.38 

 

832 ±5.77 

 

23 Firdous Textile 

 

10.90 ±0.06 

 

33 ±0.58 

 

10.08 ±0.02 

 

6425.43 ±3.52 

 

5.20 ±0.17 

 

965 ±1.58 

 

24 Interloop Pvt. Ltd. 

 

9.01 ±0.06 

 

39 ±1.15 

 

10.14 ±0.01 

 

6488.70 ±3.69 

 

5.34 ±0.07 

 

945 ±5.77 

 

25 Mag Textile corporation 

 

10.63 ±0.09 

 

38 ±1.15 

 

5.82 ±0.06 

 

3786.70 ±2.15 

 

4.70 ±0.06 

 

912 ±2.58 

 

26 Sadaqat Ltd. 

 

11.80 ±0.06 

 

43 ±0.58 

 

10.17 ±0.01 

 

6507.70 ±3.94 

 

5.16 ±0.18 

 

1132 ±5.77 

 

Each value is an average of three replications ± S.E 
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Table 4.1.2: Heavy metals concentration in Textile Mills Effluents 

S.No. Names of 

Industries 

Cr (mgL-1) Cu (mgL-1) Cd (mgL-1) 

1 Dawood Textile 

 

1.72± 0.08 

 

1.45± 0.27 

 

0.14± 0.01 

 

2 Zafar Fabrics 

 

1.52± 0.02 

 

0.07± 0.01 

 

0.00±0.00 

 

3 ShoaibUsman 

 

1.27± 0.04 

 

0.08± 0.01 

 

0.00±0.00 

 

4 Atiqu-ur-Rehman 

 

1.21± 0.01 

 

1.37± 0.03 

 

0.00±0.00 

 

5 AB Colors 

 

1.05± 0.04 

 

1.45± 0.27 

 

0.04± 0.01 

 

6 Alhamra Textiles 

 

1.64± 0.04 

 

1.64± 0.01 

 

0.06± 0.01 

 

7 Sahib G Dyeing 

 

1.17± 0.03 

 

1.23± 0.03 

 

0.00±0.00 

 

8 Siddique Printing 

 

0.94± 0.03 

 

1.92± 0.06 

 

0.00±0.00 

 

9 Azeem Dyeing 

 

1.09± 0.02 

 

1.94± 0.03 

 

0.17± 0.03 

 

10 Hilal Textile 

 

1.03± 0.01 

 

1.08± 0.01 

 

0.00± 0.00 

 

11 United Textiles 

 

1.02± 0.01 

 

1.04± 0.01 

 

0.00± 0.00 

 

12 Zamzam Textiles 

 

1.03± 0.01 

 

1.16± 0.01 

 

0.00± 0.00 

 

13 Insaf Mills 

 

1.08± 0.01 

 

1.09± 0.01 

 

0.00± 0.00 

 

14 Munir Textiles 

 

0.33± 0.09 

 

1.13± 0.01 0.00± 0.00 

 

15 Alkaram Textiles 

 

0.12± 0.01 

 

0.05± 0.01 

 

0.00± 0.00 

 

16 Khebar Textiles 

 

1.09± 0.01 

 

0.55± 0.03 

 

0.00± 0.00 

 

17 Rafique Fabrics 

 

0.03± 0.01 

 

0.08± 0.01 

 

0.00± 0.00 

 

18 MK Sons Pvt. Ltd. 

 

0.03± 0.01 

 

0.04± 0.01 

 

0.00± 0.00 

 

19 AbubakarAnees 

Textile 

 

0.02± 0.01 

 

0.06± 0.01 

 

0.00± 0.00 

 

20 Arzoo Textile 

 

0.03± 0.01 

 

0.03± 0.01 

 

0.00± 0.00 

 

21 Image Textile 

 

0.03± 0.01 

 

0.09± 0.01 

 

0.01± 0.00 

22 AMTex 0.03± 0.01 0.15± 0.01 0.00± 0.00 
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Each value is an average of three replications ± S.E 

 

4.1.2.3 Principal component analysis 

Principal component analysis facilitates in selection of those industrial units which 

have higher concentration of pollutants in their effluents when there were many industrial 

units to be involved. Biplot for the principal components analysis is presented in figure 4.1. 

From PCA it is clearly shown that Dawood Textile, Azeem dyeing, ShoaibUsman, Hilal 

Textile and AB Colors Printing units had higher concentration of physicochemical 

pollutants and heavy metals in their effluents as these industrial units are falling in Quadrate 

I where all the indexes had showed positive response towards more polluted effluent. In 

Quadrate II Sahib G Dyeing, Siddique Printing, Insaf Printing Mill, Khebar Textile, Arzoo 

Textile and Image Textile and in Quadrate III United Textile, Alhamra Printing, Zamzam 

Textile, Munir Textile, Alkaram Textile and Zafar Fabrics showed moderate Pollutant 

Concentration in their effluents as indexes falls in Quadrate II and III are considered as 

moderate. But Rafique Fabrics, MK Sons Pvt. Ltd, AbubakarAnees Textile, 

AMTex,Firdous Textile, Interloop and Mag Textile had lower pollutants concentration as 

these industries are falling in Quadrate IV in PCA. 

 

 

    

23 Firdous Textile 

 

0.56± 0.03 

 

0.04± 0.01 

 

0.00± 0.00 

 

24 Interloop Pvt. Ltd. 

 

0.07± 0.01 

 

0.04± 0.02 

 

0.00± 0.00 

 

25 Mag Textile 

corporation 

 

0.02± 0.01 

 

0.05± 0.01 

 

0.00± 0.00 

 

26 Sadaqat Ltd. 

 

0.01± 0.00 

 

0.05± 0.02 

 

0.00± 0.00 
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Figure 4.1.1 Principal component analysis of Physicochemical Pollutants in Textile 

Industries 

4.1.2.4 Correlation Matrix 

 Correlation coefficient is generally used to check the degree of linear relationship 

among two variables. The correlation matrices for BOD, DO, EC, pH, TDS, Temperature 

and lethal metals (Cr, Cu and Cd) were calculated using Statistics 8.1 software and 

presented in (Table 4.1.3). 

 In current experiment, highly significant positive correlation was shown between 

EC and TDS (r = 0.9997) at 1% level and EC also had positive correlation with Cr (r =  

0.7864) and Cu (r = 0.5916) at 5% level, while EC showed highly negative correlation with 

DO (r = −0.8685) at 1% level. TDS showed significant positive correlation with 

temperature (r = 0.6226). 

 Cr also showed significant positive correlation with temperature (r = 0.6495), pH (r 

= 0.7544), Cu (r = 0.6135) and Cd (r = 0.5272). Cd showed positive correlation with SAR 

(r = 0.6610). 
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Table 4.1.3 Correlation Matrix of Obtained Values for the Effluent Samples 

 BOD Cd Cr Cu DO EC SAR TDS Temp 

Cd 0.1911         

Cr 0.1528 0.5272*        

Cu −0.0183 0.3742 0.6135*       

DO 0.0352 0.0185 0.2840 −0.0596      

EC 0.1169 0.1128 0.7864* 0.5916* −0.8685**     

SAR 0.1556 0.6610* 0.2704 0.2712 0.0967 −0.1313    

TDS 0.1106 0.1159 0.3777 0.4912 −0.0097 0.9997** −0.1285   

Temp −0.0084 0.0969 0.6495* 0.3467 0.2184 0.2172 −0.1203 0.6226*  

pH 0.3423 0.0475 0.7544* 0.1060 0.3105 0.4672 −0.1545 0.4714 0.1690 

** Correlation is significant at 0.01 level  

*   Correlation is significant at 0.05 level 

4.1.3 Discussion 

From the results it was observed that all the textile effluent samples had high 

concentration of unutilized dyes due to which all the samples were dark colored with 

pungent smell. According to Ok et al. (2010) all the textile effluents show high color, 

because the chromophore group of textile dyes not be degraded due to the combined results 

of temperature, pH and acids that makes the effluent highly colored. The volatile 

compounds present in effluent produced the foul odor in effluent (Arul et al., 2011). 

In this experiment it was found that the temperature of textile effluents was high 

and above the permissible limit. High temperature could influence the emissions of 

sulphides detected in the effluents making effluent more toxic. The volatilization of oil and 

grease could also be induced due to high temperature which may introduce organic 

compounds into the environment, thus polluting the air. High temperature decreases the 

solubility of gases in water which leads to high BOD/COD (Chhikara et al., 2013). 

On the basis of results of this study it was noted that all the textile effluent samples 

had pH above the permissible limit. The pH indicates the hydrogen activity in water and is 

a vital environmental factor as it expresses the concentration of the acid and alkaline state 

of the water (Kalshetty et al., 2011). It was very essential to check the pH of an effluent to 

maintain the water quality since it affects other chemical reactions such. The metal 
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solubility and toxicity also depends upon the pH of the effluent, hence it was necessary to 

check the pH of an effluent to maintained the quality of water (Fakayode, 2005). The higher 

pH indicates the alkaline nature of effluent. Usually, high pH of textile effluent is 

accompanying with the bleaching procedure and is exceptionally objectionable in water 

ecology (Effler et al., 1990). The pH of the effluent modifies the physico-chemical 

possessions of water which sequentially badly distresses aquatic life, plant and human 

being. The viability of different microorganism and rate of biological reactions can be 

affected by the change in pH values of effluent (Sankpal and Naikwade, 2012).. 

In present study the EC of all textile effluents was recorded more than permissible 

limits. The electric conductivity (EC) is generally utilized for determining the general 

convergence of segments which have been ionized in water and an accidental ratio of 

particles or in the effluents, species conveying charge are determined (Sultana et al., 2009).  

The physicochemical analysis of all effluent samples resulted in high TDS, DO and 

BOD values. The TDS in water principally made up of numerous salts and other elements 

(Mahananda et al., 2010). The dark color of effluent mainly exposed that there are higher 

amount of total dissolved solids in the effluent and they may be key causes of the heavy 

metals (Yusuff and Sonibare, 2004). Water having higher TDS is also indigestible and 

probably detrimental for health (Hussain and Rao, 2013). 

Dissolved Oxygen (DO) being an essential parameter used to regulate the worth of 

water also helps us to know the natural capability of water to get purified as well as the 

impressions of suburbanization and mechanization on water (Kannel et al., 2007). The 

presence of oxygen indicates a good quality water whereas its deficiency is a sign of severe 

pollution in water (Sultana et al., 2009). Presence of high carbon-based and inert contents 

in water body may be due to lower amount of dissolved oxygen in water which may leads 

to oxygen reduction. The insistent DO shortage also revealed that the deoxygenation rate 

of water lowers than the rate of deoxygenation which may cause due to biological 

degeneration of organic matter (Abdullah and Aris, 2005). 

Biological Oxygen Demand (BOD) is used to find the amount of oxygen required 

by biological aerobic entities to decompose organic material present in water sample at 

specific temperature and to check the toxic effects of toxins on water fineness (Kalshetty 

et al., 2011). High values of BOD indicates the deficiency of oxygen paving way for the 

microbes in waste water. Greater BOD values increases the anaerobic properties of water 

triggering death of aerobic entities and may also lessen dissolved oxygen in water (Jody 

and Dons, 2003). The probable reasons behind the high BOD of water are mingling the 
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effluent coming from urban and metropolitan areas, and the release of industrial run-offs 

(Haldar et al., 2013). 

The analysis of heavy metals showed copper (Cu) and cadmium (Cd) present within 

permissible limit in effluent samples while chromium (Cr) found above the permissible 

limit in most of the samples. All these toxic substances could be regarded as the result of 

using synthetic colors in textile industry as metals form complexes with these dyes and 

ultimately could not be release from water. Copper (Cu) is designated as a vital element for 

human body, but its continuing revelation can cause liver failure, kidney impairment, 

mucosal frustration, hepatic and renal destruction, worsening and inclusive duct injury 

(Kalshetty et al., 2011).  

In industries, metallic cadmium is used as an anti-corrosion agent (Arup, 2003). 

Frequent human health risks including lung damage, kidney infection, weak bones and 

skeletal damage occurred due to cadmium intake present in polluted water (Nordberg et al., 

2002). Chromium is generally used in metal fusions for example colorants for paints, paper, 

adhesives and other ingredients. It is also used as preservative material for leather and wood 

and also used for electroplating (Martin and Griswold, 2009). Kidney, liver and nerve tissue 

damages may also cause due to long term disclosure of Chromium (Hanaa et al., 2000). 

Hence it is found that the textile processing effluents have large amount of heavy 

metals coming from various dyeing processes which causes major problem associated with 

human health (Vigneshpriya and Shanti, 2015). 

The characterization study revealed that textile effluents are exceedingly 

contaminated and due to openly release of untreated textile effluents represent health 

hazards to the groups which depend on accepting water channels essentially as their sink 

of residential water. As per above results and discussion it was summarized that the values 

of TDS, EC, pH, BOD etc. were found beyond the allowable limits in the effluent samples 

of most of the textile industries. Moreover, the concentration of chromium (Cr) metal was 

found greater than the standard water quality level. Specifically the effluent taken from 

Dawood Textile Mill showed highest quantity of Cr metal as compared to other industrial 

effluents. So the effluent discharged from Dawood Textile Mill was collected to check its 

effect on vegetables and to make it suitable for irrigation purpose after proper treatment in 

next two studies.
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STUDY 2 

4.2 Impact of Textile Effluent on Heavy Metals Accumulation in 

Vegetables 

From the 1st study results, it was achieved that Dawood Textile Industry generated 

more polluted effluent containing high contents of Cr and drained out it in the main drains 

without treatment.  Hence in this experiment effluent was collected from Dawood Textiles 

to irrigate the spinach plants to analyze the effect of various concentrations of textile 

effluent along with tap water on growth of spinach and accumulation of Cr was also 

examined in both shoots and roots of spinach. 

4.2.1   Results 

4.2.1 Growth Parameters of Spinach Irrigated with Textile Effluent 

4.2.1.1 Shoot Length (cm) 

  The maximum decrease in shoot length (22 cm) was seen in treatment T4 where 

only textile effluent was functional @ 100%. While treatment T0 (Control) showed the 

maximum shoot length (37 cm) where only tap water was applied followed by 10% effluent 

concentration on which length was also improved (Table 4.2.1). Treatments T3 and T4 were 

significantly different with control. As the concentration of textile effluent increased shoot 

length was reduced. 

4.2.1.2 Root Length 

The results concerning root length of spinach is shown in Table 4.2.1. Significant 

difference was observed in each treatment. Root length decreased significantly by 

increasing textile effluent quantity in tap water which was applied to plants as irrigation 

source. However, root length was more in control plants to those only tap water was given. 

The highest reduction in root length (8 cm) was detected in treatment T4 on which textile 

effluent was applied @ 100% rate. While treatment T0 (Control) showed the maximum root 

length (18 cm) where only tap water was applied. Root length was also improved at 25% 

effluent concentration. All first three treatments i.e. T1, T2, and T3 were somehow similar 

to each other except the treatment T4. The treatment T4 was significantly different with 

respect to T0. 
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Table 4.2.1 Effect of textile waste water on shoot and root length of spinach (Average 

of three repeats of each value is given ± S.E) 

Treatments 
Shoot Length 

(cm) 

Root Length 

(cm) 

T0=Control (Tap water) 37 ± 1.15 a 18 ± 0.88 a 

T1=Textile Effluent@10% 34 ± 4.10 ab 17 ± 1.67 b 

T2=Textile Effluent@25% 29 ± 1.20 bc 19 ± 1.15 ab 

T3=Textile Effluent@50% 26 ± 1.15 cd 16 ± 1.53 b 

T4=Textile Effluent@100% 22 ± 0.88 d 8 ± 0.88 c 

Values matched by the same letters shown similar statistics at (P < 0.05) 

 

4.2.1.3 Number of Leaves  

  The facts regarding number of leaves of spinach is given in Table 4.2.2 is 

considerably dissimilar (P < 0.05). A weekly basis observation was performed to count 

number of leaves of spinach. As the concentration of textile effluent increased from T1 to 

T4, the number of leaves per plant decreased from T1 to T4 (48 to 29 leaves plant-1) till the 

experiment end. 

  The statistically analyzed data showed that the treatments T1, T2 and T3 were 

somehow similar to each other except the treatment T0 and T4. However, treatment T4 was 

highly significantly different with control.  

4.2.1.4 Chlorophyll Contents (SPAD value) 

The results concerning chlorophyll contents of spinach are shown in Table 4.2.2. In 

control plants receiving tap water chlorophyll contents were high as compared to other 

treatments receiving different concentrations of textile effluent. The chlorophyll contents 

were decreased gradually from treatments T1 to T4 (42.33 to 28.80). As the concentration 

of textile effluent increased chlorophyll contents were decreased. 

  The statistically analyzed data showed that the treatments T0, T1 and T2 were 

somehow similar to each other. Treatments T3 and T4 were considerably dissimilar with 

control. 
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Table 4.2.2  Effect of textile effluent on number of leaves and chlorophyll contents of 

spinach (Average of three repeats of each value is given ± S.E) 

Treatments No. of Leaves 
Chlorophyll 

contents 

T0=Control (Tap water) 51 ± 1.20 a 45.20 ± 1.01 a 

T1=Textile Effluent@10% 
48 ± 1.53 ab 42.33 ± 0.61 ab 

T2=Textile Effluent@25% 
44 ± 1.86 bc 38.73 ± 1.12 bc 

T3=Textile Effluent@50% 
40 ± 1.53 c 35.13 ± 0.98 cd 

T4=Textile Effluent@100% 
29 ± 0.33 d 28.80 ± 2.20 d 

Values matched by the same letters shown similar statistics at (P < 0.05) 

 

4.2.1.5 Shoot Fresh Weight (g) 

  The data concerning shoot fresh weight of spinach is given in Table 4.2.3. Shoot 

fresh weight decreased gradually by increasing effluent concentration. However, control 

plants exhibited more fresh weight rather than other treatments.  

  Minimum increase in fresh weight (55.33 g) was observed in control where effluent 

concentration was 0% and maximum decrease (41.33 g) was observed at 100% effluent 

concentration. 25% effluent concentration was also improved the shoot fresh weight as 

compared to higher concentrations. Treatment T4 was expressively dissimilar with control 

and with other treatments.  

4.2.1.6 Shoot Dry Weight (g) 

  Shoot dry weight decreased gradually by increasing effluent concentration. 

However control plants showed more dry weight as compared to other treatments. 

Maximum increase in dry weight (8.02 g) was noted in control @ 0% effluent concentration 

followed by 10% effluent concentration while maximum decrease (4.67 g) was observed 

in treatment T4 @ 100% concentration (Table 4.2.3). All the treatments were somehow 

similar to each other except treatment T4 and T0. However, treatment T4 @ 100% effluent 

concentration was considerably dissimilar with control and with other treatments.  
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Table 4.2.3 Effect of textile effluent on shoot fresh and dry weights (g) of spinach 

(Average of three repeats of each value is given ± S.E) 

Treatments 

 

Shoot Fresh Weight 

(g) 

Shoot Dry Weight (g) 

T0=Control (Tap water) 55.33 ± 3.38 a 8.02 ± 0.10 a 

T1=Textile Effluent@10% 
45.33 ± 2.60 bc 7.32 ± 0.37 ab 

T2=Textile Effluent@25% 
50.33 ± 0.88 ab 6.01 ± 0.63 c 

T3=Textile Effluent@50% 
46.00 ± 2.08 bc 6.22 ± 0.38 bc 

T4=Textile Effluent@100% 
41.33 ± 0.88 c 4.67 ± 0.33 d 

Values matched by the same letters shown similar statistics at (P < 0.05) 

 

4.2.1.7 Root Fresh Weight (g) 

  Root fresh weight decreased significantly by increasing effluent concentration. 

However, control plants showed more fresh weight rather than other treatments. The 

control plants showed minimum decrease in RFW (19.33 g) where only tap water was used 

as irrigation and maximum decrease in RFW (10.33 g) was noted in treatment T4 where 

only textile effluent was applied (Table 4.2.4). The statistical data revealed that treatments 

T1, T2, T3 and T4 were somehow similar with each other while pointedly dissimilar with 

control. Moreover, T1 and T2 were also somehow similar to each other.  

4.2.1.8 Root Dry Weight (g)  

  The root dry weight of spinach is given in Table 4.2.4. The data indicated that RDW 

decreased significantly by increasing effluent concentration. 

  Maximum decrease in RDW (0.23 g) was analyzed in treatment T4 where 100% 

concentrated textile effluent was applied as irrigation source while control plants showed 

minimum decrease in root dry weights (0.94 g). Treatment T4 was highly significantly 

different with control.  
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Table 4.2.4 Effect of textile effluent on root fresh and dry weights (g) of spinach 

(Average of three repeats of each value is given ± S.E) 

 

Treatments 

 

Root Fresh Weight 

(g) 

 

Root Dry Weight (g) 

T0=Control (Tap water) 19.33 ± 0.33 a 0.94 ± 0.04 a 

T1=Textile Effluent@10% 
17.67 ± 1.20 a 0.84 ± 0.01 b 

T2=Textile Effluent@25% 
14.33 ± 0.88 b 0.53 ± 0.03 c 

T3=Textile Effluent@50% 
12.00 ± 1.00 bc 0.36 ± 0.02 d 

T4=Textile Effluent@100% 
10.33 ± 1.20 c 0.23 ± 0.03 e 

Values matched by the same letters shown similar statistics at (P < 0.05) 

 

4.2.2  Cr Concentration in Shoots and Roots of Spinach  

4.2.2.1 Cr Concentration in Shoots 

The results of heavy metal (Cr) evaluated in shoots of spinach are given in Table 

4.2.5. The Cr contents in shoots improved by increasing effluent concentration. The 

treatment T4 plants receiving 100% textile effluent showed higher concentration of Cr (0.50 

mg kg-1) rather than other treatments while control plants receiving tap water showed 

minute concentration of Cr (0.01 mg kg-1). The statistical data revealed that all the 

treatments T1, T2, T3 and T4 were considerably dissimilar with each other and with control.  

4.2.2.2 Cr Concentration in Roots 

  The Cr contents in roots improved with rise in effluent concentration. The treatment 

T4 plants receiving 100% textile effluent showed higher Cr concentration in roots (0.5 mg kg-

1) rather than other treatments while control plants receiving tap water showed minute Cr 

concentration in roots (0.03 mg kg-1) (Table 4.2.5.).  
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Table 4.2.5  Effect of textile effluent on Cr concentration in shoots and roots of 

spinach (Average of three repeats of each value is given ± S.E) 

 

Treatments 

 

Cr in shoots (mg kg-1) 

 

Cr in roots (mg kg-1) 

T0=Control (Tap water) 0.01 ± 0.00 d 0.03 ± 0.01 c 

T1=Textile Effluent@10% 
0.25 ± 0.03 c 0.34 ± 0.03 b 

T2=Textile Effluent@25% 
0.33 ± 0.01 b 0.38 ± 0.02 ab 

T3=Textile Effluent@50% 
0.38 ± 0.03 b 0.41 ± 0.02 ab 

T4=Textile Effluent@100% 
0.50 ± 0.01 a 0.61 ± 0.03 a 

Values matched by the same letters shown similar statistics at (P < 0.05) 

 

4.2.3 Chemical Analysis of Post-Harvest Soil 

4.2.3.1 AB-DTPA Extractable Cr 

 The data concerning AB-DTPA extractable Cr illustrates that the highest (0.59 mg 

kg-1) Cr was noted in treatment T4 receiving 100% textile effluent and control plants 

receiving tap water showed minimum Cr contents (0.01 mg kg-1) (Table 4.2.6). 

  The statistical data showed that all the treatments T1, T2 and T3 were non similar 

with each other to some extent while considerably dissimilar with control and with 

treatment T4.  

4.2.3.2 pH of Post-Harvest Soil 

 The data represents that with 100% effluent treated plants showed maximum (8.63) 

and lowest (7.67) pH was noted in control where no effluent was used (Table 4.2.6). The 

experiment results revealed that all effluent concentrations gradually enhance the soil pH 

particularly use of 100% effluent give optimum rise in pH rather than control.  

4.2.3.3 EC of Post-Harvest Soil 

 The results signified that the highest EC (4.53 dSm-1) was noted where effluent was 

used @ 100% and lowest EC (2.57 dSm-1) was found in control (Table 4.2.6). All effluent 

concentrations maximized the soil EC principally 100% effluent represent substantial rise 

in EC rather than control.  
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Table 4.2.6  Effect of textile effluent on AB-DTPA Extractable Cr in soil, pH and EC 

of post-harvest soil (Average of three repeats of each value is given ± S.E) 

 

Treatments 

AB-DTPA 

extractable Cr 

(mg kg-1) 

 

pHs 

 

EC (dSm-1) 

T0=Control (Tap water) 0.01 ± 0.00 c 7.67 ± 0.03 d 2.57 ± 0.03 d 

T1=Textile Effluent@10% 
0.38 ± 0.02 b 8.03 ± 0.07 c 2.97 ± 0.20 c 

T2=Textile Effluent@25% 
0.43 ± 0.01 ab 8.17 ± 0.03 bc 3.57 ± 0.09 b 

T3=Textile Effluent@50% 
0.47 ± 0.02 ab 8.27 ± 0.09 b 3.27 ± 0.12 bc 

T4=Textile Effluent@100% 
0.59 ± 0.02 a 8.63 ± 0.09 a 4.53 ± 0.09 a 

Values matched by the same letters shown similar statistics at (P < 0.05) 

 

4.2.2  Discussion 

Textile industry effluents contain organic and inorganic chemicals, balance of 

which can affect plant growth adversely. Physicochemical analysis of the effluent indicated 

high values of conductivity depicting  large number of metals and salts present in it. 

It is evident from the results that growth, physiological and chemical parameters of 

spinach were contrarily influenced on utilization of textile wastewater. The decrease in 

growth parameters at high effluent fixation may be because of the extensive measure of 

lethal substances, heavy metals, dangerous organic mixes, high BOD and COD (Robinson 

et al., 2001). Antagonistic impacts of textile wastewater on root mass may be either because 

of inordinate harmful substances (Bhati and Singh, 2003; Shah, 2009). Comparable impacts 

of textile runoff on roots of Vigna mungo (L.) has been accounted for by Wins and Murgan, 

(2010). 

In normal conditions (0% effluent), plant growth was increased significantly. When 

different concentrations of effluent were added, i.e. at 10 % and 25% , the seedling length 

of plants increased as compared to 50% and 100% effluent concentration. Mixing of textile 

effluent with tap water can decrease the harmful influence on soil and vegetables. 

Wastewater mixing with tap water is a judicious decision to decrease the consequence of 

heavy metal threat on vegetables growth (Yaseen at al., 2017).  
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While, on dilution, concentration of harmful components in wastewater can be 

diminished (Kumar et al., 2006) thus reducing the inhibitory impacts on plants (Kumar et 

al., 2006; Rehman et al., 2009). This could be the reason of non-inhibitory impact of use 

of 10%, 20% and 30% diluted textile wastewater. Comparable impacts of utilization of 

diluted wastewater has been accounted for on winter vegetables (Rehman et al., 2009). 

Seedling growth in the textile mill effluent indicated that mostly the leafy 

vegetables like spinach were sensitive to higher concentrations of effluents. As per many 

researchers, seedling lengths of different crops improved under diluted concentrations of 

textile, paper, marble and dairy effluents etc. (Akbar et al., 2007; Dhanam, 2009).  

Akbar et al, (2007) concluded at the end of an experiment that control plants without 

stress of effluent showed maximum plant height as compared to those plants on which 

different textile effluent concentrations 25, 50, 75 and 100% were applied. Behavior of 

plant roots was variable for different effluent concentrations. Control plants showed highest 

root length while root growth was also improved in textile effluent at 25% concentration.  

Significant reduction in soybean growth parameters irrigated with different 

concentrations of textile dyeing effluent was also observed by Vijayakumari, (2003). 

 Like our results, Egbeeni et al. (2009) announced that fruit production in okra was 

altogether diminished on use of higher concentration of textile profluent.  

While, beneficial outcome on grain and straw yield of rice accordingly to use of 

20% and 10% diluted textile wastewater could be either because of diminished lethal 

impact of contaminations (Mistry and Chatterjee, 2009). 

In another study it was summarized from results by Kaushik et al. (2005) that pure 

textile effluent treated plants showed greater number of senescent leaves per plant as 

paralleled to control plants where no effluent was applied. More healthy leaves were found 

on control plants comparatively to other treatments. Moreover, the fresh and dry weights 

were also found higher in control plants as compared to other treatments. 

The results showed that application of textile wastewater at various dilutions 

negatively affected all measured physiological parameters. Negative impacts of textile 

wastewater (>20% dilution level) could be expected to salinity issue caused by un-legal 

utilization of effluents and may grant negative consequences for physiological parameters 

of plants (Ramana et al., 2002). Like our results, Bhati and Singh, (2003) and Kaushik et 

al. (2005) depicted that textile wastewater adversely affect physiological parameters of 

plants, yet at lower concentration demonstrates no or on the other hand minor inhibitory 

impacts on physiological parameters of plants. 
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Cr is widely used in both the forms of trivalent and hexavalent in leather, textile 

and steal industries (Dixit et al., 2002). The toxicity of Cr in plants inhibits the seed 

sprouting, nutrient balance and antioxidant enzymes induction in plants (Panda et al., 

2003). On the other hand, membrane ultrastructure and chloroplast sequence in plants can 

altered due to Cr toxicity (Choudhary and Panda, 2004). It is widely reported that Cr 

toxicity causes oxidative damage to plant cells even at low concentration. It became the 

root cause of oxidative damages to plants by affecting the water balance, pigment contents 

and ultimately reduced the growth of plants (Panda and Parta, 2000).   

In some field experiments Khan et al, (2003b) reported that the vegetables grown 

in 100% textile wastewater had high concentration of heavy metals. Metal gathered in 

vegetables can directly affect the human health (Turkdogan et al., 2003). The metals which 

may gathered into different vegetable species depending on accessible forms of heavy 

metals.  

Singh and Agrawal, (2006) reported that vegetables and crops grown in metal 

polluted soils affected growth, yield and metal dispersal in various parts of crop plants.  

 

 

Fig. 4.2.1 Relationship b/w Cr concentration in shoots and % effluent concentrations 
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Fig. 4.2.2 Relationship b/w Cr concentration in roots and % effluent concentrations 

 

 

Fig. 4.2.3 Relationship b/w Cr concentration in soil and % effluent concentrations 
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Current investigation publicized that textile industrial effluents may be used by 
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be determined that the yield of vegetables may reduce by irrigating them with raw 100% 

pure textile effluent, because it contains substantial quantities of toxins and heavy metals. 

Moreover, to analyze the impacts of textile sewage water on growth of vegetables, soil 

health and consumer’s health, long lasting experimentations are required before the use of 

effluent for irrigation. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



66 

 

 

STUDY 3 

4.3 Immobilization of Heavy Metals using Organic and Inorganic 

Amendments 

To immobilize heavy metals, various amendments were being used, for example, 

adding up lime, phosphate and organic matter. These amendments changed the 

physicochemical properties of the soil ultimately changing the metal’s solubility and hence 

portability to the plants. The results of 2nd study disclosed that the textile effluent poses 

adverse impacts on growth and yield of spinach at 100% concentration. However, different 

dilutions viz. 10%, 25% and 50% proved to be less toxic and found suitable for growth but 

the uptake of chromium metal was not reduced by making dilutions. Hence this study was 

piloted to check the effectiveness of organic and inorganic amendments along with 10%, 

25% and 50% effluent concentrations to immobilize the Cr metal in spinach and cabbage. 

100% concentration was skipped in this experiment as pure textile effluent comprises many 

toxic elements that effect vegetable growth and yield negatively. 

4.3.1   Results 

4.3.1    Growth Parameters of Spinach and Cabbage 

4.3.1.1 Shoot Length of Spinach 

After 45 Days: 

 The effect of various levels of poultry manure and gypsum with all effluent 

concentrations was observed on shoot length of spinach (Table 4.3.1). The maximum shoot 

length (23 cm) was noted where PM was incorporated @ 1% and effluent was applied @ 

50% and the minimum shoot length (18 cm) was observed where gypsum was applied @ 

0.3% with 10% effluent concentration. Poultry manure with both levels at all effluent 

concentrations considerably affect (P < 0.05) the shoot length of spinach plants as 

compared to gypsum. Both levels of PM and gypsum with all effluent concentrations were 

somehow similar to each other while considerably dissimilar with poultry manure @ 1% 

and @ 50% effluent concentration as PM @ 1% with 50% effluent concentration showed 

maximum shoot length. 

After 90 Days: 

 The maximum shoot length (46 cm) was checked where PM was used @ 1% and 

effluent was applied @ 50% and the minimum shoot length (32 cm) was observed where 

gypsum was applied @ 0.6% with 50% effluent concentration (Table 4.3.1). Both levels of 
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PM and gypsum with all effluent concentrations were insignificantly different with each 

other. 

 When put side by side both the harvests, it was observed that amendments improved 

the plant height after 90 days as compared to 45 days. On relative basis it was observed that 

poultry manure @ 1% with 50% effluent concentration increased the shoot length up to 

50% of spinach plants after 90 days. Hence it was determined that Poultry manure @ 1% 

with the combination of 50% effluent concentration showed better results in case of shoot 

length rather than other treatments.  

4.3.1.2 Number of Leaves of Spinach 

After 45 Days: 

 The data regarding number of leaves of 1st reap of spinach plants is given in Table 

4.3.1. The maximum number of leaves (65 pot-1) was noted where poultry manure (PM) 

was incorporated @ 1% and effluent was applied @ 50% and the minimum number of 

leaves (48 pot-1) was observed where gypsum was applied @ 0.3% with 25% effluent 

concentration. Both levels of PM and gypsum with all effluent concentrations were 

insignificantly dissimilar with each other while significantly dissimilar with poultry manure 

@ 1% and @ 50% effluent concentration as PM @ 1% with 50% effluent concentration 

showed maximum number of leaves. All the treatments were also considerably dissimilar 

with gypsum @ 0.3% at 50% effluent concentration. 

After 90 Days:  

 The maximum number of leaves (82 pot-1) was noted where poultry manure (PM) 

was applied @ 1% and effluent was applied @ 10% and 50% and the minimum number of 

leaves (54 pot-1) was observed where gypsum was applied @ 0.3% with 10% effluent 

concentration (Table 4.3.1). Poultry manure with both levels at all effluent concentrations 

significantly affect the number of leaves of spinach plants as compared to gypsum.  

 When compared both the harvests, it was observed that amendments increased the 

leaves per plant after 90 days rather than 45 days. The percent increase in number of leaves 

was 19% after 90 days of amendment incubation. Poultry manure @ 1% with the 

combination of 50% effluent concentration showed better results as compared to other 

treatments.  
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Table 4.3.1 Shoot length (cm), number of leaves (pot-1) of spinach grown under 

different effluent concentrations with different treatments 

Treatments 

Effluent 

Concentratio

n 

Shoot length (cm) Number of leaves (pot-1) 

After 45 

days 

After 90 

days 

After 45 

days 

After 90 

days 

 

Poultry 

manure@0.5% 

10% 19±0.58 35±1.45 (48) 56±1.86  67±1.33 (16) 

25% 20.±1.76 39±1.45 (49) 59±2.65  72±1.45 (18) 

50% 21±0.33 35±0.88 (40) 59±2.65  72±1.73 (18) 

 

Poultry 

manure@1% 

10% 21±0.67 36±2.65 (41) 60±2.51  70±2.08 (14) 

25% 22±0.88 39±1.86 (43) 64±2.36  76±1.20 (15) 

50% 23±0.88 46±1.45 (50) 65±1.73  82±3.38 (19) 

 

Gypsum@0.3

% 

10% 18±1.20 35±2.60 (48) 64±1.06  67±1.53 (4) 

25% 20±1.73 35±1.45 (42) 48±2.73  54±1.53 (12) 

50% 21±0.58 36±2.33 (41) 49±2.04  56±1.20 (12) 

 

Gypsum@0.6

% 

10% 21±1.20 38±1.15 (44) 49±2.85  55±1.15 (10) 

25% 22±0.67 39±1.33 (43) 56±2.67  68±1.20 (17) 

50% 20±0.67 32±2.03 (37) 60±3.04  66±0.33 (9) 

Average of three repeats of each value is given ± S.E and figures in parenthesis are the 

percent increase with respect to days, Tukey HSD test was used to determine the difference 

among the treatments  

 

4.3.1.3 Shoot Length of Cabbage  

After 45 Days: 

 Amendments also improved the shoot length in case of cabbage plants (Table 4.3.2). 

The maximum shoot length (16 cm) was noted where PM was used @ 1% and effluent was 

applied @ 50% and the minimum shoot length (9 cm) was observed where gypsum was 

applied @ 0.6% with 50% effluent concentration. Poultry manure with both levels at all 

effluent concentrations affect the shoot length of spinach plants as compared to gypsum. 

Both levels of PM and gypsum with all effluent concentrations significantly different with 



69 

 

poultry manure @ 1% and @ 50% effluent concentration as PM @ 1% with 50% effluent 

concentration showed maximum shoot length. 

After 120 Days: 

 The data regarding shoot length of 2nd harvest of cabbage plants is presented in 

Table 4.3.2. The maximum shoot length (37 cm) was checked where PM was incorporated 

@ 1% and effluent was applied @ 50% and the minimum shoot length (18 cm) was 

observed where gypsum was applied @ 0.6% with 50% effluent concentration. 

 By comparing both the reaps, it was analyzed that poultry manure @ 1% with 50% 

effluent concentration increased the shoot length up to 56% after 120 days of incubation 

while the growth was lower at 45 days of incubation. Poultry manure @ 1% with the 

combination of 50% effluent concentration showed better results rather than other 

treatments.  

4.3.1.4 Number of Leaves of Cabbage 

After 45 Days: 

 The highest quantity of leaves (12 pot-1) was observed where poultry manure (PM) 

was applied @ 1% and effluent was applied @ 10% and 50% and the minimum number of 

leaves (8 pot-1) was observed where gypsum was applied @ 0.3% with 25% effluent 

concentration (Table 4.3.2). Poultry manure with both levels at all effluent concentrations 

significantly affect the number of leaves of spinach plants as compared to gypsum. Both 

levels of PM and gypsum with all effluent concentrations were somehow similar with each 

other. 

After 120 Days:  

 The maximum leaves (39 pot-1) were recorded where PM was use @ 1% and 

effluent was applied @ 10% and 50% and the minimum number of leaves (19 pot-1) was 

observed where gypsum was applied @ 0.6% with 50% effluent concentration (Table 

4.3.2). Poultry manure with both levels at all effluent concentrations significantly affect 

cabbage leaves as compared to gypsum treated plants. Both levels of PM and gypsum with 

all effluent concentrations were non significantly different with each. 

 On overall relative basis of both the harvests it was observed that poultry manure 

@ 1% with 50% effluent concentration at 120 days of incubation maximally increased the 

number of leaves up to 69%.  
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Table 4.3.2 Shoot length (cm), number of leaves (pot-1) of cabbage grown under 

different effluent concentrations with different treatments  

Treatments 

Effluent 

Concentrat

ion 

Shoot length (cm) Number of leaves (pot-1) 

After 45 

days 

After 120 

days 

After 45 

days 

After 120 

days 

 

Poultry 

manure@0.5

% 

10% 16±0.58 26±0.58 (38) 11±0.58 25±2.49 (56) 

25% 14±0.86 24±0.88 (41) 10±0.67 26±2.52 (61) 

50% 14±1.33 24±1.15 (41) 10±0.33 28±1.53 (64) 

 

Poultry 

manure@1% 

10% 15±0.88 25±0.33 (40) 10±0.58 27±0.88 (62) 

25% 14±0.88 26±1.00 (46) 10±0.58 29±1.15 (65) 

50% 16±0.46 37±4.04 (56) 12±0.58 39±2.65 (69) 

 

Gypsum@0.3

% 

10% 11±1.23 22±0.33 (50) 9±0.57 26±4.33 (65) 

25% 12±1.33 21±2.73 (42) 8±0.88 25±4.70 (68) 

50% 10±0.58 22±1.00 (54) 12±0.25 32±0.33 (62) 

 

Gypsum@0.6

% 

10% 10±1.05 21±1.20 (52) 7±0.58 21±2.03 (66) 

25% 12±0.7 22±0.67 (45) 9±1.20 27±2.08 (67) 

50% 9±1.07 18±1.67 (50) 7±0.73 19±1.86 (57) 

Average of three repeats of each value is given ± S.E and figures in parenthesis are the 

percent increase with respect to days, Tukey HSD test was used to determine the difference 

among the treatments  

 

4.3.1.5 Shoot Fresh Weight (g) of Spinach 

After 45 Days: 

 The data regarding shoot fresh weight of 1st harvest of spinach plants is given in 

Table 4.3.3. Poultry manure (PM) @ 1% with 50% effluent concentration showed highest 

SFW (77 g pot-1) and the minimum SFW (51.33 g pot-1) was observed where gypsum was 

applied @ 0.6% with 50% effluent concentration. Both levels of PM and gypsum with all 

effluent concentrations were significantly different with poultry manure @ 1% and @ 50% 

effluent concentration as PM @ 1% with 50% effluent concentration exposed highest SFW. 
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Poultry manure @ 1% and @ 50% effluent concentration was considerably dissimilar with 

all other treatments specifically with gypsum @ 0.6% and @ 50% effluent concentration. 

After 90 Days: 

 The highest SFW (163 g pot-1) was checked where poultry manure (PM) was 

incorporated @ 1% and effluent was applied @ 50% and the lowest SFW (112.33 g pot-1) 

was observed where gypsum was applied @ 0.6% with 50% effluent concentration (Table 

4.3.3). Both levels of PM and gypsum with all effluent concentrations were significantly 

different with poultry manure @ 1% and @ 50% effluent concentration as PM @ 1% with 

50% effluent application exposed highest SFW. Poultry manure @ 1% and @ 50% effluent 

concentration was considerably dissimilar specifically with gypsum @ 0.6% and @ 50% 

effluent concentration. 

 By comparing both the harvests at 45 and 90 days of incubation, it was observed 

that poultry manure @ 1% with 50% effluent concentration showed maximum increase in 

shoot fresh weight (57%) at 90 days of incubation with respect to 45 days of incubation 

time. Hence poultry manure @ 1% with 50% effluent concentration proved to be better 

treatment to enhance SFW. 

4.3.1.6 Shoot Dry Weight (g) of Spinach 

After 45 Days: 

 A significant variation was recorded in consideration of SDW of spinach plants in 

different combination of organic and inorganic amendment applications and the results 

were presented in (Table 4.3.3). Poultry manure (PM) @ 1% with 50% effluent exposed 

for highest SDW (9.19 g pot-1) while the minimum SDW (5.35 g pot-1) was observed where 

gypsum was applied @ 0.6% with 10% effluent concentration. Both levels of PM and 

gypsum with all effluent concentrations were significantly different with poultry manure 

@ 1% and @ 50% effluent concentration as PM @ 1% with 50% effluent concentration 

showed maximum shoot dry weight. Poultry manure @ 1% and @ 50% effluent 

concentration was dissimilar with gypsum @ 0.6% with @ 50% effluent concentration. 

After 90 Days: 

 The data concerning SDW represents in Table 4.3.3. The highest increase in SDW 

(15.34 g pot-1) was examined where poultry manure (PM) was applied @ 1% and effluent 

was applied @ 50% and the minimum SDW (6.07 g pot-1) was observed where gypsum 

was applied @ 0.3% with 50% effluent concentration. Both levels of PM with all 

concentrations were significantly different with both levels of gypsum with all effluent 

concentrations.  
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 On relative basis it was observed that poultry manure @ 1% with 50% effluent 

concentration at 90 days of incubation maximally improved the shoot dry weight up to 

40%. Hence poultry manure @ 1% with the combination of 50% effluent concentration 

showed better results rather than other treatments.  

Table 4.3.3  Shoot fresh weight and dry weight (g pot-1) of spinach grown under 

different effluent concentrations with different treatments 

Treatments Effluent 

Concentration 

Shoot fresh weight (g) Shoot dry weight (g) 

After 45 

days 

After 90 days After 45 

days 

After 90 days 

 

Poultry 

manure@0.5% 

10% 60.00±2.65 

 

127.33±3.48 (52) 6.97±0.06 8.98±0.57 (22) 

25% 61.67±1.20 

 

130.33±4.33 (53) 6.79±0.61 

 

8.81±1.08 (2) 

50% 61.33±1.76 

 

117.67±5.36 (47) 6.21±0.14 

 

7.53±0.81 (17) 

 

Poultry 

manure@1% 

10% 66.33±1.45 

 

129.33±12.13 (48) 7.87±0.22 

 

8.73±0.65(10) 

25% 65.67±1.45 

 

118.67±16.90 (44) 6.22±0.14 

 

9.15±1.17 (32) 

50% 70.00±0.88 163.00±10.82 (57) 9.19±0.34 

 

15.34±0.71 (40) 

 

Gypsum@0.3% 

10% 56.33±1.20 

 

126.00±5.77 (55) 5.59±0.25 

 

6.80±0.08 (18) 

25% 58.33±1.20 

 

131.33±11.70 (56) 6.01±0.12 

 

7.26±0.71 (17) 

50% 52.33±1.76 

 

108.67±10.17 (51) 5.94±0.07 

 

6.07±0.65 (15) 

 

Gypsum@0.6% 

10% 56.00±2.52 

 

123.67±6.89 (53) 5.53±0.70 

 

6.33±0.52 (12) 

25% 55.00±1.53 

 

106.33±8.01 (48) 5.87±0.21 

 

7.12±1.32 (17) 

50% 51.33±2.91 

 

112.33±4.10 (54) 6.35±0.60 

 

9.85±0.97 (35) 

Average of three repeats of each value is given ± S.E and figures in parenthesis are the 

percent increase with respect to days, Tukey HSD test was used to determine the difference 

among the treatments  
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4.3.1.7 Shoot Fresh Weight (g) of Cabbage 

After 45 Days: 

 The 1st harvest data of SFW of cabbage plants is given in Table 4.3.4. The highest 

SFW (18 g pot-1) was noted where poultry manure (PM) was used @ 1% and effluent was 

applied @ 50% and the lower SFW (8 g pot-1) was observed where gypsum was used @ 

0.3% with 50% effluent concentration. Poultry manure @ 1% and @ 50% effluent 

concentration was dissimilar with gypsum @ 0.6% and @ 50% effluent concentration. 

After 120 Days: 

 The highest SFW (331 g pot-1) was examined where poultry manure (PM) was 

incorporated @ 1% and effluent was applied @ 50% and the least weight (125.33 g pot-1) 

was observed where gypsum was applied @ 0.6% with 50% effluent concentration (Table 

4.3.4). Poultry manure @ 1% and @ 50% effluent concentration was substantially 

dissimilar with gypsum @ 0.6% and @ 50% effluent application. 

 When put side by side both the harvests, it was noted that poultry manure @ 1% 

with 50% effluent concentration increased shoot fresh weight at 90 days up to 95% as 

compared to 45 days. Poultry manure @ 1% with the combination of 50% effluent 

concentration showed better results as compared to other treatments.  

4.3.1.8 Shoot Dry Weight (g) of Cabbage 

After 45 Days: 

 Treatments affect the shoot dry weight differently under different effluent 

concentrations. The maximum SDW (2.06 g pot-1) was observed where poultry manure 

(PM) was added @ 1% and effluent was applied @ 50% and the minimum SDW (1.31 g 

pot-1) was observed where gypsum was applied @ 0.6% with 50% effluent concentration 

(Table 4.3.4). Poultry manure with both levels at all effluent concentrations significantly 

affect the SFW of spinach plants as compared to gypsum. Both levels of PM and gypsum 

with all effluent concentrations were significantly different with each. 

After 120 Days: 

 The data concerning SDW of 2nd harvest of cabbage plants is presented in Table 

4.3.4. The higher SDW (23.76 g pot-1) was observed where poultry manure (PM) was added 

@ 1% and effluent was applied @ 50% and the (15.54 g pot-1) was recorded as minimum 

weight in plants where gypsum was applied @ 0.6% with 50% effluent concentration. 

Poultry manure with both levels at all effluent concentrations significantly affect the SDW 

of cabbage plants as compared to gypsum. Both levels of PM with all concentrations were 

significantly different with both levels of gypsum with all effluent concentrations. 
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 By comparing the results on relative basis, it was observed that poultry manure 

maximally increased shoot dry weight up to 94% at 90 days of incubation as compared to 

45 days. Poultry manure @ 1% with the combination of 50% effluent concentration showed 

better results as compared to other treatments.  

Table 4.3.4  Shoot fresh and dry weights (g pot-1) of cabbage grown under different 

effluent concentrations with different treatments 

Treatments Effluent 

Concentration 

Shoot fresh weight (g) Shoot dry weight (g) 

After 45 

days 

After 120 days After 45 

days 

After 120 days 

 

Poultry 

manure@0.5% 

10% 10.00±0.58 

 

215.33±6.90 (92) 1.79±0.05 21.35±0.97 (91) 

25% 12.00±1.15 

 

230.67±4.53 (91) 1.47±0.12 

 

20.14±0.83 (92) 

50% 12.33±1.45 

 

233.67±5.27 (93) 1.60±0.11 

 

22.32±0.96 (93) 

 

Poultry 

manure@1% 

10% 12.67±1.20 

 

290.00±5.16 (90) 1.65±0.13 20.05±0.78 (91) 

25% 14.67±0.88 

 

255.67±4.33 (92) 1.49±0.16 

 

19.38±0.38 (92) 

50% 18.00±1.53 

 

331.00±5.04 (95) 2.06±0.09 

 

23.76±1.37 (94) 

 

Gypsum@0.3% 

10% 10.67±0.88 

 

243.67±10.49 (90) 1.25±0.03 

 

15.60±0.72 (92) 

25% 10.67±1.20 

 

220.33±4.38 (91) 1.37±0.10 

 

19.03±0.99 (92) 

50% 8.00±0.58 

 

208.00±5.02 (93) 1.47±0.11 

 

22.45±2.10 (93) 

 

Gypsum@0.6% 

10% 8.67±0.88 

 

258.67±6.89 (91) 1.37±0.07 

 

16.05±1.81 (91) 

25% 10.67±0.88 

 

231.33±5.72 (92) 1.36±0.13 

 

18.24±1.18 (92) 

50% 9.33±0.88 

 

125.33±4.85 (93) 1.31±0.20 

 

15.54±2.48 (91) 

Average of three repeats of each value is given ± S.E and figures in parenthesis are the 

percent increase with respect to days, Tukey HSD test was used to determine the difference 

among the treatments  
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4.3.1.9 Root Length of Spinach 

 The root length data of spinach plants is shown in Table 4.3.5. The maximum root 

length (26 cm) was examined where PM was used @ 1% and effluent was applied @ 50% 

and the minimum root length (19 cm) was detected where gypsum was functional @ 0.3% 

with 10% effluent concentration. Poultry manure with both levels at all effluent 

concentrations affect spinach root length as compared to gypsum. Both levels of PM and 

gypsum with all effluent concentrations were considerably dissimilar with gypsum @ 0.3% 

and @ 10% effluent concentration.  

4.3.1.10 Root Fresh Weight of Spinach 

 The highest RFW (18.67 g pot-1) was checked where poultry manure (PM) was used 

@ 1% and effluent was applied @ 50% and the lowest value (10.33 g pot-1) was noted 

wherever gypsum was applied @ 0.3% with 10% effluent concentration (Table 4.3.5). 

Poultry manure with both levels at all effluent concentrations significantly affect the root 

fresh weight of spinach plants in comparison with gypsum.  

4.3.1.11 Root Dry Weight of Spinach 

 The RDW data of spinach plants is shown in Table 4.3.5. The highest RDW (2.08 

g pot-1) was noted where PM was applied @ 1% and effluent was applied @ 50% and the 

minimum RDW (1.06 g pot-1) was observed where gypsum was applied @ 0.6% with 50% 

effluent concentration. Poultry manure with both levels at all effluent concentrations affect 

the root dry weight of spinach plants as compared to gypsum.  
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Table 4.3.5  Root length (cm), root fresh and dry weights (g pot-1) of spinach grown 

under different effluent concentrations with different treatments 

Treatments Effluent 

Concentration 

Root fresh 

weight (g) 

Root dry 

weight (g) 

Root length 

(cm) 

 

 

Poultry 

manure@0.5% 

10% 12.67±0.33 

 

1.72±0.13 

 

24.67±0.67 

 

25% 11.67±0.67 

 

1.37±0.11 

 

24.33±1.20 

 

50% 11.33±1.20 

 

1.43±0.18 

 

22.33±2.19 

 

 

 

Poultry 

manure@1% 

10% 13.00±2.65 

 

1.56±0.16 

 

22.67±1.86 

 

25% 13.33±2.33 

 

1.37±0.10 

 

25.33±2.03 

 

50% 18.67±1.76 

 

2.08±0.03 

 

26.00±1.53 

 

 

 

 

Gypsum@0.3% 

10% 13.33±2.03 

 

1.24±0.27 

 

19.00±1.00 

 

25% 13.33±0.67 

 

1.47±0.17 

 

20.67±0.33 

 

50% 11.67±1.86 

 

1.43±0.02 

 

19.33±1.33 

 

 

 

 

Gypsum@0.6% 

10% 13.33±1.45 

 

1.55±0.24 

 

21.33±1.67 

 

25% 14.67±1.45 

 

1.49±0.27 

 

20.33±1.45 

 

50% 10.33±2.19 

 

1.06±0.24 

 

19.67±1.45 

 

Average of three repeats of each value is given ± S.E. Tukey HSD test (P ≤ 0.05) was used 

to determine the difference among the treatments  

 

4.3.1.12 Root Length of Cabbage 

 The maximum root length (32 cm) was found where PM was used @ 1% and 

effluent was incorporated @ 50% and the lowest RL (22.33 cm) was observed where 

poultry manure (PM) was applied @ 1% and effluent was applied @ 10% (Table 4.3.6). 

Poultry manure with both levels at all effluent concentrations significantly affect the root 

length of spinach plants rather than gypsum. Both levels of PM and gypsum with all effluent 

concentrations were significantly different with PM @ 1% and @ 10% effluent 

concentration.  

4.3.1.13 Root Fresh Weight of Cabbage 

 The highest RFW (10.33 g pot-1) was noted where poultry manure (PM) was used 

@ 1% and effluent was applied @ 50% and the least RFW (6.67 g pot-1) was examined 

where gypsum was applied @ 0.6% with 50% effluent concentration (Table 4.3.6). Poultry 
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manure with both levels at all effluent concentrations significantly affect the root fresh 

weight of spinach plants as compared to gypsum.  

4.3.1.14 Root Dry Weight of Cabbage 

 The highest RDW (3.02 g pot-1) was checked where poultry manure (PM) was used 

@ 1% and effluent was applied @ 50% and the minimum RDW (1.77 g pot-1) was observed 

where gypsum was incorporated @ 0.3% with 10% effluent concentration (Table 4.3.6). 

Poultry manure with both levels at all effluent concentrations significantly affect the RDW 

of spinach plants as compared to gypsum. Both levels of PM and gypsum with all effluent 

concentrations somehow similar with each other.  

Table 4.3.6  Root length (cm), root fresh and dry weights (g pot-1) of cabbage grown 

under different effluent concentrations with different treatments 

Treatments Effluent 

Concentration 

Root fresh 

weight (g) 

Root dry 

weight (g) 

Root length 

(cm) 

 

Poultry 

manure@0.5% 

10% 7.67±0.88 2.22±0.09 25.33±1.33 

25% 9.33±0.67 2.19±0.04 24.33±1.20 

50% 9.00±0.58 2.55±0.19 28.33±1.76 

 

Poultry 

manure@1% 

10% 8.67±0.33 2.41±0.17 22.33±0.88 

25% 8.67±0.88 2.06±0.25 27.33±1.67 

50% 10.33±1.20 3.02±0.10 32.00±1.53 

 

Gypsum@0.3% 

10% 8.33±0.88 1.77±0.16 23.33±0.88 

25% 9.67±1.76 2.24±0.30 25.67±1.45 

50% 7.67±1.45 1.93±0.16 23.00±1.53 

 

Gypsum@0.6% 

10% 8.00±1.00 2.35±0.31 27.33±1.45 

25% 9.00±1.00 2.20±0.39 28.33±1.67 

50% 6.67±0.40 1.89±0.25 22.67±1.45 

Average of three repeats of each value is given ± S.E. Tukey HSD test (P ≤ 0.05) was used 

to determine the difference among the treatments  

 

4.3.2 Physiological Parameters of Spinach and Cabbage 

4.3.2.1 Chlorophyll Contents (SPAD values) in Spinach 

 The chlorophyll contents of spinach plants are shown in Table 4.3.7. The maximum 

chlorophyll contents (34.40) was note down where PM was applied @ 1% and effluent was 

applied @ 50% and the minimum chlorophyll contents (22.93) was observed where 

gypsum was applied @ 0.6% with 25% effluent concentration. Poultry manure with both 



78 

 

levels at all effluent concentrations significantly affect the SPAD values of spinach plants 

as compared to gypsum. Both levels of PM and gypsum with all effluent concentrations 

were similar with each other to some extent.  

4.3.2.2 Photosynthetic Rate of Spinach  

 The highest photosynthetic rate (4.97 μ mol CO2 m
-2 s-1) was noted where poultry 

manure (PM) was added @ 1% and effluent with 50% concentration and the minimum rate 

(2.29 μ mol CO2 m
-2 s-1) was found where gypsum was added @ 0.6% with 50% effluent 

concentration (Table 4.3.7). Poultry manure with both levels at all effluent concentrations 

significantly affect the photosynthetic rate of spinach plants rather than gypsum.  

4.3.2.3 Transpiration Rate of Spinach  

 Poultry manure (PM) @ 1% with 50% effluent concentration showed highest 

transpiration rate (1.65 mmol H2O m-2 s-1) and the lowest transpiration rate (0.18mmol H2O 

m-2 s-1) was noted where gypsum was applied @ 0.3% with 25% effluent concentration 

(Table 4.3.7). Poultry manure with both levels at all effluent concentrations significantly 

affect the transpiration rate of spinach plants rather than gypsum. Both levels of PM were 

significantly different with both levels of gypsum with all effluent concentrations.  

4.3.2.4 Stomatal Conductance of Spinach  

 The record concerning stomatal conductance of spinach plants is given in Table 

4.3.7. The maximum stomatal conductance (0.50 mol m-2 s-1) was recorded where PM was 

incorporated @ 1% and effluent with 50% concentration and the lowest stomatal 

conductance (0.04mol m-2 s-1) was noted where gypsum was applied @ 0.6% with 25% 

effluent concentration. Poultry manure with both levels at all effluent concentrations 

significantly affect the stomatal conductance of spinach plants rather than gypsum. Both 

levels of PM were significantly different with both levels of gypsum with all effluent 

concentrations. 
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Table 4.3.7 Chlorophyll contents (SPAD values), Photosynthetic rate (A) (μmol CO2 

m-2 s-1), Transpiration rate (E) (mmol H2O m-2 s-1) and Stomatal conductance (gs) (mol 

m-2 s-1) of spinach grown under different effluent concentrations with different 

treatments 

Treatments Effluent 

Concentratio

n 

Chlorophyll 

contents 

Photosyntheti

c rate 

Transpiratio

n rate 

Stomatal 

conductanc

e 

 

Poultry 

manure@0.5

% 

10% 28.47±2.40 

 

3.37±0.24 

 

1.23±0.18 

 

0.12±0.04 

 

25% 25.70±1.79 

 

3.19±0.23 

 

1.37±0.10 

 

0.14±0.03 

 

50% 29.27±2.51 

 

2.99±0.10 

 

0.81±0.07 

 

0.21±0.02 

 

 

Poultry 

manure@1% 

10% 24.97±1.22 

 

3.13±0.05 

 

1.17±0.04 

 

0.22±0.02 

 

25% 26.90±2.87 

 

3.48±0.37 

 

1.54±0.18 

 

0.33±0.07 

 

50% 34.40±1.55 

 

4.97±0.48 

 

1.65±0.09 

 

0.50±0.03 

 

 

Gypsum@0.3

% 

10% 27.13±1.20 

 

2.98±0.31 

 

0.64±0.17 

 

0.23±0.03 

 

25% 25.80±1.99 

 

3.18±0.12 

 

0.18±0.02 

 

0.16±0.04 

 

50% 28.67±2.61 

 

2.96±0.18 

 

0.41±0.03 

 

0.05±0.02 

 

 

Gypsum@0.6

% 

10% 29.13±1.68 

 

2.78±0.08 

 

0.60±0.02 

 

0.08±0.03 

 

25% 22.93±0.68 

 

2.40±0.18 

 

0.44±0.11 

 

0.04±0.01 

 

50% 30.07±0.72 

 

2.29±0.05 

 

0.23±0.03 

 

0.08±0.05 

 

Average of three repeats of each value is given ± S.E. Tukey HSD test (P ≤ 0.05) was used 

to determine the difference among the treatments  

 

4.3.2.5 Chlorophyll Contents (SPAD values) in Cabbage 

 The data concerning chlorophyll contents of cabbage plants is undertaken in Table 

4.3.8. The maximum chlorophyll contents (68.93) was note down where PM was applied 

@ 1% and effluent was applied @ 50% and the minimum chlorophyll contents (43.40) was 

observed where gypsum was applied @ 0.3% with 25% effluent concentration. Poultry 

manure with both levels at all effluent concentrations significantly affect the chlorophyll 

contents of spinach as compared to gypsum. PM @ 1% with 50% effluent concentration 

was significantly different with gypsum @ 0.3% with 25% effluent concentration. 

 



80 

 

4.3.2.6 Photosynthetic Rate of Cabbage 

 The highest photosynthetic rate (5.14 μ mol CO2 m
-2 s-1) was noted where poultry 

manure (PM) was incorporated @ 1% and effluent was added @ 50% and the lowest value 

(2.69 μ mol CO2 m
-2 s-1) was noted where gypsum was applied @ 0.6% with 50% effluent 

concentration (Table 4.3.8). Poultry manure with both levels at all effluent concentrations 

significantly affect the photosynthetic rate of cabbage plants comparatively gypsum. PM 

@ 1% with 50% effluent concentration was significantly different with gypsum @ 0.6% 

with 50% effluent concentration. 

4.3.2.7 Transpiration Rate of Cabbage 

 The highest transpiration rate (1.74 mmol H2O m-2 s-1) was noted where poultry 

manure (PM) was applied @ 1% and effluent was applied @ 50% and the lower 

transpiration rate (1.29 mmol H2O m-2 s-1) was checked where gypsum was applied @ 0.6% 

with 50% effluent concentration (Table 4.3.8). PM @ 1% with 50% effluent concentration 

was significantly different with gypsum @ 0.6% with 50% effluent concentration. 

4.3.2.8 Stomatal Conductance of Cabbage 

 Treatments affect the stomatal conductance of cabbage. The highest value (1.60 mol  

m-2 s-1) was checked where poultry manure (PM) was added @ 1% and effluent was applied 

@ 50% and the lowest value (0.30 mol m-2 s-1) was found where gypsum was added @ 

0.6% with 10% effluent concentration (Table 4.3.8). Both levels of PM and gypsum with 

all effluent concentrations were somehow similar to each other. PM @ 1% with 50% 

effluent concentration was significantly different with gypsum @ 0.6% with 10% effluent 

concentration.  
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Table 4.3.8  Chlorophyll contents (SPAD values), Photosynthetic rate (A) (μmol CO2 

m-2 s-1), Transpiration rate (E) (mmol H2O m-2 s-1) and Stomatal 

conductance (gs) (mol m-2 s-1) of cabbage grown under different effluent 

concentrations with different treatments 

Treatments Effluent 

Concentratio

n 

Chlorophyll 

contents 

Photosyntheti

c rate 

Transpiratio

n rate 

Stomatal 

conductanc

e 

 

Poultry 

manure@0.

5% 

10% 60.83±1.15 3.09±0.07 1.26±0.06 1.12±0.05 

25% 61.83±2.68 3.22±0.37 1.38±0.06 1.15±0.05 

50% 56.70±3.95 2.99±0.25 1.42±0.03 1.10±0.06 

 

Poultry 

manure@1

% 

10% 55.77±0.66 3.84±0.32 1.54±0.03 1.12±0.06 

25% 58.27±1.41 4.17±0.05 1.54±0.06 1.28±0.14 

50% 68.93±1.46 5.14±0.04 1.74±0.22 1.60±0.26 

 

Gypsum@0.

3% 

10% 56.80±1.76 2.81±0.18 1.48±0.04 1.09±0.03 

25% 43.40±1.65 2.92±0.15 1.56±0.05 1.10±0.03 

50% 56.03±2.55 2.82±0.25 1.37±0.03 1.04±0.02 

 

Gypsum@0.

6% 

10% 55.80±0.30 3.48±0.11 1.42±0.02 0.30±0.13 

 

25% 48.23±3.36 2.56±0.40 1.35±0.01 0.74±0.15 

50% 54.33±1.20 2.69±0.36 1.29±0.04 0.89±0.08 

Average of three repeats of each value is given ± S.E. Tukey HSD test (P ≤ 0.05) was used 

to determine the difference among the treatments  

 

4.3.2.9 Relative Water Contents in Spinach  

 The data representing RWC of spinach plants is given in Table 4.3.9. The maximum 

relative water contents (97.68%) was recorded where PM was practiced @ 1% and effluent 

was applied @ 50% and the minimum relative water contents (70.93%) was observed 

where gypsum was applied @ 0.6% with 50% effluent concentration. Poultry manure with 

both levels at all effluent concentrations significantly affect (P < 0.05) the relative water 

contents of spinach plants as compared to gypsum. PM @ 1% with 50% effluent 

concentration was significantly different with gypsum @ 0.6% with 50% effluent 

concentration.  

4.3.2.10 Osmotic Potential of Spinach 

 The data regarding osmotic potential of spinach plants is presented in Table 4.3.9. 

The maximum osmotic potential (426.67%) was recorded where PM was used @ 1% and 
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effluent was applied @ 50% and the minimum osmotic potential (265.67%) was observed 

where gypsum was applied @ 0.3% with 25% effluent concentration. Poultry manure with 

both levels at all effluent concentrations significantly affect the osmotic potential of spinach 

plants rather than gypsum. Both levels of PM and gypsum with all effluent concentrations 

were significantly different with each other. 

4.3.2.11 Membrane Stability Index of Spinach 

 The MSI values of spinach plants are given in Table 4.3.9. The highest MSI value 

(84.67%) was noted where PM was applied @ 1% and effluent was applied @ 50% and 

the minimum membrane stability index (53.33%) was observed where PM was applied @ 

0.5% with 10% effluent concentration. Poultry manure with both levels at all effluent 

concentrations considerably influenced the membrane stability index of spinach plants 

comparatively gypsum.  
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Table 4.3.9  Relative water contents (%), Membrane stability index (%) and Osmotic 

potential (%) of spinach grown under different effluent concentrations 

with different treatments 

Treatments Effluent 

Concentration 

Relative water 

contents 

Membrane 

stability index 

Osmotic 

potential 

 

Poultry 

manure@0.5% 

10% 82.91±1.37 

 

53.33±2.60 

 

326.67±4.41 

 

25% 83.17±1.36 

 

72.33±1.20 

 

278.67±5.14 

 

50% 85.27±2.73 

 

73.67±2.60 

 

341.33±8.84 

 

 

Poultry 

manure@1% 

10% 93.15±1.41 

 

69.67±2.60 

 

316.33±0.88 

 

25% 94.68±2.34 

 

66.67±1.86 

 

276.00±3.06 

 

50% 97.68±1.45 

 

84.67±1.76 

 

426.67±3.06 

 

 

Gypsum@0.3% 

10% 84.74±3.33 

 

58.00±3.46 

 

279.00±3.46 

 

25% 88.27±4.76 

 

65.00±1.15 

 

265.67±1.20 

 

50% 79.96±4.17 

 

67.67±1.45 

 

338.33±0.67 

 

 

Gypsum@0.6% 

10% 89.26±1.69 

 

75.33±2.03 

 

384.00±2.08 

 

25% 74.36±3.01 

 

54.67±1.45 

 

315.00±2.31 

 

50% 70.93±3.23 

 

74.00±2.31 

 

325.00±2.89 

 

Average of three repeats of each value is given ± S.E. Tukey HSD test (P ≤ 0.05) was used 

to determine the difference among the treatments  

 

4.3.2.12 Relative Water Contents in Cabbage 

 The data concerning relative water contents of cabbage plants is shown Table 

4.3.10. The maximum relative water contents (93.33%) was recorded where PM was 

incorporated @ 1% and effluent was applied @ 50% and the minimum relative water 

contents (87.33%) was observed where gypsum was applied @ 0.3% with 25% effluent 

concentration. PM @ 1% with 50% effluent concentration was significantly different with 

gypsum @ 0.3% with 25% effluent concentration.  

4.3.2.13 Osmotic Potential of Cabbage 

 The highest potential (595.67%) was note down where PM was used @ 1% and 

effluent was applied @ 50% and the minimum osmotic potential (213.67%) was observed 

where PM was applied @ 1% with 25% effluent concentration (Table 4.3.10). Poultry 
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manure with both levels at all effluent concentrations significantly affect the osmotic 

potential of spinach plants rather than gypsum. Both levels of PM and gypsum with all 

effluent concentrations were significantly different with each other. 

4.3.2.14 Membrane Stability Index of Cabbage 

 The MSI data of cabbage plants is presented in Table 4.3.10. The maximum 

membrane stability index (96.33%) was recorded where PM was practiced @ 1% and 

effluent was applied @ 50% and the minimum membrane stability index (70%) was 

observed where PM was applied @ 0.5% with 10% effluent concentration. Poultry manure 

with both levels at all effluent concentrations expressively disturb the membrane stability 

index of spinach plants as paralleled to gypsum. 

 

Table 4.3.10  Relative water contents (%), Membrane stability index (%) and 

Osmotic potential (%) of cabbage grown under different effluent 

concentrations with different treatments 

Treatments Effluent 

Concentratio

n 

Relative water 

contents 

Membrane 

stability index 

Osmotic 

potential 

 

Poultry 

manure@0.5% 

10% 87.67±0.88 70.00±0.58 353.00±1.73 

25% 89.67±1.45 81.33±0.33 312.67±1.45 

50% 92.33±0.67 82.00±0.58 396.67±1.45 

 

Poultry 

manure@1% 

10% 91.33±0.88 82.33±0.88 297.33±0.67 

25% 89.33±0.67 78.33±0.33 213.67±1.45 

50% 93.33±0.33 96.33±1.45 595.67±1.20 

 

Gypsum@0.3

% 

10% 90.67±0.67 77.33±0.88 332.67±1.20 

25% 87.33±0.33 81.33±0.67 443.33±1.45 

50% 89.33±0.88 82.67±0.33 364.67±1.45 

 

Gypsum@0.6

% 

10% 92.33±0.33 75.33±0.33 305.00±0.58 

25% 91.33±0.88 82.00±1.15 316.67±1.20 

50% 87.67±0.33 73.67±1.76 376.67±0.88 

Average of three repeats of each value is given ± S.E. Tukey HSD test (P ≤ 0.05) was used 

to determine the difference among the treatments  
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4.3.3. Chromium and Micronutrients Analysis  

4.3.3.1 Chromium Concentration in Spinach Shoots 

After 45 Days:  

 The data regarding Cr concentration in shoots of 1st reaping of spinach plants is 

obtainable in Table 4.3.11. High concentration of Cr (0.20 mg kg-1) was examined where 

gypsum was useful @ 0.3% in combination with 25% effluent concentration and the least 

Cr contents (0.14 mg kg-1) were found where PM was incorporated @ 1% with 50% 

effluent concentration. Poultry manure @ 1% with 50% effluent concentration was 

significantly decreased the Cr contents in spinach shoots as compared to gypsum treated 

plants. By-comparing the two levels of both the amendments with three effluent 

concentrations, it was noted that higher Cr concentration was recorded in soil irrigated with 

25% effluent concentration and amended with gypsum @ 0.3% and lower concentration in 

soil irrigated with 50% effluent concentration and amended with poultry manure @ 1%. 

Poultry manure @ 1% with 50% effluent concentration was significantly different with 

gypsum @ 0.3% with 25% effluent concentration.  

After 90 Days: 

 The concerned data of shoot fresh weight of 2nd reaping of spinach plants is shown 

in Table 4.3.11. The minimum Cr contents (0.04 mg kg-1) were observed where poultry 

manure (PM) was incorporated @ 1% and effluent was applied @ 50% and maximum Cr 

contents (0.13 mg kg-1) were analyzed where gypsum was incorporated @ 0.6% with 10% 

effluent concentration. By adding poultry manure @ 1% with 50% effluent concentration 

reduced the Cr contents in spinach shoots in comparison to gypsum treated plants. Poultry 

manure @ 1% and @ 50% effluent concentration was significantly different with gypsum 

@ 0.6% with 10% effluent concentration.  

 When compared overall on relative basis it was concluded that poultry manure @ 

1% with 50% effluent concentration maximally decreased the Cr concentration up to 71% 

after 90 days of amendment and effluent incubation.  

4.3.3.2 Chromium Concentration in Spinach Roots 

 The maximum value (0.27 mg kg-1) was analyzed where gypsum was incorporated 

@ 0.6% with 25% effluent concentration and the minimum value (0.13 mg kg-1) was 

observed where poultry manure (PM) was used @ 1% and effluent was applied @ 50% 

(Table 4.3.11). Poultry manure @ 1% with 50% effluent concentration was significantly 

decreased the Cr concentration in spinach roots rather than gypsum treated plants. Poultry 
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manure @ 1% and @ 50% effluent concentration was significantly different with gypsum 

@ 0.6% with 25% effluent concentration.  

Table 4.3.11  Cr concentration (mg kg-1) in shoots and roots of spinach grown under 

different effluent concentrations with different treatments  

 

Treatments 

 

Effluent 

Concentratio

n 

Cr in shoots (mg kg-1)  

Cr in roots 

(mg kg-1) 
After 45 days After 90 days 

 

Poultry 

manure@0.5

% 

10% 0.17±0.01 

 

0.08±0.01 (52) 0.21±0.01 

25% 0.16±0.01 

 

0.08±0.01 (50) 0.19±0.01 

 

50% 0.17±0.01 

 

0.06±0.01 (64) 0.16±0.02 

 

 

Poultry 

manure@1% 

10% 0.16±0.01 

 

0.07±0.01 (56) 0.20±0.02 

 

25% 0.17±0.02 

 

0.07±0.01 (58) 0.18±0.02 

 

50% 0.14±0.01 

 

0.04±0.01 (71) 0.13±0.01 

 

 

Gypsum@0.3

% 

10% 0.19±0.01 

 

0.12±0.00 (36) 0.24±0.02 

25% 0.20±0.01 

 

0.11±0.01 (45) 0.24±0.03 

 

50% 0.18±0.01 

 

0.12±0.01 (33) 0.22±0.01 

 

 

Gypsum@0.6

% 

10% 0.17±0.01 

 

0.13±0.01 (23) 0.21±0.01 

 

25% 0.19±0.01 

 

0.10±0.01 (47) 0.27±0.01 

 

50% 0.16±0.01 

 

0.12±0.00 (25) 0.25±0.01 

 

Average of three repeats of each value is given ± S.E and figures in parenthesis are the 

percent decrease with respect to days, Tukey HSD test was used to determine the difference 

among the treatments  

 

4.3.3.3 Chromium Concentration in Cabbage Shoots 

After 45 Days:  

 The data regarding Cr contents in shoots of 1st harvest of cabbage plants is presented 

in Table 4.3.12. The maximum Cr contents (0.34 mg kg-1) were checked where gypsum 

was applied @ 0.3% with 10% effluent concentration and the minimum Cr (0.26 mg kg-1) 

was found where poultry manure (PM) was incorporated @ 1% and effluent was applied 

@ 50%. Poultry manure @ 1% with 50% effluent concentration reduced the Cr contents in 

spinach shoots rather than gypsum treated plants. Poultry manure @ 1% with 50% effluent 
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concentration was significantly different with gypsum @ 0.3% with 25% effluent 

concentration.  

After 120 Days:  

 The minimum Cr (0.11 mg kg-1) was observed where poultry manure (PM) was 

practiced @ 1% and effluent was applied @ 50% and maximum Cr (0.28 mg kg-1) was 

explored wherever PM was practiced @ 0.5% with 10% effluent concentration (Table 

4.3.12).  

 By putting side by side of both the harvests, highest reduction in Cr contents (57%) 

was noted where poultry manure was applied @ 1% with 50% effluent concentration at 

120 days of incubation.  

4.3.3.4 Chromium Concentration in Cabbage Roots 

 The results concerning Cr contents in cabbage roots is shown in Table 4.3.12. The 

minimum Cr contents (0.22 mg kg-1) were observed where poultry manure (PM) was 

incorporated @ 1% and effluent was applied @ 50% and maximum Cr contents (0.30 mg 

kg-1) were checked where gypsum was incorporated @ 0.6% with 50% effluent 

concentration. 
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Table 4.3.12  Cr concentration (mg kg-1) in shoots and roots of cabbage grown under 

different effluent concentrations with different treatments  

 

Treatments 

 

Effluent 

Concentratio

n 

Cr in shoots (mg kg-1)  

Cr in roots 

(mg kg-1) 
After 45 days After 120 

days 

 

Poultry 

manure@0.5

% 

10% 0.27±0.02 

 

0.22±0.01 (18) 0.30±0.01 

25% 0.33±0.01 

 

0.23±0.01 (30) 0.29±0.03 

50% 0.34±0.02 

 

0.16±0.01 (52) 0.30±0.02 

 

Poultry 

manure@1% 

10% 0.32±0.01 

 

0.14±0.01 (56) 0.30±0.02 

25% 0.32±0.02 

 

0.16±0.01 (50) 0.25±0.02 

50% 0.26±0.02 

 

0.11±0.02 (57) 0.22±0.01 

 

Gypsum@0.3

% 

10% 0.34±0.02 

 

0.15±0.02 (55) 0.29±0.01 

25% 0.28±0.02 

 

0.18±0.02 (35) 0.30±0.02 

50% 0.26±0.02 

 

0.16±0.01 (38) 0.27±0.04 

 

Gypsum@0.6

% 

10% 0.33±0.01 

 

0.25±0.01 (24) 0.29±0.02 

25% 0.28±0.02 

 

0.25±0.02 (10) 0.27±0.02 

50% 0.34±0.02 

 

0.28±0.01 (17) 0.26±0.01 

Average of three repeats of each value is given ± S.E and figures in parenthesis are the 

percent decrease with respect to days, Tukey HSD test was used to determine the difference 

among the treatments  

 

4.3.3.5 Zinc Concentration in Spinach Shoots 

After 45 Days:  

 The results obtaining after Zn analysis in shoots of spinach plants after 45 days are 

shown in Table 4.3.13. Considerably high concentration of Zn (1.04 mg kg-1) was checked 

where PM was practiced @ 1% with 50% effluent concentration and the minimum Zn 

contents (0.58 mg kg-1) were analyzed where gypsum was used @ 0.3% in combination 

with 25% effluent concentration. Poultry manure @ 1% with 50% effluent concentration 

was significantly increased the Zn contents in spinach shoots.  

By-comparing the two levels of both the amendments with three effluent 

concentrations, it was checked that higher Zn concentration was recorded in soil irrigated 
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with 50% effluent concentration and amended with poultry manure @ 1%and lower 

concentration in soil irrigated with 50% effluent concentration and amended with gypsum 

@ 0.6%. Poultry manure @ 1% with 50% effluent concentration was significantly different 

with gypsum @ 0.6% with 50% effluent concentration.  

After 90 Days: 

 The highest amount of Zn (1.35 mg kg-1) was observed where poultry manure (PM) 

was incorporated @ 1% and effluent was applied @ 50% and minimum Zn amount (0.73 

mg kg-1) was analyzed where gypsum was incorporated @ 0.6% with 50% effluent 

concentration (Table 4.3.13). Poultry manure @ 1% with 50% effluent concentration was 

enhanced the Zn contents in spinach shoots rather than gypsum treated plants. Poultry 

manure @ 1% and @ 50% effluent concentration was significantly different with gypsum 

@ 0.6% with 50% effluent concentration. 

 When compared both harvests, maximum value (22%) of Zn was checked with PM 

@ 1% with 50% effluent concentration.  

4.3.3.6 Zinc Concentration in Spinach Roots 

 The results concerning Zn contents in spinach roots are shown in Table 4.3.13. The 

highest Zn (1.14 mg kg-1) was noted when poultry manure (PM) was used @ 1% and 

effluent was used @ 50% and the minimum Zn (0.92 mg kg-1) was analyzed where gypsum 

was used @ 0.3% with 25% effluent concentration. Poultry manure @ 1% with 50% 

effluent concentration was considerably enhanced the Zn contents in spinach roots rather 

than gypsum treated plants. Hence it was proved that poultry manure @ 1% and @ 50% 

effluent concentration was significantly different with gypsum @ 0.3% with 25% effluent 

concentration.  
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Table 4.3.13  Zn concentration (mg kg-1) in shoots and roots of spinach grown under 

different effluent concentrations with different treatments  

 

Treatments 

 

Effluent 

Concentratio

n 

Zn in shoots (mg kg-1)  

Zn in roots 

(mg kg-1) 
After 45 days After 90 days 

 

Poultry 

manure@0.5

% 

10% 0.80±0.02 0.97±0.03 (17) 

 

1.06±0.02 

 

25% 0.86±0.05 1.08±0.07 (20) 

 

1.25±0.04 

 

50% 0.88±0.02 1.07±0.08 (17) 

 

1.17±0.03 

 

 

Poultry 

manure@1% 

10% 0.98±0.07 1.19±0.07 (17) 

 

1.27±0.04 

 

25% 0.97±0.04 1.16±0.04 (16) 

 

0.93±0.06 

 

50% 1.04±0.06 1.35±0.06 (22) 

 

1.14±0.12 

 

 

Gypsum@0.3

% 

10% 0.82±0.05 0.92±0.04 (10) 

 

1.12±0.02 

 

25% 0.82±0.05 0.95±0.04 (13) 

 

0.92±0.08 

 

50% 0.85±0.04 0.94±0.06 (9) 

 

0.97±0.07 

 

 

Gypsum@0.6

% 

10% 0.83±0.06 0.98±0.04 (15) 

 

1.09±0.02 

 

25% 0.75±0.05 0.85±0.04 (11) 

 

1.09±0.01 

 

50% 0.58±0.06 0.73±0.07(20) 

 

1.00±0.07 

 

Average of three repeats of each value is given ± S.E and figures in parenthesis are the 

percent increase with respect to days, Tukey HSD test was used to determine the difference 

among the treatments  

 

4.3.3.7 Zinc Concentration in Cabbage Shoots 

After 45 Days: 

 The obtained results of Zn concentration in shoots of cabbage plants reaped after 

90 days are shown in Table 4.3.14. Essentially higher amount of Zn (0.51 mg kg-1) was 

noted down where poultry manure (PM) was connected @ 1% with 50% effluent 

concentration. Lesser amount (0.32 mg kg-1) was noted where gypsum was added @ 0.6% 

in combination with 25% effluent concentration. Poultry manure @ 1% with 50% effluent 

concentration considerably enhanced the Zn contents in shoots of cabbage plants as 

compared to gypsum treated plants. By-comparing the two levels of both the amendments 

with three effluent concentrations, it was verified that maximum Zn concentration was 
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recorded in soil irrigated with 50% effluent concentration and amended with poultry 

manure @ 1%and lower concentration in soil irrigated with 50% effluent concentration and 

amended with gypsum @ 0.6%. Poultry manure @ 1% with 50% effluent concentration 

was significantly different with gypsum @ 0.6% with 50% effluent concentration.  

After 120 Days: 

 Treatments significantly affect the Zn contents in cabbage shoots. The highest Zn 

contents (0.98 mg kg-1) were observed where PM was used @ 1% and effluent was applied 

@ 50% and minimum Zn (0.56 mg kg-1) was analyzed where gypsum was practiced @ 

0.6% with 25% effluent concentration (Table 4.3.14). Poultry manure @ 1% with 50% 

effluent concentration boosted up the Zn contents in shoots of cabbage plants contrasting 

to gypsum treated plants. Poultry manure @ 1% and @ 50% effluent concentration was 

significantly different with gypsum @ 0.6% with 50% effluent concentration.  

 When compared both harvests, highest increase (22%) in Zn was examined with 

increasing PM level with 50% effluent concentration. The maximum rise in Zn was noted 

with second harvest as compared to first one.  

4.3.3.8 Zinc Concentration in Cabbage Roots 

 The highest Zn contents (1.14 mg kg-1) were observed where poultry manure (PM) 

was incorporated @ 1% and effluent was applied @ 50% and minimum Zn contents (1.07 

mg kg-1) was analyzed where gypsum was incorporated @ 0.6% with 10% and 50% 

effluent concentration (Table 4.3.14).  

 

 

 

 

 

 

 

 

 

 

 

 

 



92 

 

Table 4.3.14  Zn concentration (mg kg-1) in shoots and roots of cabbage grown under 

different effluent concentrations with different treatments  

 

Treatments 

 

Effluent 

Concentratio

n 

Zn in shoots (mg kg-1)  

Zn in roots 

(mg kg-1) 
After 45 days After 120 

days 

 

Poultry 

manure@0.5

% 

10% 0.46±0.02 0.86±0.05 (46) 

 

1.12±0.01 

25% 0.44±0.01 0.61±0.05 (27) 

 

1.10±0.01 

50% 0.42±0.01 0.75±0.03 (44) 

 

1.11±0.01 

 

Poultry 

manure@1% 

10% 0.44±0.03 0.67±0.05 (34) 

 

1.11±0.01 

25% 0.47±0.01 0.65±0.04 (27) 

 

1.12±0.02 

50% 0.51±0.03 0.98±0.05 (47) 

 

1.14±0.01 

 

Gypsum@0.3

% 

10% 0.38±0.04 0.69±0.05 (44) 

 

1.11±0.01 

25% 0.43±0.06 0.75±0.06 (42) 

 

1.10±0.01 

50% 0.42±0.02 0.64±0.06 (34) 

 

1.10±0.01 

 

Gypsum@0.6

% 

10% 0.34±0.04 0.62±0.03 (43) 

 

1.07±0.01 

25% 0.32±0.05 0.56±0.05 (42) 

 

1.09±0.01 

50% 0.37±0.02 0.59±0.04 (37) 

 

1.07±0.00 

Average of three repeats of each value is given ± S.E and figures in parenthesis are the 

percent increase with respect to days, Tukey HSD test was used to determine the difference 

among the treatments  

 

4.3.3.9 Copper Concentration in Spinach Shoots 

After 45 Days:  

 Considerably higher concentration of Cu (0.82 mg kg-1) was analyzed where PM 

was incorporated @ 1% with 50% effluent concentration and the lower Cu contents (0.50 

mg kg-1) was detected wherever gypsum was used @ 0.3% in combination with 50% 

effluent concentration (Table 4.3.15). By-comparing the two levels of both the amendments 

with three effluent concentrations, it was noted that higher Cu concentration was recorded 

in soil irrigated with 50% effluent concentration and amended with poultry manure @ 1% 

and lower concentration in soil irrigated with 50% effluent concentration and amended with 

gypsum @ 0.6%. It was concluded that poultry manure @ 1% with 50% effluent 
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concentration was significantly different with gypsum @ 0.3% with 50% effluent 

concentration.  

After 90 Days: 

 The data regarding Cu contents in spinach shoots reaping after 90 days is given in 

Table 4.3.15. The maximum Cu (1.23 mg kg-1) was observed where poultry manure (PM) 

was incorporated @ 1% and effluent was applied @ 50% and minimum Cu (0.92 mg kg-1) 

was found where gypsum was practiced @ 0.6% with 50% effluent concentration. Both 

levels of PM and gypsum with all effluent concentrations were somehow similar with each 

other while poultry manure @ 1% and @ 50% effluent concentration was significantly 

different with gypsum @ 0.3% with 50% effluent concentration. 

 When compared overall, highest value of Cu (43%) was checked with PM @ 1% 

with 50% effluent concentration.  

4.3.3.10 Copper Concentration in Spinach Roots 

 The maximum Cu contents (1.21 mg kg-1) were analyzed where poultry manure 

(PM) was practiced @ 1% and effluent was applied @ 50% and the lowest Cu contents 

(1.11 mg kg-1) were observed where gypsum was incorporated @ 0.6% with 10% effluent 

concentration (Table 4.3.15). Poultry manure @ 1% with 50% effluent concentration 

enhanced the Cu in spinach roots comparatively to gypsum treated plants. Poultry manure 

@ 1% and @ 50% effluent concentration was significantly different with gypsum @ 0.3% 

with 25% effluent concentration.  
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Table 4.3.15  Cu concentration (mg kg-1) in shoots and roots of spinach grown under 

different effluent concentrations with different treatments  

 

Treatments 

 

Effluent 

Concentratio

n 

Cu in shoots (mg kg-1)  

Cu in roots 

(mg kg-1) 
After 45 days After 90 days 

 

Poultry 

manure@0.5% 

10% 0.58±0.02 1.03±0.07 (33) 

 

1.17±0.02 

 

25% 0.59±0.02 1.13±0.04 (37) 

 

1.15±0.02 

 

50% 0.67±0.02 1.05±0.08 (36) 

 

1.16±0.02 

 

 

Poultry 

manure@1% 

10% 0.72±0.01 1.10±0.01 (34) 

 

1.17±0.02 

 

25% 0.71±0.02 1.17±0.02 (39) 

 

1.18±0.01 

 

50% 0.82±0.01 1.23±0.02 (43) 

 

1.21±0.01 

 

 

Gypsum@0.3

% 

10% 0.76±0.02 1.12±0.04 (32) 

 

1.16±0.02 

 

25% 0.60±0.02 1.14±0.04 (37) 

 

1.12±0.02 

 

50% 0.50±0.03 1.11±0.04 (34) 

 

1.14±0.02 

 

 

Gypsum@0.6

% 

10% 0.56±0.03 1.10±0.04 (39) 

 

1.11±0.01 

 

25% 0.54±0.04 1.09±0.04 (30) 

 

1.14±0.02 

 

50% 0.53±0.05 0.92±0.07 (32) 

 

1.12±0.01 

 

Average of three repeats of each value is given ± S.E and figures in parenthesis are the 

percent increase with respect to days, Tukey HSD test was used to determine the difference 

among the treatments  

 

4.3.3.11 Copper Concentration in Cabbage Shoots 

After 45 Days:     

 Considerably higher concentration of Cu (0.13 mg kg-1) was checked where PM 

was incorporated @ 1% with 50% effluent concentration and the lower amount of Cu (0.08 

mg kg-1) was analyzed where gypsum was used @ 0.3% in combination with 25% effluent 

concentration (Table 4.3.16). By-comparing the two levels of both the amendments with 

three effluent concentrations, it was noted that higher Cu contents were recorded in soil 

irrigated with 50% effluent concentration and amended with poultry manure @ 1%and 

lower concentration in soil irrigated with 50% effluent concentration and amended with 
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gypsum @ 0.6%. Poultry manure @ 1% with 50% effluent concentration was significantly 

different with gypsum @ 0.6% with 50% effluent concentration.  

After 120 Days: 

 The data regarding Cu contents in cabbage shoots after 2nd harvest is given in Table 

4.3.16. The highest value of Cu (0.24 mg kg-1) was observed where poultry manure (PM) 

was used @ 1% and effluent was applied @ 50% and minimum value of Cu (0.11 mg kg-

1) was checked where gypsum was incorporated @ 0.6% with 50% effluent concentration. 

Both levels of PM and gypsum with all effluent concentrations were similar to some extent 

with each other while poultry manure @ 1% and @ 50% effluent concentration was 

significantly different with gypsum @ 0.6% with 50% effluent concentration.  

 On relative basis it was noted that maximum increase (45%) was noted where PM 

was used @ 1% with 50% effluent concentration. 

4.3.3.12 Copper Concentration in Cabbage Roots 

 The results related to Cu contents in roots of cabbage plants are given in Table 

4.3.16. The maximum Cu (1.20 mg kg-1) was observed where poultry manure (PM) was 

incorporated @ 1% and effluent was applied @ 50% and minimum Cu (1.12 mg kg-1) was 

checked where gypsum was used @ 0.6% with 50% effluent concentration.  
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Table 4.3.16  Cu concentration (mg kg-1) in shoots and roots of cabbage grown under 

different effluent concentrations with different treatments  

 

Treatments 

 

Effluent 

Concentratio

n 

Cu in shoots (mg kg-1)  

Cu in roots 

(mg kg-1) 
After 45 days After 120 

days 

 

Poultry 

manure@0.5

% 

10% 0.09±0.01 0.13±0.01 (30) 1.13±0.02 

25% 0.09±0.01 0.15±0.01 (40) 1.15±0.01 

50% 0.10±0.01 0.14±0.01 (28) 1.14±0.01 

 

Poultry 

manure@1% 

10% 0.11±0.01 0.16±0.01 (31) 1.14±0.01 

25% 0.11±0.01 0.16±0.01 (31) 1.16±0.02 

50% 0.13±0.03 0.24±0.01 (45) 1.20±0.01 

 

Gypsum@0.3

% 

10% 0.08±0.01 0.13±0.01 (38) 1.15±0.01 

25% 0.09±0.02 0.16±0.01 (43) 1.16±0.01 

50% 0.10±0.01 0.15±0.01 (33) 1.14±0.01 

 

Gypsum@0.6

% 

10% 0.09±0.01 0.15±0.01 (40) 1.14±0.01 

25% 0.10±0.01 0.13±0.01 (23) 1.13±0.01 

50% 0.08±0.01 0.11±0.01 (27) 1.12±0.01 

Average of three repeats of each value is given ± S.E and figures in parenthesis are the 

percent increase with respect to days, Tukey HSD test was used to determine the difference 

among the treatments  

 

4.3.3.13 Iron Concentration in Spinach Shoots 

After 45 Days:  

 Significantly higher concentration of Fe (1.86 mg kg-1) was observed where PM 

was practiced @ 1% with 50% effluent concentration and the least Fe concentration (1.06 

mg kg-1) was observed where gypsum was practiced @ 0.6% in combination with 50% 

effluent concentration (Table 4.3.17). Poultry manure @ 1% with 50% effluent 

concentration enhanced the Fe concentration in spinach shoots as compared to other 

treatments.  

After 90 Days: 

 The maximum Fe concentration (3.43 mg kg-1) was observed where PM was 

exposed @ 1% and effluent was exposed @ 50% and minimum Fe (1.60 mg kg-1) was 

found where gypsum was used @ 0.3% with 10% effluent concentration (Table 4.3.17). 
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Better results are found where poultry manure was incorporated @ 1% with 50% effluent 

concentration. 

 When compared overall on relative basis, potential increase (49%) in Fe contents 

was checked with PM @ 1% with 50% effluent concentration.  

4.3.3.14 Iron Concentration in Spinach Roots 

 The data present in Table 4.3.17 shows the Fe contents in spinach roots. The 

maximum Fe concentration (6.16 mg kg-1) was checked where PM was practiced @ 1% 

and effluent was used @ 50% and the least value of Fe (2.06 mg kg-1) was detected 

wherever gypsum was practiced @ 0.6% with 50% effluent concentration. Poultry manure 

@ 1% with 50% effluent concentration boosted up the Fe concentration in roots of spinach 

plants as compared to gypsum treated plants.  
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Table 4.3.17  Fe concentration (mg kg-1) in shoots and roots of spinach grown under 

different effluent concentrations with different treatments  

 

Treatments 

 

Effluent 

Concentratio

n 

Fe in shoots (mg kg-1)  

Fe in roots (mg 

kg-1) 
After 45 days After 90 days 

 

Poultry 

manure@0.5

% 

10% 1.30±0.05 

 

1.77±0.06 (26) 2.52±0.11 

 

25% 1.52±0.07 

 

2.04±0.04 (25) 5.08±0.11 

 

50% 1.55±0.12 

 

2.39±0.13 (35) 5.33±0.11 

 

 

Poultry 

manure@1% 

10% 1.56±0.07 

 

2.96±0.08 (47) 5.69±0.16 

 

25% 1.58±0.10 

 

3.13±0.13 (45) 5.80±0.15 

 

50% 1.86±0.08 

 

3.43±0.21 (49) 6.16±0.10 

 

 

Gypsum@0.3

% 

10% 1.26±0.09 

 

1.60±0.28 (21) 3.28±0.22 

 

25% 1.34±0.12 

 

2.05±0.18 (34) 3.13±0.08 

50% 1.30±0.13 

 

2.09±0.12 (37) 3.01±0.05 

 

 

Gypsum@0.6

% 

10% 1.12±0.09 

 

1.91±0.14 (41) 2.88±0.15 

 

25% 1.24±0.07 

 

1.84±0.10 (32) 2.61±0.11 

 

50% 1.06±0.06 

 

1.74±0.11 (39) 2.06±0.18 

Average of three repeats of each value is given ± S.E and figures in parenthesis are the 

percent increase with respect to days, Tukey HSD test was used to determine the difference 

among the treatments  

 

4.3.3.15 Iron Concentration in Cabbage Shoots 

After 45 Days:  

 The data concerning Fe contents in shoots of 1st harvest of cabbage plants is 

presented in Table 4.3.18. Higher concentration of Fe (2.00 mg kg-1) was found in poultry 

manure (PM) was applied @ 1% with 50% effluent concentration treated plants and the 

lower Fe contents (0.82 mg kg-1) were perceived wherever gypsum was used @ 0.6% in 

combination with 50% effluent concentration. Poultry manure @ 1% with 50% effluent 

concentration was considerably increased the Fe concentration in shoots of cabbage plants 

as compared to gypsum treated plants.  
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After 120 Days: 

 The data concerning Fe contents in shoots of 2nd harvest of cabbage plants is 

presented in Table 4.3.18. The higher value of Fe (3.69 mg kg-1) was analyzed where PM 

was incorporated @ 1% and effluent was applied @ 50% and minimum Fe contents (1.08 

mg kg-1) were recorded where gypsum was practiced @ 0.6% with 50% effluent 

concentration. Poultry manure @ 1% with 50% effluent concentration was considerably 

enhanced the Fe contents in cabbage shoots comparatively gypsum treated plants.  

 When compared overall, maximum rise (45%) in Fe contents was observed with 

PM @ 1% with 50% effluent concentration after 120 days of incubation.  

4.3.3.16 Iron Concentration in Cabbage Roots 

 The data concerning Fe contents in cabbage roots is given in Table 4.3.18. The 

highest Fe contents (4.34 mg kg-1) were analyzed where PM was used @ 1% and effluent 

was applied @ 50% and lower value of Fe (2.01 mg kg-1) was checked where gypsum was 

incorporated @ 0.6% with 50% effluent concentration.  
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Table 4.3.18  Fe concentration (mg kg-1) in shoots and roots of cabbage grown under 

different seffluent concentrations with different treatments  

 

Treatments 

 

Effluent 

Concentration 

Fe in shoots (mg kg-1)  

Fe in roots (mg 

kg-1) 
After 45 

days 

After 120 

days 

 

Poultry 

manure@0.5% 

10% 1.31±0.07 

 

1.92±0.09 (31) 2.13±0.06 

25% 1.36±0.13 

 

2.14±0.12 (36) 2.63±0.19 

50% 1.56±0.13 

 

2.94±0.09 (46) 2.76±0.06 

 

Poultry 

manure@1% 

10% 1.76±0.09 

 

3.02±0.09 (41) 3.07±0.10 

25% 1.73±0.16 

 

3.12±0.07 (44) 3.69±0.15 

50% 2.00±0.03 

 

3.69±0.13 (45) 4.34±0.12 

 

Gypsum@0.3% 

10% 1.25±0.07 

 

2.21±0.06 (43) 2.78±0.18 

25% 1.39±0.13 2.23±0.06 (37) 2.26±0.08 

50% 1.17±0.07 

 

2.07±0.05 (43) 2.21±0.07 

 

Gypsum@0.6% 

10% 1.24±0.06 

 

2.20±0.10 (43) 2.30±0.07 

25% 0.99±0.14 

 

1.79±0.16 (44) 2.37±0.13 

50% 0.82±0.11 

 

1.08±0.07 (24) 2.01±0.09 

Average of three repeats of each value is given ± S.E and figures in parenthesis are the 

percent increase with respect to days, Tukey HSD test was used to determine the difference 

among the treatments  

 

4.3.3.17 Manganese concentration in spinach shoots 

After 45 Days 

 The data concerning Mn concentration in shoots of 1st harvest of spinach plants is 

given in Table 4.3.19. The higher Mn value (0.86 mg kg-1) was checked where PM was 

practiced @ 1% with 50% effluent concentration and the lower Mn value (0.32 mg kg-1) 

was analyzed where gypsum was use @ 0.6% in combination with 25% effluent 

concentration. Poultry manure @ 1% with 50% effluent concentration was considerably 

enhanced the Mn contents in spinach shoots rather than gypsum treated plants.  
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After 90 Days: 

 The maximum Mn contents (1.95 mg kg-1) were checked where poultry manure 

(PM) was used @ 1% and effluent was applied @ 50% and minimum Mn contents (0.65 

mg kg-1) was examined where gypsum was used @ 0.6% with 50% effluent concentration 

(Table 4.3.19). Poultry manure @ 1% with 50% effluent concentration was considerably 

enhanced the Mn contents in shoots of spinach plants as compared to gypsum treated plants. 

Both levels of PM and gypsum with all effluent concentrations were somehow similar with 

each other while poultry manure @ 1% and @ 50% effluent concentration was significantly 

different with gypsum @ 0.6% with 50% effluent concentration. 

 On relative basis poultry manure @ 1% with 50% effluent concentration was 

increased the Mn contents in spinach shoots after 45 days of incubation. 

4.3.3.18 Manganese Concentration in Spinach Roots 

 The results concerning Mn quantity in spinach roots is shown in Table 4.3.19. 

Poultry manure (PM) @ 1% with 50% effluent concentration showed higher amount of Mn 

(2.64 mg kg-1) and the minimum Mn contents (1.10 mg kg-1) were observed where gypsum 

was practiced @ 0.6% with 50% effluent concentration. Poultry manure @ 1% with 50% 

effluent concentration was significantly increased the Mn in roots of spinach. 
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Table 4.3.19 Mn concentration (mg kg-1) in shoots and roots of spinach grown under 

different effluent concentrations with different treatments  

 

Treatments 

 

Effluent 

Concentration 

Mn in shoots (mg kg-1)  

Mn in roots (mg 

kg-1) 
After 45 

days 

After 90 days 

 

Poultry 

manure@0.5% 

10% 0.44±0.07 

 

1.36±0.07 (67) 2.21±0.05 

 

25% 0.52±0.12 

 

1.37±0.11 (62) 2.26±0.04 

 

50% 0.43±0.11 

 

1.39±0.11 (69) 2.33±0.11 

 

 

Poultry 

manure@1% 

10% 0.60±0.13 1.58±0.12 (62) 2.34±0.12 

 

25% 0.59±0.15 

 

1.61±0.18 (63) 2.51±0.09 

 

50% 0.86±0.07 

 

1.95±0.09 (70) 2.64±0.15 

 

 

Gypsum@0.3% 

10% 0.46±0.10 

 

1.08±0.10 (57) 1.73±0.16 

 

25% 0.44±0.05 

 

1.07±0.04 (58) 1.71±0.08 

 

50% 0.41±0.03 

 

1.04±0.07 (60) 1.40±0.08 

 

 

Gypsum@0.6% 

10% 0.39±0.04 

 

0.93±0.04 (58) 1.36±0.07 

 

25% 0.32±0.03 

 

0.76±0.06 (57) 1.33±0.08 

 

50% 0.38±0.03 

 

0.65±0.07 (41) 1.10±0.08 

 

Average of three repeats of each value is given ± S.E and figures in parenthesis are the 

percent increase with respect to days, Tukey HSD test was used to determine the difference 

among the treatments  

 

4.3.3.19 Manganese Concentration in Cabbage Shoots 

After 45 Days:  

 The results concerning Mn concentration in shoots of cabbage plants harvested after 

45 days is given in Table 4.3.20. Significantly higher concentration of Mn (1.17 mg kg-1) 

was checked where PM was incorporated @ 1% with 50% effluent concentration and the 

minimum Mn contents (0.54 mg kg-1) were analyzed where gypsum was practiced @ 0.6% 

in combination with 50% effluent concentration. By-comparing the two levels of both the 

amendments with three effluent concentrations it was noted that higher Mn concentration 

was recorded in plants irrigated with 50% effluent concentration and amended with poultry 

manure @ 1%.  
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After 120 Days: 

 The higher value of Mn (2.06 mg kg-1) was observed where poultry manure (PM) 

was inserted @ 1% and effluent was applied @ 50% and minimum value (1.06 mg kg-1) 

was noted where gypsum was used @ 0.6% with 50% effluent concentration (Table 4.3.20). 

Poultry manure @ 1% with 50% effluent concentration was enhanced the Mn contents in 

shoots of cabbage plants than gypsum treated plants.  

 When compared both the harvests, a highest increase (54%) in Mn concentration 

was noted with rising PM level with 50% effluent concentration.  

4.3.3.20 Manganese Concentration in Cabbage Roots 

 Treatments effect the Mn contents in roots of cabbage plants (Table 4.3.20). The 

highest amount (2.33 mg kg-1) was acquired where PM was used @ 1% and effluent was 

applied @ 50% and minimum Mn (1.52 mg kg-1) was checked where gypsum was 

incorporated @ 0.6% with 50% effluent concentration.  
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Table 4.3.20 Mn concentration (mg kg-1) in shoots and roots of cabbage grown under 

different effluent concentrations with different treatments 

 

Treatments 

 

Effluent 

Concentratio

n 

Mn in shoots (mg kg-1)  

Mn in roots (mg 

kg-1) 
After 45 

days 

After 120 

days 

 

Poultry 

manure@0.5% 

10% 0.73±0.09 

 

1.44±0.04 (49) 1.82±0.08 

25% 0.87±0.09 

 

1.55±0.06 (43) 1.78±0.06 

50% 0.91±0.15 

 

1.66±0.08 (45) 1.83±0.07 

 

Poultry 

manure@1% 

10% 0.97±0.08 

 

1.84±0.09 (47) 2.00±0.04 

25% 1.03±0.05 

 

1.86±0.08 (44) 2.03±0.12 

50% 1.17±0.08 

 

2.06±0.07 (54) 2.33±0.09 

 

Gypsum@0.3

% 

10% 0.79±0.09 

 

1.46±0.04 (45) 1.91±0.12 

25% 0.65±0.04 1.34±0.06 (51) 1.98±0.10 

50% 0.63±0.04 

 

1.36±0.05 (53) 1.80±0.11 

 

Gypsum@0.6

% 

10% 0.71±0.05 

 

1.35±0.07 (47) 1.99±0.15 

25% 0.59±0.06 

 

1.06±0.07 (44) 1.67±0.07 

50% 0.54±0.04 

 

1.08±0.06 (50) 1.52±0.10 

Average of three repeats of each value is given ± S.E and figures in parenthesis are the 

percent increase with respect to days, Tukey HSD test was used to determine the difference 

among the treatments  

 

4.3.4. Chemical Analysis of Post-Harvest Soil 

4.3.4.1. AB-DTPA Extractable Cr in Spinach Soil 

 The data shown in Table 4.3.21 represents the Cr concentration in post-harvest soil 

of spinach plants. Higher values of Cr contents (0.29 mg kg-1) were noted in soil adjusted 

with gypsum @ 0.6% and irrigated with 50% effluent concentration which is the indication 

of subsequent release from the soil with time to crops grown-up on such soils, while lower 

Cr contents (0.11 mg kg-1) were detected in soil treated with poultry manure @ 1% with 

50% effluent concentration. By comparing both levels of the amendments with three 

dilutions, it was concluded that PM with 50% effluent concentration was effective in 
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reducing the bioavailability by making insoluble chemical complexes of all the metals 

under study.  

4.3.4.2 pH of Spinach Soil 

 At the end of the experiment the soil was analyzed for pH and the results are shown 

in Table 4.3.21. It was analyzed that the amendments influenced the pH of soil. The results 

demonstrate that most extreme (8.00) pH was checked where poultry manure was practiced 

@ 1% with 50% effluent concentration and least (7.36) pH was found in gypsum @ 0.6% 

with 50% effluent concentration treated soil. 

4.3.4.3 Electrical Conductivity (ECe) of Spinach Soil   

 The results with respect to the ECe of spinach post-gather soil is exhibited in Table 

4.3.21. As per results that amendments influenced fundamentally to the ECe of soil. The 

results demonstrate that the most extreme (7.07 dS m-1) ECe was analyzed where poultry 

excrement was connected @ 1% with 50% effluent concentration and least (4.63 dS m-1) 

ECe was observed where gypsum was connected @ 0.6% with 50% effluent concentration. 

. 
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Table 4.3.21 AB-DTPA Extractable Cr concentration (mg kg-1), pH, EC (dS m-1) in 

post-harvest soil of spinach grown under different effluent 

concentrations with different treatments  

Treatments Effluent 

Concentratio

n 

AB-DTPA 

Extractable Cr 

pH ECe 

 

Poultry 

manure@0.5

% 

10% 0.17±0.01 

 

7.43±0.01 

 

5.53±0.09 

 

25% 0.16±0.01 

 

7.52±0.01 

 

6.27±0.03 

 

50% 0.17±0.02 

 

7.58±0.02 

 

6.17±0.15 

 

 

Poultry 

manure@1% 

10% 0.13±0.02 7.63±0.03 

 

5.73±0.12 

 

25% 0.14±0.02 

 

7.52±0.01 

 

6.80±0.06 

 

50% 0.11±0.01 

 

8.00±0.06 

 

7.07±0.03 

 

 

Gypsum@0.3

% 

10% 0.17±0.02 

 

7.60±0.01 

 

5.27±0.03 

 

25% 0.20±0.01 

 

7.37±0.01 

 

5.63±0.18 

 

50% 0.20±0.01 7.47±0.01 

 

4.50±0.12 

 

 

Gypsum@0.6

% 

10% 0.15±0.02 

 

7.53±0.01 

 

4.37±0.12 

 

25% 0.29±0.01 

 

7.56±0.01 4.57±0.03 

 

50% 0.22±0.02 

 

7.36±0.01 

 

4.63±0.18 

 

Average of three repeats of each value is given ± S.E. Tukey HSD test (P ≤ 0.05) was used 

to determine the difference among the treatments  

 

4.3.4.4. AB-DTPA Extractable Cr in Cabbage Soil 

 The data concerning the Cr contents in post-harvest soil of cabbage plants is shown 

in Table 4.3.22. Higher values of Cr contents (0.24 mg kg-1) were noted in soil treated with 

gypsum @ 0.6% and irrigated with 50% effluent concentration while lower Cr contents 

(0.09 mg kg-1) were detected in soil treated with poultry manure @ 1% with 50% effluent 

concentration.  

4.3.4.5 pH of Cabbage Soil  

 The pH values of post-harvest soil of cabbage plants are shown in Table 4.3.22. It 

was observed on the basis of results that amendments considerably increased the pH of post 

-harvest soil. The most extreme (8.23) pH was noted where poultry compost was connected 
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@ 1% with 50% effluent concentration and least (7.90) pH was recorded where gypsum 

was connected @ 0.6% with half emanating fixation. 

4.3.4.6 Electrical Conductivity (Ece) of Cabbage 

 The data of the ECe of cabbage post-harvest soil is shown in Table 4.3.22. 

Treatments clearly affected the ECe of post-harvest soil. The data shows that the highest 

(8.70 dS m-1) ECe was noted where poultry manure was applied @ 1% with 50% effluent 

concentration and minimum (3.50 dS m-1) ECe was noted where gypsum was incorporated 

@ 0.6% with 50% effluent concentration. 

Table 4.3.22  AB-DTPA Extractable Cr concentration (mg kg-1), pH, EC (dS m-1) in 

post-harvest soil of spinach grown under different effluent 

concentrations with different treatments 

Treatments Effluent 

Concentratio

n 

AB-DTPA 

Extractable Cr 

pH ECe 

 

Poultry 

manure@0.5

% 

10% 0.12±0.01 8.07±0.06 3.80±0.06 

25% 0.14±0.01 8.07±0.03 5.80±0.06 

50% 0.13±0.02 8.10±0.06 5.73±0.12 

 

Poultry 

manure@1% 

10% 0.20±0.01 8.13±0.03 5.53±0.03 

25% 0.14±0.02 8.17±0.03 7.83±0.03 

50% 0.09±0.01 8.23±0.03 8.70±0.06 

 

Gypsum@0.3

% 

10% 0.19±0.02 8.03±0.09 6.30±0.06 

25% 0.18±0.01 8.00±0.06 3.87±0.03 

50% 0.19±0.02 8.13±0.09 4.83±0.03 

 

Gypsum@0.6

% 

10% 0.18±0.01 8.13±0.03 6.20±0.06 

25% 0.23±0.02 8.00±0.10 6.23±0.03 

50% 0.24±0.02 7.90±0.03 3.50±0.06 

Average of three repeats of each value is given ± S.E. Tukey HSD test (P ≤ 0.05) was used 

to determine the difference among the treatments  
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4. 3.5  Pearson Correlation Coefficients among Growth and Gas 

Exchange Parameters and between Chromium and Micronutrients 

The relationship among growth and gas exchange parameters in spinach and 

cabbage is presented in (Table 4.3.23) and (Table 4.3.25) respectively. The results revealed 

that gas exchange parameters were interrelated in a positive way with the root length, root 

and shoot fresh and dry weight, chlorophyll content and RWC but considerably interrelated 

with number of leaves and MSI in shoot in negative way. It was summarized from results 

that there was a strong and positive relationship between shoot and root length, shoot and 

root fresh and dry weight, chlorophyll content and other growth parameters. 

 The relationship among Cr and micronutrients concentration in roots and shoots of 

spinach and cabbage is shown in (Table 4.3.24) and (Table 4.3.26) respectively. The results 

exposed that Cr was positively correlated with micronutrients in both roots and shoots of 

spinach and cabbage while Cr was negatively correlated with Zn concentration in shoots. 

Micronutrients were positively and highly significantly correlated with each other.
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Table 4.3.23  Pearson correlation coefficients among growth and gas exchange parameters of spinach plants after 90 days 

 

 A E Leaves MSI RDW RFW RL RWC SDW SFW SL SPAD 

E 0.7356**            

Leaves 0.5561n.s 0.6617*           

MSI 0.4374n.s 0.2619n.s 0.1958n.s          

RDW 0.8033** 0.5538n.s 0.1887n.s 0.2503n.s         

RFW 0.7496** 0.4331n.s 0.4194n.s 0.2078n.s 0.8047**        

RL 0.7391** 0.9240** 0.5097n.s 0.3006n.s 0.6283* 0.4279n.s       

RWC 0.7687** 0.6587** 0.3290n.s 0.3996n.s 0.6074* 0.5780* 0.6317*      

SDW 0.8340** 0.8282** 0.6489* 0.4553n.s 0.6437* 0.5999* 0.8332** 0.5251n.s     

SFW 0.7836** 0.5809* 0.3099n.s 0.3476n.s 0.6349* 0.5618* 0.5920* 0.7483** 0.7137**    

SL 0.5380n.s 0.6126* 0.2871n.s 0.2144n.s 0.5440n.s 0.6730** 0.5523n.s 0.5431n.s 0.5643* 0.3021n.s   

SPAD 0.5811* 0.2503n.s 0.3039n.s 0.6624** 0.4154n.s 0.3156n.s 0.2914n.s 0.2713n.s 0.3884n.s 0.3331n.s 0.0026n.s  

gs 0.8730** 0.7102** 0.7850** 0.4571n.s 0.5456n.s 0.6823** 0.6498* 0.7914** 0.7326** 0.6863** 0.4563n.s 0.5014n.s 

 **Significance at 1% probability level; n.s: non-significant, RL: Root length, SL: Shoot length, RFW: Root fresh weight, SFW: Shoot fresh weight, 

RDW: Root dry weight, SDW: Shoot dry weight, SPAD: Chlorophyll contents, MSI: Membrane stability index, RWC: Relative water contents. 
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Table 4.3.24 Pearson correlation coefficients among chromium and micronutrients concentration in spinach shoots and roots plants 

after 90 days 

 

 Cr in 

shoots 

Cr in roots Cu in 

shoots 

Cu in roots Fe in 

shoots 

Fe in roots Mn in 

shoots 

Mn in 

roots 

Zn in 

shoots 

Cr in roots 0.7920**         

Cu in shoots −0.6220* −0.5806*        

Cu in roots −0.8057** −0.7371** 0.8232**       

Fe in shoots −0.7692** −0.7410** 0.6693** 0.6749**      

Fe in roots −0.8322** −0.8266** 0.7423** 0.7445** 0.8615**     

Mn in shoots −0.8618** −0.8170** 0.8466** 0.9611** 0.8103** 0.8718**    

Mn in roots −0.9029** −0.8058** 0.7284** 0.8887** 0.7371** 0.8708** 0.9447**   

Zn in shoots −0.5416n.s −0.6889** 0.6573* 0.5833* 0.7015** 0.7699** 0.6640** 0.5069n.s  

Zn in roots −0.6258* −0.5789* 0.5971* 0.5994* 0.4298n.s 0.6007* 0.6319* 0.5382n.s 0.7838** 

**Significance at 1% probability level; n.s: non-significant, Cr: Chromium, Cu: Copper, Zn: Zinc, Fe, Iron, Mn, Manganese 
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Table 4.3.25 Pearson correlation coefficients among growth and gas exchange parameters of cabbage plants after 120 days 
 

 A E Leaves MSI RDW RFW RL RWC SDW SFW SL SPAD 

E 0.7863**            

Leaves 0.4625n.s 0.5273n.s           

MSI 0.6053* 0.7649** 0.6877**          

RDW 0.7039** 0.5868* 0.4033n.s 0.6836**         

RFW 0.5178n.s 0.7434** 0.6383* 0.7744** 0.6774**        

RL 0.5486n.s 0.4758n.s 0.4239n.s 0.5515n.s 0.7510** 0.6326*       

RWC 0.4778n.s 0.4606n.s 0.3496n.s 0.5935* 0.6305* 0.4522n.s 0.5757*      

SDW 0.4453n.s 0.3020n.s 0.7882** 0.5871* 0.6133* 0.4733n.s 0.3952n.s 0.2176n.s     

SFW 0.7858** 0.7816** 0.6211* 0.6556* 0.6951** 0.7205** 0.5471n.s 0.7172** 0.4260n.s    

SL 0.7127** 0.4661n.s 0.7228** 0.4009n.s 0.5899* 0.5584* 0.4609n.s 0.3492n.s 0.6823** 0.7542**   

SPAD 0.6650** 0.2518n.s 0.3379n.s 0.3150n.s 0.4268n.s 0.1316n.s 0.2919n.s 0.3946n.s 0.4600n.s 0.4444n.s 0.6206*  

gs 0.5304n.s 0.7422** 0.2466n.s 0.6762** 0.3079n.s 0.3899n.s 0.4065n.s 0.4883n.s 0.0496n.s 0.4382n.s 0.0204n.s 0.0303n.s 

**Significance at 1% probability level; n.s: non-significant, RL: Root length, SL: Shoot length, RFW: Root fresh weight, SFW: Shoot fresh 

weight, RDW: Root dry weight, SDW: Shoot dry weight, SPAD: Chlorophyll contents, MSI: Membrane stability index, RWC: Relative water 

contents.  
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Table 4.3.26 Pearson correlation coefficients among chromium and micronutrients concentration in cabbage shoots and roots plants 

after 120 days 

 
 Cr in shoots Cr in roots Cu in shoots Cu in roots Fe in shoots Fe in roots Mn in shoots Mn in roots Zn in shoots 

Cr in roots 0.3378n.s         

Cu in shoots −0.6904** −0.6558*        

Cu in roots −0.7135** −0.6549* 0.7271**       

Fe in shoots −0.7194** −0.3279n.s 0.7689** 0.7768**      

Fe in roots −0.6993* −0.6548* 0.8106** 0.8631** 0.8858**     

Mn in shoots −0.7579** −0.3359n.s 0.6827** 0.7981** 0.9412** 0.9152**    

Mn in roots −0.5938* −0.3731n.s 0.6511* 0.8331** 0.8890** 0.8186** 0.8535**   

Zn in shoots −0.4494n.s −0.4945n.s 0.5479n.s 0.7327** 0.7936** 0.8497** 0.8480** 0.7549**  

Zn in roots −0.5218n.s −0.2585n.s 0.4721n.s 0.5683* 0.6824** 0.6533* 0.7533** 0.6149* 0.8103** 

**Significance at 1% probability level; n.s: non-significant, Cr: Chromium, Cu: Copper, Zn: Zinc, Fe, Iron, Mn, Manganese 
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4.3.2 Discussion 

Chromium (VI) commonly known as chromate is the type of Cr metal which normally 

originates from polluted locations and its harmful intensities are common in soils where textile 

effluent is used for irrigation. Soil organic matter demonstrated to be active in decreasing Cr (III) 

from soil (Wuana et al., 2011). Chromium (Cr) is obligatory for starch digestion, used as dyes in 

different industries e.g textile dyeing industry paper paints and even in metal plating to resist 

corrosion (Ahmet et al., 2010). In polluted soils, Cr is easily taken up by plants which ultimately 

accumulates in plans and becomes a part of food chain (Rai et al., 2002). Chromium can also react 

with various metabolic methods and causes danger to the plants, as lessened development and 

biomass, inhibit photosynthesis, restricting growth and ultimately death of the plants. Moreover, 

plants emerging on chromium contaminated soil face a prospective hazard from reactive oxygen 

species (ROS). Their existence makes oxidative harm to lipids, proteins and other biomolecules as 

well (Vajpayee et al., 2002).  

In this investigation it was examined that plants treated with poultry manure @ 1% with 

50% textile effluent concentration exhibited hindered development and yield when contrasted with 

other amendments. This was because of the presence of pollutants in textile effluent especially due 

to the reason that Cr danger timid the growth of spinach and cabbage. Moreover, its hazard 

lessened the plant biomass and promoted the take-up of Cr to aerial plant parts. In the present 

examination it was noted that control plants showed decreased growth due to Cr toxicity.   

According to Lin et al. (2009), the toxicity of heavy metals can reduce the length of corn seedlings. 

The cause behind the damaging influence of metals on plant development may be because of 

physical and chemical reactions between heavy metals and soil which changed the soil physical 

properties and eventually influenced the soil productivity. Chang and Wu, (2005) found that the 

plant's capacity to assimilate phosphorus diminishes which influenced the plant development due 

to heavy metal contamination that can bind the phosphorous in soil.  

The soils having low carbon contents can be fertile by using organic manure and also 

accelerate the growth in positive way. The physicochemical properties of soil may improve on 

degradation of manures and also enlarge the micro and macro nutrients in it. This could have 

directed to its high somatic development.  

Plant height can be improved by growing them in poultry manure enriched soils rather than 

other sources of organic manures. The morphological growth of the plant boosted up by 
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incorporating the poultry manure because of its availability in its original form and can be absorbed 

easily by the plant roots. This study also endorses the research of Ajari et al. (2003) which 

illustrates that the source, particularly the poultry manure up surged the vegetables growth and 

development quite rapidly as compared to other organic manures when used. 

The rapid growth in number of leaves per plant make the use of organic application 

inevitable throughout the vegetative progression (Fagwalawa and Yahaya, 2016). The application 

of poultry manure can be endorsed due to its easy solubilization effect, recovering nutrients, water 

retaining capacity in the soil which ultimately increases the fresh weight of vegetables. All these 

results achieved were similar with the study of okra (A. esculentus) by Premsekhar and Rajashree 

(2009) that owing to organic manure, better yields can be the result of better source of nutrients in 

enhancing physic-chemical properties of soil. 

In this research, it was noted that the poultry manure enhanced the physiological 

parameters of spinach plants. The control plants showed minimum increase in physiological 

parameters where no amendment was applied. This may be because of reason that Cr toxicity poses 

adverse impacts on the chloroplast and bringing down of other physical procedures that are 

compulsory for typical development and improvement of plants (Rehman et al., 2017). Usually, 

the most noteworthy increment in all physical constraints was observed in T3. It could be of using 

high quantity of poultry manure in bringing down the damages of Cr destructiveness and 

establishment of appropriate nutrients (Adriano et al., 2003).  

The most responsible contents which make metal pools undergo rapid change into 

recalcitrant forms are none other than organic and phosphorus contents of amendments (Redman 

et al., 2002). In the presence of organic matter and divalent iron, Cr(VI) can easily be convert to 

oxide of Cr(III) in the presence of organic content and divalent iron. It can also be precipitated 

with iron hydrous oxide which is less mobile in the soil.  

In the same way, usefulness of organic matter and its impacts in decrementing the 

extractability, mobility, and pytoavailabilty of Cr is presented by Bolan and Duraisamy, (2003). 

Shenbagavalli and Mahimairaja (2012) demonstrated the potential of organic matter specifically 

the poultry manure to reduce the bioavailability of Cr. According to their study, poultry manure is 

more feasible to use for bioremediation of Cr contaminated soil. 

The consistent use of chemical fertilizer whether used in appropriate proportion, weakens 

the soil fertility and hence, the benchmark of better crop yield is not sustained. Same is the case 
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with Zia et al. (2000). On the other hand, soil fertility increased with the use of organic 

amendments resulting in reduced leaching losses. The availability of nutrients is also enhanced in 

a long run and nutrients supply is more synchronized with crop demand (Hossain and Sarker, 

2015). In general, the mixture of soil and poultary manure is neutral on pH level and tends to 

alkaline level at pH same as searched by López- Masquera et al. (2008). The reason behind in 

changing soil pH is the ion exchange reactions in which OH- of Al or Fe2+ hydroxyl oxides are 

occupied by the anions of organic contents e.g. citrate, malate, and tartrate (Pocknee and Summer, 

1997).  

The change in soil pH was not only due to the anions but it can also be attributed to the 

cations of organic matters released after decomposition during microbial decarboxylation (Dikinya 

and Mufwanzala, 2010). According to Whalen et al. (2000), the buffering effect from CaCO3 is 

the key factor in increasing the pH level of soil after using manures.  

Natsher and Schwetnmann, (1991) notified that the rise in EC is due to the salts present in 

manure which later on discharged upon microbial decarboxylation. Same is the case with (Davis 

et al., 2006). The effect of organic matter in elevating the EC can be regarded as a sign of DS 

present in the manure. As mentioned earlier, salts in the manures are usually sourced from the feed 

additives (Dong et al., 2001; Goff, 2006). 

The value of AB-DTPA extractable Cr increased with time in post-harvest soil of spinach 

and cabbage. By comparing the different amendments with different effluent concentrations, it 

was concluded that poultry manure (PM) @ 1% with 50% effluent concentration proved to be 

more effectual to reduce the phytoavailability of Cr by making insoluble chemical complexes. 

Having said that, it was concluded that in using textile wastewater for irrigation, phytotoxicity and 

harming effects of heavy metals can be trim down with application of poultry manure which is a 

cheapest source. 
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CHAPTER 5 

SUMMARY 

Water, the essential material in all parts of life on earth, assumes a critical part for person, 

financial improvement and the presence of ecological unit. The quality and amount of water supply 

is very essential, particularly while seeing for irrigation purposes. Textile and dyeing production 

lines in the globe poses major ecological hazards as a result of expansive measure of water and 

colors associated with manufacturing process. Textile wastewater contains significant 

contamination loads regarding pH, temperature, shading, COD, BOD, TSS, TDS, EC and heavy 

metals. Continues irrigation of farm lands with this textile runoff prompts contamination of soil 

and plant system with heavy metals. Therefore, addition of organic and inorganic amendments in 

soil find to be an effective technique to immobilize the heavy metals. 

As per stated above, different studies will be conducted as per below objectives; 

• To characterize the effluent obtained from different textile industries. 

• To check the accumulation of heavy metals in different plant parts. 

• To observe the effectiveness of organic and inorganic amendments regarding their effect 

on reducing the bioavailability of heavy metals in vegetables. 

To achieve all these objectives, textile effluent characterization and pot experiments were 

accompanied at wire house of SARC, UAF, Pakistan.  

 A total number of twenty six effluent samples were collected from different textile 

industries located at three following sites in Faisalabad. 

Site 1: Sargodha road Faisalabad 

Site 2: Maqbool road Faisalabad 

Site 3: Khurrianwala Faisalabad 

 The samples were collected during three months period of time and were analyzed at ISES, 

UAF laboratory and compared the results of all physicochemical pollutants with National 

Environmental Quality Standards (NEQs). Textile wastewater contains extensive 

pollutants in terms of pH, EC, TDS, BOD and heavy metals. The value of these parameters 

is high as compared to the values in NEQS set by the government of Pakistan. The most 

disturbing values are for TDS, BOD and overwhelming metal (Cr) and make a genuine risk 

the earth. Chromium, which has a total impact and has higher potential outcomes for going 

into the natural pecking order. Because of use of colors and chemicals, effluents are dim in 
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shading, which builds the turbidity of water body. This thus hampers the photosynthesis 

procedure, causing adjustment in the natural surroundings. In experiment 2, a soil pot 

experiment was carried out in the wire house of ISES SARC, UAF. The pot culture 

experiment was directed to assess the stimulus of different concentrations of textile effluent 

on growth and yield of vegetables. The pots were irrigated with selected concentrations 

(10%, 25%, 50% and 100%) of the textile effluent collected from specific industrial unit 

which was identified as more toxic from previous characterization trial. The vegetative 

growth parameters were reduced by increasing textile effluent concentration. The huge 

reduction in growth was noted in plant where effluent was applied @ 100% concentration. 

More significant increase in growth parameters was observed in case of control plants 

where only tap water was applied while diluted effluent also improved the growth @ 10% 

and 25% concentration.  

 In case of Chlorophyll contents of spinach plants considerable reduction was recorded @ 

100% effluent concentration followed by 10% and 25% concentration. Presence of heavy 

metals in effluent caused the reduction in growth of the vegetable. 

 In experiment 3, twelve treatments containing three concentrations of textile effluent and 

two levels of each organic and inorganic amendment which were laid out in a completely 

randomized design (CRD) under factorial arrangement. Poultry manure was used as 

organic amendment @ 0.5% and @ 1% level while gypsum was used as inorganic 

amendment @ 0.3% and 0.6%.  

By adding the amendments, the availability of Cr was reduced because amendments can 

increase the pH of soil due to which the metals solubility is reduced. Moreover, Cr could 

form insoluble complexes with organic matter that decrease its solubility. 

 The results illustrated that the poultry manure at higher level with 50% textile effluent 

concentration caused substantial increase in plant growth and development. It also proved 

effective to increasing the uptake of micronutrients and decreasing chromium 

concentration. Over all, poultry manure @ 1% with 50% textile effluent concentration 

showed better response as compared to other treatments. 
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