
 

 

 

 

 

 

 

 

 

 

 

 



EFFECT OF NATURAL GROWTH PROMOTERS ON 
THE NUTRITIVE QUALITY AND ANTIOXIDANT 
ATTRIBUTES OF LEAFY GREEN VEGETABLES 

 

 

By 
 

MARYAM ASLAM 
 

M. Phil. (UAF) 
 
 

 
 
 

DOCTOR OF PHILOSPHY 

IN 

CHEMISTRY 

 

 

 

DEPARTMENT OF CHEMISTRY & BIOCHEMISTRY 

FACULTY OF SCIENCES 

UNIVERSITY OF AGRICULTURE 

FAISALABAD (PAKISTAN) 

2013 



DECLARATION 

I hereby declare that the contents of the thesis, “Effect of natural growth promoters on the 

nutritive quality and antioxidant attributes of leafy green vegetables” is product of my own 

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

mathematical and genetic models/ equations/ formula/ 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 default the scholar will be 

proceeded against as per HEC plagiarism policy). 
 

 

MARYAM ASLAM 
      2005-ag-192 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
The Controller of Examination, 
University of Agriculture, 
Faisalabad. 
 

 

“We, the Supervisory Committee, certify that the contents and form of the thesis 

submitted by Miss Maryam Aslam, Reg. No. 2005-ag-192, have been found 

satisfactory and recommend that it be processed for evaluation, by the External 

Examiner(s) for the award of Ph.D degree”. 

 
 
Supervisory Committee 
 
 
1. Chairperson      ______________________ 

    (Dr. Bushra Sultana) 
 
 
 
 
2. Member       ______________________ 

    (Dr. Shaukat Ali) 
 
 
 
 
3. Member        ______________________ 

    (Dr. Khalil-Ur-Rehman) 
 

 

 

 



DEDICATED TO  

 

MY MOTHER 

JAMILA KHATOON 
MY WHOLE WORLD 

 

MY FATHER 

MUHAMMAD ASLAM 
MY PROTECTIVE SHIELD 

 

MY BROTHERS 

NAVEED AHSON & ADEEL AHSON 
MY ENCOURAGING ARMS 

 

MY SISTERS 

ANEELA & NAILA 
MY LOVING ACCOUNT 



Acknowledgement 
 

I Surrender my whole existence in the court of Almighty Allah, The invincible, The 

ever-present, The most merciful, The most gracious, The compassionate, The beneficent, who is 

the entire and only source of every knowledge and wisdom endowed to mankind and who 

blessed me with the ability to do this work. It is the blessing of Almighty Allah and the absolute 

teachings of His Prophet Hazrat Muhammad (Sallallaho Alaihe Wasallam) which enabled me 

to achieve this goal.  

I express my special thanks to Higher Education Commission, Islamabad for the 

provision of scholarships and minimizing the hurdles between me and the Ph.D. research. 

I wish to express my sincerest, heartiest and cordial gratitude to Dr. Bushra Sultana, 

Assistant Professor, Department of Chemistry and Biochemistry, University of Agriculture, 

Faisalabad, Pakistan, my supervisor and advisor, for enabling me to pursue my Ph.D. degree. 

She, with her inexhaustible energy, permanently remained engaged not only with my Ph.D. 

research studies but also always urged my level of motivation during my weak eras. I am and I 

will always sincerely appreciate her guidance, advice, and patience throughout my life. I am 

really indebted to her for her accommodative attitude, thought provoking guidance, immense 

intellectual input, patience and sympathetic behavior. 

I would like to pay my deepest gratitude and appreciation to one of the member of my 

supervisory committee and my Ex-supervisor in M.Sc and M.Phil Dr. Shaukat Ali, Assistant 

Professor, Department of Chemistry and Biochemistry, University of Agriculture, Faisalabad, 

Pakistan, for his generous cooperation and kind assistance and providing valuable suggestions 

during accomplishment of my Ph.D. I am also extremely grateful to Dr. Khalil-ur-Rehman 

(member of my supervisory committee), Professor, Department of Chemistry and Biochemistry, 

University of Agriculture, Faisalabad, Pakistan, for his valuable assistance, technical suggestions 

and kind help during the course of my Ph.D. studies. I am especially thankful for the kind 

cooperation of Dr. Farooq Anwar, Associate Professor, Sargodha University.  I also appreciate 

the kind management of Dr. Munir Ahmed Sheikh, acting Vice Chancellor and Dean, Faculty 

of Sciences, Dr. Tahira Iqbal, Ex-chairperson, Dr. Muhammad Asghar, Chairman and Dr. 

Haq Nawaz Bhatti, acting Chairman, Dr. Raziya Nadeem, Dr. Nazish Jahan and Dr. Sofia 



Nosheen, Assstant professors, Department of Chemistry and Biochemistry, University of 

Agriculture, Faisalabad, Pakistan, during the whole of my Ph.D. studies.   

 I will always feel myself very humble for having no words for the great person Dr. 

Hassan Munir, Assistant professor, Department of Crop Physiology, University of Agriculture, 

Faisalabad. He will forever remain one of my best role models as a scientist, mentor, and a 

teacher as well. He provoked my level of hard work, self-confidence and enthusiasm to 

uppermost level and facilitated me to be very close for achieving my task which otherwise 

seemed to be difficult. He has been helpful in providing valuable guidance and advice as many 

times as he can during whole of my Ph.D. other than easy provision of costly chemicals. I still 

think fondly of my time as a postgraduate student in his lab. His keenness and passion for 

research is contagious.  

I am gratified to Dr. Jaffar Jasqani, Professor, Institute of Horticulture Sciences for 

helping out in performing pot study. I am also thankful to Dr. Ghulam Murtaza and Dr. M. 

Anwar-ul-Haq, Professor, Institute of Soil and Environmental Sciences, University of 

Agriculture, Faisalabad and their students for facilitating me in soil and mineral analyses.  

A good support system is important to surviving and staying sane in either institute. I was 

lucky to have such colleges in my lab, which helped me out sincerely in my part of research. 

Valuable words are for Rehana, Mona, Sumia, Yasir, Tahseen, Mushtaq, Saeed, Farah, Komal 

and all the M.Sc and M.Phil fellows of Batch 2011-2013 in the bio-analytical lab. A special 

thanks to all my Ph.D. batch fellows. My heartiest thanks deserve to my caring friends Sadia, 

Huma and Sidra. At last but not least I am highly obliged to my mother, father and the remaining 

family members, my cousins and especially local kindergarten Nawal, Uswah, Hussam, Maasil, 

Baasim and Samsaam (nephews and nieces) for the fulfillment of this achievement and for their 

care, support, patience and encouragement. 

 

 

           

         Maryam Aslam 

 

 

 



Abstract 

Epidemiological evidences encourage the suitability of intake of fresh leafy green 

vegetables to combat against a list of neurodegenerative disorders including diabetes, breast 

cancers, cardiovascular and other diseases. To meet such targets, the field of agriculture has 

taken a mold towards the betterment of nutritional status of these vegetables via number of plant 

growth regulating substances. These economic strategies are implemented to nullify the use of 

pesticides and other environmental threatening agents. In current study, the application of 

different plant growth promoters (Moringa leaf extract, 6-Benzyl amino purine, Humic acid, 

Biofertilizer etc.) was appraised on some leafy green vegetables. Moringa leaf extract, 6-Benzyl 

amino purine and Humic acid, alone and in conjunction with each other (mixture) were applied 

in foliar mode while Humic acid (6 h, 9 h, 12 h duration) and Biofertilizer (slurry form) were 

applied as seed priming treatments. The optimized results of pot study were selected on the basis 

of antioxidant activity on which field experiment was raised later on. Field experiment included 

various parameters i.e. soil chemistry analysis, growth parameters, biochemical, proximate and 

antioxidant attributes. Although all treatments of plant growth regulators improved the efficacy 

of plant against control samples but Moringa leaf extract proved the potent plant growth 

regulator amongst all regarding biochemical, proximate, growth parameters and as an antioxidant 

action. Among other foliar treatments, 6-Benzyl amino purine and mixture treatments yielded 

comparable results and Humic acid showed the least performance. Among seed priming 

treatments, Biofertilizer and Humic acid (9 h) treatments showed better performance than rest of 

the treatments i.e. Humic acid 9 h and 12 h. Urea presence in soil showed improved results than 

in absence in all cases except in case of antioxidants. Overall study concludes that natural plant 

growth promoters can be a better and economical substitute of fertilizers in view of 

environmental deterioration. Moringa leaf extract can be preferred as an effective plant growth 

promoter due to its inherited composition of vitamins (A, B, C, E etc.), minerals (Na, Mn, Mg, 

K, P, Ca, S, Zn, Fe, Cu etc.), cytokinins, humic acid and other suitable bioactives. 
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           CHAPTER 1 

INTRODUCTION 

 

Sustainable agriculture and food policies aim to ensure the specificity of production 

system through the maintenance of diverse chain of ecosystems. These central objectives 

may guarantee to end under nutrition and hunger, making long-term security of food 

supplementation. The quality, potency and efficacy of food are highly reflected by the term 

signified by organic farming. However, the cause is the emergence of a number of unsuitable 

systems relating to agriculture (Mahdi et al., 2010).  

The accession of enhanced production rate at the cost of better growth practices is 

related to most of the running plant based research. The accomplishment of goal of quality 

rich vegetables can only be achieved via list of rapid as well as non-destructive agricultural 

practices that lead to improve food crop productivity. In recent eras, the crop productive 

systems are astonishingly accelerated with implementation of various growth enhancing 

agents (NPK fertilization, growth hormones, organic/ inorganic substances to be used as seed 

priming, soil application and foliar conducts) (Ibrahim et al., 2007). Such kind of plant 

growth promoters (PGPs) promote growth, differentiation and development in plant at very 

low rate, however, counter effects are being observed at level of their high concentration. 

Combination of synergic/antagonistic action is being performed during their regulation 

mechanism while working in conditions of abiotic/abiotic stresses (Lobna et al., 2011). 

Hence, practices have been introduced to avoid the use of pesticides, synthetic fertilizers, 

preservatives, additives etc. in farming systems via certain management systems to enhance 

soil fertility along with prevention of pests (Hoefkens et al., 2010). 

Plant growth promoting substances (both of natural and synthetic origin) remained 

intensively imperial in agriculture since long. The practice to implement plant growth 

promoters (PGPs) in agriculture is playing a key part to attain higher nutrient alongwith 

better crop yield (Mostafa and Al-Hamd, 2011). PGPs reduce fluctuations among desired 

plant water and nutrient relationships and in turn, enhance photosynthetic uptake (Saadatnia 

and Riahi, 2009). The exogenous application of plant promoting substances affects plant 

growth and concerned development via modulation of metabolic, physiological and 

biochemical responses (cell division, differentiation, enlargement, seed dormancy, 
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organogenesis, germination, leaf senescence) (Mukhtar, 2008; Hayat et al., 2010). PGPs also 

incorporate their adaptation towards changing climatic situations in eras of stress and hence, 

thereby mediate plant growth as well as development, facilitate the proper allocation of 

nutrient, regulate the transition between source and the sink (Peleg and Blumwald, 2011). 

The mode in which a certain PGP is applied and the way how it effectively targets the area 

for better nutrient assimilation are parameters of prime consideration. 

The health of a person is defined from qualitative and quantitative attributes of the 

food intake. Vegetables representing fresh, edible portions in raw, partial or full cooked 

assemblies are the treasured elements which are used for the maintenance of biological as 

well as physiological machinery within the body (Nicoli et al., 1999; Dhellot et al., 2006; 

Subhasree et al., 2009). Additionally, they are gifted inside to assist immune system for 

being more viable and strengthening. They are naturally decorated with antioxidants, 

vitamins, iron, minerals, less dense with fats and proteins, minerals and higher portion of 

dietary fibre (Moure et al., 2001; Kulisic et al; 2004; Atoui et al., 2005; Knai et al., 2006; 

Newby, 2009; Jacob and Shenbagaraman, 2011). 

Leafy green vegetables (LGV) and herbs like spinach, coriander, mint, broccoli, 

cabbage etc. are part of daily diet and reportedly help in reducing a number of deficiencies 

like inflammation, cardiovascular, neurodegenerative and various sorts of cancers (Wong et 

al., 2006) originated as a severe cause of reactive oxygen species (ROS). Moreover, 

availability of fibre content and bound water help human body against diabetic, histaminic, 

carcinogenic, hypolipidemic (lipid-lowering drugs) (LLD) and bacterial disorders (Souzan 

and Abd El-aal, 2007). Antioxidant property of such vegetables is also an important 

contributing factor to overcome such deficiencies and disease tolerance (Hait-Darshan et al., 

2009). 

The cultivation of herbs looks reasonably economical from nutritional richness 

concern (Gallo et al., 2010). Plant herbs pose exactly no side-effect, exhibit economic 

viability (Dasari et al., 2012) and being enriched with eminent series of bio-active 

ingredients are continually beautifying the cuisines (Thomson, 2010). In addition they are 

responsible to supplement valuable effects in human life against oxidants and microbial 

action (Bouchouka et al., 2012). 
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Spinach is a commonly cultivated leafy green vegetable around the globe serving as 

an important raw material for food industry. This has been reported to possess significant 

antioxidant activity (Hunter and Fletcher, 2002) including many water soluble polyphenolic 

compunds (Edenharder et al., 2001), flavonoids, ascorbic acid and tocopherols (Ou et al, 

2002; Karadenz et al., 2005; Odukoya, 2007; El-Qudah, 2008).  

The emerging trend of growing herbs is reputed as economical tool for readily 

assessed healthy nutritional status (Gallo et al., 2010). Herbs are versatile in the way of their 

exploitation as common source of flavouring, nutrition, medicine, cosmetics, fragrances, 

dyeing, beverages, and other relevant industries. Since long from prehistoric era, herbs are 

basis of all kind of medicinal therapy (Dahanukar et al., 2000; Exarchou et al., 2002). Plant 

herbs and spices continue to serve the human beings via effective sources of potentially 

valuable bioactive components (Thomson, 2010), posing their effective antioxidant and 

antimicrobial action (Bouchouka et al., 2012), with economic viability and no side effects 

(Dasari et al., 2012), as well as beautifully shaping all the cuisines (Hinneburg et al., 2006). 

Coriander (Coriandrum sativum), highly reputed annual herb of family Apiaceae, has 

been utilized as one of the folk medicines. This aromatic herb has been widely grown in 

Pakistan, India, Bangladesh, China, Morocco, Egypt, Malta, Netherlands, Italy, Eastern and 

Central Europe etc. Carotenoids and phenolic constituents present in coriander leaf extracts 

are reported to exhibit superior antioxidant action (Ramadan et al., 2003). It is enriched with 

minerals, vitamins, flavonoids, sterols, fatty acids, six different acids and eleven different 

ingredients of essential oils; each is blessed with appropriate potencies. The antioxidants 

present in it are able to prevent or minimize the spoilage associated with seasoning of food. 

Leaves have been proved as stronger source of antioxidants than seeds (Meloa et al., 2005). 

Moreover, it has also been reported to exhibit anti-mutagenic (Cortes-Eslava et al., 2004), 

anti-diabetic (Matasyoh et al., 2009), lowering cholesterol (Dhanapakiam et al., 2008), 

antifungal (Filomena et al., 2011), anticancer (Chithra et al., 2000), hepatoprotective activity 

(Pandey et al., 2011), anti-ulcer (Al-Mofleha et al., 2006), anxiolytical (Masoumeh et al., 

2005), anti-feeding (Catherine et al., 1999), anti-protozoal (Fernanda et al., 2011) and post-

coital anti-fertility activity (Mansoor et al., 1987) and provide protection against 

detoxification of heavy metal (Karunasagar et al., 2005). 
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Mint species are reported from centuries for their exploitation as carminative, tonics, 

antispasmodic, anti-inflammatory (Frankic et al., 2009), stomachic and digestive agents 

(Nickavar et al., 2008). Moreover, mint extracts are linked to enhance growth in vivo systems 

(Yan et al., 2012). The characteristic limonene (8-10%) and high carvone (60-70%) content 

has elevated its applications in therapeutic and cosmetics industries (Kumar and 

Chattopadhyay, 2007). 

Antioxidant potential of leafy vegetables is found enhanced in response to a variety of 

plant growth promoters (PGPs) (Cecilia et al., 2011). Attempts to get bulk of leaf yield from 

these vegetables attract attention to find out impact of PGPs on leaf quality. However, sound 

reporting for nutritive status of vegetables in response to such treatments is felt lacking. It 

must be emphasized that the production of leafy green vegetables is of significance only 

when they reach the consumer in good condition, full of nutrients and at a reasonable price. 

The concept of placing exclusive emphasis on increased production of such vegetables is 

self-defeating. In perspective of the competition between supply and demand, a quantum 

jump in food production in an economical way is the most desired goal. A number of 

agricultural techniques (pesticides, chemicals) are being practicized in various farming 

systems which have resulted in substantial increase in vegetables production on the expense 

of environmental deterioration. The introduction of valuable plant growth promoters in the 

agricultural field might revolutionize the society in view of the use of easily available leafy 

green vegetables. Therefore, this project has been designed to study the effect of various 

plant growth promoters on selected vegetables to achieve their nutritious value on 

economical basis.  

AIMS AND OBJECTIVES  

The proposed research work was carried out to fulfill the following main objectives.  

 To appraise the efficacy of natural plant growth promoters on the yield and nutritive 

quality of test vegetables/herbs. 

 To evaluate the effects of plant growth promoters application in alone, or in 

combination with fertilizers on the rate of growth/maturation or alteration in the 

contents and quality of valuable nutrients. 

 To determine the total chlorophyll and carotenoid contents. 
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 To access the vigor seedling of the targeted crops in response to plant growth 

promoters. 

 To study the effects of plant growth promoters on the antioxidant attributes of the 

vegetables/herbs. 

 To characterize phenolic antioxidants in the vegetables using HPLC. 
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                   CHAPTER 2 

REVIEW OF LITERATURE 

 

2.1. Leafy Green Vegetables 
A valuable and widely accepted statement “health is wealth” is acknowledged 

globally. Both quality and quantity of consumed foodstuff determines a person’s health. 

Vegetables incorporate edible and fresh portions of dozens of plant which are taken either as 

raw or in cooked form (Nicoli et al., 1999; Dhellot et al., 2006; Subhasree et al., 2009). They 

are the treasured constitutes executing body repairing and build up. They are filled with 

excessive supply of vitamins (A, B complex, C, E and K etc.), carbohydrates, minerals, low 

energized proteins and higher content of dietary fibre (Kmiecik et al., 2001; Su et al., 2002; 

Kimura and Rodriguez-Amaya, 2003; Brandt et al., 2004; Knai et al., 2006). Any 

formulation of vegetables (Gupta et al., 2005) decorates our nutritional status accordingly.  

In recent times, fresh vegetables as well as fruits are insistently highlighting extensive 

segments of a balanced and strong diet (Berger et al., 2010). According to many health 

experts and other related government sectors, people started to take attention towards their 

healthier intake (Gundgaard et al., 2003). A solid association exists between enhanced up-

take of plant formulated foods as well as their biologically active components and lesser 

threat from various chronic diseases including cardiovascular anomalies, certain sorts of 

cancers and other neurodegenerative disorders (Jain et al., 1999; Halvorsen et al., 2002; Kris-

Etherton et al., 2002, Maynard et al., 2003; Trichopoulou et al., 2003; Hegde et al., 2005; 

Dragsted et al., 2006; Thaipong et al., 2006; Amre et al., 2007; Lako et al., 2007; 

Papaharalambus and Griendling, 2007; Dauchet et al., 2010; Backman et al., 2011; Griep et 

al., 2011). Moreover, the raised frequency of being overweight plus obesity is also combated 

through utilization of balanced dietary plan covering leading proportions of fruits and 

vegetables (Gonzalez-Castejon and Rodriguez-Casado, 2011).  

Leafy green vegetables (LGV) are well-known being ready-to-eat nutritious items 

included in a person’s diet, employed as fresh in the shape of salads and other food dressings, 

fitted inside with an entire series of valuable nutrients in addition to suitable phytochemicals 

(Kayode et al., 2011). LGV are blessed with a great variety of colors, and run the whole 
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gamut of flavors, from sweet to bitter, from peppery to earthy. In addition, fragrance in soaps 

and perfumes is also one of their provisions. They are often most attractive and health-

promoting when harvested at their peak vegetative stage (Rico et al., 2007). These vegetables 

are boost-up in shorter time span, hence ensuring a greater yield, generating economy for 

business purpose and playing a generous role towards mounted import status of country 

(Lako et al., 2007). 

Although farming LGV comes as a profitable business for agriculturalists; the 

vegetables being highly perishable natured are needed to be sold in market in little time span 

after harvest. Due to this, LGV are generally grown in certain peri-urban production sides. 

Daily sale brings valuable cash income to farmers especially to those having small 

cultivation area. LGV are seasonal and also extremely delicate due to the elevated water 

content in their plant tissues. There is a necessity to sustain the nature’s storehouse of 

nutrients during expedient processing strategies. Therefore dehydration seems to be the 

simplest expertise to preserve greens especially when they are plentifully accessible. Greens 

can be utilized in manifold ways by incorporating into obtainable products and formulation 

of health foods via techniques of dehydration (Singh et al., 2003).  

2.2. Bioactive Components 

LGV are rich sources of a wide range of essential micronutrients and biologically 

active phytochemicals. Detail of some important is given here. 

2.2.1. Polyphenols 

Being broadly occurring in the plant kingdom and abundant in a person’s diet, plant 

phenols are at present amongst the most talked about class of phytochemicals 

(Muthukrishnan and Subramaniyan, 2012). In the last decade, a lot of work has been 

represented by the scientific society that focuses on the concentrations and chemical nature 

of antioxidant phenols, decorated in different plant foods, aromatic plants and various plant 

materials (Leopoldini et al., 2011; Munin and Edwards-Levy, 2011; Karsheva et al., 2013).  

The phenolic compounds depict huge attraction owing to their considerable 

associations to exhibit free radical scavenging action. Phenolics may either include simple 

phenols (single aromatic ring having a least one hydroxyl group (e.g. ferulic acid and 

cinnamic acid, gallic acid, caffeic acid etc.) or polyphenols (two or more phenol subunits, 
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e.g. flavonoids, tannins and lignin etc). The high amount of phenols in extracts may explain 

their high antioxidative activities (Robbins, 2003). 

Polyphenols incorporating flavonoids, lignins, tannins and phenolic acids are secured 

phytochemicals to shape human diet and are responsible to acerbic taste, bitterness, flavour, 

color and odour (Zheng et al., 2009). They are linked with diverse biological activity and 

prevent various neurodegenerative disorders i.e. cancer, inflammation, carcinogenesis, 

cardiovascular disorders and arterial sclerosis (Manach et al., 2004; Tung et al., 2007; 

Kovacsova et al., 2010; Vauzour et al., 2010; Ebrahimi and Schluesener, 2012). Polyphenols 

along with their metabolites modulate epigenetic regulation, control gene expression, help in 

detoxification, antioxidant action and cell signalling etc. (Yun et al., 2010; Bolling et al., 

2011; Kang et al., 2011). As well as the pharmacology and medicinal viewpoints are 

concerned, free-radical scavenging action in combination with lipid peroxidation is 

considered as crucial ones (Djeridane et al., 2006). 

The availability of flavonoids is awesome in plant community loaded in more than 50 

percent of natural phenolics (about 8000) (Dai and Mumper, 2010), with varying 

concentration in different plants and in various organs within a plant (Justesen and Knethsen, 

2001; Dinelli et al., 2006). Phenolic aldehydes, hydrolysable tannins, proanthocyanidins and 

hydrolysable atannins, hydrocynamic acid, hydrobenzoic acid are also included in this 

category (Naczk and Shahidi, 2006; Fecka, 2009; Velasco and Williams, 2011). 

Flavonoids are characterized as phenolics with low molecular proportions. They are 

categorized as flavones, isoflavones, flavanones, isoflavans, coumestans, pterocarpans, 

flavanols (catechins), anthocyanins and flavonols (Dinelli et al., 2006; Anwar and 

Przybylski, 2012). Flavonoids derived from food exclusively; flavonols (quercetin, myricetin 

and kaempeferol) are extensively occurring and being evaluated to fulfil several biological 

purposes like active against allergenic, artherogenic, inflammatory, microbial, thrombotic, 

oxidant, cardio-damaging and vaso-dilatory disorders (Manach et al., 2004). 
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Andarwulan et al. (2010) reported total flavonoid variation in different vegetables 

belonging to Indonesia. The observed trend was Portulaca oleracea (0.334 mg GAE/g FW) 

< Centella asiatica (0.463 mg GAE/g FW) < Talinum traingulare (0.489 mg GAE/g FW) < 

Pilea melastomoides (0.701 mg GAE/g FW) < Polyacias pinnata (0.790 mg GAE/g FW) < 

Ocimum americanum (0.812 mg GAE/g FW) < Pluchea indica Less. (0.831 mg GAE/g FW) 

< Nothopanaz scutellarius (0.943 mg GAE/g FW). Andarwulan et al. (2012) studied TPC in 

under neutralized vegetables important from medicinal view point. The observed data 

incorporated as: A. occidentale (143.58 mg/100g FW), S. androgynus (142.64 mg/100g FW), 

M. pterygosperma (117.95 mg/100g FW), P. pinnata (52.19 mg/100g FW), C. caudatus 

(52.19 mg/100g FW), H. sibthorpioides (49.93 mg/100g FW), V. unguiculata (43.65 

mg/100g FW), C. papaya (36.27 mg/100g FW), Se. edule (36.03 mg/100g FW), M. citrifolia 

(33.42 mg/100g FW), P. scutellaria (32.49 mg/100g FW), S. grandiflora (21.23 mg/100g 

FW), C. asiatica (21.00 mg/100g FW), A. schoenoprasum (14.79 mg/100g FW), A. 

irregularis (9.52 mg/100g FW), O. americanum (7.22 mg/100g FW), P. indica (6.39 

mg/100g FW), N. scutellarius (5.43 mg/100g FW), T. triangulare (3.93 mg/100g FW), S. 

torvum fruits (2.96 mg/100g FW),  P. melastomoides (2.34 mg/100g FW), E. elatior (1.18 

mg/100g FW), Sa. Edule (0.44 mg/100g FW), P. oleracea (0.3 mg/100g FW) etc.  

TPC variation ranged 3.23-11.7 g/100 g dry sample in four accessions of Centella 

asiatica (L.) Urban (Zainol et al., 2003). In some other study (Singh et al., 2007), TPC were 

assessed in different cultivars of cabbage and cauliflower and the observed range was 12.6-

34.4 and 16.3-21.8 mg/100g FW, respectively in 80% ethanol. 56.74 mg GAE/g and 61.50 

mg GAE/g TPC were evaluated in aqueous and ethanolic leaf extracts of S. rebaudiana, 

respectively (Shukla et al., 2009). 

Preservation of antioxidants in vegetables is reflected by the sustenance of 

polyphenols while exposed to high temperature (Vallejo et al., 2003). Steaming, boiling and 

microwaving can affect the rate of recovery of phenolic compounds to a different rate. 

During determination of polyphenols in freshly attained conventional and organic vegetables 

from market i.e. carrot, potato, broccoli, white cabbage and onion, different recovery effects 

were seen with respect to the analyzed vegetable. Organic formulations were found to be 

more prone to heat than the conventional ones (Faller and Fialho, 2009). 
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Certain effects on TPC were studied when samples were exposed to blanching 

process. About 200% increase in TPC was reported by Oboh (2005) in LGV. The 

recommendation for this increment was breaking of tannins while heating and their increased 

extractability. Increased TPC were also seen in microwave treated bean against raw form 

(Boateng et al., 2008). Steam broccoli showed about 18% increase in TPC in comparison to 

raw (Roym et al., 2009). Usually, phenolics are found in bound form (with sugars, dietary 

fibre and proteins) in vegetables to manufacture complex structures. The process of phenolic 

extraction becomes much more facilitated by disruption of cell wall, cell membranes and 

bond hydrolysis (Bravo, 1998; Roym et al., 2009). Biosynthesis of phenolic compounds is 

favored at relatively higher temperature because some precursors are formed there via some 

non-enzymatic inter conversion in between phenolic compounds (Que et al., 2008; Wen et 

al., 2010).  

Certain dissimilar views are also there to report that some vegetables are sensitive to 

blanching treatment exposed for only a few minutes, leading to a significant decline in TPC 

(Ismail et al., 2004; Lombard et al., 2005; Turkmen et al., 2005). The reason is that phenolic 

ingredients are leeched into boiled water (Amin et al., 2006). About 40 to 50% TPC loss was 

reported in yellow, green and chick pea because of leaching against the raw peas (Xu and 

Chang, 2008). Blanched Amaranthus showed a loss of about 71% in TPC compared to its 

raw form (Amin et al., 2006).  

Effect of solvent can also cause sharp variations in TPC in leafy vegetables and herbs. 

During an assessment of TPC in four solvent i.e. 70% acetone, 70% ethanol, 70% methanol 

and water, results shown by different vegetables in mg/g DW basis are depicted as: Allium 

cepa (110.4, 7.4, 1.1, 62.9, respectively), Anacardium occidentale (29.2, 43.6, 44.8, 10.2), 

Apium graveolens (69.5, 3.8, 0.2, 6.1, respectively), Ardisia crenata (70.6, 26.6, 53.5, 46.8, 

respectively), Barringtonia racemosa (25.6, 61.9, 1.7, 2.3, respectively), Centella asiatica 

(22.4, 52.5, 1.4, 0.3, respectively), Coriandrum sativum (11.7, 55.7, 0.1, 3.5, respectively), 

Cosmos caudatus (17.2, 48.8, 1.7, 0.3, respectively), Curcuma longa (7.9, 4.9, 4.1, 4.7, 

respectively), Hydrocotyle umbellate (38.5, 13.4, 9.6, 0.9, respectively), Justicia gendarussa 

(0.4, 1.8, 0.2, 0.1, respectively), Kaempferia galangal (0.9, 2.6, 2.0, 3.7, respectively), 

Lactuca sativa (53.8, 120.5, 2.6, 2.0, respectively), Melicope pteleifolia (21.2, 18.7, 20.8, 3.4, 

respectively), Mentha arvensis (95.7, 5.7, 6.1, 0.9, respectively), Micromelum minutum (7.9, 



12 
 

3.8, 1.6, 0.9, respectively), Morinda elliptica (4.8, 2.2, 1.7, 2.3, respectively), Murraya 

koenigii (18.3, 9.2, 11.1, 11.2, respectively), Ocimum basilicum (45.2, 3.8, 10.8, 25.5, 

respectively), Ocimum tenuiflorum (30.8, 11.1, 16.5, 2.8, respectively), Oenanthe javanica 

(46.2, 42.1, 25.4, 1.4, respectively), Oroxylum indicum (35.6, 0.3, 0.8, 11.2, respectively), 

Paederia diffusa (16.6, 13.5, 14.4, 10.4, respectively), Persicaria minor (12.9, 2.8, 0.9, 2.0, 

respectively), Piper sarmentosum (5.3, 5.1, 2.8, 5.1, respectively), Pluchea indica (28.8, 

19.3, 17.7, 5.2, respectively), Portulaca oleracea (138.2, 23.8, 5.1, 98.6, respectively), 

Premna cordifolia (21.4, 13.0, 21.9, 8.1, respectively), Spondias pinnata (54.6, 32.8, 30.8, 

18.6, respectively), Vitex negundo (24.7, 15.2, 14.4, 6.6, respectively), Etlingera elatior 

(89.3, 11.5, 2.0, 53.4, respectively), Musa acuminata (15.7, 22.9, 14.9, 1.5, respectively), 

Cucumis sativus (5.9, 9.8, 8.2, 7.9, respectively), Mangifera indica (91.1, 5.8, 4.8, 8.9, 

respectively), Psophocarpus tetragonolobus (69.7, 118.0, 80.5, 7.1, respectively), Vigna 

sinensis (10.5, 1.2, 3.8, 2.4, respectively), Vigna radiate (0.4, 0.3, 1.1, 2.2, respectively) etc. 

(Sulaiman et al., 2011). In some South African non-conventional leafy vegetables, the 

observed trend was: A. dubius (5.16 mg GAE/g), C. maxima (2.68 mg GAE/g), C. gynandra 

(3.94 mg GAE/g), B. napus cv English Giant (3.58 mg GAE/g), B. napus cv Covo (3.19 mg 

GAE/g) etc. (Moyo et al., 2011). 

TPC are also reported to be boosted by application of hydrostatic pressure during 

processing (Patras et al., 2009) due to increased extractability. High applied pressure of about 

300-500 MPa is reported to significantly affect TPC than at lower pressure 100-200 MPa. 

Total phenolics ranged from 15.18 to 121.38 mg/100 g FW over the two years in broccoli. 

This is a larger variation as compared to the combined range (80.76–109.9 mg/ 100 g) 

reported for other studies (Chu et al., 2002; Bahorun et al., 2004; Gliszczynska-Swiglo et al., 

2006). 

TPC in plants were found to be increased with growth stage and maturity when 

exposed to different PGPs. In one study, Indian spinach plants were treated with 

propiconazole (PCZ), a fungicide and absisic acid (ABA) and studied for TPC after three 

maturity stages (40, 60, 80 days after planting). About 122.20% increase was observed in 

TPC after treatments with PCZ and ABA against control (Shanmugam et al., 2012). 

Previously increased TPC were reported in Coleus when undergone treatment with 

hexaconazole (Lakshmanan et al., 2007). 
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2.2.2. Vitamins 

 Vitamins come in the category of potent dietary organic compounds which perform 

vital body functioning with great specificity (Julie, 2003). Vitamins are classified on basis of 

their chemical structure, the physiological function performed and how they are distributed in 

food. They are generally placed in two categories: water-soluble (B and C) and fat-soluble 

(A, D, E, K etc.) vitamins (Julie, 2003; Uswazo and Tanuto, 2006). Water-soluble class is 

easily dissolved in water used for cooking and a part is destructed on heating. However, fat-

soluble category maintains its status in ordinary cooking patterns and is mainly stored in the 

liver up to some extent (Julie, 2003).  

Vitamin C, also known as L-ascorbic acid and 2,3- endiol-L-gulonic acid-g-lactone, 

is a dietary element as human body is unable to synthesize and therefore its preferably diet 

intake is appreciated. The leading sources of this vitamin include fruits (citrus species and 

berries etc.) and leafy green vegetables (Phillips et al., 2010). 

The nutritional status of this water soluble vitamin is highly reputable. Scurvy which 

is primarily characterized by the fatigue, anemia, bleeding gums, depression and weakened 

wound healing and later on becomes fatal is mainly due to vitamin C deficiency (Davies et 

al., 1991; Arrigoni and De Tullio, 2000). Ascorbic acid (AA) acts as a co-factor in frequent 

physiological studies like the post-translational hydroxylation of some amino acids lysine 

and proline in collagen which are further assisted by proteins of certain connective tissue, 

gene expression of collagen, formation of adrenal hormones and nor-epinephrine, activation 

of many peptide hormones, and synthesis of carnitine (Bender, 2003; Johnston et al., 2007). 

Also, due to its redox potential, AA facilitates intestinal absorption of iron and functions as a 

cellular antioxidant alone and coupled to the antioxidant activity of vitamin E (Byers and 

Perry, 1992; Bender, 2003). 
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Figure 2.2. Structure of Vitamin C 
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AA works in synergistic manner with tocopherol to reserve antioxidant performance 

in state of chronic disease states (Bruno et al., 2006; Traber and Stevens, 2011). Hence, 

suitable consumption of vitamin C is acknowledged for the proper body functioning. 

The retaining percentage of AA is frequently utilized as a parameter to overall 

estimate nutrient maintenance through food products (Davey et al., 2000; Murcia et al., 

2000). It is also a least nutrient stabilizer in food processing industries as highly prone to 

leaching and oxidation in water soluble environment employed during processing, cooking 

and storage of frozen, fresh and canned vegetables and fruits (Franke et al., 2007; Rickman et 

al., 2007). 

Variation in the amount of ascorbic acid depends on the vegetables under 

examination. The AA content in different Cucurbita accessions was reported as 3.912, 3.917, 

3.620 and 4.387 in Cluster I, Ogo-mega, Jos-vari and Uvu-watt, respectively (Blessings et 

al., 2011). Lee and Kader (2000) studied variation in vitamin C content in vegetables 

influenced by emerging cultural practices, climate affecting pre-harvest conditions, varying 

cultural practices, harvesting methodologies, genotypic differences, handling practices 

regarding postharvest, different maturity stages and harvesting methods. The amount of 

Vitamin C was intensified by provision of higher rate of sunlight during growth phase and 

less repeated irrigation. Higher rate of application of nitrogen fertilizer cause a decrease in 

Vitamin C amount. Moreover, Vitamin C contents were frequently lost at accelerated 

temperature and lengthier durations of storage. However, in case of some sensitive crops, 

chilling has lowered Vitamin C amount. Water loss occurred after harvest is also a 

contributing factor to loss in Vitamin C more specifically in LGV. However, loss after 

harvest can be lowered by exposing the vegetables in environment of reduced O2 and in 10% 

atmosphere. However, higher dose of CO2 can accelerate loss in the amount of Vitamin C. 

less irradiation (upto 1 kGy) has no significant effect on vitamin C concentration. Excessive 

trimming, mechanical injury, bruising and blanching and processing are responsible to 

decrease the concentration of Vitamin C. 

There was found a significant decrease in Vitamin C in the fresh and boiled 

vegetables i.e. Broccoli (from 89.0-37.0 mg/100g FW), cabbage (from 42.3-24.4 mg/100g 

FW), collard (from 92.7-40.7 mg/100g FW), mustard greens (from 36.2-4.8 mg/100g FW), 

potatoes (8.0-7.0 mg/100g FW), spinach (62.0-12.0 mg/100g FW) etc. According to 
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Rickman et al. (2007), processing of fresh vegetables for preservation in canned form led to 

remarkable decrease in AA content i.e. 84% in broccoli, 88% in carrots, 73% in green peas, 

62% in spinach, 63% in green beans and 10% in beets etc. Loss in AA by blanching and 

freezing was found to be 30% (Howard et al., 1999) and 50-55% (Murcia et al., 2000), 0-

35% in carrots, 17% in green beans, 51-63% in green peas and 50-61% in spinach. Generally 

entire loss in AA amount in freezing and canning processes ranged 10-80% and > 60% 

respectively. Losses in contents of Vitamin C were 20% in parsley, 30.8% in coriander, 53% 

in dill, 37% in Eruca, 20% in radish and 38.1% in leek, respectively. 

It is well documented that level of AA frequently declines when vegetables are 

subjected to storage after harvest. At harvest, AA content in C. tora and C. tridens leaves 

were 2.6-2.8 mg/g and 1.2 mg/g respectively and were assessed as significantly higher than 

those after storage. Retention percentage was 50-71% and 62-66% in these harvested 

vegetables in duration of storage (Hodges and Forney, 2000; Yamauchi and Kusabe, 2001). 

Oxidation, variation in pH, activity shown by ascorbic acid oxidase and relative humidity are 

the factors that contribute towards loss in AA level (Yahia et al., 2001). 

Vitamin E (α-tocopherol) is being represented as the key contributor of naturally 

occurring ingredient incorporating vitamin E activity (Esterbauer and Hayn, 1997). The 

leaves of higher plants are enriched with α-tocopherol and likely to be situated within 

chloroplasts. It has higher concentration in dark green leaves than in lighter ones (Bramley et 

al., 2000). Cooking is a better option to assess otherwise unavailable lipophilic vitamins. 

However, cooking with less water provision is favored to preserve hydrophilic compounds 

(ascorbic acid) and minerals (Bernhardt and Schlich, 2006). 

Vitamin E plays role in iron absorption, slows down fertility and ageing process. It 

helps to protect cells being a leading antioxidant by scavenging free radicals. The central 

sources include leafy green vegetables, nuts, vegetable oils, wheat, gram, eggs and sunflower 

seeds (Nkafamiya et al., 2010). 
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Figure 2.3. Structure of Vitamin E 

Tocopherols along with tocotrienols are collectively concised as vitamin E, important 

fat-soluble antioxidants. Four isomers (α, β, γ, and δ) are contained in each group (Saldeen 

and Saldeen, 2005). Amongst four, α-tocopherol is the most active and γ-tocopherol is the 

most commonly occurring form in plants (Schwartz et al., 2008).  In one study, 25 different 

cultivars of microgreens, green daikon radish possessed higher α- and γ-tocopherol contents 

(87.4 and 39.4 mg/100 g FW, respectively). Other good sources exploited for α- and γ-

tocopherol included opal radish, peppercress radish and cilantro with α-tocopherol 

concentrations in the range of 41.2-53.1 mg/100 g FW and γ-tocopherol measurements in 

range of 12.5-16.7 mg/100 g FW. The contribution from other vegetables was given as: 

golden pea tendril has α-tocopherol (4.9 mg/100 g FW) and γ- tocopherol (3.0 mg/100 g 

FW), spinach leaves has (2.0 and 0.2 mg/100 g FW, respectively). Microgreens in red 

cabbage contained about 40 times higher content of vitamin E than its mature counterpart 

(0.06 mg/100 g FW) (Podsedek, 2007).  Overall observed range for α and γ- tocopherol was 

4.9-87.4 and 3.0- 39.4 mg/100 g FW, respectively (Xiao et al., 2012). 

Vitamin E content determinations in some non-conventional leafy vegetables under 

usual and blanching treatment were given as: B. cosatum (24.52 and 21.97 mg/100g, 

respectively), B. aegyptiaca (21.02 and 19.97 mg/100g, respectively), C. tora (23.07 and 

21.44 mg/100g, respectively), F. trihopoda (10.74 and 8.45 mg/100g, respectively), G. 

senegalensis (8.27 and 6.98 mg/100g, respectively), M. oleifera (8.27 and 6.98 mg/100g, 

respectively), A. digitata (24.53 and 5.01 mg/100g, respectively), C. esculentus (4.22 and 

3.02 mg/100g, respectively), C. tridens (5.26 and 3.87 mg/100g, respectively), A. spinosus 

(6.67 and 4.79 mg/100g, respectively), S. indium (3.25 and 2.21 mg/100g, respectively), F. 

asperifolia (24.98 ans 22.71 mg/100g, respectively), C. pepo (5.57 and 4.01 mg/100g, 

respectively), F. sycomorus (4.57 and 3.53 mg/100g, respectively) etc. (Nkafamiya et al., 
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2010). However, α-tocopherol amount was less than 1.0 mg/100g FW in different cultivars of 

red cabbage i.e. Kissendrup (0.061 mg/100g FW) and Koda (0.111 mg/100g FW); brussels 

sprouts i.e. Ajax (0.545 mg/100g FW) and Filemon (0.823 mg/100g FW); white cabbage i.e. 

Almanag (0.008 mg/100g FW), Tukana (0.009 mg/100g FW) and Vestri (0.022 mg/100g 

FW); Savoy cabbage i.e. Langedijker (0.782 mg/100g FW) and 60F/100 (0.011 mg/100g 

FW) etc. (Podsedek, 2007). 

 

2.2.3. Proteins 

 Green vegetables are famous for being the cheapest, most abundant and valuable 

source of protein. The reason behind is their capacity of manufacturing amino acids from a 

list of almost infinite and freely accessible key resources like water, CO2, and atmospheric 

nitrogen in sunlight. For example, cassava leaves, a by-product of cassava root harvest are 

(depending on the varieties) rich in protein (14-40% dry matter), minerals, vitamins B1, B2, 

C and carotenes (Ranvindrian and Blair, 1992; Aletor and Adeogun, 1995). It is well known 

that proteins are of prime importance to health, but they are deficient in diets of most people 

in the developing countries. 

Leafy green vegetables provide the cheapest raw material in the form of plant protein.  

The high yield of crude protein is an index of higher status of both essential and non-essential 

list of amino acid that manufactures structural proteins along with antibodies, hormones and 

enzymes. In addition, they can be proved an alternative energy source via gluconeogenesis 

during circumstances of disturbed carbohydrate metabolism (Iheanacho and Udebuani, 

2009). 

Various studies focussed on the crude protein percentage (Jimoh et al., 2010; 

Schonfeldt and Pretorius, 2011). The protein contents varied in traditional vegetables used in 

cooked form as 0.4-5.7 g/100g FW (Agte et al., 2000). The variation was observed with 

reference to geographical region and way of cooking also. In Kuwaiti dishes, protein contents 

ranged as 1.20-21.00 g/100g (Dashti et al., 2001). However, according to Aletor et al. (2002) 

the crude formulation in leafy vegetables was found to be comparatively high (31.7–34.6 

g/100 g). In Cameroon, the protein level was found to be 18.16-24.12 g/100g DW (Ejoh et 

al., 2007).  

2.2.4. Proline 
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Proline is a proteino-genic amino acid with exceptionally rigid conformation, playing 

essential role in plant primary metabolism (Burbulis et al., 2011). Dehydration is linked with 

the activation of proline biosynthesis and suppression of its catabolism, however; the 

opposite regulation is triggered by rehydration. Moreover, osmotic stress and sun light is 

responsible to up regulate proline biosynthesis while its catabolism is stimulated during dark 

period and in stress relief (Szabados and Savoure, 2009). The data regarding high build-up of 

proline at cellular level because of increased biosynthesis and reduced degradation 

influenced by a number of stress situations has already been documented in various plant 

species (Kavi-Kishor et al., 2005; Burbulis et al., 2011). 

 

NH

O OH

 

Figure 2.4. Structure of Proline 

Among various compatible organic solutes that occur in higher plants, role of proline 

as an osmoregulator is obvious (Yoshiba et al., 1997; Heidari and Mesri, 2008). Proline 

accumulation reflects main role in the plant adjustment towards osmotic stresses (Binzel et 

al. 1987, Ketchum et al. 1991, Voetberg and Sharp 1991). It affects protein solvation (Paleg 

et al. 1984), brings membranes stabilization via interaction with phospholipids (Rudolph et 

al. 1986), regulates cytosolic acidity (Venekamp, 1989; Sivakumar et al., 2000) and behaves 

as a cryo-protectant in higher plants (Duncan and Widholm 1987, Songstad et al. 1990, 

Santarius, 1992). Moreover, proline has protective effect on enzyme-proteins against ion 

inhibition (Solomon et al., 1994). The phenomenon of osmotic adjustment occurs in 

halophytes (Flowers et al., 1977) together with glycophytes (Greenway and Munns, 1980) 

for maintaining the endogenous water balance. It follows two processes: 1) absorption and 

accumulation of ions from root to the vacuoles, 2) synthesis of various compatible solutes 

added in cytosol (Almodares et al., 2009). 

Proline is highly accumulated in many plants undergoing heavy metal stress (Bassi 

and Sharma 1993; Costa and Morel, 1994; Schat et al., 1997; Mehta and Gaur, 1999; Chen et 

al., 2001; Rai, 2002; Ashraf and Harris, 2004). Proline accumulation was documented in 

Chlorella vulgaris under excess nickle (Ni) concentrations (Mehta and Gaur, 1999). 
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Characteristic increase in proline content was measured in detached leaves of rice when 

exposed to excessive NiSO4. Protein hydrolysis, decreased dehydrogenase activity and 

proline utilization are responsible to promote proline accumulation in detached leaves in rice 

(Lin and Kao, 2007). 

Increased level of endogenous proline and subsequent enhancement of tolerance 

shown by plant towards drought was achieved by applying PGPs exogenously (Shekoofa and 

Emam, 2008). Exogenous application of PGPs results in lowering of proline level than 

control. In one study, two concentrations i.e. 10 and 100 µm of IAA, IBA, 2-4-D was applied 

and proline level found was 0.18 and 0.17; 0.22 and 0.13; 0.19 and 0.19 µm respectively than 

control (0.23 µm) (Vamil et al., 2011). Proline content were also linearly decreased by 

application of copper (Zengin and Kirbag, 2007). Conversely, increased proline 

concentration was seen in data reported by Jaleel and Salem (2010) while studying 

Catiharanthus roseus at different growth stages under influence of paclobutrazol, gibberellic 

acid and P. fluorescens.  

2.2.5. Chlorophyll 

The term chlorophyll (Chl) represents the versatile and the most copious 

photosynthetic pigment available on earth, which is chiefly responsible to absorb sunlight in 

order to carry out the process of photosynthesis (Milenkovic et al., 2012). Light absorption 

however, makes it dangerous by creating potential phototoxin in it at cellular level. This 

happens in case of over excitation of photosynthetic machinery in plants i.e. when exposed to 

high sun light. This results in the production of reactive oxygen species (ROS) because the 

absorbed heat energy from the sun can be shifted towards oxygen. ROS can also be generated 

in a similar fashion by means of reduction/inhibition of Chl biosynthesis leading to 

programmed cell death. Due to this reason, Chl metabolism is tightly regulated throughout 

plant development (Sakuraba et al., 2010; Hortensteiner and Krautler, 2011). 
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Figure 2.5. Structure of Chlorophyll 

Although the biochemistry as well as the regulation of chlorophyll biosynthesis has 

extensively reported, the degradation of chlorophyll immensely arises in leaf senescence and 

ripening of fruit; in response to a list of stresses (biotic and abiotic). For many decades, the 

degradation remained a natural mystery. At that time, the route wise explication of 

degradation pathway was only possible through structure identification of certain key 

products obtained in catabolic process familiar in higher plants. This pathway is said to be 

categorized in two portions: firstly, formation of colorless, primary, blue fluorescing broken 

down products via reactions of substrate like colored pigments, known as pFCC (primary 

Florescent Chlorophyll Catabolite), and secondly, reactions involving pFCC modification, 

specifically leading to continuous non-enzymatic isomerization with respect to NCCs 

(Nonflorescent Chlorophyll Catabolites) in the vacuole. Catabolites are transferred towards 

vacuole from the senescent chloroplasts is facilitated through various primarily activated 

transport procedures. The catabolites can serve some physiological roles (Pascal et al., 2000). 

Chlorophyll molecule is reported to have associated protective role against oxidative 

stress and various linked disorders (Sangeetha and Baskaran, 2010). Postharvest treatments 

affect chlorophyll contents in vegetables (Edelenbos et al., 2001; Rodriguez-Amaya, 2001). 

Plant growth promoters significantly enhance the chlorophyll contents in plants. A lot of 

research data is available in literature.  

PGPs ensure the modification in source and sink relationship, implify ability of 

translocation along with photosynthesis (Kohler et al., 2009). Xu et al., 2011 conducted a 

green house experiment to grow ginkgo seedlings and applied ALA at two levels (10 ppm 

and 100 ppm). Foliar application lead to enhance chlorophyll contents within 4-12 days. 

Similar results were also discovered in pakchoi (Memon et al., 2009), rape seed oil (Naeem 

et al., 2010) and ginkgo leaves (Xu et al., 2011). The increased chlorophyll contents might be 

linked with improved quantum efficiency and in turn increased flavonoid and anthocyanin 

contents (Cheng et al., 2001). Chlorophyll contents varied from 2500-6500 µg/g FM over a 

wide concentration range of calliterpenone and Gibberellic acid (1, 10 and 100µm) in 

Mentha arvensis (Bose et al., 2013). Kavina et al. (2011) studied that chlorophyll contents 

were significantly increased by treating with ABA (Absisic acid), DIZ (Difenoconazole) and 

GA3 (Gibberellic acid) in Mentha species. Similar outcomes were received in tomato (Still 
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and Pill, 2004), barley (Sunitha et al., 2004) and carrot (Gopi et al., 2007) under treatment of 

Paclobutrazol. In another experiment, dark green leaves were reported due to high 

chlorophyll content in Paclobutrazol treated potatoes (Tekalign et al., 2005). Chlorophyll 

synthesis was greatly enhanced in Dianthus caryophyllus when undergone treatment with 

Paclobutrazol (Sebastian et al., 2002). Gibberellic acid led to increase the pigment 

concentration and vegetative growth in normal and salinity stressed maize cultivars (Kaya et 

al., 2006: Tuna et al., 2008). About 90.0-137.5% increase in photosynthetic capacity due to 

higher chlorophyll content was reported by application of ABA, Berelex and cytozyme 

(Gemici et al., 2000).  

2.2.6. Fibre 

The high value of crude fibre is directly linked with many health benefits. The 

vegetables that contain high amount of fibre contents indicate that these are very helpful in 

the treatment of blood pressure, colon cancer, haemorrhoids, atherosclerosis, breast cancer, 

diabetes, gastrointestinal disorders and hypercholesterolemia etc. Moreover, it removes 

constipation with suitable supply of water from being absorbed (Ishida et al., 2000; Bako et 

al., 2002; Zia-ur-Rehman et al., 2003; Rodriguez et al., 2006). They mainly contain 

cellulose, lignin and hemicellulose etc. and help in improving human physiology. Because of 

having insoluble and soluble nature, it performs a list of technological attribution such as 

structure binding, gelling, water binding and act as a good fat replacer. According to Larrauri 

(1999) and Kunzek et al. (2002), perfect fibre must meet the following features: it must not 

have nutritionally offensive components; must be highly concentrated even utilized in small 

amounts; no bad taste, color, odour or texture effects; bioactive components must be in 

acceptable presence between soluble and insoluble nature of fibre; shelf life must be long; 

must assist calmly during food processing; and must provide the expected physiological 

outcomes. 

The data regarding crude fiber determination has largely been reported. In one study 

carrot, radish, eggplant, cauliflower, peas, onion, turnip, spinach, cabbage and potatoes were 

subjected to evaluate effects of microwave cooking versus conventional ones cellulose lignin, 

hemicellulose, on acid detergent fibre (ADF) and neutral detergent fibre (NDF). Dietary fibre 

components of vegetables showed reduction up to varying extents, depending on subjected 

cooking method. The observed reducing trend on dietary fibre regarding cooking method 
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was: pressure-cooking > ordinary cooking > microwave cooking. The variation caused by 

pressure cooking was 22.6–38.8% by NDF, 18.1–33.6% by ADF, 24.4–43.8% by cellulose 

and 31.3–47.4% by hemicellulose. Lignin contents, however, remained nearly unaffected by 

cooking. NDF contents were comparatively more decreased than ADF contents through 

cooking. Likewise, reduction in hemicellulose contents was more than in cellulose after 

cooking (Zia-ur-Rehman et al., 2003). 

 

2.2.7. Carotenoids 

Color appeals the consumer because of highly concentrated chlorophylls and 

carotenoids. As health is preserved in their presence, they must be obtained through secured 

diet because they are not synthesized within human bodies (Ignat et al., 2012). Carotenoids 

act as antenna pigments to capture and provide light energy as per demand of reaction center 

where the photosynthesis has to take place. Furthermore, excess energy is being removed to 

prevent the photosynthetic machinery from damage (Miki, 1991; Tracewell et al., 2001). The 

leaf coloration along with energy production is highly influenced by the physiological age of 

leaf resulting in changed concentration of chlorophyll and carotenoids. Maturity in case of 

vegetables is also indicated by increased carotenoid concentration (Lefsrud et al., 2007). 

The carotenoids represent natural hydrophobic pigments which impart gorgeous 

colors (yellow, orange, and red) to both fruits and vegetables (Gama and Sylos, 2005). They 

not only aim to enhance the satisfaction of consumer, but also recommend various protective 

health benefits additionally. They are part of green vegetables, where they are masked 

through chlorophyll presence. Carotenoids rich sources are yellow and orange vegetables 

(pumpkins, carrots, sweet potatoes etc.), leafy green vegetables (kale, collard greens, spinach, 

broccoli etc.) (Raju et al., 2007) and red or yellow-orange fruits (water melon, tomatoes, 

strawberries, cantaloupe, mangoes, pineapples and peaches). Antioxidants, beta-carotene (in 

carrots), lycopene (in tomatoes), and lutein (in spinach) are the highly investigated 

carotenoids and there is evidence that they are very effective for health (Cardoso et al., 

2009). 
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Figure 2.6. Structure of Carotenoid 

Other good sources of these functional compounds in the diet include citrus fruit and 

maize. Green vegetables and various fruits are coated in appreciate amount of beta-carotene 

along with some pro-vitamin A carotenoids, which are absorbed and then converted into 

vitamin A within the body (Larsen and Christensen, 2005). Beta-carotene is a precursor of 

vitamin A and blessed with antioxidant properties. Other vitamin A compounds (retinoids) 

do not possess antioxidant properties. Carotenoids are fat-soluble and hence are accumulated 

in the tissues (Zanutto et al., 2003; Graebner et al., 2004). Some carotenoids, such as beta-

carotene and lycopene, save from harm against UV radiation. Carotenoids also incorporate 

dietary micronutrients (Barbosa-Filho et al., 2008).  

The increased interest in carotenoids is depiction of their protective role against 

various sorts of cancer, like oral cavity, breast, lung, rectal and colon cancer; and macular 

degeneration and cataract etc. (Fontana et al., 2000; Melendez-Martinez et al., 2004; Krinsky 

and Johnson, 2005; Barbosa-Filho et al., 2008). In addition, they also display inhibitory 

action to counter gastric ulcers, secure immune system, and prevent cataract and 

cardiovascular diseases (Fontana et al., 2000; Stahl and Sies, 2005; Britton et al., 2008). 

Among the carotenoids in leafy vegetables, zeaxanthin, lutein and beta-carotene (with 

different bioaccessibility) have been intensively studied with regard to their effects on human 

health (Landrum and Bone, 2001; Chandrika et al., 2010; Chang et al., 2013). β-carotene 

contents in some vegetable is reported to be 0.13-2.25 mg/100 g. Carotenoid in ice-berg 

lettuce, green leaf lettuce, spinach are 0.30, 4.4, 5.6 mg/ 100g, respectively (USDA-ARS, 

2011).  

Many developing nations use LGV to contribute about 80-85% intake of vitamin A; 

which otherwise less utilize meat and fish because of expensiveness (Ball, 2000; Amin and 

Cheah, 2003; Wen et al., 2010). Research has proved that degradation of about 5-78% β-

carotene portion occurs under influence of varying cooking methods (Speek et al., 1988; 
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Rahman et al., 1990; Masrizal et al., 1997; Vimala et al., 2011). Data have been frequently 

documented regarding β-carotene loss after boiling, frying, stewing, pressure cooking and 

blanching (Sehgal and Yadav, 1995; Gayathri et al., 2004; Vimala et al., 2011). 

Dias et al. (2009) estimated carotenoids in different vegetables species (Portuguese 

coles, purslane, turnip greens, beetroot leaves and leaf beet) cultivated in Portugal. The 

estimation was performed by HPLC, with aid of two metal free reverse phase columns, an 

organic mobile phase (acetonitrile/methanol/dichloromethane) and a UV–Vis photodiode 

array detector (PDA). The examined leafy vegetables contained very good source of β-

carotene (0.46–6.4 mg/100 g) and lutein (0.52–7.2 mg/100 g). 

Kao et al. (2012) reported that cooking practices like boiling, deep frying and stir 

frying along with temperature and time greatly impact carotenes and other related pigments. 

Total carotenoid contents (TCC) were preserved in case of boiling, however greatly 

decreased from frying treatments. In another study, stir frying reduced leutin contents 8-89%, 

however boiling for about 4 to 8 minutes did 0-428%. β-carotenes were retained about 18-

380% through boiling in all vegetables (except spinach and chinese cabbage) and in stir 

frying 2-3 times (except spinach) (Chang et al., 2013). 

2.2.8. Folates 

Folates are among the freshly and highly acknowledged vitamins. Folates occur in 

green plants including leafy green vegetables and yeast and are abundantly copious in liver 

and kidney. Convincing evidence is that folates deficiency during early embryonic 

development leads to higher defects in neural tube (Spina Bifida). Due to this, in some 

countries, people especially pregnant women are encouraged to add folic acid supplements in 

the diet. Folates synthesize DNA machinery. Insufficient folates presence in blood is the 

leading risk aspect of heart disease. Consistent intake of fresh green vegetables, fruits and 

berries guarantees adequate ingestion of folates (Gupta et al., 2005). 

Thermal degradation combined with leaching cause folate losses during cooking 

(Eitenmiller and Landen, 1999). Different environmental parameters also play their role in 

this regard like pH, metal ion percentage, O2 content, levels of antioxidants and water ratio 

(McKillop et al., 2002). Extensive folate losses are being described in boiled green 

vegetables (Dang et al., 2000) as well as in baked meats (Vahteristo et al., 1998). 
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UV radiation can affect the amount of carotenoids in leafy vegetables. Carotenoids 

concentration was found to be increased in green leaf lettuce than in red variety. The growth 

however was found to reduce carotenoid concentration through UV (A and B) 

supplementation (Caldwell and Britz, 2006). 

2.2.9. Melon Dialdehyde (MDA) 

Malon-dialdehyde (MDA) stands for a kind of decomposition product obtained from 

poly-unsaturated fatty acids and a suitable indicator to check the status of membrane as well 

as stress biomarker for peroxidation process in lipids (Mittler, 2002). MDA is produced when 

at least two methylene double bonds are undergone interruption during oxidation of poly-

unsaturated fatty acids. Several techniques have been proposed and developed since 1960 in 

order to assess the level of quantification in situations of oxidation related damages both in 

vivo and in vitro systems. 
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Figure 2.7. Structure of Melon dialdehyde 

 

Storage and processing leaves a mark on MDA level. The higher MDA level (6-18 

nmol/g FW) in response to increased number of processing steps (pre and post spinning and 

packaging) leads to the huge lipid peroxidation with respect to passing days. However, no 

significant difference was there in fresh cut and first step processed spinach leaves (Hodges 

and Forney, 2000). 

 Herbicides are reported to progressively increase the MDA level with inclined 

concentrations (Ekmekci and Terzioglu, 2005). The mechanism is to target the 

phospholipids, nucleic acid and free lying amino groups. As a result immune system is 

damaged because of structural modifications of these biomolecules. With enhanced lipid 

membrane oxidation, the polarity on surface of lipid becomes changed, diagnostic proteins 

become more and more produced, lipids remain less mobile, sulfhydryl groups are reduced in 

count and they are less resistant in response to thermal denaturation. This might possibly the 
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reason of initial wilting in the absence of necrotic lesions that is observed in vegetables 

undergone treatment of herbicide (paraquote). 

2.3. Macronutrients 

2.3.1. Nitrogen 

 Plants take in nitrogen in the form of nitrate (NO3
-) or ammonium ions (NH4

+). The 

uptake in these forms is dependent on genetic makeup, developmental and physiological 

prestige; in addition to soil inherited characteristics i.e. pH, structure, texture and water 

content (Lea and Morot-Gaudry, 2001; Loulakakis and Roubelakis-Angelakis, 2001). 

  Adequate supply of nitrogen is necessary for growth (vegetative plus reproductive) 

and process of photosynthesis. Decreased nitrogen availability in plants leads to reduced leaf 

production, individual and total leaf area (Toth et al., 2002) ultimately reducing rate of 

photosynthesis. About 75% nitrogen is present in chloroplasts where it is mostly utilized in 

biphosphate carboxylase (Cechin et al., 2004). However, enhanced nitrogen deposition 

occurs mainly through organic fertilization dangers the global carbon and nitrogen cycle in 

plants. Nitrogen becomes resistant to microbial degradation by reacting with phenolic 

compounds (Dijkstra et al., 2004). 

Nitrogen contents were found to be sharply increased in spinach samples on 

exogenous application of nitrogen source applied at varying rate. The observed increase was 

about 601.4-5353.3 ppm on FW basis when nitrogen source was applied at 200 kg per 

hectare (Ahmadi et al., 2010). Smilar results were reported from some earlier researchers 

(Briemer, 1982; Gulser, 2005). 

2.3.2. Phosphorus 

 Phosphorous is an important macronutrient regarding plant growth. Plant growth is 

inhibited by low availability of phosphorus in soil offering a leading check towards 

agricultural productivity (Lynch, 2001). Plants usually adopt some microbial assitance 

staretegies to fulfill the need of required amount of phosphorous for growth (Lambers et al., 

2008, 2010; Simpson et al., 2011).  

Leafy vegetables are blessed source of phosphorous (P) (Lakshmi and Vimala, 2000). 

Kwenin et al. (2011) reported phosphorous variations in some selected vegetables to be in 

the range of 74.00-81.90 mg/100g FW. In another study, the phosphorous contents variations 

were 0.18-8.57 mg/g FW (Iheanacho et al., 2009). 
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2.3.3. Potassium 

Potassium is one of the plant nutrients that are required in greater amounts in roots. 

Its fair distribution within the plant cell is essential. Potassium as divalent cation is 

abundantly present in plants. It constitutes about 10% dry matter of plant. Plant tissue 

concentrations of potassium can vary within a wide range. Potassium level less than 10 g/kg 

DW is responsible to cause deficiency symptoms in plants. As a result, starting chlorotic 

interveinal area later changes to necrosis and causes harm to terminal and lateral meristems 

(Epstein and Bloom, 2005). This leads to the failure of central metabolic phenomenon like 

photosynthesis, osmoregulation, protein biosynthesis, movements driven by turgor; and 

regulation of cell membrane potential. Potassium channels along with secondary transporters 

of potassium mediate transport of potassium across the membranes (Gierth and Maser, 2007). 

Potassium contents are reported to be varied with nature of vegetable and the growing 

environment. Some reported data is presented as: 125-604 mg/100g FW (Gupta et al., 2005); 

0.96-0.98 µg/g FW (Agbaire and Emoyan, 2012); 19.9-39.0 mg/100g DW (Ng et al., 2012). 

2.3.4. Sodium 

Sodium and potassium are appreciated as valuable intra and extra cellular cations, 

respectively. Contrary to potassium, sodium (Na) is required in comparatively low 

concentrations to plants. In some situations Na is even prefentially excluded from cytoplasm. 

Inward upake of Na is linked with dissolution of several solutes (Blumwald et al., 2000). 

Sodium is concerned with the maintenance of muscle and nerve contraction, plasma 

volume and acidic and basic balance (Akpanyung, 2005). Therefore consumption of too 

much sodium and potassium disfavors the health status. The output of Na/K ratio in the value 

of less than one in our body is of great concern to us in regulating blood pressure (Saikia and 

Deka, 2013). Sodium availability in low amount improves organoleptic properties in plant 

parts and stimulates the developmental processes. 

Conversely higher concentration inhibits plant growth resulting in reduced 

commercial yields. In the presence of any plant injury, the sodium barrier in roots cells is 

damaged and as a result leads to quicker movements into the cells than earlier (Berrichi et al., 

2010). Potassium is the only element that affects sodium concentration in soil. Plants 

preferentially absorb more sodium than potassium. Hence in eras of salt stress, plants must 

operate the selective machinery with high affinity uptake of potassium through regulatory 
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mechanisms. As sodium enters the cytoplasm, many enzymatic activities of the cell suffer 

(Britto and Kronzucker, 2008). Even in halophytes, higher sodium intake makes cytosolic 

enzymes (e.g. glycophytes) more sensitive. As a results cell starts expanding more 

specifically under hot temperatures via absorption of more and more cell moisture. Finally 

this results in rupturing of cell wall and programmed cell death (Ashraf and Harris, 2004).  

Asaolu et al. (2012) reported sodium contents in some selected vegetables as 15.01-

88.00 mg/100g. The observed range in some other studies was 0.42-0.52 mg/100g (Saidu and 

Jideobi, 2009) 46.8-379.9 ppm (Adotey et al., 2009), 2.0-60.0 mg/ 100g DW (Nasiruddin et 

al., 2012), 2.7-30.7 mg/ 100g (Saikia and Deka, 2013). 

2.4. Micronutrients 

Proper plant nutrition is an important factor for improving yield and quality of 

agricultural productions. Plants requirement for accessing certain micronutrients is variable. 

However, some elements like boron (B), copper (Cu), manganese (Mn), chloride (Cl), 

molybdenum (Mo), iron (Fe), zinc (Zn) and nickel (Ni) are generally known as essential 

ones. Appropriate amounts of all micronutrient are necessary for performing certain 

functions in the homeostasis of a particular metal i.e. mobilization, intracellular trafficking, 

uptake and subsequent distribution and storage within plant organs (Hansch and Mendel, 

2009). 

2.4.1. Iron  

Iron (Fe) is important from better nutritional quality and corresponding plant 

productivity (Briat et al., 2010). In order to meet iron deficiency in soil, plants have 

developed various strategies to increase iron uptake from soil (Hell and Stephan, 2003; 

Schmidt, 2003; Curie and Briat, 2003). Proton extrusion to facilitate iron solubility in soil as 

Fe(III), its reduction via membrane bound chelate reductase of Fe(III) and corresponding 

transport of resulting reduced form, Fe(II) into root cell by means of a transporter 

(Marschner, 1995). The second strategy involves release and consequent uptake of Fe (III) 

phytosiderophore (PS) complexes through a particular transport center (Grotz and Guerinot, 

2006). Being redox active metal, it is concerned with mitochomdrial respiration, 

photosynthesis, hormone biosynthesis (gibberellic acid, ethylene, jasmonic acid etc.), 

nitrogen assimilation, osmoprotection, pathogenic defense and formation and capturing ROS. 

Iron is concentrated in chloroplast (about 80%) where it is associated mainly with 
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photosynthesis (Walker and Connolly, 2008). In some proteins, iron acts as ligands (iron–

sulfur clusters (Fe–S) and heme containing proteins) (Hansch and Mendel, 2009). 

Leafy green vegetables like spinach, coriander and mint are rich source of iron. Gupta 

et al. (2005) studied iron variation in Trianthema portulacastrum (4.16 mg/100 g FW), 

Celosia argentea (13.15 mg/100 g FW), Polygala erioptera (4.76 mg/100 g FW), Boerhaavia 

diffusa (7.83 mg/100 g FW), Centella asiatica (14.86 mg/100 g FW), Coleus aromaticus 

(2.62 mg/100 g FW), Digera arvensis (17.72 mg/100 g FW), Cocculus hirsutus (9.86 mg/100 

g FW), Commelina benghalensis (7.11 mg/100 g FW), Amaranthus tricolor (15.01 mg/100 g 

FW), Gynandropsis pentaphylla (4.84 mg/100 g FW), Cucurbita maxima (4.38 mg/100 g 

FW). Gupta and Prakash (2011) studied iron content in fresh and dehydrated form of 

Amaranthus panicualtus (5.46 and 4.91 mg/100 g FW, respectively) and Peucedanum 

graveolens (3.63 and 4.37 mg/100 g FW, respectively) and observed a little variation 

regarding iron contents in them. In Africa, iron variation in some indigenous leafy green 

vegetables ranged 1.00 to 40.50 mg/100g FW. The observed drift perceived as Moringa 

oleifera (1.00 mg/100 g FW) < Xanthosoma sagittifolia (14.64 mg/100 g FW) < Talinum 

triangulare (28.21 mg/100 g FW) < Amaranth cruentus (40.50 mg/100 g FW) (Kwenin et 

al., 2011). During assessment of iron content variation in some local vegetables in Nigeria, 

the determinations were: Jatropha curcas (Hospital too far) (0.24 ppm), Myrianthus 

arboreus (Esage) (0.09 ppm), Celosia argentea (shoko) (0.45 ppm), Gnetum africanum 

(utazi) (0.61 ppm), Ocinum gratissimum (scent leaf) (0.53 ppm) etc. (Agbaire and Emoyan, 

2012). Some similar results were also studied in some vegetables in Pakistan like A. 

esculentus (6.24 ppm), S. melongena (12.54 ppm), C. moschata (8.00 ppm), A. sativum 

(17.00 ppm), M. charantia (24.02 ppm), P. oleracea (9.24 ppm). 

2.4.2. Zinc  

Presence of Zinc (Zn) as a micronutrient is indispensable for normal and healthy 

growth functioning in plants. The role is also of great concern regarding its metabolic activity 

in plants. This micronutrient have an important role on most enzymes structure such as: 

dehydrogenises, aldolase and isomerases. Also zinc is effective in energy production and 

Krebs cycle. Crop yields and quality are reduced if zinc is inadequate in soil. Zinc absorption 

capacity is reduced by high phosphorus utilization and zinc in plant and soil has an 
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antagonism state with phosphorus (negative interaction), therefore zinc utilization is essential 

to obtain high yield and quality in crops (Mousavi, 2011). 

The variations in zinc content among leafy vegetables varied with respect to nature of 

crop and region. Thakur et al. (2012) observed variations in zinc contents as 0.20-1.07 ppm. 

Saikia and Deka (2013) reported zinc contents in the range of 0.43-1.21 mg/100g. Nasiruddin 

et al. (2012) reported zinc variations in selected vegetables as 2.2-6.8 mg/100g DW.  

2.4.3. Calcium 

 Calcium is known to preserve the structural and functional integrity of cell 

membranes, stabilize structures of cell wall, maintain ion transportation and corresponding 

selectivity, and control enzyme activities of cell wall and regulate ion-exchange behavior. 

Calcium availability to perform such activities is severely reduced because of its 

displacement by other cations from membrane binding sites. Hence, to maintain a suitable 

stream of calcium in soil and its proper uptake to perform certain biochemical and 

physiological processes is essential (White and Broadley, 2003; Montanaro et al., 2007; Tuna 

et al., 2007). 

Variation in calcium concentration depends on the plant under examination and the 

environment in which it was grown. Thus according to Gupta and Prakash (2011), fresh 

Amaranthus panicualtus had less amount of Calcium in fresh form (221.9 mg/100g) than in 

dehydrated form (231.5 mg/100g). Conversely, fresh samples remained dominated in case of 

Peucedanum graveolens (73.2 versus 63.4 mg/100g). In another study, calcium contents in 

some leafy vegetables were reported as: canola (1.59 mg/100g DW), kale (1.54 mg/100g 

DW), collard (1.49 mg/100g DW) and cabbage (0.47 mg/100g DW) (Miller-Cebert et al., 

2009). However, it was observed that the amount of calcium was far higher in some wild 

edible vegetables. The values for calcium content in mg/100g DW were 11.9, 11.0, 3.9, 11.5, 

4.4 and 12.9 in Limnophila aromaticoides, Ceratopetris thalctaroides, Crassocephalum 

crepidioids, etlingera elatoir, Monochoria vaginalis and Brassica juncea respectively (Ng et 

al., 2012). In Nigeria, some local vegetable showed calcium contents in the range of 1.07 to 

4.82 ppm (Agbaire and Emoyan, 2012). In India, calcium assessment in some underutilized 

green vegetables ranged 16-63 mg/100g FW (Gupta et al., 2005); in Ghana, 73-740 mg/100 g 

FW was assessed (Sheela et al., 2004); 226.0 mg/100 g FW was determined in Chenopodium 

album in South Africa (Uusiku et al., 2010). A lot of other studies are there who reported 
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calcium concentration in leafy vegetables (Aletor et al., 2002; Ejoh et al., 2007; Odhav et al., 

2007; Schonfeldt and Pretorius, 2011). 

2.4.4. Magnesium 

Magnesium (Mg) is highly exceptional micronutrient in activating enzymes than any 

other micronutrient (Epstein and Bloom, 2005). Therefore, it is associated with various 

physiological and biochemical functions that contribute plants growth and developmental 

processes. These enzymes include ATPases, protein kinases, RNA polymerase and ribulose- 

1, 5-bisphosphate (RuBP) carboxylase (Shaul, 2002). The best role performed by Mg is its 

attribution in the center of chlorophyll molecule, hence regulates photosynthesis 

mechanisms. Mg deficient environment leads to interveinal leaf chlorosis. One reason for 

less Mg availability is its binding capacity (6-35%) in chloroplasts (Cakmak and Kirkby, 

2008). 

Magnesium distribution in plants is highly varied in plants under influence of 

geochemical and environmental variables and nature of plant. Most leafy green vegetables, 

peas, legume seeds, nuts and beans are gorgeous source of magnesium (Shils et al., 2006). 

While comparing magnesium content in kale (6.69 mg/100g) (Emebu and Anyika, 2011), it 

was found to be lower than that of Purslane (101 mg/100 g) but significantly larger than Oha, 

Nturukpa, Okazi, A. cruentus, T. triangulare, Celosia and G. latifolium (0.25 mg/100 g, 0.28 

mg/100 g, 0.21 mg/100 g, 2.53 mg/100 g, 2.22 mg/100 g, 1.41 mg/100 g and 1.32 mg/100 g, 

respectively (Chima and Igyor, 2007; Mensah et al., 2008). Mg variation remained as: Leaf 

parsley (50mg/100g FW), Celery leaves (66 mg/100g FW), Lettuce (6 mg/100g FW), 

cabbage (15 mg/100g FW) etc. (Caunii et al., 2010). During studying effect of three maturity 

stages on Mg content, it was seen to be increased while moving from first to second phase, 

however decreased on reaching to third stage (Khader and Rama, 2003). 

2.4.5. Copper 

Copper is required as an essential micronutrient to carry out normal metabolic events 

of plant (Sharma and Agrawal, 2005). Certain physiological processes are associated with it 

like electron transport chains and photosynthetic activity (Van Assche and Clijters, 1990). It 

also act as a cofactor and assists as member of prosthetic group in ATP synthesis (Horrison et 

al., 1999). Certain studies were carried out to check how copper affects physiology and 
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metabolic events in plants (Vinit-Dunand et al., 2002; Alaoui-Sosse et al., 2004; Chen et al., 

2004; Bernal et al., 2007; Posmyk et al., 2009; Thounaojam et al., 2012). 

The variations in copper contents were studied by a number of researchers and 

reported as 0.9-2.15 mg/ 100g DW (Nasiruddin et al., 2012), 1.0-10.0 mg/ 100g DW (Odhav 

et al., 2007), 0.14-0.90 ppm (Thakur et al., 2012). 

2.5. Agricultural practices for leafy green vegetables 

Agriculture represents the leading revenue in addition to generate employment sector 

in Pakistan’s economy. The aim is to ensure improved food safety, better livelihoods and 

secured income; to meet the mounting and expanded demands for safer food products; and 

finally to shield natural capital. Hence, agriculture shows the key contribution towards 

sustainable growth and attempts to modify its production percentage in the context of quickly 

shifting food economy and globalization (Kumbhar et al., 2012).  

Consideration of crop farming is observed through regular gathering of scientific 

knowledge. Slash and burn agriculture seems to be the most pre-historic farming system 

experienced in all human ages. Although it is currently banned in developed countries owing 

to concerns of climatic disasters like forest devastation, it is still implemented in some 

developing areas. This traditional practice shows that without any fertilizer inputs, good 

yields can be practiced in earlier 2-3 years of farming (Yadav et al., 2012). 

In eras of ever increasing population and the corresponding reduced cropping area 

and water supply, a quantum jump in food production is the most desired goal. Visionaries 

have enabled the man to appreciate the wonders of green revolution via outstanding organic 

practices, intensive land utilization and introducing high yielding crop varieties (Herder et 

al., 2010). Additional demands of food production are intended to be met through 

incorporated management strategies. The exploitation regarding valuable growth and ever-

increasing plant production is the most concerned research these days. Cost-effective 

strategies in collaboration to rapid non-destructive technologies are considered compulsory to 

evaluate changes in quality of vegetables. 

The word organic in “organic agriculture” refers to sort of farming practices that are 

often pronounced as sustainable, agro-ecological and ecological. It exploits natural nutrient 

cycling techniques; excludes or rare usage of synthetic pesticides; and regeneration and 

sustaining soil quality (Sarudi et al., 2003; Boulay, 2010). Crop rotation, cover crops, 



33 
 

compost, intercropping, manures, and pest control based biological strategies are met in this 

topic (Badgley et al. 2007). Instead of growing popularity of organic agriculture, there are 

contradictory views about its potential benefits, specifically whether organic approaches are 

really able to recover the source of revenue of smaller farmers. Likewise questions arise on 

labour, local economies, soil quality and risk. Modern farming systems rely on irrigation, 

tillage and application of fertilizers and pesticides. With the passage of time, farmers 

enhanced the implementation of chemical fertilizers and pesticides without receiving 

satisfactory output, with added risk on human health and environment (Aktar et al., 2009). 

Biological pest control is another talented area for research in agricultural 

biotechnology. The elevated use of chemical pesticides to control pests and diseases has not 

resulted only in high production expenses but also has severe implications for environment 

and national health. The chemical pesticides are highly unproductive as most of the sprayed 

chemicals are washed away from plant surface and end up in the soil. The chemical residues 

have previously started appearing in our food chain and feeds of livestock. In these state of 

affairs, it is particularly important that efforts must be made to substitute chemical pesticides 

with bio-pesticides, which are environmentally friendly and are more target specific as they 

do not destroy beneficial organisms and do not leave harmful residues (Choudhury and 

Kennedy, 2005; Savci, 2012). 

In Pakistan, soils are usually lacking in organic matter and necessary plant nutrients, 

because of high temperature and concentrated microbial activity. The application of organic 

fertilizer (farmyard manure and green manure) is restricted and that of chemical fertilizers is 

increasing. Due to this unstable use and faulty management practices, the fertilizer 

effectiveness is moderately low. It results not only in rising production expenditure but also 

in degradation of land and water resources. The development and use of bio-fertilizers in 

combination with organic and chemical fertilizer may perk up crop yields, reduce costs, and 

preserve land and water resources. Although applying nitrogenous fertilizers in soil tend to 

reduce the concerned salinity effects on plant physiology and metabolism, however, negative 

impacts were experienced in over dose (Shen et al., 1994). 

High pressure processing (HPP) is a novel, promising technology with prospective for 

optimizing intake of nutrient and non-nutrient phytochemicals in human foods. Preservation 

of organoleptic attributes and other characteristics of freshness, united with better ease and 
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comprehensive shelf life, could possibly raise the appeal of foods preserved by means of 

HPP to consumers. The traditional agriculture focussed simply on yield rise to meet up 

intensifying food needs of growing population, and put slight concerns to sustainable use of 

locally accessible and equally natural and human resources. This resulted in meager use of 

agro-chemical inputs, However, a broad productivity gap between the best possible and the 

farm practice; agricultural lands persistent to shrink, and farming system led to ecological 

deprivation for instance reduction of soil and soil fertility, decline in water availability and 

increase in diverse forms of pollution. Simultaneously such practice disturbs mutually 

environmental resources and native knowledge system exposing the agriculture system 

invalid. Realizing the facts, significance of organic farming is increasing, and the goal of 

agricultural development in many countries shifted from simple increased production and 

productivity to achieve sustainable and environment friendly production system (McInerney 

et al., 2007). 

Use of plant growth promoters is also one of the strategies to increase yield of 

vegetables. 

2.6. Plant Growth Promoters  

Lack of hormonal applications on vegetables cultivation has declined the quality and 

quantity of food production in agricultural systems. Application of plant growth promoters 

(PGPs) is reported to increase the yield per unit area at every stage of plant growth and 

development (Culver et al., 2012). PGPs are implemented since 1940 in both natural and 

synthetic formulations (Basra, 2000).  

Crop performance has been greatly enhanced through application of various sorts of 

PGPs in seed and foliar treatment. As a result, plants show improved growth and yield per 

unit area especially when grown in adverse climatic conditions including the biotic and 

abiotic stresses (Pill and Finch- Savage, 1998; Afzal et al., 2008; Bakht et al., 2011). They 

are intended to produce secondary metabolites also. 

Plants respond quickly to seed priming in all types of environment under wide range 

of temperature necessary for germination, as a result plants show high growth performance in 

stress conditions (Halmer, 2004). Seeds subjected to priming show comparatively high rate 

of emergence and germination. The seed cake produced as a result of oil extraction from 

seeds can be served as a fertilizer in agriculture. 
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PGPs are descent production tools fashioning agronomic and horticultural practices.  

These are the products that are employed to delicately operate multiple desired growth 

processes like flower initiation, elongation of vegetative shoot and fruit abscission etc. The 

value imparted by PGPs is multidimensional and quite significant. Recent trends in market 

incorporate growing demands regarding superior crop quality with simultaneous decrease in 

input cost. Such intensions are being considered to effectively help the growers to achieve 

this target. 

The processes regarding plant growth, differentiation and development are verily 

facilitated by plants bearing growth elements. These sort of organic compounds are effective 

in low dose rate, have impact on growth, cell differentiation and other developmental 

processes. PGPs not only regulate and coordinate growth, metabolic actions, morphogenesis, 

but also crucially biosynthesize a list of secondary metabolites. Hence PGPs are in fact 

environmental hormones that are continuously beautifying agricultural practices (Ibrahim et 

al., 2007). 

PGPs successfully affect the embryo rescue and make its efficiency improved in 

seedless grape varieties. In earlier studies, PGPs were implemented to the rescue medium and 

facilitate embryo formation as well as consecutive plant regeneration at a high rate 

(Emershad and Ramming, 1994; Ponce et al., 2002).  

 PGPs reflect a new and innovative generation of agro-based chemicals after 

herbicides, pesticides and fertilizers that promptly augment the source-sink relationship. 

They better translocate the process of photo-assimilation (Rafeekher et al. 2002). Application 

of PGPs leads to control the unwanted plant growth, enhances fruiting bodies besides 

cumulative revenues. Moreover, the variations acquired by crop plants by implementation of 

PGPs are also responsible to influence the plant insect associations (Giron et al., 2012). 

Although PGPs have pronounced influence regarding growth morphogenesis, their 

applications along with accrual evaluations must be accordingly scheduled concerning 

optimum doses, phases of application, seasons, specifications of species etc. A wide 

spectrum of PGPs is available and a simple increment of 10-15% can result in higher 

productivity of about 10-15 million tons. 

PGPs are diversified in their chemical composition. They might include other adenine 

derivatives like kinetin, N6-furfurylamino purine, indole compounds like indole-3-acetic acid 
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(IAA); terpenes like gibberellic acid, (GA3), or gases like ethylene (C2H4), carotenoids 

derivatives like abscisic acid (ABA) (Uddain et al., 2009). The PGPs are generally 

distributed into two main sets regarding their functionality in living plants. One set is 

concerned with growth stimulating actions, for example cell division, and enlargement, 

formation of pattern, growth in junction with flowering, fruiting, seed formation etc. The 

other group helps to respond in wound and stress (biotic/abiotic) origin. Moreover, they (for 

example abscisic acid) are linked with activities like growth inhibition (abscission and 

dormancy) (Werner et al., 2003; Sedaghati et al., 2012). 

 

 

2.6.1. Rhizobacteria as Plant Growth Promoters 

The implementation of plants growth promoting rhizobacteria (PGPR) presents an 

attractive option to replace pesticides, herbicides, chemical fertilizers and supplements. The 

most concern is to cause significant increase of root length, plant height and root and shoot 

dry biomass. PGPR verify assistance in controlling plant diseases. Sometimes inoculated 

seeds prior to planting establish PGPR on crop roots. PGPR behave as a part of such 

cohesive management schemes which deals with the use of low dose of agrochemicals and 

other bio-control agents. In such a system, vegetables which might be tolerant towards attack 

of nematodes are easily transplanted in the field (Das et al., 2013). Certain strains of PGPR 

which have beneficiary effect trigger some plant-mediated induced systemic resistance (ISR) 

response which proves highly effective verses a wide range of plant affecting pathogens. A 

new commercial approach is there to investigate application of fungi in combination to 

PGPR and fungi to enhance growth as well as survival seedlings via production of 

microbially mediated phytohormones (Akhtar et al., 2009). 

2.6.2. Earthworm Vermicompost 

Earthworm vermicompost as PGP has proved as a miracle growth promoter with 

significant growth promoting ability and as a natural fertilizer over the damaging chemical 

based fertilizer. It is an enriched source of useful soil microbes, macronutrients, 

micronutrients, enzymes, plant growth regulating hormones and useful humic substances. 

Due to the slow release of essential plants nutrients, vermicompost has an advantage over the 

conventional compost that supplies the necessary growth nutrients in a shorter time. 
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Haghighi (2011) conducted a greenhouse experiment to investigate how sludge 

application affects the growth ratio of three leafy green vegetables (celery, spinach and 

lettuce). Soil composition included one control and the other with 0.7 mg/kg dry weight of 

soil. According to results, celery showed a significant growth in comparison to lettuce and 

spinach. The sludge source has also greatly influenced the photosynthetic rate, nutrient 

supply, antioxidant potential and stress management rate in all three leafy green vegetables. 

2.6.3. Biofertlizers 

Biofertilizers incorporate living or latent efficient strains of phosphate solublising, 

nitrogen fixing or cellulytic microorganisms exogenously applied in soil, seeds, or 

composting regions. The intention is to raise the list of beneficial microorganisms and to 

accelerate the corresponding microbial events to facilitate the bioavailability and assimilation 

of nutrients by plants. Biofertilizers assure the increased productivity of small and marginal 

farming areas. Biofertilizers being highly cost effective and renewable nutrient resource 

complement the need of chemical fertilizers (Muhammad et al., 2008; Naseri and 

Sharafzadeh, 2013). Microorganisms (bacteria, fungi, blue green algae etc.) on addition to 

soil develop synergic association with rhizophores (Vessey, 2003; Khavazi et al., 2005; 

Boraste et al., 2009). 

The biofertilizer (plant and animal manure containing mycorrhizae and plant growth 

promoting rhizobacteria) could act as an effective substitute to the artificially synthesized 

fertilizer in improving the crop yield per unit area. Moreover, it was also found that 

biofertilizers require comparatively low nutrients and also release these nutrients in a quite 

deliberate fashion. 

Biofertilizers facilitate the renewal of soil fertility through plentiful supply of 

beneficial microorganisms and play a key role in the enhancement of phenolic contents and 

antioxidant potential of plants. In one pot experiment as described by Hannan et al. (2011) 

soybean plants were grown under inorganic treatment (containing Hoagland solution) and 

bioorganic media alone and in combination with bioorganic. 50% farmyard manure in 

combination with multi-bioorganic has resulted in significant increase in the phenolic 

components (68% in quercetin and 40% in genistein) in comparison to inorganic treatment 

and 90% and 47% in comparison to 50% farmyard manure in alone, respectively. The highest 

antioxidant activity was exhibited by soybean seeds treated with bioorganic mixed 50% and 
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75% farmyard manure and 25% and 60% in comparison to other compost in alone and 

inorganic medium. Similar results were achieved by Javahery and Rokhzadi (2011); 

Chamangasht et al. (2012); Ghaderi-Daneshmand et al. (2012); Isfahani and Besharati 

(2012), Naderifar and Daneshian (2012) and Selvakumar et al. (2012). 

Among various mechanisms that are boosted up through biofertilizer application, 

production of plant secondary metabolites like polyphenols, cyanide, antibiotics and other 

hormone like substances is also appreciated. They antagonize phosphate solubilization by 

lowering pH and soil borne root pathogenesis (Sharafzadeh, 2012; Naseri and Sharafzadeh, 

2013). 

 

2.6.4. Calliterpenone 

Calliterpenone, a product isolated from the leaf samples of Callicarpa macrophylla 

Vahl. (Verbenaceae) proved more promising plant growth regulator than giberellic acid. The 

study was conducted by Haider et al. (2009) on mint (Mentha arvensis). Calliterpenone 

resulted in quick sprouting, enhanced plant growth rate, more number of branches and yield 

per unit area. Sowing of 72 hours pre-treated suckers of M. arvensis treated with 0.1 mM 

solution of calliterpenone took lesser time for initiation of sprouting and produced 75% and 

133% more numbers of sprouts which attended 37% and 77% more growth in height as 

compared to GA3 and control, respectively. Calliterpenone produced 12-25% more number of 

leaves per sprout as compared to control, however; the maximum numbers of leaves were 

recorded in 1µM GA3 treated suckers. Maximum size of the leaves were found in 1µM 

calliterpenone treated suckers having 42% and 54% more leaf area as compared to GA3 and 

control, respectively. At 100 days of plant growth only foliar application of either GA3 or 

calliterpenone at 15 days interval enhanced height and herb yield per plant as compared to 

control but both soaking of suckers and spraying of sprouts with 1µM calliterpenone 100% 

and 50% more herb yield than control and GA3, respectively. Oil content varied from 0.8-

1.1% in various treatments with 77.1% and 85.5% methanol content as compared to 0.8% 

and 77.3% in control. Maximum methanol contents (85.5%) were recorded in 100µM 

calliterpenone soaking and spray treatment. Although spray of 100µM solution of GA3 at 15 

days interval gave 5% more herb yield that produced by 1µM calliterpenone pre-soaking of 

suckers and foliar spray treatments, the later treatments gave better results as far as oil 
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content and methanol content in the oil are concerned, hence proving that this treatment is 

beneficial for M. arvensis  cultivation. 

2.6.5. Gibberellic acid 

 Gibberellic acids (GA3) are included in a group of natural plant growth hormones, 

first extracted from Fusarium fungas, intended to affect seed germination, plant growth and 

maturation in leaves and stem. They preferably enhance cell division and cell elongation. 

They also increase SOD and CAT activity before protrusion of radicle and lowers ascorbate 

and dehydroascorbate concentrations (Ducic et al., 2003/4). 
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Figure 2.8. Structure of Gibberellic acid 

Gibberellic acid is an important plant growth hormone and is reported to control plant 

vegetative growth by promoting seed germination through production of specific enzymes, 

internodal elongation and fruit maturation. GA3 are reported to exhibit a pivotal part to 

detoxify heavy metals and to tolerate against salt stress via refining not only plant growth and 

chlorophyll synthesis but also averting lipid peroxidation (Saeidi-Sar et al., 2007; Maggio et 

al., 2010). The effect of exogenous foliar application of gibberellic acid-GA3 (100 μM), 

prohexadione-calcium (100 mg L-1), cycocel (100 mg L-1) and ethephon (100 mg L-1) on 

paper mint was reported to determine pre and post-harvest physiology and quality responses 

of green pepper (Capsicum annuum L.) (Ouzounidou et al., 2010). Vegetative growth and 

flowering characteristics were better shown by 100 μM while Chlorophyll a and b levels in 

leaves were greatly reduced by the inhibitor GA3, prohexadione-calcium, cycocel and 

ethephon application. However, the maximum quantum yield of primary photochemistry 

(Fv/Fm) and the ratio Fv/Fo was slightly increased under GA3. The aforementioned parameters 

were significantly reduced under cycocel, ethephon and prohexadione-calcium. CO2 

production pattern was negatively related with chlorophyll fluorescence (Fv/Fo) yield and 

ascorbic acid content. The Brix content and the “maturity index” were depressed after 

prohexadione-calcium, cycocel and ethephon application. 
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Gibberellins (especially GA3) are the most important group of compounds among the 

known plant growth promoters for enhancing the productivity of commercial crops. 

Gibberellic acid increased the vegetative growth and pigment concentration in maize 

however, foliar application of GA3 improved the chlorophyll levels in salinity stressed maize 

plants (Bose et al., 2013). It was apparent that treating plants with GA3 and CA increased 

height of the plant over the control, which might be attributed to the growth promoting effect 

of GA3 and CA in stimulating and accelerating cell division, increasing cell elongation and 

enlargement which in turn increased the dry weight of the plants. The treatments of GA3 and 

CA enhanced the stolon production much more significantly, thus enhancing the utility of 

calliterpenone treatment in increasing productivity. 

It activates many pathways and processes, depending on the plant organ and 

developmental stage (Thomas et al., 2005). It has recently been found to be useful in 

reducing flower density, which consequently reduces crop load and increases fruit size in 

peaches and nectarine (Stern and Ben-Arie, 2008). In another study, Sharafzadeh and 

Ordookhani (2011) observed that the production of plants secondary metabolites is greatly 

influenced by both genotype and continuously varying conditions of the environment.  

2.6.6. Humic acid 

Humic substances (HS) constitute the chief assembly in soil’s organic matter. 

Because of great concern with provision of great benefits for plant growth, the subject is 

widely studied for various fields of agriculture including soil chemistry, soil fertility, 

environmental sciences, plant physiology etc. (Nardi et al., 2002). 

 Important benefits regarding higher crop yield is associated to humic acid (HA). It 

directly and indirectly influences plant growth. The indirect effects of humic compounds are 

linked with improved biological, physical and chemical conditions of the soil. It helps in the 

breakdown of both clay and compacted soil and thus contributes towards transfer of 

micronutrients direct from soil to plant. Furthermore, it boosts rate of seed germination, 

increases water retention, augments nutrient absorption, penetration and plant growth and 

stimulates the development of microflora populations (Varanini and Pinton, 2001; Mora et 

al., 2010; Yunus et al., 2013). The direct effects on plant growth is to increase the cell 

chlorophyll content, the acceleration of the respiration process, hormonal growth responses, 

increasing substances penetration to plant membranes, accelerate fertilizer efficiency, reduce 
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soil compactness, affect the dry matter production and the uptake of nutrients by plants. Also, 

humic acid has positive effects on the promotion of root and shoot development. It increases 

the root/shoot ratio as well as the production of thin lateral roots of some plants (Tattini et 

al., 1990, 1991). The reason for stimulatory effects shown by HS is correlated with 

maintaining effective concentrations of Zn and Fe (Clapp et al., 2001).  

To perform metabolic functionalities, certain humic fractions affect enzymatic 

activities of glycolysis and kreb cycle in varying manners, depending on concentrations, sizes 

and other related chracteristics of molecules (Nardi et al., 2007).  

Some data has also been published regarding the way how HS affect photosynthetic 

process (Sladky, 1959 a, b). Ferretti et al. (1991) evidenced the relationship between HS and 

the photosynthetic sulphate reduction pathway, and a positive effect of HS was detected on 

the basic photosynthetic metabolism in maize leaves (Merlo et al., 1991).  
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Figure 2.9. Structure of Humic acid 

The implementation of humic substances is encouraged to be adopted by agronomists 

for field crop application. The concern regarding ecological and environmental issues verses 

utilization of such humic sources result in damaging ecosystem around globe. The increased 

practice of humic substances (HS) in the market has diverted farmer’s attention towards 
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compost utilization as a better and cheaper source to extract HS other than affluent fossil 

matrices (e.g. leonardite) (Valdrighi et al., 1996).  

Plant growth is reported to be positively affected by humic acids. In a research work 

conducted by Atiyeh et al. (2002), humic acid was obtained from two sources i.e. pig manure 

alone (1st) and in combination with food wastes (2nd). From these sources (1st and 2nd), a list 

of concentrations (0 ppm, 50 ppm, 100 ppm, 150 ppm, 200 ppm, 250 ppm, 500 ppm, 1000 

ppm, 2000 ppm, 4000 ppm etc.) was made to grow tomato and cucumber seedlings 

respectively. The significant increase in all growth parameters (leaf area, plant height, root 

and shoot dry weight) was incorporated in both media. Increased growth pattern was 

observed from 50-500 ppm and corresponding decrease later on. 

Cecilia et al. (2011) evaluated the positive interaction of humic substances on the soil 

and yield of thyme (Thymus vulgaris L.) and also investigated its nutritional composition. 

The seeds of thyme (Thymus vulgaris L.) were treated with varied concentrations of humic 

substances (100-400 mg/L) at different moisture levels (20%, 40% and 60% of field 

capacity). Fresh or dry weights and plant heights were measured at peak maturity stage 

alongwith antioxidant activity, total phenolic and flavonoids, essential oil and nutritional 

composition.  The antioxidant activity, total phenolic and flavonoid contents, essential oil 

yield and oil composition were found to be maximum at the peak levels of humic substances 

and substrate moisture. 

2.6.7. Salicyclic acid 

Salicylic acid (SA) is a phenolic nature endogenous PGP. It intends to regulate a 

number of physiological activities in plants. It provides natural indication in thermo 

tolerance, helps to induce flowering in plants, regulate stomatal conductivity and ion uptake 

through roots, facilitates signal transduction during gene expression (Morris et al., 2000), 

control gravitropism (Medvedev and Markova, 1991), inhibit immature fruit ripening 

(Srivastava and Dwivedi, 2000). 
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Figure 2.10. Structure of Salicyclic acid 
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Since last three decades, it is being obliged to prompt systemic acquired resistance 

(SAR) against different pathogens in plants, specifically in pathogenesis related proteins (PR) 

(Metraux, 2001). It is also effective in stress environment (Senaratna et al., 2000; Bezrukova 

et al., 2001; Sakhabutdinova et al., 2003). 

During evaluation of effects shown by SA in Marfona potato cultivar (Solanum 

tuberosum L.) grown in green house, the sterilized soil in the pots was infected by 21B1 

strain of Rizoctonia Solani (fungi) for about two weeks prior to transplant the potato. SA was 

applied at varying rates 0 mM (control), 0.1 mM, 0.2 mM, 0.5 mM, 1.0 mM, 2.0 mM and 4.0 

mM every week. The infection symptoms were reduced to 73% by 0.2 mM SA. Except 0.5 

mM all higher concentrations were effective in curing infection symptoms and preventing 

tuber losses (Hadi and Balali, 2010). Similar results were studied by Munne-Bosch and 

Penuelas (2003). SA is reported to diminish metal stress and the corresponding inhibitory 

effects on plant growth (Choudhury and Panda, 2004). 

2.6.8. Absisic acid 

Abscisic acid (ABA) is known to show messenger action in response to any form of 

stress perception. ABA is concerned with various physiological processes like gene 

expression and ion mobilization, transpiration, seed germination and development, inhibit 

lateral root development, embryo maturation, photosynthesis, floral  transition, stomatal 

opening etc. (Swiatek et al., 2002; Pospisilova et al., 2005;  Kavina et al., 2011; 

Nivedithadevi et al., 2012). 
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Figure 2.11. Structure of Absisic acid 

 

2.6.9. Indole acetic acid 

 A naturally occurring PGP Indole acetic acid (IAA) has strongly been investigated for 

its regulatory effects on plants. It facilitates various plant growth processes even present in its 

picomolar concentrations like cell division, differentiation, enlargement, leaf senescence and 

its abscission. The metabolic control for IAA activity occurs through two dissimilar 
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pathways: decarboxylation and non-decarboxylation (Folkes and Wardman, 2001). 

Exogenous application of IAA is reported to conceal the toxic effect of heavy metals 

(Gangwar and Singh, 2011). 
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Figure 2.12. Structure of Indole acetic acid 

 

2.6.10. Moringa oleifera Leaf Extract 

Moringa oleifera Lam. (Moringaceae) is the most widely distributed, versatile 

cultivated and exploited plant of single genus family Moringaceae having 14 species 

(Josephine et al., 2010; Anwar et al., 2006).  It is intrinsic to sub-Himalayan zones of India, 

Sri Lanka, Bangladesh, and now extensively circulated around the sphere i.e. in Pakistan, 

Afghanistan, Mexico, Indonesia, Malaysia, Philippines, Arabia, Africa, Central and South 

America, the Pacific and Caribbean Islands (Iqbal and Bhanger, 2006). 

M. oleifera adopted numerous designations while passing through different zones of 

the world. This plant is mentioned as drumstick tree, horseradish (due to the resemblance of 

its pods with drumstick), benzolin tree, ben oil tree, Mother’s best friend, sohanjna 

(Pakistan), sajna, saijhan,morango (in sapnish) marango, Ma-room (Thiland), monger, 

mlonge, malangay, kelor, nebeday (Bellostas et al., 2010; Jongrungruangchok et al., 2010). 

It has been proved a secure food source in days of adverse drawbacks in agriculture. 

The phytochemicals present in it are a great precursor of bioactive components loaded in 

antibiotic, anticancer and antioxidant potential (Bellostas et al., 2010). 

The leaves are accorded with medicinal supplements at each maturity stage. They 

also induce mechanisms that may kill cancer cells and inhibit tumor invasion (Williams et 

al., 2004). The juice extracted from leaves serves to act as foliar nutrient, reported to act as 

potent biopesticide. As a plant growth promoter, MLE is being utilized as green manure and 

reported to enhance plant yield (30%) because of presence of required zeatin and humic 

substances composition. The extracted juice from leaves acted as suitable foliar supplement 

by performing bio-pesticide like activity. Furthermore, kaempherol and quercetin availability 
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in leaf extracts of Moringa along with higher antioxidant contribution pays attention for its 

implementation as suitable PGPs (Chumark et al., 2008; Singh et al., 2009). 

2.6.11. Cytokinins 

Cytokinins represent an assembly of plants bearing hormones which are concerned 

with various physiological activities. They are extensively reported to be employed as 

exogenous plant promoters and resultantly elevate the endogenous levels of plants own 

cytokinins. At organism level, cytokinins are considered to be involved in all the life relating 

biological processes (Brault and Maldiney, 1999). The increased endogenous levels are 

perceived to be involved in certain diverse actions including cell division facilitation, cell 

differentiation proceeding, easing of apical dominance, shoot development scheduling, 

reserved behaviour towards leaf senescence, assist in the formation of apical meristem in 

shoot and also help to show its activity, pronounce floral development, help to break the bud 

dormancy, make seed germination quicker, nutrient mobilization and control the expression 

of genes to show photosynthesis (Boonman et al., 2007). Cytokinins also attribute in light 

regulated multi-developmental processes like they enhance metabolism of autotrophs, leaf 

expansion, chloroplast differentiation, cotyledon expansion. At cell level, they are also 

reported to stimulate the synthesis of certain plants secondary metabolites including the 

indolic alkaloids (Merillon et al., 1991) and betacyanins (Biddington and Thomas, 1973). 
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Zeatin 

Figure 2.13. Structures of some important Cytokinins 

The cytokinins in plants cells were discovered accidently when scientists were busy 

in search of some stimulating factors that can facilitate the process of cytokinesis (cell 

division). Cytokinins occur naturally in plants as N6-substituted derivatives of adenines, 

present in the form of free bases, glucosides, nucleosides and ribosides. They are reported to 

be in fresh plant mass at the level of nano to pico moles. 

Cytokinins molecules also possess signalling action that helps to regulate the process 

of cytokinesis in addition to growth and development in plant cells. In plants, cytokinins and 

auxins (Aloni et al., 2003; Ljung et al., 2005) are known to be part of both root and shoot 

cells (Miyawaki et al., 2004; Nordstrom et al., 2004; Aloni et al., 2005; Tanaka et al., 2005).  

Cytokinins are produced in plant bodies near the site where they have to exhibit 

regulatory mechanism during development under the influence of environmental aspects. 

Cytokinins are produced in root tips and young shoots (Aloni et al., 2003, 2004, 2005) from 

where they undergo different pathways and mechanism (Aloni et al., 2004, 2005) involved in 

cell development and structure differentiation. 
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   CHAPTER 3 

MATERIALS AND METHODS 

 

3.1. Collection and Sowing of seeds 

The purchase of Spinach and coriander seeds and mint roots was made assured from 

the vegetable section of Ayub Agriculture Research Institute (AARI), Faisalabad, Pakistan. 

The sowing assignment was performed in the vicinity provision under directorate farms 

located in the University of Agriculture, Faisalabad. 

3.2. Chemicals and Reagents 

The collection of Gallic acid and Folin-Ciocalteu reagent was furnished from Sigma 

Chemical, St. Louis, MO, USA. The procurement of the remaining chemicals, as well as 

reagents was done from Merck (Darmstadt, Germany). The description is given below: 

1. Acetone 

2. Aluminium chloride 

3. Ammonium sulphates 

4. Boric acid 

5. Bovine serum albumin (BSA) 

6. DPPH (2,2-Diphenyl-1-picryhydrzyl radical) 

7. Digestion mixture i.e. CuSO4: K2SO4: FeSO4 

8. Ethanol 

9. Ferric chloride 

10. Folin-Ciocalteu reagent 

11. Gallic acid 

12. Glacial acetic acid 

13. Hydrochloric acid 

14. Methanol  

15. Ninhydrin 

16. Orthophosphoric acid 

17. Potassium ferricyanide 
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18. Potassium phosphate buffer 

19. Proline 

20. Sodium carbonate 

21. Sodium hexametaphosphate  

22. Sodium hydroxide 

23. Sodium nitrite 

24. Sulfo-salicylic acid 

25. Sulphuric acid 

26. Thiobarbituric acid 

27. Toluene 

28. Trichloro acetic acid 

3.3. Description of the analytical instruments used throughout the work 

1. Analytical balance (AUY 220, Shimadzu, Japan) 

2. Atomic Absorption Spectrophotometer (Model Thermo Electron S-Series) 

3. Centrifuge Machine (Sigma Model 3K30, Germany) 

4. Electric water bath (Memmert, Germany) 

5. Grinder (WMS, 9270 ASTEX N Germany) 

6. HPLC (LC-10A, Shimadzu, Japan) 

7. Incubator (Memmert, Germany) 

8. Magnetic stirrer with hot plate (Sigma-Aldrich) 

9. Microkjeldhal (Memmert, Germany) 

10. Microwave oven (Dawlance model C.R.S Concave Reflux System, Japan)  

11. Muffle furnace (Controller BC-170, Nabertherm) 

12. Orbital shaker (Gallenkamp, UK) 

13. pH meter (WTW Inolap multi, 720, Germany) 

14. Refrigerated centrifuge (CHM-17; Kokusan Denki, Tokyo, Japan) 

15. Rotary Vacuum Evaporator (EYELA, N. N. Series equipped with Aspirator and a 

Digital Water Bath SB-651, Japan) 

16. UV/VIS Spectrophotometer (Hitachi, U-2001, model 121-0032 spectrometer Japan) 

17. Vortex (Heitolph, Reah Top D-91 Schwatach) 
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3.4. A- Experiment I 

Optimizing natural and synthetic Plant Growth Promoters for growth and antioxidant 

activity of different leafy vegetables grown in pots (“4.5-7.5”): 

Factor A: Crops 

1- Spinach 

2- Coriander 

3- Mint  

Factor B: 

1- Without soil application of urea (Experiment A) 

2- Soil applied urea (Experiment B) 

Factor C: 

 T0 = Control  No Exogenous application  

 T1 = Water  Exogenous application 160 L/ hectare 

 T2 = Biofertilizer Seed application  simple soaking in slurry for                       

                                                 (slurry)                                   ½ hrs and drying 

 T3 = Humic Acid Seed treatment   6 hrs, 9hrs and 12 hrs dipping with 

                                                50 mg/L                                  seed and solution ratio1g:5 mL, respectively        

 T4 = Moringa Leaf Foliar application  Fresh, 1 month old, 2 month old 

                     Extract (MLE)   1:30 times diluted with water               

 T5 = Humic Acid Foliar application  10 %, 25 %, 30 % 

 T6 = Cytokinins Foliar application  25 ppm, 50 ppm, 75 ppm  

 

 Seed treatment/ Fertilizers were mixed in soil/ applied before sowing; Foliar 

application was applied after every 15 days starting 25-30 DAE @ 160 L/ hectare. 

3.5. B-Experiment II 

Field appraisal of natural and synthetic Plant Growth Promoters for growth and 

antioxidant activity of different leafy vegetables: 

Factor A: Crops 

1- Spinach 

2- Coriander 
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3- Mint  

Factor B: 

3- Without soil application of urea (Experiment A) 

4- Soil applied urea (Experiment B) 

Factor C: 

 T0 = Control   No Exogenous application 

 T1 = Water      Exogenous application  160 L/ hectare 

 T2 = Seed treatments   (Both Humic acid and Biofertilizer)  

 T3 = Moringa Leaf        Foliar application         One source from Exp. I 

                     Extract (MLE)          1:30 times diluted with water               

 T4 = Humic Acid        Foliar application         One concentration from Exp. I 

 T5 = 6-benzyl aminopurine Foliar application         One concentration from Exp. I 

 T6 = Mixture   Foliar application         Mixture of T3 T4 T5 

 Seed treatment/ Fertilizers will be applied at recommended rate in two split doses 

i.e. before sowing and after 25-30 DAE; Foliar application was applied after every 

15 days starting 25-30 DAE @ 160 L/ hectare. 

3.6. Soil Analysis 

 A group of soil analyses were performed following AOAC (1990). 

3.6.1. pH of saturated soil paste (pHs) 

For this, about 300 g soil was saturated with distilled water, wet soil mass was 

allowed to stand overnight and pHs was recorded by Jenco Model 671P pH meter. 

3.6.2. Electrical conductivity of saturation soil extract (ECe) 

Suction pump was used to obtain extract from the saturated soil paste. Electrical 

conductivity of the saturation extract was determined with the help of TOA, CM-40V   

conductivity meter. Sodium hexametaphosphate (0.1 % solution) was added as 1 drop per 25 

mL of the extract to prevent any precipitation of salts during storage of extract. 

3.6.3. Total soluble salts (TSS) 

The ECe was converted into TSS (mmolc L-1) following the graph (U.S. Salinity Lab 

Staff, 1954).  

3.6.4. Sodium adsorption ratio (SAR) 
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Sodium adsorption ratio was determined by the formula: 

   
                Na 
 SAR =                            
       [(Ca + Mg) / 2]1/2 

  

Where the concentration of soluble cations are in mmolc L- 

3.7. Growth parameters Determination 

A list of growth parameters including number of leaves, leaf area, stem height, stem 

diameter, leaf weight and leaf color was assessed following reported procedure of Munir and 

Basra (2010). 

3.8. Biochemical parameters 

3.8.1. Proline content 

Proline concentration was calculated using proposed protocol of Bates et al. (1973). 

Freshly chopped leaves (0.5 g of each sample) were first extracted by sulfo-salicylic acid 

(10mL, 3%) and later on filtered through filter paper (Whatman No.1). Then filterate (2mL) 

was inter-mixed with acidic ninhydrin (2mL, 1.25 g ninhydrine in 30 mL glacial acetic acid) 

and orthophosphoric acid (20 mL, 6M) followed by glacial acetic acid (2mL) in a test tube. 

Incubation of the mixture was performed at 100ºC for at least 60 min. After cooling the 

mixture, toluene (4mL) was added and was vortexed. Absorbance was taken at 520 nm using 

spectrophotometer (IRMECO U2020). The proline concentration was finally estimated by 

incorporating standard curve. 

3.8.2. Malondialdehyde (MDA) content 

In order to determine the lipid peroxidation limit in leafy samples, the famous assay 

based on thio-barbituric acid was used (Carmak and Horst, 1991). Homogenization of freshly 

chopped leaves (0.5 g) was brought about by Trichloroacetic acid (TCA) (w/v, 5 mL, 1.0%). 

The obtained homogenate was then undergone centrifugation at 980 ×g for duration of about 

12-15 min with the help of a Sigma Model 3K30 (Germany) centrifuge. The supernatant (500 

μL) brought into reaction with TBA ([Mol. wt. 144.5, Sigma-Aldrich Chemie GmbH, 

Steinheim, Germany] in 20% TCA. Further steps included placement of sample first in hot 
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water bath (100ºC) for 60 min, then into cooling chamber; and finally to centrifugation 

(10,000 ×g) for 10 min in order to clear the whole solution. The filtrate’s OD was measured 

at two wavelengths (532 nm and 600 nm). The level of TBARS was calculated using the 

absorption co-efficient, 155 mmol cm-1. 

MDA = Δ (OD532-OD600)/1.56×105 

3.8.3. Total soluble proteins - Bradford Assay 

Freshly cut leaf materials (0.5 g each) were homogenized with potassium phosphate 

buffer (10 mL of 50 mM, pH 7.8) [K2HPO4 (Mol. wt. 174.18) + KH2PO4 (Mol. wt. 136.09), 

Merck, Germany] placed in an ice cold bath. All the aliquots were centrifuged at 980 ×g for 

about 15-20 min at 4ºC. The collected supernatants were placed in individual centrifuge tubes 

to be preceded for analysis of total soluble protein. Protein contents in each extract were 

measured using reported method of Bradford (1976). Dye stock solution in equal volume was 

incorporated separately in centrifuged samples, mixtures were then vortexed and subjected to 

incubation at normal room temperature for about 25-30 min. Absorbance was documented at 

595 nm. Bovine serum albumin (BSA) served the standard. 

3.8.4. Chlorophyll (Chl) and carotenoid contents  

Determination of chlorophyll (Chl) pigments including (Chl a and b) was done 

following procedure of Nagata and Yamashita (1992) with slight modification. For this, fresh 

leaves were harvested, chopped and remained in dark in acetone solution (80%). Extracted 

material was then centrifuged and then optical density was recorded at the wavelengths, 480, 

645 and 663 nm in spectrophotometer (Hitachi, U-2001, model 121-0032 spectrophotometer 

Japan). 

3.9. Proximate Analysis 

Moisture (%), crude fiber (%), crude protein (%) and ash contents (%) were 

investigated by implementing standard protocols (AOAC, 1990). 

3.9.1. Moisture contents: 

Moisture contents were evaluated by implementing oven drying method. Each sample 

(1 g) was accurately taken in Petri dish and weighed. The partially covered petri dish was 

placed in oven at 60ºC for 6-12 hours till constant weight. Then the petri dish was placed in 

desiccator for 30 minutes to cool. The sample was reweighed after cooling. The percent 

moisture was calculated as: 
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%	Moisture
Initial	weight Final	weight

Weight	of	sample
	X	100 

3.9.2. Ash Contents 

 Ash contents were determined by ISO (International Standard Organization, 1981) 

method. Cleaned empty crucibles were placed in a muffle furnace at 660ºC for an hour, 

cooled in desiccators and then weight of empty crucible was noted (W1). About 1 g of each 

sample was placed in crucibles (W2). The samples were carried over the burner with the help 

of blow pipe. The crucibles were then placed in a muffle furnace at 550°C for 6-8 hours. 

After the complete ignition the furnace was turned off. The crucibles were cooled and 

weighed (W3). 

%	Ash
W3 W2

Weight	of	sample
	X	100 

Then calculated the crude protein percentage by the given formula 

Crude protein Percentage = N Percentage × 6.25 

3.9.3. Crude Protein Contents 

Crude protein contents were determined following reported procedure of AOAC 

(1990). Nitrogen contents of each variety were assessed using Kjeldahl’s method as 

described in AOAC (1995) and later on multiplied by 6.25 (concersion factor) to perform 

protein estimation. Digestion mixture (copper sulphate, ferric sulphate and potassium, 

1:9:90) was added to all samples. Later on, concentrated H2SO4 (10 mL) was added in it. 

Anti-bombs on water baths were used to perform digestion for about an hour till the 

clearance of solution. Further, dilution was performed with distilled water up to 50 mL. Into 

specific volume of above solution (10 mL), NaOH (40%, 10mL) and distilled water (10mL) 

were added and transferred to distillation chamber. Boric acid (10 mL, 2%) and methyl red 

(few drops) as indicator were added to receive ammonia at receiver end. Ammonium 

hydroxide was formed on combination of ammonia with water. Ammonia gas was later on 

absorbed in the form of Amborate. Distilate was then titrated with H2SO4 (0.1 N). The 

volume of acid used when the color was changed to pink during neutralization. Calculations 

were performed using the following formula.  



54 
 

%	N
Vol	of	0.1N	NHSO4	used	X	Vol	of	Dilution	X	0.0014
Weight	of	sample	X	Vol	of	diluted	solution	used

	X	100 

 

3.9.4. Crude Fiber Contents 

The weighed sample was first digested with acid and then with alkali. For acid 

digestion, each fat free sample (1 g) was boiled with H2SO4 solution (250 mL, 0.1275 N) on 

steam bath (90-95ºC) for about 2 h. After that it was filtered through linen cloth and then the 

obtained filtrate was washed with hot distilled water until it became acid free. Next, the 

residue was transferred to another beaker for alkali digestion. 

For alkali digestion, NaOH solution (250 mL, 0.313N) was added to the filtrate and 

again digested on steam bath for the next 2 h. It was also filtered through linen cloth and then 

washed thoroughly with hot water (50mL) till the removal of alkali. Crucible was then dried 

in an oven (70ºC), made cool in desiccator and weighed (W1). The residue was then ignited in 

furnace at 600ºC till the apperanace of grayish white ash. After cooling from desiccator, it 

was again weighed (W2). Percent crude fiber was calculated as: 

                	

%	Crude	Fiber
Loss	in	weight	on	ignition	X	100

Weight	of	sample
 

3.10. Mineral Contents  

The plant samples were analyzed for determination of mineral profile following the 

procedure of AOAC (1990). All the dried plant samples (1 g each) were added in conical 

flask, remained overnight after addition of concentrated HNO3 (5 mL) and HClO4 (5mL). 

Next day, again concentrated HNO3 (5 mL) was added in it. The conical flasks were 

subjected to digestion on hot-plate till the clearance of material. After digestion, the material 

was cooled and the volume was diluted with distilled water upto 50 mL. The digested 

material was filtered through Whatman filter paper (No. 42) and stored in air tight bottles. 

Minerals were assessed later on with atomic absorption spectrophotometer (Model Thermo 

Electron S-Series). 
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3.11. Antioxidant analysis 

3.11.1. Sample Preparation 

Dried leaves of all samples (10 g each) were chopped and subjected to extraction with 

aqueous methanol (80% v/v) in the orbital shaker (Gallenkamp, UK) till 8-9 hours at room 

temperature. Further, filtration of extracts was accomplished using filter paper (Whattman 

No. 1); after it they were concentrated in the rotary evaporator in reduced pressure at 40-

45ºC. Concentrated viscous extracts were kept at -4ºC till analyzed (Sultana et al., 2007). 

3.11.2. Total phenolics content (TPC) 

 Chaovanalikit and Wrolstad (2004) procedure was adopted to determine TPC. 

Concisely, 0.5 mL of Folin-Ciocalteu reagent was added individually in 50 mg of each 

methanolic extract. After it, 7.5mL of de-ionized water was added in each mixture. After 

duration of 10 min, 1.5 mL of sodium carbonate (20% w/v) was also added to them. All the 

extract mixtures were then heated at 40-45ºC on a water-bath for about 20 min followed by 

immediate ice cooling. Absorbance was taken at 755 nm with the help of spectrophotometer. 

Amount of TPC were calculated using gallic acid calibration curve ranging from 10-100 ppm 

(R2 = 0.9986) and results were expressed as Gallic acid equivalents (GAE) mg/100g of 

extracts.  

3.11.3. Evaluation of antioxidant activity of extracts 

  Antioxidant attributes of all extracts of leafy green vegetables leaves were evaluated 

via a list of antioxidant assays. 

3.11.3.1. Determination of reducing power 

Reducing ability of all extracts was investigated using method implemented by Yen et 

al. (2000). All concentrated viscous extracts (2.5-10.0 mg/mL) were put to be analyzed in 

view of determination of their reducing power. Each extract was supplemented with sodium 

phosphate buffer (0.5 mL, 0.2 M, pH 6.6). After that, all extract mixtures were subjected to 

incubation at 50ºC for about 20 min after adding 0.5 mL of potassium ferricyanide (1.0 %) 

into each extract. Then 5 mL of trichloroacetic acid (10%) was added in all mixtures and they 

were centrifuged for 8-10 min at 980 ×g. The upper stratum was separated from the solution 

and diluted with distilled water (5.0 mL) and 1 mL of ferric chloride (0.1%). Absorbance was 

read with the spectrophotometer at 700 nm.  
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3.11.3.2. DPPH free radical scavenging assay 

Bozin et al. (2006) method was employed in order to analyze DPPH free radical 

scavenging capability of the extracts. Entire extracts (0.01mg/mL to 10 mg/mL) were 

scrutinized to determine their free radical scavenging potential. To each extract, 1 mL of 90 

μM DPPH solution was incorporated and the volume was made upto 4 mL by using 95% 

methanol. All the extracts mixtures were placed for about 1 h at room temperature. 

Absorbance was noted at 515 nm in spectrophotometer. Inhibition of DPPH free radical (%) 

by extracts was taken as follows. 

%	Inhibition
A Blank A Sample

A Blank
	X	100 

3.12. HPLC Analysis for Phenolics 

3.12.1. Sample extraction for HPLC 

Extraction/hydrolysis of phenolics was performed following the procedure of 

Tokusoglu et al., (2003) with slight modifications. Briefly acidified methanol (25 mL) 

containing 1% (v/v) HCl and 0.5 ppm TBHQ was added to each plant material (5 g). HCl 

(1.2 M, 5 mL) was added and the mixture was stirred at 90ºC under reflux for 2 h to obtain 

aglycons of flavonol glycosides. The extract was cooled to room temperature and centrifuged 

at 1500g (5000 rpm) for 10 min. Upper layer was taken and sonicated for 5 min, to remove 

air. The final extract was filtered through a 0.45 µm (Millipore) filter, before injecting into 

HPLC.  

Table. 3.1. HPLC Conditions for the analysis of Phenolic acids 
 

Column 

 

Mobile Phase 

 

 

Shim-Pack CLC-ODS (C-18), 250 mm x 4.6 mm, 5µm 

 

Gradient: A(H2O):Acetic Acid-94:6, pH=2.27), B(Acetonitrile 

100%), 0-15min=15%B, 30-45=100%B, flow rate: 1mL/min  

 

Detector UV-Visible (280nm) 
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3.13. Statistical analysis 

Results were stated in the form of mean ± S.D of triplicates. Data was analyzed by 

using one way analysis of variance (ANOVA) followed by Duncan’s Multiple Range test for 

observing difference in means using Minitab statistical software (version 13). Differences 

among values were considered statistically significant at the 95% confidence level. 
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   CHAPTER 4 

RESULTS AND DISCUSSION 

 

 The present research study was conducted to demonstrate the effect of selected plant 

growth promoters on three leafy green vegetables i.e. spinach, coriander and mint. The 

research work was divided into pot and field study. Each study was performed in two soil 

modes i.e. presence and absence of urea. Two modes of exogenous applications were used 

i.e. foliar and seed priming modes. In the first mode, MLE, 6-BAP and HA were employed, 

while BF and HA (6 h, 9 h, 12 h) were used as seed priming agents. Selected concentration of 

each PGP from foliar experiment and the seed priming conducts were taken as a whole in 

field study. In the field experiment, during foliar treatments, the data was collected at three 

different growth phases (45, 60, 70 days). The aim was to combat cold tolerance at vegetative 

stage and high temperature tolerance at reproductive stages. Later on certain chemical, 

biochemical and physiological attributes were studied. Finally, phenolic acid quantification 

through HPLC was performed. 

4.1. Experiment 1. Pot Study 

Effect of Plant Growth Promoters on Antioxidant Activity of Leafy Green 

Vegetables 

4.1.1. Spinach Pot Study 

4.1.1.1. Yield of Extract 

The percent yield of different methanolic extracts of spinach leaves come in the range 

of 16.75-36.00 g/100 g of dry matter (DM) as shown in table 4.1.1.1. The greater extract 

yield was shown by fresh MLE treated spinach sample and minimum by control (both in the 

absence of urea). Maximum magnitude of extract yield from samples exposed to foliar 

treatment in the absence of urea was observed by MLE fresh followed by 6-BAP 75 ppm and 

HA 10% treated samples and least by HA 30%. The similar trend was also observed in soil 

conditioned with urea. The effectiveness of different PGPs in the descending order was 

established as follows: 

MLE fresh > 6-BAP 75ppm > HA 10% > 6-BAP 50ppm > MLE 1MO > 6-BAP 25ppm > HA 

25% > MLE 2MO > HA 30% (in the absence of urea)  
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MLE fresh > 6-BAP 75ppm > HA 10% > HA 25% > 6-BAP 50ppm > MLE 1MO > HA 30% > 

MLE 2MO > 6-BAP 25ppm (in soil conditioned without urea) 

Among the growth promoters, the trend was: MLE > 6-BAP > HA 

Whereas, maximum extraction yield from samples subjected to seed priming without 

urea was detected by the sample treated with HA 6h (P) followed by HA 9h (P) and HA 12h 

(P). The bio-fertilizer showed low yield. The urea presence in soil gave the maximum 

extraction yield for HA 6h (P) followed by HA 9h (P), bio-fertilizer and HA 12h (P). 

In overall comparison, samples treated with foliar supplements and grown in soil 

without urea demonstrated more extraction yield comparatively. The difference in the extract 

yield among samples might be due to the nature of PGPs to which the samples were 

subjected. Comparatively better results with MLE might be due to the reason that it is 

affluent source of zeatin, pro-vitamin A, vitamins B, C and E, minerals (particularly iron) and 

some S-containing amino acids (methionine and cysteine) (Fuglie, 1999; Foidle et al., 2001; 

Nagar et al., 2006) and hence good plant growth promoter (Nouman et al.,2012). 

4.1.1.2. Total Phenolic Content (TPC) 

Total phenolic contents of all the crude methanolic extracts of spinach were evaluated 

as mg GAE/g of dry matter. The samples subjected to different PGPs showed significant 

differences in their total phenolic content as mentioned in table 4.1.1.1. The overall observed 

TPC ranged 4.678-13.236 mg GAE /g of extracts. The maximum value was exhibited by the 

sample treated with fresh MLE grown in the absence of soil applied urea and the least by 

control in the presence of soil provided with urea. Among foliar treatments in the absence of 

urea, the sample treated with fresh MLE exhibited the maximum value and 6-BAP 25ppm the 

least. The similar trend was seen in the presence of soil applied urea. The observed trend 

regarding the effectiveness of PGPs in the descending order was as follows: 

MLE fresh > 6-BAP 75ppm > HA 10% > MLE 1MO > HA 25% > 6-BAP 50ppm > HA 30% > 

MLE 2MO > 6-BAP 25ppm  (Absence of urea) 

MLE fresh > 6-BAP 75ppm > HA 10% > HA 25% > HA 30% > 6-BAP 50ppm > MLE 1MO > 

MLE 2MO > 6-BAP 25ppm  (Presence of urea) 

While studying seed priming effect in the presence as well as absence of urea, the 

sample primed with HA 6h (P) possessed the maximum TPC and HA 12h (P) haunted the 

bottom value. The drift perceived was described below:  
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HA 6h (P) > HA 9h (P) > bio-fertilizer > HA 12h (P) 

Results showed that in the seed priming mode of PGP applications, HA increased 

TPC. Humic substances are reported to help in nitrate uptake from soil and facilitate water 

use efficiency. In addition, they serve to enhance various microbial and enzymatic processes 

(Ulukan, 2008). Overall comparison is that the samples inclined towards foliar conducts 

possessed more TPC as compared to those of seed priming. The absence of urea in soil 

exhibited higher TPC comparatively. The logic might be deduced that the rate of 

photosynthesis remained continuous and enhanced due to appropriate and timely supply of 

nutrients via application of plant growth promoters (Nardi et al., 2002). The potency of 

freshly prepared MLE is correlated with the work performed by Ali et al. (2011) who studied 

the drought stress in Maize under natural and synthetic growth promoters. The variation in 

results might be due to the determination of TPC in fresh and dry mass basis of plants under 

investigation. The higher value of TPC shown by MLE treated sample might be attributed to 

the presence of multi-nutritional components along with auxins, cytokinins etc. in the 

Moringa leaf extract. The phytochemicals present in MLE are a great precursor of bioactive 

components (leutin, zeatin, humic acid, micronutrients etc.) loaded in antibiotic, anticancer 

and antioxidant potential (Bellostas et al., 2010). 

4.1.1.3. Reducing Power Assay 

Reducing potential is frequently linked with the ability of a substance retaining 

antioxidant potential to act as good electron donor (Yildirim et al., 2000; Dorman et al., 

2003). There are various available reports about the existence of correlation between 

reducing ability and antioxidant potency of botanical extracts (Duh, 1998; Duh et al., 1999; 

Yildirim et al., 2000). During evaluation of reducing potential, all the methanolic extracts 

showed increasing reducing trend with respect to increase in concentration. The reducing 

values were perceived in the range of 0.351-1.874 at 10 mg/mL extract concentration as 

shown in table 4.1.1.2. The maximum value was exhibited by the sample treated with bio-

fertilizer in the urea fitted soil. All the experimental extracts showed significant differences 

in reducing abilities affected by different treatments. Among foliar application of PGPs in the 

soil deprived of urea as well as in the presence of urea, the higher reducing ability was 

demonstrated by MLE fresh followed by 6-BAP 75 ppm and HA 10%. The observed trend of 

effectiveness of PGP was given below: 
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MLE fresh > 6-BAP 75 ppm > HA 10% > HA 25% > 6-BAP 50 ppm > HA 30% > MLE 1MO 

> MLE 2MO > BAP 25 ppm (absence of urea in soil) 

MLE fresh > 6-BAP 75 ppm > HA 10% > 6-BAP 50 ppm > HA 25% > HA 30% > BAP 25 

ppm > MLE 1MO > MLE 2MO (presence of urea in soil) 

While assessing the reducing potential of samples subjected to seed priming, bio-

fertilizer yielded the maximum reduction potential with and without soil urea 

supplementation. Overall, samples subjected to grown in urea treated soil in addition to seed 

priming dominated in the reducing ability in comparison to those of foliar application of 

PGPs. The reason might be the difference in rate of fertilizer use efficiency and in turn 

uptake efficacy of essential soil nutrients in presence of variety of PGPs (Hirel et al., 2011). 

Bio-fertilizers are reported as eco-friendly and contain beneficial composition of 

microorganisms that help to detoxify the pest borne diseases, have the ability to fix 

atmospheric nitrogen, decompose organic wastes and make utilization of essential plant 

nutrients and important enzymes with specificity to boost up plant growth via production of 

plant growth promting substances (Singh and Singh, 2011). A recent study has shown that 

they facilitate the renewal of soil fertility through plentiful supply of beneficial 

microorganisms and play a key role in the enhancement of antioxidant potential of plants. 

Hannan et al. (2011) reported the efficacy of bio-fertilizer applied on soybean plants alone 

and in combination with inorganic media and found that the maximum antioxidant value was 

exhibited by bio-fertilizer + inorganic media. 

4.1.1.4. DPPH Radical Scavenging Assay 

DPPH assay stands as one of the reliable methods in order to screen the plant extracts 

for their antioxidant potential (Sanjukta and Ghosh, 2012). The DPPH free radical 

scavenging assay was used to evaluate the free radical scavenging activity of bioactive 

compounds in various methanolic extracts of spinach. The ability of plant extract to scavenge 

the free radical depends on the dose utilized. The percentage inhibition increases with 

increasing concentration of extract which is depicted by decrease in absorbance value. The 

antioxidants present in the spinach leaf extract capture the free radical via donation of 

hydrogen which causes the change in color of solution from purple to yellow (Derwich et al., 

2011). The structure of the antioxidant molecule in extract is also important for its ability to 

donate protons (Silva et al., 2006). The extract concentration required to inhibit 50% of the 
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amount of DPPH utilized denotes the IC50 (Atanassova et al., 2011). The observed range of 

IC50 values was 0.499-1.063 µg/mL concentration with maximum value shown by control as 

denoted in table 4.1.1.2. Amongst various foliar treatments, the sample influenced by fresh 

MLE and HA 30% showed the lowest and the highest values, respectively, both in the 

absence as well as presence of urea. Among various foliar concentrations, the estimated trend 

in the absence of urea was given below: 

MLE fresh < 6-BAP 75 ppm < HA 10% < MLE 1MO < 6-BAP 50 ppm < 6-BAP 25 ppm < 

MLE 2MO < HA 25% < HA 30% 

However, somewhat similar trend in case of urea existence in soil was as follows: 

MLE fresh < 6-BAP 75 ppm < HA 10% < 6-BAP 50 ppm < 6-BAP 25ppm < MLE 1MO < HA 

25% < MLE 2MO < HA 30% 

During assessment of seed priming results with and without addition of urea in soil, 

the lowest IC50 value was seen in case of HA 6h (P) followed by BF, HA 9h (P) and HA 12h 

(P). 

Overall comparison elaborated that urea absence in addition to foliar application of 

PGPs showed good radical scavenging activity as reflected by lowering of the IC50 value. 

Olajire and Azeez (2011) reported percent radical inhibition value of methanolic leaf extract 

of spinach as 57.3±0.49 which falls in the range of current study. The essence from the 

reported study is that exogenous application has incremented the endogenous nutrient profile 

(Li et al., 2005), increased plant stress against the environmental stress (Kim et al., 2007) and 

the yield per unit area by stimulating plant vegetative growth (Ibrahim et al., 2007). The 

reason might be linked to the production of substantial amount of different compounds in 

fresh MLE exhibiting good antioxidant potential with confirmation of high nutrients, low 

oxalate and glucosinolate content presence (Perry et al., 1999).  
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Table 4.1.1.1.  Extract yield and Total phenolic contents (TPC) of spinach influenced by 
different plant growth promoters 

 

Treatments 
Percent Yield (g/100g DM) 

Total Phenolic Content 
(mg GAE/g DM of Extract) 

AX BY AX BY 
 
Control 
 
HA 10% 
HA 25% 
HA 30% 
 
MLE Fresh 
MLE 1MO 
MLE 2MO 
 
6-BAP 25ppm 
6-BAP 50ppm 
6-BAP 75ppm 
 
BF (P) 
 
HA (P) 6h 
HA (P) 9h 
HA (P) 12h 

 
18.81±0.24e

  
 

30.25±0.19A
ab

  
22.90±0.34B

d
  

18.91±0.27C
e
  

 
36.00±0.53A

a
  

29.80±0.45B
b

  
22.29±0.33C

d
  

 
28.24±0.43C

b
  

31.20±0.46B
ab

  
34.40±0.51A

a
  

 
18.80±0.28e

  
 

25.52±0.38A
c
  

24.65±0.36B
cd

  
22.62±0.34C

d
  

 
16.75±0.28d

  
  
21.67±0.24A

bc
  

20.41±0.29B
c
  

17.81±0.32C
d

  
 

26.78±0.48A
a
  

19.22±0.46B
c
  

17.02±0.35C
d

  
 

16.94±0.46C
d

  
19.37±0.44B

c
  

26.25±0.49A
a
  

 
19.41±0.27c

  
 

23.67±0.35A
b

 

22.38±0.29B
b

  
20.70±0.23C

c
  

 

 
5.312±0.091bc

  
 

9.969±0.054A
b 

7.371±0.089B
b  

6.849±0.104C
bc  

 
13.236±0.215A

a  
8.816±0.131B

b  
6.046±0.081C

bc  
 

5.465±0.072C
c  

7.124±0.086B
bc  

10.393±0.123A
b  

 
6.831± 0.112bc  

 
9.302± 0.144A

b  
8.142± 0.618B

b  
5.308± 0.112C

b  

 
4.678±0.720d  

 
8.709±0.121A

ab  
8.055±0.131B

b  
7.653±0.196C

b  
 

10.295±0.152A
a
  

6.171±0.153B
c  

4.686±0.064C
d  

 
4.336±0.082C

d  
7.287±0.114B

bc  
8.820±0.091A

b  
 

5.849±0.052c
  

 
6.392±0.123A

bc  
6.214±0.079B

bc  
5.493±0.171C

c  

Values are means ± SD, samples of each plant material analyzed individually in triplicate (P < 0.05) 
HA=Humic acid; MLE=Moringa leaf extract; 6-BAP =6-Benzyl amino purine; BF=Bio-fertilizer; P=Seed 
Priming;  
A = Presence of urea; B = Absence of urea, while X and Y letters in the subscripts within the row showed 
significant difference between presence and absence of urea. 
Small alphabets in superscripts within the column showed significant difference among treatments while capital 
alphabet in subscript within the column showed significant differences among different concentrations of 
individual PGP. 
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Table 4.1.1.2. Reducing power and IC50 value of spinach influenced by different plant 
growth promoters 

 

Treatment 
Reducing Power 

(10 mg/mL) 
IC-50 Value 

(µg/mL) 
AX BY AX BY 

 
Control 
 
HA 10% 
HA 25% 
HA 30% 
 
MLE Fresh 
MLE 1MO 
MLE 2MO 
 
6-BAP 25ppm 
6-BAP 50ppm 
6-BAP 75ppm 
 
BF (P) 
 
HA (P) 6h 
HA (P) 9h 
HA (P) 12h 

 
0.351±0.006e

 
 

 
1.011±0.013A

bc
  

0.927±0.011B
bc

  
0.795±0.015C

bc
  

 
1.257±0.017A

ab
  

0.751±0.016B
cd

  
0.691±0.022C

cd
  

 
0.564±0.008C

d
  

0.884±0.015B
bc

  
1.162±0.018A

a
  

 
1.445±0.025a

  
 

0.794±0.014C
bc

  

0.890±0.010B
bc

  
1.175±0.021A

a
  

 
0.481±0.01e

  
 

1.348±0.032A
b

 

1.118±0.021B
bc

 

1.097±0.030C
bc

 

 
1.547±0.025A

ab
 

0.721±0.034B
d

 

0.567±0.043C
de

 

 
0.814±0.015C

cd
 

1.237±0.029B
b

 

1.421±0.034A
ab

 

 
1.874±0.038a

  
 

0.859±0.026C
cd

 

1.063±0.039B
bc

 

1.149±0.019A
bc

 

 

 
1.063±0.016e

  
 

0.625±0.011A
b

  
0.847±0.012B

cd
  

0.909±0.013C
d

  
 

0.499±0.008A
a
  

0.658±0.012B
b

  
0.694±0.010C

b
  

  
0.684±0.011C

b
  

0.667±0.009B
b 

0.523±0.010A
a
  

  
0.767±0.010b

  
 

0.632±0.009A
b

  
0.806±0.011B

bc
  

0.819±0.012C
bc

  
 

 
0.946±0.014d

  
 

0.672±0.013A
ab

 

0.806±0.015B
bc

 

0.926±0.017C
d

 

 
0.619±0.011A

a
 

0.733±0.012B
ab

 

0.849±0.012C
bc

  

 
0.699±0.013C

ab
 

0.685±0.007B
ab

 

0.627±0.017A
a
 

 
0.792±0.013A

bc
 

 
0.676±0.007A

ab
 

0.886±0.017B
cd

 

0.919±0.015C
cd

 

Values are means ± SD, samples of each plant material analyzed individually in triplicate (P < 0.05) 
HA=Humic acid; MLE=Moringa leaf extract; 6-BAP =6-Benzyl amino purine; BF=Bio-fertilizer; P=Seed 
Priming; IC=Inhibitory concentration; 
A = Presence of urea; B = Absence of urea, while X and Y letters in the subscripts within the row showed 
significant difference between presence and absence of urea. 
Small alphabets in superscripts within the column showed significant difference among treatments while capital 
alphabet in subscript within the column showed significant differences among different concentrations of 
individual PGP. 
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4.1.2. Coriander Pot Study 

4.1.2.1. Yield of Extract 

The percent extract yield of various samples of coriander ranged 6.54-26.67 g/100 g 

of DM (table. 4.1.2.1). The maximum percent extract yield was obtained from sample treated 

with fresh MLE in the absence of urea supplementation in soil. All the treated samples 

exhibited high extract yield in comparison to control. The highest extract yield from samples 

subjected to selected foliar conducts, in urea presence and absence in soil, was seen in case of 

fresh MLE, followed by 75 ppm 6-BAP and 10% HA treated samples. However, the least 

value was demonstrated by 30% HA. Among seed priming treatments, the maximum percent 

yield of extraction was gained from 6h HA (P), afterwards by bio-fertilizer, 9h HA (P) and 

12h HA (P), in presence and absence of soil applied urea.  

The essence from the whole comparison of extract yield was that foliar treatments 

dominted in urea absence. The nature of applied PGPs matters in having higher extraction 

yield than control samples. The higher magnitude obtained from fresh MLE may be 

contributed in the sense that various bioactive components are included in the recipe like 

vitamins A, B, C, E; Fe and other minerals, amino acids with sulphur groups, humic acid and 

especially the zeatin as earlier demonstrated by various researchers (Fuglie, 1999; Foidle et 

al., 2001; Nagar et al., 2006), making it potent PGP (Nouman et al., 2012). The reason of 

low yield in urea presence might be linked to the increment of certain eco-against factors like 

physical as well as chemical soil degradation, nutrient leaching, soil acidity etc. in 

comparison to eco-friendly nature of natural PGPs (Agbede, 2010). 

4.1.2.2. Total Phenolic Content (TPC) 

The TPC of all coriander leafy extracts affected by different plant growth promoters 

are demonstrated in table. 4.1.2.1. Significant difference (P < 0.05) in the treated extracts 

was observed. TPC found in the range of 2.929-10.156 mg GAE /g of DM. In absence of soil 

applied urea, among various PGPs applied at different concentrations in foliar mode, the 

maximum value was observed in case of extracts treated by fresh MLE and minimum by 30% 

HA.  The similar kind of trend was also observed in the presence of urea. The perceived TPC 

tendency in regard of effectiveness of foliar application of PGPs was depicted as follows: 

Fresh MLE > 75 ppm 6-BAP > 10% HA > 50 ppm 6-BAP > 1MO MLE > 2MO MLE > 25 

ppm 6-BAP > 25% HA > 30% HA (in absence of soil urea)  
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Fresh MLE > 75 ppm 6-BAP > 10% HA > 1MO MLE > 50 ppm 6-BAP > 2MO MLE > 25 

ppm 6-BAP > 25% HA > 30% HA (in presence of soil urea)  

During evaluation of TPC among extracts undergone seed priming treatments (in soil 

with and without urea makeup), the maximum TPC was in 6 h HA (P), followed by bio-

fertilizer treated sample. However, the lower limit was attained by HA 9 h (P). 

All the growth promoters showed promising results in comparison to control. The 

study concluded that among various extracts treated with selected PGPs in varying modes, 

the highest TPC were exhibited by the sample treated with fresh MLE. The reason might be 

assigned to the higher nutritional concern of MLE decorated in scientific studies, behaving as 

tremendous bio-pesticide and a worthy foliar supplement. Moreover, it is also highlighted 

with range of minerals i.e. Na, Mn, Mg, K, P, Ca, S, Zn, Fe, Cu etc. (Aslam et al., 2005; 

Moyo et al., 2011), vitamins i.e. A, B complex, C, E; and certain growth regulating 

substances i.e. humic acid, auxin, leutin, zeatin etc. The MLE also reported to have important 

flavonoids including the kaempherol, quercitin etc. These factors help Moringa leaves to 

show a nature blessed antioxidant enhancing agent (Chumark et al., 2008; Singh et al., 

2009). The assembly of quite sufficient amount of the above mentioned nutrients makes it a 

secure food source from antioxidant view point and also gained the special demand of 

consumers (Tesfay et al., 2011). 

Appreciable level of phenolics in cytokinins treated sample might be ascribed to its 

various physiological effects. They are extensively reported to be employed as exogenous 

plant promoters and resultantly elevate the endogenous levels of plants own cytokinins 

(Brault and Maldiney, 1999). The increased endogenous levels are perceived to be involved 

in certain diverse actions including cell division facilitation, cell differentiation proceeding, 

easing of apical dominance, shoot development scheduling, reserved behaviour towards leaf 

senescence, assistance in the formation of apical meristem in shoot and also help to show its 

activity, pronounces floral development, help to break the bud dormancy, make seed 

germination quicker, nutrient mobilization and control the expression of genes to show 

photosynthesis. At cell level, they are also reported to stimulate the synthesis of certain plants 

secondary metabolites including the indolic alkaloids (Merillon et al., 1991) and betacyanins 

(Biddington and Thomas, 1973). The higher TPC resulted from humic acid treated samples 

in comparison to control might be because of the enhancement of enzymatic antioxidants in 
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plants which regulate the plants towards resistance to chilling stress as well as disease 

(Achuo et al., 2004).  

4.1.2.3. Reducing Power Assay 

The reducing action mainly depicts the existence of varying number of reductones. It 

is also concomitant with high reflection of antioxidant potential. In it, ferric ions are 

transformed into ferrous ions when sample extracts are added (Gulcin et al., 2003). The 

compounds which possess reducing ability act as electron donor and responsible for the 

reduction of certain oxidized intermediates in different mechanisms of lipid peroxidation 

giving them the status of antioxidants (primary, secondary etc.) (Anwar et al., 2010).  

The reduction potential of different leafy methanolic extracts of coriander was 

measured in a range of extract concentration i.e. 2.5-10.0 mg/mL. All the extracts showed 

increasing trend with enhanced concentration. 

The results of reducing potential of all methanolic extracts of coriander under the 

influence of different growth promoters was observed in the range of 0.613-1.952 (at 10 

mg/mL extract concentration). All the extracts yielded high reducing ability against the 

control. The maximum absorbance value was possessed by fresh MLE treated sample in the 

absence of urea. The values obtained are in line with the earlier data (0.84±0.15) reported by 

Garg et al. (2012) while dealing with methanolic extracts of coriander leaves. The drift 

regarding reducing potential among the foliar growth promoters was: MLE > 6-BAP > HA. In 

seed primed treatments, the maximum reducing ability was demonstrated by bio-fertilizer, 

while 12h HA gained the lowest status in both described modes (presence and absence of 

urea).  

During overall assessment, samples with seed priming showed higher reducing 

potential than those of foliar conduction of PGPs. Bio-fertilizers are important in view of 

eco-friendly nature, with possession of microorganisms showing synergic action and 

facilitation in the detoxification of certain pest related disorders. In addition to this, they also 

cause fixation of atmospheric nitrogen, decomposition of organic wastes and utilization of 

essential plant bio-actives. Presence of worthy enzymes leads to the boosting of plant growth 

by producing number of growth concerned substances (Singh and Singh, 2011). They also 

replenish the soil fertility via provision of copious beneficial microorganisms and hence act 

as key accelerator of antioxidant potential of plants under investigation. Soybean plants were 



68 
 

reported for higher exhibition of antioxidant potential when undergone treatment with bio-

fertilizer alone and in mixture with inorganic environment (Hannan et al., 2011). 

4.1.2.4. DPPH Radical Scavenging Assay 

DPPH assay for free radical scavenging is well-known and reliable method to assess 

the antioxidant ability of the subjected methanolic plant extracts (Sanjukta and Ghosh, 2012). 

This assay is directly correlated with reverting oxidation. The ability of capturing free 

radicals shows increment as the extract dose move towards the incline limit. The free radicals 

are being taken up by donating hydrogen of the extracts responsible for averting oxidation. 

This results the transformation of purple into yellow shade (Derwich et al., 2011). The 

chemical structure of extract molecule imparts the facilitation in proton donation (Silva et al., 

2006). 

IC50 value stands for extract concentration which necessitates the inhibition of 50% 

DPPH concentration (Atanassova et al., 2011). The observed range of IC50
 value was 0.354-

0.979 µg/mL. All the PGPs possessed lower IC50 value while compared to control. Amongst 

various foliar treatments in the absence of urea, the least IC50 value was shown by sample 

under influence of fresh MLE, followed by 75 ppm 6-BAP and 10% HA. Similar kind of 

trend was also observed in urea presence. Among various foliar applications of PGPs, the 

estimated ascending trend in the absence of urea was depicted below: 

Fresh MLE < 75 ppm 6-BAP < 10% HA < 1MO MLE < 50 ppm BAP < 25% HA < 25 ppm 

BAP < 30% HA < 2MO MLE 

Somewhat similar sort of trend in the presence of urea was also observed and given as 

follows: 

Fresh MLE < 75 ppm 6-BAP < 10% HA < 50 ppm BAP < 1MO MLE < 25 ppm BAP < 25% 

HA 25% < 2MO MLE < 30% HA 

However, in seed priming results without urea provision in soil, the lowest value was 

observed in case of 6 h HA (P) followed by bio-fertilizer, 9 h HA (P) and 12 h HA (P) 

respectively. The similar trend was also seen in presence of urea. 

The DPPH radical action shown by coriander seeds has been found in the range of 

19.01-44.42% in coriander seeds extracted by acetone (Singh et al., 2007). This variation 

may be due to different solvent application and predominant action shown by different 

concentrations of various PGPs.  
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It can be concluded from the current study that nutrient profile at endogenous level 

enhanced by implementation of exogenous application of PGPs (Li et al., 2005). Plants also 

showed improved behaviour against certain environmental stress (Kim et al., 2007), leading 

to stimulation of vegetable growth as well as yield in unit area (Ibrahim et al., 2007). The 

motive of the assay might also be linked to greater natural production of suitable amount of 

bio-active compounds in fresh MLE treated sample, relying it good source of antioxidants, 

having high nutrients potential (Perry et al., 1999). 
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Table 4.1.2.1. Extract yield and Total phenolic contents (TPC) of coriander leaves 
influenced by different plant growth promoters 

 

Treatments 
Percent Yield (g/100g DM) 

Total Phenolic Content 
(mg GAE/g of Extract) 

AX BY AX BY 
Control 
 
HA 10% 
HA 25% 
HA 30% 
 
MLE fresh 
MLE 1MO 
MLE 2MO 
 
6-BAP 25ppm 
6-BAP 50ppm 
6-BAP 75ppm 
 
BF (P) 
 
HA (P) 6h 
HA (P) 9h 
HA (P) 12h 

10.06±0.24e 
 

21.22±0.19A
b 

12.49±0.34B
d 

12.21±0.27B
d 

 
26.67±0.53A

a 
14.58±0.45B

cd 
12.67±0.33B

d 
 

12.32±0.43B
d 

15.53±0.46B
cd 

23.48±0.51A
b 

 
20.28±0.28bc 

 
21.61±0.38A

b 
15.83±0.36B

c 
11.93±0.34c

d 

6.54±0.28d 
 

12.32±0.24A
ab 

10.23±0.29B
bc 

8.28±0.32C
c 

 
13.65±0.48A

a 
10.78±0.46B

bc 
9.17±0.35BC

c 
 

9.49±0.46B
c 

10.98±0.44B
b 

12.72±0.49A
ab 

 
10.28±0.27bc 

 
11.01±0.35A

b
 

9.81±0.29B
c 

7.80±0.23C
cd 

3.841±0.091e 
 

6.850±0.054A
c 

4.592±0.089B
d 

4.051±0.104B
de 

 
10.156±0.215A

a 
6.390±0.131B

c 
6.198±0.081B

cd 
 

5.601±0.072C
d 

6.793±0.086B
c 

7.737±0.123A
bc 

 
7.848±0.112bc 

 
8.503±0.144A

bc 
5.384± 0.618B

d 
4.361± 0.112B

de 

2.929±0.720d 
 

6.678±0.121A
b 

3.765±0.131B
cd 

3.684±0.196B
cd 

 
8.674±0.152A

a 
6.578±0.153B

b 
4.743±0.064C

c 
 

4.078±0.082BC
cd 

6.180±0.114A
bc 

7.981±0.091A
ab 

 
3.920±0.052cd 

 
4.429±0.123A

c 
4.136±0.079A

cd 
3.878±0.171B

cd 
Values are means ± SD, samples of each plant material analyzed individually in triplicate (P < 0.05). 
HA=Humic acid; MLE=Moringa leaf extract; 6-BAP =6-Benzyl amino purine; BF=Bio-fertilizer; P=Seed 
Priming; A = Presence of urea; B = Absence of urea, while X and Y letters in the subscripts within the row 
showed significant difference between presence and absence of urea. Small alphabets in superscripts within the 
column showed significant difference among treatments while capital alphabet in subscript within the column 
showed significant differences among different concentrations of individual PGP. 
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Table 4.1.2.2. Reducing power and IC50 value of coriander leaves influenced by 
different plant growth promoters 

 

Treatment 
Reducing Power 

(10mg/mL) 
IC50 Value 

(µg/mL) 
AX BY AX BY 

Control 
 
HA 10% 
HA 25% 
HA 30% 
 
MLE fresh 
MLE 1MO 
MLE 2MO 
 
6-BAP 25ppm 
6-BAP 50ppm 
6-BAP 75ppm 
 
BF (P) 
 
HA (P) 6h 
HA (P) 9h 
HA (P) 12h 

0.741±0.006e
 

 
1.509±0.013A

b
  

1.118±0.011B
c
  

1.019±0.015B
cd

  
 

1.792±0.017A
ab

  
1.361±0.016B

bc
  

0.774±0.022C
e
  

 
1.269±0.008B

c
  

1.318±0.015B
c
  

1.569±0.018A
b

  
 

1.952±0.025a
  

 
1.378±0.014A

bc
  

1.192±0.010B
c
  

1.174±0.021B
c
  

0.613±0.011de
  

 
1.298±0.032A

b
 

0.921±0.021B
cd

 

0.765±0.030B
d

 

 
1.632±0.025A

a
 

0.838±0.034B
d

 

0.671±0.043B
d

 

 
1.053±0.015B

c
  

1.173±0.029B
bc

 

1.409±0.034A
b

 

 
1.460±0.038bc

  
 

1.277±0.026A
bc

 

1.258±0.039A
bc

 

1.073±0.019B
c 

0.694±0.016de
  

 
0.526±0.011A

c
  

0.601±0.012B
cd

  
0.655±0.013B

d
  

 
0.354±0.008A

a
  

0.560±0.012B
c
  

0.674±0.010B
d

  
  

0.645±0.011C
d

  
0.589±0.009B

cd 

0.416±0.010A
ab

  
  

0.582±0.010cd
  

 
0.441±0.009A

b
  

0.619±0.011B
d

  
0.666±0.012B

d
  

0.979±0.014d
  

 
0.579±0.013A

a
 

0.682±0.015B
b

 

0.726±0.017C
b

 

 
0.544±0.011A

a
 

0.652±0.012B
b

 

0.704±0.012C
b

  

 
0.678±0.013B

b
 

0.631±0.007B
b

 

0.557±0.017A
a
 

 
0.609±0.013A

b
 

 
0.556±0.007A

a
 

0.678±0.017B
b

 

0.691±0.015B
b

 

Values are means ± SD, samples of each plant material analyzed individually in triplicate (P < 0.05). 
HA=Humic acid; MLE=Moringa leaf extract; 6-BAP =6-Benzyl amino purine; BF=Bio-fertilizer; P=Seed 
Priming; IC=Inhibitory concentration; A = Presence of urea; B = Absence of urea, while X and Y letters in the 
subscripts within the row showed significant difference between presence and absence of urea. Small alphabets 
in superscripts within the column showed significant difference among treatments while capital alphabet in 
subscript within the column showed significant differences among different concentrations of individual PGP. 
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4.1.3. Mint Pot Study 

4.1.3.1. Yield of Extract 

 The percent yield results of the investigated mint extracts were observed in the range 

of 17.71- 39.87 g/100g of DM as listed in the table 4.1.3.1. All samples showed high extract 

yield while compared with control samples. However, the extract treated with MLE fresh in 

urea absence mounted for higher percent yield value amongst all. Among various foliar 

sprays in both utilized mode (the presence and absence of urea), the extent of maximum yield 

was obtained from samples undergone MLE treatment, after it by 6-BAP 75 ppm followed by 

HA 10% treated samples, while the 6-BAP 25 ppm had the lowest extract yield, however, the 

trend perceived among different PGPs remained as MLE > 6-BAP >HA 

The seed priming statistics in the described modes was in favour of bio-fertilizer with 

possession of higher extract yield percentage.  

The extract drawn from above mentioned comparison is simply that the extracts from 

foliar makeup remained dominated for higher extraction yield in comparison to seed primed 

conducts. However, the observed differences might own to be the compositional 

characteristics of applied PGPs. Better possession of extraction results with samples under 

investigation with MLE fresh might related to the tenure of humic acid, zeatin, minerals and 

rich vitamin as well as protein assembly in it as denoted by Fuglie (1999), Foidle et al. 

(2001) and Nagar et al. (2006) and hence assigned the approval of it as an efficient promoter 

of plant growth as reported by Nouman et al. (2012). The declines in urea furnish leads to the 

inclination of list of physical and chemical parameters that adversely affect soil inner 

characteristics i.e. degradation, nutrient leaching, acidity etc. (Agbede, 2010). 

4.1.3.2. Total Phenolic Content 

The phenolic compounds (TPC) in plants generally exhibit notifying activity in view 

of possessing natural antioxidant like properties. The TPC among all the leaf extracts of mint 

in response to different PGPs have been shown in table 4.1.3.1. Significant difference was 

observed among various extract treatments used in concentration level for foliar as well as 

seed treatment in addition to soil in the presence and absence of urea. The observed results 

showed that TPC were in the range of 6.297-21.043 mg GAE/g of DM and the maximum 

value was observed in the plants extracts treated with MLE fresh in the foliar application. 

Among various PGPs applied at different concentrations in foliar mode, the maximum value 
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was observed in plant samples applied with MLE fresh, 6-BAP 75 ppm and HA 10% 

respectively and the minimum by 6-BAP 25 ppm under urea and non-urea regime. The 

generalized response was depicted as: MLE > 6-BAP >HA 

While studying TPC in seed priming (P) with no soil urea application, BF dominated 

followed by HA 6 h, 9 h and 12 h, respectively. The trend of similarity was also viewed in 

urea presence. 

The conclusion drawn from overall comparison against various PGPs treated extracts 

in various modes is that urea presence has declined the TPC under both foliar and seed 

primed conditions. The comparatively high TPC value shown by MLE may gain attribution 

towards the nutritional qualities associated with it in highly impacted and reviewed scientific 

journals. The juice extracted from the leaves of Moringa pose excellent choice in foliar and 

as potent bio-pest. Valuable enrichment of vitamins (especially C, A and B-complex) and 

mineral elements (Mn, Na, B, Mg, P, K, Fe, Cu, Ca, Zn, Se, S) are also reported by Aslam et 

al. (2005) and Moyo et al. (2011). Meanwhile, variations were found in the qualitative as 

well as quantitative assortment of minerals obtained from different regions. The leaf extract 

also stands for occupation of important flavonoids present inside such as quercitin, 

kaempherol and others. So, confirmation of Moringa leaves as nature blessed and secured 

agent for higher antioxidants exhibition is established in all above viewpoints as earlier 

studied by Chumark et al. (2008) and Singh et al. (2009). 

Substantial possession of various phenolics in samples treated with cytokinins is 

directly linked with number of physiological parameters which enhance the inner cytokinins 

level of plants giving the impression of externally applied growth promoters (Brault and 

Maldiney, 1999). The result has been shown in case of increased cell division and 

differentiation, ease of apical dominance, programmed shoot development; featured 

behaviour towards floral development, nutrient mobilization, seed germination, controlled 

gene expression for photosynthesis and other relevant actions. Synthesis of certain secondary 

metabolites (including indolic alkaloids and betacyanins) are also synthesized at higher rates 

as reported by Merillon et al. (1991) and Biddington and Thomas (1973). The higher TPC 

resulted from humic acid treated samples in comparison to control might be because of the 

enhancement of enzymatic antioxidants in plants which regulate the plants towards resistance 

to chilling stress as well as disease (Achuo et al., 2004).  
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4.1.3.3. Reducing Power Assay 

The demonstration of reducing capabilities primarily based upon extract 

concentration of various PGPs treated mint leaf extracts are represented in the table 4.1.3.2. 

The observed facts were in the form of increasing tendency with every elevated 

concentration. The ability of donating proton shown by leaf extracts with inherited 

antioxidant potential is highly correlated with good reduction prospective (Dorman et al., 

2003). The results were reported at selected extract concentrations i.e. 10 mg/mL. Among the 

various extracts in foliar and seed priming conditions in different soil modes, reduction 

potential was observed in range of 0.542-1.911 at decided concentration (10 mg/mL). The 

higher reducing ability was demonstrated by MLE fresh grown in normal soil, while control 

in urea conditioned soil remained at the lowest absorbance level.  

 In extracts treated with foliar nutrients, the dominated reduction results were gained 

from MLE fresh followed by 6-BAP 75 ppm and lower concentration of HA 10%, and bottom 

value was shown by MLE 2MO in both soil approaches. The perceived reduction flow was: 

The accession of results in seed primed mode showed the following trend in urea 

presence and absence. 

HA 6 h > BF > HA 9 h > HA 12 h 

Overall, samples in subjection to foliar conducts lead to the higher reducing ability 

while compared with those of seed primed results against applied PGPs. The reason for 

comparatively high reducing activity shown by MLE fresh lies in the fact that it has a huge 

nutrient rich bio-functioning cassette filled with ingredients against cancer (Raju et al., 

2004), bacterial contamination (Kasolo et al., 2010), antigens and biological oxidation 

(Bellostas et al., 2010). Moringa leaves are concentrated in antioxidants like glutathione in 

addition to ascorbic acid, phenolic compounds, crude fibre, vitamins, proteins and a good 

variety of minerals (Nouman et al., 2012). In relation to above description, MLE stays for 

receiving valuable consideration from the consumers (Tesfay et al., 2011). 

4.1.3.4. DPPH Radical Scavenging Action 

The scavenging DPPH stable radical efficacy of mint extracts against oxidation in 

response to selected PGPs (foliar and seed priming mode) is enumerated in table 4.1.3.2. Out 

of various PGPs applied, the excellent aptitude for capturing of free radicals was shown by 

MLE fresh sprayed extracts. All PGPs treatment showed high per-cent inhibition and in turn 
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low IC50 figure than control samples in the two described modes i.e. foliar /seed priming etc. 

The observed value for 50% inhibition ranged 0.212-0.504 µg/mL. The results are in 

accordance to the well-defined scientific literature. The improved/enhanced endogenous 

concentrations of a list of nutrient bio-actives has verily incremented the plant resistance 

towards drastic climatic drawbacks, resultantly highly regulating the indoor plant defence 

military (Li et al., 2005; Kim et al., 2007). Hence, MLE fresh proved a stimulus for assisted 

plant growth as reported by Ibrahim et al. (2007). 
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Table 4.1.3.1. Extract yield and Total phenolic contents (TPC) of coriander leaves 
influenced by different plant growth promoters 

  

Treatments 
Percent Yield (g/ 100g DM) 

Total Phenolic Content 
(mg GAE/g DM of Extract) 

AX BY AX BY 

 
Control 
 
HA 10% 
HA 25% 
HA 30% 
 
MLE Fresh 
MLE 1MO 
MLE 2MO 
 
6-BAP 25ppm 
6-BAP 50ppm 
6-BAP 75ppm 
 
BF (P) 
 
HA (P) 6h 
HA (P) 9h 
HA (P) 12h 

 
22.84±0.49d 
 
38.18±0.51A

a
  

31.19±0.39B
bc

  
26.24±0.49C

c
  

 
39.87±0.47A

a
  

33.63±0.54B
b

  
32.55±0.41C

b
  

 
25.50±0.30C

cd
  

27.50±0.54B
c
  

38.43±0.54A
a
  

 
36.88±0.55ab

  
 
28.27±0.18A

c
  

26.46±0.21B
c
  

24.27±0.40C
cd

  

 
17.71±0.38c

  
  
24.52±0.44A

ab
  

21.97±0.46B
b

  
20.38±0.23C

bc
  

 
27.34±0.39A

a
  

21.67±0.70B
b

  
20.00±0.43C

bc
  

 
19.71±0.29C

bc
  

22.59±0.33B
b

  
26.43±0.43A

a
  

 
22.14±0.53b

  
 
21.17±0.41b 
19.68±0.42bc 
17.92±0.29C

c
  

 

 
8.614±0.319e 

 
19.122±0.381A

ab 
14.541±0.396B

c  
13.809±0.415C

c  
 
21.043±0.433A

a  
15.968±0.388B

bc  
11.189±0.421C

cd  
 
10.157±0.420C

d  
14.290±0.363B

c  
19.947±0.484A

ab  
 
15.059±0.404bc  
 
13.801±0.267A

c  
10.263±0.273B

d  
9.065±0.359C

d  

 
6.297±0.110A

e
  

 
14.739±0.171B

b  
12.749±0.186C

cd 
10.215±0.205C

cd 
  
16.882±0.223C

c 
10.422±0.178A

ab 
9.425±0.211A

cd
  

 
6.989±0.153A

cd  
8.573±0.274B

cd  
15.699±0.194C

cd 
 
11.974±0.147 
 
11.421±0.057C

c 
8.438±0.063A

ab  
7.982±0.149A

cd
  

 
Values are means ± SD, samples of each plant material analyzed individually in triplicate (P < 0.05) 
HA=Humic acid; MLE=Moringa leaf extract; 6-BAP =6-Benzyl amino purine; BF=Bio-fertilizer; P=Seed 
Priming; A = Presence of urea; B = Absence of urea, while X and Y letters in the subscripts within the row 
showed significant difference between presence and absence of urea. Small alphabets in superscripts within the 
column showed significant difference among treatments while capital alphabet in subscript within the column 
showed significant differences among different concentrations of individual PGP. 
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Table 4.1.3.2. Reducing power and IC50 value of coriander leaves influenced by 
different plant growth promoters 

 

Treatment 
Reducing Power 

(10mg/mL) 
IC50 Value 
(µg/mL) 

AX BY AX BY 
 
Control 
 
HA 10% 
HA 25% 
HA 30% 
 
MLE fresh 
MLE 1MO 
MLE 2MO 
 
6-BAP 25ppm 
6-BAP 50ppm 
6-BAP 75ppm 
 
BF (P) 
 
HA (P) 6h 
HA (P) 9h 
HA (P) 12h 

 
0.687±0.032e 

 
1.796±0.049A

b 
1.441±0.054B

cd 
1.173±0.059C

cd 
 

1.911±0.065A
ab 

1.435±0.052B
bc 

0.924±0.061C
e 

 
1.046±0.061C

c 
1.254±0.044B

c 
1.716±0.079A

b 
 

1.217±0.056a 
 

1.381±0.017C
bc 

1.165±0.018B
c 

1.806±0.043A
c 

 
0.542±0.035e 

 
1.417±0.055A

b 
1.217±0.060B

cd 
1.092±0.066C

d 
 

1.689±0.072A
a 

1.162±0.057B
cd 

0.858±0.068C
de 

 
0.974±0.067C

c 
1.195±0.049B

c 
1.576±0.088A

b 
 

1.113±0.062bc 
 

1.192±0.018C
bc 

1.090±0.020B
bc

 

0.714±0.048A
c 

 

 
0.487±0.005e 

 
0.339±0.003A

c 
0.375±0.006B

cd 
0.391±0.003C

d 
 

0.212±0.001A
a 

0.345±0.001B
c 

0.369±0.002C
de 

 
0.253±0.002C

d 
0.342±0.003B

cd 

0.217±0.002A
ab 

 
0.239±0.004c 

 
0.254±0.001A

ab 
0.421±0.003B

cd 
0.452±0.001C

d 
 

 
0.504±0.017d 

 
0.346±0.015A

a 
0.382±0.018B

b 
0.397±0.015C

b 
 

0.224±0.012A
a 

0.347±0.013B
b 

0.363±0.014C
b

 

 
0.269±0.015C

b 
0.354±0.004B

b 
0.331±0.017A

a 
 

0.353±0.016A
ab

 
0.272±0.013A

a 
0.448±0.015B

b 
0.461±0.013C

b 

Values are means ± SD, samples of each plant material analyzed individually in triplicate (P < 0.05) 
HA=Humic acid; MLE=Moringa leaf extract; 6-BAP =6-Benzyl amino purine; BF=Bio-fertilizer; P=Seed 
Priming; A = Presence of urea; B = Absence of urea, while X and Y letters in the subscripts within the row 
showed significant difference between presence and absence of urea. Small alphabets in superscripts within the 
column showed significant difference among treatments while capital alphabet in subscript within the column 
showed significant differences among different concentrations of individual PGP. 
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4.2. Experiment 2. Field Experiment 

4.2.1. Effect of Plant Growth Promoters on Soil Chemistry of grown Leafy 

Green Vegetables 

 Table 4.2.1. denotes the soil chemistry of the examined vegetables in the soil 

undergone treatment with BF and HA. The variations in pH in urea enriched soil remained 

more alkaline in comparison to urea deprived soil and control of both experiment A and B, 

respectively. EC was observed in the range of 1.02-3.20 and 1.12-3.80 dS/m in the two soil 

modes (A and B, respectively). Total soluble salts (TSS) ranged as: 10.21-32.00 andd 10.31-

30.30 in the absence and presence of urea in soil. Sodium adsorption ratio (SAR) was 

measured in the range of 3.92-10.67 and 3.97-12.27 in the experiment A and B, respectively. 

The organic matter of soil is important regarding maintenance of soil fertility 

followed by productivity. Plants influence soil structure by creation of pores in it. As a result, 

rapid wetting followed by drying occurs that makes soil hard. Organic matters directly and 

indirectly influences soil chemistry. Direct role is observed in continuous supply of 

appropriate nutrients. However, chemical and physical characteristics are attributed in 

indirect effects (Jeffery et al., 2010). 

Farming strategies utilizing the chemical fertilizers are responsible to deplete the 

amount of certain soil nutrients followed by accumulation of certain other nutrients causing 

imbalance in nutrient availability, permanently affecting soil productivity. Among various 

available means to ascertain sustainability in crop production, bio-fertilizer and humic acid 

play a key role both in the absence as well as presence of urea. The fact behind these soil 

applicators is the inherited properties which are able to positively influence the biological, 

chemical and physical properties of soil (Son et al., 2004). 

 By applying these soil furnishers, appreciable increase has been reported in soil 

mineral ingredients (N, P, K, Mn, Fe, Zn, Cd, Pb and Cu etc.) despites the control sample. 

Moreover, in the presence of these seed/soil applications, microorganisms change organic 

nitrogen of the soil to either ammonium or nitrate form before plant use them (Abu-Zahra 

and Tahboub, 2008). Since more nitrogen is available in the soil furnished with urea, hence 

more appropriate uptake of minerals was assured in this portion of soil.  

 The variations in soil pH in the treated samples showing the higher buffering capacity 

towards toxic elements uptake, improved soil texture and bulk density, increased CEC, 



79 
 

increased moisture contents, increased availability of nutrients (Sen and Kumar, 2012). The 

effects of soil amendments through bio-fertilizer application forming symbiotic associations 

with rhizophores are also reported by many researchers (Juwarkar and Jambhulkar, 2008; 

Thenmozhi et al., 2010).  

 Higher EC range compared to control treatment was observed in soil samples treated 

with humic acid and bio-fertilizer application because of inherited soluble compounds and 

even more enhanced in the presence of urea leading to more growth of plant. The results are 

in line with Abu-Zahra and Tahboub (2008). The similar trend was also observed for TSS 

and SAR. 
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Table 4.2.1.  Soil Chemistry of the test vegetables 
 

Parameter 

Ax By 

Control Urea Deprived Soil Control Urea enriched soil 

pH 6.94-7.11 7.07-7.24  6.98  -  7.12 7.14  -  7.56 

EC (dS/m) 1.02-2.98      (<4) 1.20  -  3.20     (<4) 1.12-3.18      (<4) 1.40-3.80  (<4) 

TSS 10.21- 30.00 12.00  -  32.00 10.31- 30.30 14.00-38.00 

SAR  3.92-9.27 (<13.00) 4.26  -  10.67 (<13.00) 3.97-9.45 (<13.00) 7.46 - 12.27 (<13.00) 

EC = Electrical conductivity; TSS= Total soluble salts; SAR = Sodium activity relationship. Ax = Absence of urea; By = Presence  
of urea  
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4.2.2. Effect of Plant Growth Promoters on Growth parameters of Leafy 

Green Vegetables 

The table 4.2.2.1-4.2.2.4 (a-c) indicates the effect of selected PGPs on various growth 

parameters of leafy green vegetables. The observed variations in number of leaves were 40-

89 and 42-94 for spinach, 9-18 and 10-22 for coriander and 10-18 and 12-22 and 13-25 for 

mint in the experiment A and B, respectively. Stem height varied as: 90-165 and 93-192 cm 

for spinach, 24-52 and 26-59 cm for coriander and 7-24 and 8-25 cm for mint in the two soil 

modes (A and B, respectively). Leaf area remained as: 276-492 and 285-602 cm2 for spinach, 

8-25 and 12-29 cm2 for coriander and 7-28 and 12-29 cm2 for mint in the experiment A and 

B, respectively. The variations in stem diameter were considered as: 0.89-4.53 and 1.03-4.78 

cm for spinach, 0.11-0.28 and 0.12-0.31 cm for coriander and 0.07-0.24 and 0.08-0.27 cm for 

mint in the absence (A) and presence of urea (B) furnished soil. Non significant (P > 0.05) 

results were seen in most of the cases. Leaf weight and Leaf color were only assessed as peak 

vegetative stage due to non-significant difference with respect to growth stages. MLE 

treatment remained the dominting one amongst all. However, among seed priming conducts, 

the observed trend was depicted as: BF > HA 6h > HA 9h > HA 12h. 

The improved performances observed in PGPs treated samples can be a better 

correlating factor towards stay green mechanism. The growth habit and plant vigour are the 

factors influencing stem height and other related factors (Rop et al., 2012). Better effects of 

urea on growth parameters of test vegetable can be explained on the facts that nitrogen plays 

an important role in cell division of plant especially early vegetative growing phase in plant. 

This leads to the implementation of appropriate timing and dose of nitrogen required for 

efficient production of leafy vegetables. Nitrogen symbolize a basic ingredient in chlorophyll 

which is directly associated with higher accumulation of dry matter as a result of 

photosynthesis. It also leads to enhance carbohydrate synthesis which in turn is linked with 

enhanced fresh weight. Nitrogen is a key component in any system in which good yield of 

leaf is ensured (Law-Ogbomo and Egharevba, 2009). Increased number of side branches 

produced as a result of nitrogen supply at earlier growth phases was reported by Acton and 

Klayman (2004). Chloroplast development and protein synthesis is directly linked with 

nitrogen attributing green color to leaves. Increase in mitotic activity and enlargement results 
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in greater number of leaves. Nitrogen also serves as the structural component in the 

biomolecules regime (i.e. proteins, nucleic acids and phospholipids) (Verma et al., 2010). 

The substantial performance from biofertilizer application could be associated with 

betterment in root morphology and physiology, plant height and girth, number of branches 

and presence and availability of higher amount of macronutrients in comparison to inorganic 

fertilizer causing leaching and other problems. Moreover, amendments are also seen in form 

of improved soil structure, soil texture, cation exchange capacity (CEC) and water retention 

capacity (Abbasi and Yousra, 2012). 

Although greater growth and yield was reported in presence of urea fertilizer, natural 

PGPs could serve as a better source to get improved soil structure, increased soil carbon and 

microbial population. In addition, they are secure source of important macro and micro-

nutrients. Increased yield in growth parameters from bio-fertilizer could possibly be due to 

improved soil aggregation, water holding capacity and preferable environmental conditions. 

Further, slow release of nutrients facilitates the provision of required nutrients during all 

growing period. Frequent leaf harvest is another factor that could increase splitting the 

activity of photosynthates to encourage the formation of brighter young shoots which 

subsequently produce new leaves (Ng’etich et al., 2012).  

Foliar nutrition is appreciated to minimize nutrient deficiency. Plant response towards 

foliar application varies with respect to nature of crop and environmental factors. Promotive 

effects resulted from foliar nutrition have been registered by many researchers (Khalil, 2002; 

Saleh et al., 2002; Wahba and Ezz El-Din, 2002; Ezz El-Din and Khalil, 2003). Increased 

leaf area after specific growth promoters’ treatment increased rate of photosynthesis 

(Shekoofa and Emam, 2008). 

  Humic acid is an organically charged bio-stimulant that significantly affects plant 

growth and development and increases crop yield. It has been extensively investigated (Nardi 

et al., 2004) that humic acid improves physical (Varanini et al., 1995), chemical and 

biological properties of soils (Keeling et al., 2003; Mikkelsen, 2005). The role of humic acid 

is well known in controlling, soil-borne diseases and improving soil health and nutrient 

uptake by plants, mineral availability, fruit quality, etc (Mauromicale et al., 2011). Humic 

acid based fertilizers increase crop yield (Mohamed et al., 2009), stimulate plant 
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enzymes/hormones and improve soil fertility in an ecologically and environmentally benign 

manner (Sarir et al., 2005; Mart, 2007). 

Increased yield via application of humic acid treatment was directly linked with 

enhanced photosynthetic rate. Increased growth was reported by EI-Bassiony et al. (2010) 

who sprayed humic acid on snap bean plant. Yield attributes were greatly enhanced in senna 

(Cassia angustifolia) when humic acid was applied in foliar mode (Balakumbahan and 

Rajamani, 2010). Increased yield and other growth attributes were also seen by application of 

cytokinins, which elevated the endogenous cytokinins via number of mechanisms (Dong et 

al., 2008). 

Increased yield recorded by application of Moringa leaf extract could be linked with 

the suitable composition of macro and micro-nutrients, zeatin, humic acid, important 

vitamins etc. (Culver et al., 2012). Increased growth was received by exogenous application 

of MLE on leaves of sorghum, soybean, chilli, maize, melon, tea, bell pepper, coffee and 

onions (Fuglie, 2000). 
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Table 4.2.2.1a  Number of leaves per plant of Spinach 
 

Treatment  
 Ax By

40 daysa 50 Daysb 60 Daysc 40 daysa 50 Daysb 60 Daysc

Control 40±4c 55±3cd 65±5cd 42±2c 57±3d 68±3d

Water 42±2c
 57±4c 68±4c 44±5c 59±5d 76±5cd

HA 48±5b 61±6b 72±4bc 49±3b 65±4cd 82±3b

MLE 54±3a 77±4a 89±2a 58±5a 86±5a 94±4a

6-BAP 52±3a 74±4a 85±3a 54±2a 81±4a 90±4a

Mixture 53±3a 72±2a 87±4a 56±5a 84±3a 93±3a

BF (P) 50±3ab 67±5ab 82±4ab 53±4ab 69±4c 88±2ab

HA 6h (P) 49±2b 64±3b 80±5b 51±3b 67±2c 82±5b

HA 9h (P) 47±4b 60±2bc 75±2b 50±3b 65±2cd 79±3c

HA 12h (P) 46±2bc 59±5c 72±3bc 47±2b 62±3d 78±2c

Values are means ± SD, samples of each plant material analyzed individually in triplicate (P < 0.05). HA=Humic acid; MLE=Moringa leaf extract; 
6-BAP =6-Benzyl amino purine; Mixture = HA+MLE+6-BAP; BF=Bio-fertilizer; P=Seed Priming; Ax = Absence of urea; By = Presence of urea, 
while X and Y letters in the subscripts within the row showed significant difference between presence and absence of urea. Small alphabets in 
superscripts within the column showed significant difference among treatments. 
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Table  4.2.2.1b Number of leaves per plant of Coriander 
 

Treatment 
Ax By

40 daysa 50 Daysb 60 Daysc 40 daysa 50 Daysb 60 Daysc

Control 9±1cd 11±1c 12±1c 10±1cd 12±1cd 14±1d

Water 10±1c 12±1bc 13±1bc 11±1c 13±1c 16±1c

HA 13±1b 14±1b 15±1b 14±1b 16±1b 18±1b

MLE 16±1a 17±1a 18±1a 18±1a 20±1a 22±1a

6-BAP 14±1ab 15±1ab 16±1ab 16±1ab 17±1ab 18±1b

Mixture 14±1ab 16±1a 17±1a 17±1a 18±1a 19±1ab

BF (P) 15±1a 16±1a 17±1a 16±1ab 17±1ab 18±1b

HA 6h (P) 14±1ab 15±1ab 16±1ab 15±1b 16±1b 17±1bc

HA 9h (P) 12±1b 13±1b 14±1b 14±1b 15±1bc 16±1c

HA 12h (P) 11±1bc 12±1bc 13±1bc 13±1bc 14±1c 15±1cd

Values are means ± SD, samples of each plant material analyzed individually in triplicate (P < 0.05). HA=Humic acid; MLE=Moringa leaf extract; 6-
BAP =6-Benzyl amino purine; Mixture = HA+MLE+6-BAP; BF=Bio-fertilizer; P=Seed Priming; Ax = Absence of urea; By = Presence of urea, while 
X and Y letters in the subscripts within the row showed significant difference between presence and absence of urea. Small alphabets in superscripts 
within the column showed significant difference among treatments. 
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Table  4.2.2.1c Number of leaves per plant of Mint 
 

Treatment 
Ax By

40 days 50 Days 60 Days 40 days 50 Days 60 Days 
Control 12±1cd 13±1cd 15±1c 13±1cd 15±1d 17±1cd

Water 13±1c 15±1bc 16±1c 15±1c 17±1c 18±1c

HA 14±1bc 16±1b 18±1b 17±1b 18±1c 19±1bc

MLE 18±1a 20±1a 22±1a 21±1a 24±1a 25±1a

6-BAP 15±1b 17±1 18±1b 16±1 18±1c 19±1bc

Mixture 16±1ab 18±1ab 19±1b 18±1b 19±1bc 20±1 
BF (P) 16±1ab 17±1b 18±1b 17±1b 19±1bc 21±1b

HA 6h (P) 15±1b 16±1b 17±1bc 16±1bc 18±1c 20±1b

HA 9h (P) 14±1bc 15±1bc 17±1bc 15±1c 17±1c 19±1bc

HA 12h (P) 13±1c 14±1c 17±1bc 14±1c 16±1cd 18±1c

Values are means ± SD, samples of each plant material analyzed individually in triplicate (P < 0.05). HA=Humic acid; MLE=Moringa leaf extract; 6-
BAP =6-Benzyl amino purine; Mixture = HA+MLE+6-BAP; BF=Bio-fertilizer; P=Seed Priming; Ax = Absence of urea; By = Presence of urea, while X 
and Y letters in the subscripts within the row showed significant difference between presence and absence of urea. Small alphabets in superscripts 
within the column showed significant difference among treatments. 
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Table  4.2.2.2a Stem Height (cm) of Spinach 
 

Treatment 
Ax By

40 daysa 50 Daysb 60 Daysc 40 daysa 50 Daysb 60 Daysc

Control 90±2e 99±2d 113±2e 93±2d 107±2de 123±2e

Water 94±2de 102±2d 124±2d 95±2d 114±2d 143±2d

HA 101±2 121±2c 137±2c 105±2c 132±2c 157±2c

MLE 125±2a 154±2a 165±2a 129±2a 178±2a 192±2a

6-BAP 112±2c 129±2c 143±2b 117±2b 143±2b 178±2a

Mixture 116±2bc 137±2b 147±2b 121±2ab 149±2b 182±2a

BF (P) 119±2b 139±2b 154±2a 123±2a 151±2b 183±2a

HA 6h (P) 116±2bc 137±2b 156±2a 121±2ab 148±2b 182±2a

HA 9h (P) 112±2c 129±2c 134±2c 118±2b 136±2c 158±2c

HA 12h (P) 107±2cd 127±2c 130±2cd 111±2bc 132±2c 153±2c

Values are means ± SD, samples of each plant material analyzed individually in triplicate (P < 0.05). HA=Humic acid; MLE=Moringa leaf extract; 6-
BAP =6-Benzyl amino purine; Mixture = HA+MLE+6-BAP; BF=Bio-fertilizer; P=Seed Priming; Ax = Absence of urea; By = Presence of urea, while 
X and Y letters in the subscripts within the row showed significant difference between presence and absence of urea. Small alphabets in superscripts 
within the column showed significant difference among treatments. 
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Table  4.2.2.2b Stem Height (cm) of Coriander 
 

Treatment 
Ax By

40 daysa 50 Daysb 60 Daysc 40 daysa 50 Daysb 60 Daysc

Control 24±1d 27±1d 30±1e 26±1d 32±1d 38±1d

Water 26±1cd 29±1d 36±1de 28±1d 36±1cd 40±1cd

HA 32±1bc 36±1bc 42±1c 36±1bc 39±1c 44±1c

MLE 41±1a 47±1a 52±1a 45±1a 53±1a 59±1a

6-BAP 34±1b 39±1b 44±1 38±1 47±1b 55±1ab

Mixture 36±1b 41±1ab 46±1bc 40±1ab 49±1ab 56±1a

BF (P) 35±1b 38±1b 42±1c 38±1b 49±1ab 56±1a

HA 6h (P) 35±1b 38±1b 40±1c 37±1b 46±1b 54±1b

HA 9h (P) 31±1c 35±1c 38±1d 34±1c 42±1bc 47±1c

HA 12h (P) 29±1c 34±1c 38±1d 32±1c 41±1c 44±1c

Values are means ± SD, samples of each plant material analyzed individually in triplicate (P < 0.05). HA=Humic acid; MLE=Moringa leaf extract; 
6-BAP =6-Benzyl amino purine; Mixture = HA+MLE+6-BAP; BF=Bio-fertilizer; P=Seed Priming; Ax = Absence of urea; By = Presence of urea, 
while X and Y letters in the subscripts within the row showed significant difference between presence and absence of urea. Small alphabets in 
superscripts within the column showed significant difference among treatments. 
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Table  4.2.2.2c Stem Height (cm) of Mint 
 

Treatment  
 Ax By

40 daysa 50 Daysb 60 Daysc 40 daysa 50 Daysb 60 Daysc

Control 7±1d 10±1de 12±1de 8±1d 11±1d 13±1d

Water 8±1cd 13±1cd 17±1c 10±1cd 14±1cd 18±1bc

HA 10±1c 14±1c 18±1bc 12±1c 18±1b 21±1 
MLE 17±1a 22±1a 24±1a 19±1a 23±1a 25±1a

6-BAP 14±1b 18±1b 22±1ab 16±1b 19±1 23±1a

Mixture 15±1ab 20±1a
 23±1a 16±1b 22±1a 24±1a

BF (P) 16±1a 20±1a 22±1ab 17±1ab 21±1a 23±1a

HA 6h (P) 15±1ab 18±1b 20±1b 17±1ab 20±1ab 22±1ab

HA 9h (P) 14±1b 16±1bc 18±1bc 16±1b 18±1b 21±1b

HA 12h (P) 12±1bc 15±1c 18±1bc 14±1bc 17±1bc 21±1b

Values are means ± SD, samples of each plant material analyzed individually in triplicate (P < 0.05). HA=Humic acid; MLE=Moringa leaf extract; 
6-BAP =6-Benzyl amino purine; Mixture = HA+MLE+6-BAP; BF=Bio-fertilizer; P=Seed Priming; Ax = Absence of urea; By = Presence of urea, 
while X and Y letters in the subscripts within the row showed significant difference between presence and absence of urea. Small alphabets in 
superscripts within the column showed significant difference among treatments. 
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Table 4.2.2.3a Leaf Area (cm2) of Spinach 
 

Treatment  
 Ax By 

40 daysa 50 Daysb 60 Daysc 40 daysa 50 Daysb 60 Daysc

Control 276±15d 314±15d 354±15f 285±15d 325±15e 382±15d

Water 287±15d 328±15d 378±15e 293±15d 337±15de 428±15c

HA 321±15c 364±15b 467±15b 327±15c 376±15c 495±15b

MLE 365±15a 408±15a 492±15a 371±15a 466±15a 547±15b

6-BAP 352±15a 395±15a 454±15b 358±15a 444±15a 602±15a

Mixture 357±15a 399±15a 456±15b 361±15a 453±15a 588±15a

BF (P) 357±15a 397±15a 452±15b 357±15a 421±15ab 482±15b

HA 6h (P) 351±15ab 389±15a 443±15bc 354±15ab 418±15ab 481±15b

HA 9h (P) 329±15bc 364±15b 429±15c 333±15c 407±15b 462±15bc

HA 12h (P) 303±15cd 345±15c 387±15e 318±15c 376±15c 459±15bc

Values are means ± SD, samples of each plant material analyzed individually in triplicate (P < 0.05). HA=Humic acid; MLE=Moringa leaf extract; 6-
BAP =6-Benzyl amino purine; Mixture = HA+MLE+6-BAP; BF=Bio-fertilizer; P=Seed Priming; Ax = Absence of urea; By = Presence of urea, while X 
and Y letters in the subscripts within the row showed significant difference between presence and absence of urea. Small alphabets in superscripts 
within the column showed significant difference among treatments. 
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Table 4.2.2.3b Leaf Area (cm2) of Coriander 
 

Treatment 
Ax By

40 daysa 50 Daysb 60 Daysc 40 daysa 50 Daysb 60 Daysc

Control 8±1cd 9±1de 12±1de 12±1de 16±1d 19±1de

Water 10±1c 13±1cd 16±1c 14±1d 17±1d 24±1c

HA 12±1b 15±1c 22±1ab 17±1c 24±1bc 29±1b

MLE 16±1a 22±1a 25±1a 24±1a 31±1a 34±1a

6-BAP 14±1ab 18±1b 22±1ab 20±1b 26±1b 29±1b

Mixture 13±1b 19±1b 23±1a 22±1ab 27±1b 28±1b

BF (P) 14±1ab 20±1ab 24±1a 21±1b 26±1b 28±1b

HA 6h (P) 13±1b 16±1bc 18±1bc 20±1b 24±1bc 26±1bc

HA 9h (P) 12±1b 15±1c 18±1bc 18±1bc 20±1c 21±1d

HA 12h (P) 11±1bc 14±1c 17±1c 17±1c 19±1cd 20±1de

Values are means ± SD, samples of each plant material analyzed individually in triplicate (P < 0.05). HA=Humic acid; MLE=Moringa leaf extract; 6-
BAP =6-Benzyl amino purine; Mixture = HA+MLE+6-BAP; BF=Bio-fertilizer; P=Seed Priming; Ax = Absence of urea; By = Presence of urea, while 
X and Y letters in the subscripts within the row showed significant difference between presence and absence of urea. Small alphabets in superscripts 
within the column showed significant difference among treatments. 
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Table 4.2.2.3c Leaf Area (cm2) of Mint 
 

Treatment 
 Ax By

40 daysa 50 Daysb 60 Daysc 40 daysa 50 Daysb 60 Daysc

Control 7±1d 9±1d 12±1d 12±1d 15±1d 19±1cd

Water 8±1d 12±1cd 16±1cd 13±1cd 16±1d 20±1c

HA 11±1c 15±1c 24±1b 15±1bc 19±1c 23±1b

MLE 16±1a 24±1a 28±1a 19±1a 27±1a 29±1a

6-BAP 12±1bc 18±1b 23±1b 16±1b 20±1 24±1ab

Mixture 13±1b 21±1a 23±1b 18±1ab 22±1b 25±1a

BF (P) 13±1b 20±1ab 22±1b 17±1b 22±1b 24±1ab

HA 6h (P) 13±1b 18±1b 20±1bc 15±1c 20±1bc 23±1b

HA 9h (P) 12±1bc 16±1bc 20±1bc 14±1c 19±1c 22±1bc

HA 12h (P) 11±1c 14±1c 17±1c 13±1cd 17±1cd 21±1c

Values are means ± SD, samples of each plant material analyzed individually in triplicate (P < 0.05). HA=Humic acid; MLE=Moringa leaf extract; 6-
BAP =6-Benzyl amino purine; Mixture = HA+MLE+6-BAP; BF=Bio-fertilizer; P=Seed Priming; Ax = Absence of urea; By = Presence of urea, while X 
and Y letters in the subscripts within the row showed significant difference between presence and absence of urea. Small alphabets in superscripts 
within the column showed significant difference among treatments. 
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Table 4.2.2.4a Stem Diameter (cm) of Spinach 
 

Treatment 
Ax By

40 daysa 50 Daysb 60 Daysc 40 daysa 50 Daysb 60 Daysc

Control 0.89±0.02e 1.12±0.02d 1.27±0.02e 1.03±0.02d 1.23±0.02e 1.75±0.02f

Water 1.18±0.02d 1.36±0.02d 1.78±0.02d 1.29±0.02d 1.45±0.02e 2.16±0.02e

HA 1.23±0.02d 1.77±0.02c 2.13±0.02c 1.43±0.02c 1.98±0.02d 2.42±0.02de

MLE 2.63±0.02a 3.26±0.02a 4.53±0.02a 2.87±0.02a 4.07±0.02a 4.78±0.02a

6-BAP 2.19±0.02b 3.09±0.02a 4.21±0.02a 2.28±0.02ab 3.57±0.02b 4.49±0.02a

Mixture 2.26±0.02ab 3.16±0.02a 4.28±0.02a 2.37±0.02ab 3.63±0.02b 4.53±0.02a

BF (P) 2.22±0.02ab 3.15±0.02a 4.23±0.02a 2.35±0.02ab 3.62±0.02b 4.32±0.02ab

HA 6h (P) 2.18±0.02b 3.12±0.02a 4.21±0.02a 2.32±0.02ab 3.56±0.02b 4.31±0.02ab

HA 9h (P) 1.64±0.02c 2.15±0.02c 3.43±0.02b 1.97±0.02b 2.78±0.02c 3.65±0.02c

HA 12h (P) 1.37±0.02cd 1.98±0.02c 2.98±0.02b 1.65±0.02bc 2.17±0.02d 3.02±0.02cd

Values are means ± SD, samples of each plant material analyzed individually in triplicate (P < 0.05). HA=Humic acid; MLE=Moringa leaf extract; 6-
BAP =6-Benzyl amino purine; Mixture = HA+MLE+6-BAP; BF=Bio-fertilizer; P=Seed Priming; Ax = Absence of urea; By = Presence of urea, while 
X and Y letters in the subscripts within the row showed significant difference between presence and absence of urea. Small alphabets in superscripts 
within the column showed significant difference among treatments. 
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Table 4.2.2.4b Stem Diameter (cm) of Coriander 
 

Treatment  
 Ax By

40 daysa 50 Daysb 60 Daysc 40 daysa 50 Daysb 60 Daysc

Control 0.11±0.01d 0.12±0.01e 0.18±0.01d 0.12±0.01e 0.15±0.01de 0.20±0.01d

Water 0.12±0.01c 0.16±0.01d 0.22±0.01bc 0.16±0.01d 0.18±0.01d 0.23±0.01c

HA 0.16±0.01bc 0.19±0.01c 0.23±0.01b 0.17±0.01cd 0.21±0.01c 0.25±0.01b

MLE 0.22±0.01a 0.26±0.01a 0.28±0.01a 0.25±0.01a 0.29±0.01a 0.31±0.01a

6-BAP 0.20±0.01ab 0.21±0.01 0.24±0.01b 0.22±0.01b 0.23±0.01 0.25±0.01b

Mixture 0.18±0.01b 0.23±0.01b 0.25±0.01ab 0.23±0.01ab 0.25±0.01b 0.27±0.01b

BF (P) 0.19±0.01b 0.22±0.01b 0.23±0.01b 0.21±0.01b 0.23±0.01b 0.25±0.01b

HA 6h (P) 0.19±0.01b 0.21±0.01bc 0.22±0.01bc 0.20±0.01bc 0.22±0.01bc 0.25±0.01b

HA 9h (P) 0.18±0.01b 0.19±0.01c 0.20±0.01c 0.10±0.01c 0.21±0.01c 0.23±0.01c

HA 12h (P) 0.16±0.01bc 0.17±0.01cd 0.19±0.01cd 0.18±0.01c 0.19±0.01cd 0.21±0.01cd

Values are means ± SD, samples of each plant material analyzed individually in triplicate (P < 0.05). HA=Humic acid; MLE=Moringa leaf extract; 6-
BAP =6-Benzyl amino purine; Mixture = HA+MLE+6-BAP; BF=Bio-fertilizer; P=Seed Priming; Ax = Absence of urea; By = Presence of urea, while X 
and Y letters in the subscripts within the row showed significant difference between presence and absence of urea. Small alphabets in superscripts 
within the column showed significant difference among treatments. 
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Table 4.2.2.4c Stem Diameter (cm) of Mint 
 

Treatment 
Ax By 

40 daysa 50 Daysb 60 Daysc 40 daysa 50 Daysb 60 Daysc

Control 0.07±0.01d 0.09±0.01e 0.14±0.01d 0.08±0.01e 0.11±0.01de 0.16±0.01d

Water 0.09±0.01c 0.12±0.01d 0.18±0.01bc 0.12±0.01d 0.14±0.01d 0.19±0.01c 

HA 0.12±0.01bc 0.15±0.01c 0.19±0.01b 0.13±0.01cd 0.17±0.01c 0.21±0.01b

MLE 0.18±0.01a 0.22±0.01a 0.24±0.01a 0.21±0.01a 0.25±0.01a 0.27±0.01a 

6-BAP 0.16±0.01ab 0.17±0.01 0.20±0.01b 0.18±0.01b 0.19±0.01 0.21±0.01b 

Mixture 0.14±0.01b 0.19±0.01b 0.21±0.01ab 0.19±0.01ab 0.21±0.01b 0.23±0.01b 

BF (P) 0.15±0.01b 0.18±0.01b 0.19±0.01b 0.17±0.01b 0.19±0.01b 0.21±0.01b

HA 6h (P) 0.15±0.01b 0.17±0.01bc 0.18±0.01bc 0.16±0.01bc 0.18±0.01bc 0.21±0.01b 

HA 9h (P) 0.14±0.01b 0.15±0.01c 0.16±0.01c 0.15±0.01c 0.17±0.01c 0.19±0.01c 

HA 12h (P) 0.12±0.01bc 0.13±0.01cd 0.15±0.01cd 0.14±0.01c 0.15±0.01cd 0.17±0.01cd 

Values are means ± SD, samples of each plant material analyzed individually in triplicate (P < 0.05). HA=Humic acid; MLE=Moringa leaf extract; 
6-BAP =6-Benzyl amino purine; Mixture = HA+MLE+6-BAP; BF=Bio-fertilizer; P=Seed Priming; Ax = Absence of urea; By = Presence of urea, 
while X and Y letters in the subscripts within the row showed significant difference between presence and absence of urea. Small alphabets in 
superscripts within the column showed significant difference among treatments. 
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Table 4.2.2.54d Leaf Weight (g) and Leaf Color of leafy green vegetables 
 

Treatment 
Spinach Coriander Mint Leaf Color 

Green Ax
a

 By
b

 Ax
a

 By
b

 Ax
a

 By
b

 

Control 12.14±0.08d 14.24±0.07d 1.71±0.07d 2.24±0.02f 2.24±0.02e 3.17±0.02e Dark 
Water 14.74±0.09d 15.44±0.06d 1.98±0.03d 2.74±0.01e 2.44±0.02e 3.24±0.04e Dark 
HA 16.91±0.07c 17.76±0.09c 2.31±0.06c 3.91±0.03bc 2.76±0.05d 3.78±0.05bc Darker 
MLE 21.48±0.06a 25.24±0.08a 3.21±0.03a 4.48±0.06a 5.24±0.02a 5.27±0.07a Darker 
BAP 17.31±0.09bc 18.31±0.02 2.73±0.02b 4.11±0.04b 3.31±0.07c 4.27±0.02b Darker 
Mixture 17.17±0.05bc 19.17±0.07b 2.86±0.06b 4.37±0.07b 3.17±0.03c 4.33±0.09b Darkest 
BF (P) 18.67±0.08b 19.67±0.08b 2.68±0.04b 3.87±0.02bc 3.67±0.06c 3.76±0.04bc Darker 
HA 6h (P) 19.86±0.03b 20.96±0.06b 2.74±0.02b 3.96±0.09bc 3.96±0.05bc 3.99±0.04b Less dark 
HA 9h (P) 16.43±0.04c 18.83±0.09bc 2.52±0.02bc 3.43±0.02d 2.83±0.03d 2.87±0.03cd Less dark 
HA 12h (P) 15.97±0.02c 17.81±0.05c 2.21±0.01c 3.27±0.03d 2.81±0.02d 2.82±0.07cd Less dark 

Values are means ± SD, samples of each plant material analyzed individually in triplicate (P < 0.05). HA=Humic acid; MLE=Moringa leaf 
extract; 6-BAP =6-Benzyl amino purine; Mixture = HA+MLE+6-BAP; BF=Bio-fertilizer; P=Seed Priming; Ax = Absence of urea; By = 
Presence of urea, while X and Y letters in the subscripts within the row showed significant difference between presence and absence of urea. 
Small alphabets in superscripts within the column showed significant difference among treatments. 
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4.2.3. Effect of Plant Growth Promoters on Biochemical Parameters of 

Leafy Green Vegetables 

4.2.3.1. Proline Contents 

Proline contents of leafy green vegetables influenced by selected foliar and seed 

priming treatments are depicted in table (4.2.3.1a, b, c). The observed variations in proline 

contents were 22.45-72.32 and 13.02-68.21 µg/g FW for spinach, 15.28-53.21 and 13.21-

47.12 µg/g FW for coriander and 14.59-43.17 and 12.04-37.23 µg/g FW for mint in the 

experiment A and B, respectively. All PGPs either foliar or seed primers declined the proline 

contents up to varying extents against control samples and also with respect to growth stage. 

The urea practice further led to decrease the proline content more sharply in comparison to 

its absence. Among the vegetables, least proline contents were studied in mint leaves 

followed by coriander and spinach. Among the seed primering treatments, HA 6h proved the 

effective treatment followed by BF, HA 9 h and HA 12 h. Whereas among single and mixture 

foliar conducts, MLE proved the efficient PGPs to show its effect regarding lowering of 

proline content. After MLE, somewhat comparable effects were shown by 6-BAP and 

mixture treatments. HA proved the least effective among other foliar conducts. Water also 

declined proline content against control, however; the effects shown were less appreciable 

against foliar and seed priming conducts. Concluding view convinced that foliar treatments 

helped to reduce proline contents more sharply than seed primers. 

Decreased proline contents against control were reported by Farahat et al. (2012) 

while studying foliar application of humic acid on Khaya senegalensis seedlings. Proline is 

one of the conspicuous osmopromoters among various organic solutes (Heidari and Mesri, 

2008). It shields the enzyme proteins from effect of ion inhibiton (Solomon et al., 1994; Gul 

and Khan, 2008), factor of defensive antioxidant scheme (Ejaz et al., 2012), stabilizes sub-

cellular machinery to function as metabolic source for carbon and nitrogen in addition to 

scavenge reactive oxygen species (Nawaz et al., 2010). 

Application of PGPs is considered as an alternative approach to reverse the effects of 

salt stress (Nair et al., 2002). The drop of proline concentration in plants after exogenous 

application of PGPS might be due to certain factors. These include capture of protein 

undergone breakdown and alteration regarding protein metabolism. Further, PGPs 

constituents maintain osmotic balance between cell vacuole and cytoplasm (Devi et al., 



98 
 

2012). The decrease in proline level might be due to the activity of proline oxidase which 

catalyzes the conversion of proline into glutamine that further associated with biosynthesis of 

other amino acids and proteins (Niakan et al., 2012). In contrast, otherwise high proline level 

inhibits plant growth and increases the cost to preserve plant survival in changing climatic 

conditions (Masoumzadeh et al., 2012). PGPs are reported to decline proline level in stressed 

plants to about 21%. However, the little decrease is recorded by exposing the non-stressed 

plants under PGPs application.  

Among various PGPs, humic substances are encouraged for higher uptake of 

micronutirents by reducing toxic elements to enter and show deleterious effects, thus play a 

protecting role against various stresses including salinity tolerance (Mahmoudi et al., 2013). 

An optimum concentration of cytokinins is reported to serve as one of the possible means to 

enhance plant tolerance towards stress (Nair et al., 2002). Biofertlizers reduce proline 

synthesis because of synergic microrhizal association. The uptake of required nutrients 

reduces the need of proline because of non-stressed conditions. Since MLE is gifted in its 

composition from humic substances, cytokinins derivatives i.e. zeatin along with other 

nutritional assemblies, the preferably greater reduction in proline contents might be 

associated with it in all the examined leafy green vegetables. 
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Table 4.2.3.1a. Proline Contents (µg/g FW) of Spianch 
 

Treatment 
Ax By 

40 Daysa
 50 Daysb 60 Daysc

 40 Daysd
 50 Dayse 60 Daysf

 

Control 72.32±0.81d 64.21±0.82d 54.21±0.86d 68.21±0.52d 57.34±0.59d 47.28±0.62d 

Water 65.23±0.71c 56.21±0.77c 41.45±0.75bc 61.22±0.23c 53.21±0.22cd 35.83±0.28c 

HA 54.46±0.52b 43.76±0.53b 37.76±0.58b 51.09±0.41bc 38.75±0.42bc 34.19±0.44c 

MLE 41.09±1.83a 32.24±1.82a 22.45±1.89a 38.62±0.74a 28.62±0.74a 13.02±0.71a 

6-BAP 48.23±0.87ab 37.21±0.87b 27.59±0.83a 46.71±0.65b 35.21±0.62b 22.66±0.62b 

Mixture 46.31±0.57a 35.11±0.53a 27.02±0.51a 43.21±0.32b 32.33±0.39b 21.83±0.37b 

BF (P) 44.34±1.01a 35.22±1.02a 31.06±1.03b 41.18±0.71b 32.35±0.72b 24.34±0.77b 

HA 6h (P) 42.31±1.23a 34.13±1.26a 30.79±1.23b 40.23±0.91ab 31.78±0.89ab 20.98±0.92ab 

HA 9h (P) 48.23±1.08ab 38.21±1.19b 40.34±1.18bc 45.11±0.85b 37.12±0.82b 26.76±0.89b 

HA 12h (P) 54.21±0.99b 39.09±0.87b 40.96±0.97bc 50.76±0.71bc 38.13±0.74bc 29.94±0.73bc 

Values are means ± SD, samples of each plant material analyzed individually in triplicate (P < 0.05). HA=Humic acid; MLE=Moringa leaf extract; 6-
BAP =6-Benzyl amino purine; Mixture = HA+MLE+6-BAP;BF=Bio-fertilizer; P=Seed Priming; Ax = Absence of urea; By = Presence of urea, while X 
and Y letters in the subscripts within the row showed significant difference between presence and absence of urea. Small alphabets in superscripts 
within the column showed significant difference among treatments. 
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Table 4.2.3.1b.  Proline Contents (µg/g FW) of Coriander 
 

Treatment 
Ax By 

40 Daysa
 50 Daysb 60 Daysc

 40 Daysd
 50 Dayse 60 Daysf

 

Control 53.21±0.82d 42.13±0.84d 33.70±0.87d 47.12±0.34d 36.28±0.33d 25.83±0.31d 

Water 51.09±0.55c 39.87±0.56c 31.40±0.53d 45.08±0.15d 32.76±0.17d 22.87±0.14c 

HA 43.14±0.72b 29.45±0.74b 21.19±0.77b 38.67±0.25bc 28.32±0.22bc 20.59±0.21bc 

MLE 32.54±0.42a 22.31±0.43a 15.28±0.46a 26.21±0.33a 19.07±0.33a 13.21±0.36a 

6-BAP 39.56±0.32b 27.89±0.33ab 18.32±0.39ab 28.71±0.33ab 22.17±0.34ab 15.76±0.31ab 

Mixture 38.12±0.62b 25.21±0.63a 16.25±0.68a 28.54±0.24ab 21.08±0.17ab 15.72±0.19ab 

BF (P) 42.13±0.54b 30.21±0.54b 22.15±0.51b 31.17±0.32b 24.16±0.32b 18.81±0.39b 

HA 6h (P) 41.09±0.62b 28.97±0.63ab 22.04±0.64b 30.19±0.45b 22.36±0.42ab 15.65±0.46ab 

HA 9h (P) 44.15±0.74bc 38.21±0.73c 24.04±0.72bc 36.28±0.44c 27.27±0.42c 20.91±0.45bc 

HA 12h (P) 48.23±0.43c 41.19±0.47d 26.38±0.49c 39.13±0.32c 29.65±0.33c 22.12±0.37c 

Values are means ± SD, samples of each plant material analyzed individually in triplicate (P < 0.05). HA=Humic acid; MLE=Moringa leaf extract; 6-
BAP =6-Benzyl amino purine; Mixture = HA+MLE+6-BAP; BF=Bio-fertilizer; P=Seed Priming; Ax = Absence of urea; By = Presence of urea, while 
X and Y letters in the subscripts within the row showed significant difference between presence and absence of urea. Small alphabets in superscripts 
within the column showed significant difference among treatments. 
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Table 4.2.3.1c.  Proline Contents (µg/g FM) of Mint 
 

Treatment 
Ax By 

40 Daysa 50 Daysb 60 Daysc 40 Daysd 50 Dayse 60 Daysf 

Control 43.17±1.11cd 38.86±1.14cd 30.68±1.16cd 37.23±0.63d 29.07±0.62d 22.89±0.67d 

Water 39.18±1.31c 34.47±1.44c 27.19±1.41c 33.28±0.33c 25.03±0.33c 18.94±0.32c 

HA 36.73±0.42b 26.53±0.43b 19.74±0.44b 29.19±0.71b 17.24±0.73b 16.38±0.72b 

MLE 28.16±0.22a 19.05±0.22a 14.59±0.21a 20.23±0.37a 14.02±0.35a 12.04±0.32a 

BAP 32.67±0.32ab 24.72±0.34ab 18.28±0.32ab 28.73±0.32b 15.74±0.34ab 13.23±0.38ab 

Mixture 31.07±0.62a 23.17±0.62a 16.15±0.66a 27.06±0.92b 15.05±0.93ab 10.87±0.91a 

BF (P) 31.18±1.32a 22.98±1.34a 15.24±1.31a 29.81±0.85b 14.98±0.85a 13.06±0.81ab 

HA 6h (P) 29.78±0.34a 21.27±0.33a 15.09±0.36a 28.07±0.17b 13.74±0.13a 12.78±0.16a 

HA 9h (P) 32.19±0.22ab 25.43±0.26ab 17.76±0.29ab 30.13±0.82bc 19.78±0.82b 16.83±0.88b 

HA 12h (P) 37.63±0.42b 27.34±0.42b 19.59±0.47b 34.28±0.12c 23.23±0.15b 17.02±0.13bc 

Values are means ± SD, samples of each plant material analyzed individually in triplicate (P < 0.05). HA=Humic acid; MLE=Moringa leaf extract; 6-BAP =6-
Benzyl amino purine; Mixture = HA+MLE+6-BAP; BF=Bio-fertilizer; P=Seed Priming; Ax = Absence of urea; By = Presence of urea, while X and Y letters in 
the subscripts within the row showed significant difference between presence and absence of urea. Small alphabets in superscripts within the column showed 
significant difference among treatments. 
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4.2.3.2. Melondialdehyde (MDA) Contents  

The variations in MDA content affected by certain foliar conducts and seed priming 

treatments are shown in table (4.2.3.2a, b, c). Urea presence incremented the MDA contents 

among all the examined vegetables. MDA contents were observed in the range of 2.41-29.13 

ng/mole and 6.59-34.32 ng/mole FW for spinach, 2.23-23.42 and 8.13-29.14 ng/mole FW for 

coriander and 2.74-27.15 and 11.36-35.51ng/mole FW for mint in the experiment A and B, 

respectively. Although all the applied PGPs lowered the level of lipid peroxidation, however, 

MLE treatment proved to be the most effective amongst all. Appreciable results were also 

obtained from 6-BAP, mixture, and HA 6 h and BF among the remaining ones.  

Lipid peroxidation is the supreme cause of aging process (Ceconi et al., 2003), 

responsible to generate a number of secondary harmful products mainly comprising 

aldehydes that are liable for intensification of oxidative disorders. Because of high reactivity 

and longevity, these molecules are distributed inside as well as outside of the cells, targeting 

the biomolecules causing irreversible destruction of cell functionality (Uchida, 1998; Del-Rio 

et al., 2005).  

MDA manifests the level of peroxidation of membrane in eras of oxidative stress. Its 

accumulation was significantly lower under treatments of exogenously applied PGPs 

compared to control and water treatments. Lipid peroxidation was found to be enhanced in 

the samples that were untreated with PGPs and therefore found less tolerant to membrane 

denaturation. The effective role of PGPs is exhibited by protecting membranes, their fluidity 

and maintenance of membrane integrity. Applied PGPs either themselves or through 

mediation of both enzymatic (SOD, APX, CAT etc.) and non-enzymatic systems, are able to 

capture ROS induced during stress conditions and lower the damage of membranes 

(Jungklang and Saengnil, 2012). Peroxidase is one of the representations of enzymatic 

antioxidants that removes the activity of H2O2 and keeps lipid peroxidation to minimum and 

cellular osmoregulation and membrane integrity to maximum (Berova et al., 2002; Ahmad 

and Haddad, 2008). Further exogenously applied PGPs tend to lower the transpiration rate 

and the corresponding moisture loss, hence preserving the plants to undergo stress 

(Ouzounidou et al., 2011). Hence, the decrement studied in MDA content is positively 

correlated with stimulation of antioxidant potential. Lesser MDA levels are indicator of 
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better tolerance towards oxidative stress (Terzi and Kadioglu, 2006; Chutipaijit et al., 2009; 

Keramat et al., 2009; Mohabbati et al., 2013). 

Cytokinins addition have important feature regarding delay of senescence of different 

plant parts. This property is reflected where cytokinins are added, or where they are produced 

at higher doses. Senescence is delayed by retarding the rate of macromolecules 

decomposition, more specifically the components of photosynthetic assembly (Stopari and 

Maksimovi, 2008). Humic substances effectively improve tolerance of plant towards stress 

by regulating hormone level (Nardi et al., 2002; Cimrin et al., 2010; Saruhan et al., 2011). 

This occurs by showing positive biochemical effects at level of membrane, cell wall and 

cytoplasm, resulting in higher permeability of cell membrane, enhanced rate of protein 

synthesis and activation of plant hormones followed by root cell elongation (Cimrin et al., 

2010; Saruhan et al., 2011). 

The better performance shown by biofertilizers treated samples against control and 

water exposed samples might be linked to the sufficient nitrogen fixation by the bacteria 

from atmospheric nitrogen. This facilitates the synthesis of certain plant growth promoting 

substances like auxins, cytokinins and gibberellins (Vasantharajan and Bhatt, 1968; Saxena 

and Tilak, 1994), and discourages the production of ethylene in plants. Substantial hormonal 

action, vibrant antioxidant potential, and significant amount of nutritional attributes in MLE 

are the factors which help to delay leaf senescence and lower the level of MDA by stabilizing 

membrane integrity with the help of enzymatic and non-enzymatic antioxidants and make it 

the most appreciable PGP among others in reducing plant exposure to stress. 

Urea implementation has elevated the lipid peroxidation by increasing MDA level. In 

a study, urea was applied in solution form in varying concentrations from 1-8 g/L. Results 

showed that urea dose upto 4 g/L favorably declined MDA level followed by a sharp increase 

later on. Since the dry mode of urea implementation was used in the current study (50 Kg per 

hectare), therefore a sharp increase in MDA was associated with higher concentration of urea 

showing antagonistic effect (Zhang et al., 2012). Conversely, effective dose of nitrogen has 

beneficial role in preventing leaf senescence and lipid peroxidation (Argueso et al., 2009). 
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Table 4.2.3.2a.  MDA Contents (ng/g FM) of Spinach 
 

Treatment 
Ax By 

40 Daysa 50 Daysb 60 Daysc 40 Daysd 50 Dayse 60 Daysf 

Control 29.13±0.13e 17.05±0.11d 10.15±0.12cd 34.32±0.13e 23.24±0.12d 17.85±0.17d 

Water 27.31±0.15e 16.87±0.14d 10.06±0.13cd 36.24±0.11e 22.19±0.07d 17.12±0.09d 

HA 10.92±0.07b 9.35±0.09b 7.96±0.06bc 15.86±0.14b 14.32±0.13c 11.89±0.11b 

MLE 5.32±0.21a 3.76±0.27a 2.41±0.24a 8.32±0.13a 7.19±0.11a 6.59±0.12a 

6-BAP 11.23±0.15b 9.23±0.13b 5.05±0.14b 16.34±0.13b 12.73±0.14b 10.62±0.18bc 

Mixture 10.05±0.14b 9.67±0.14b 6.89±0.18b 14.43±0.18b 12.14±0.12b 9.53±0.15b 

BF (P) 9.85±0.17b 8.45±0.18b 6.74±0.14b 15.65±0.13b 15.13±0.13bc 14.68±0.16c 

HA 6h (P) 9.23±0.23b 8.02±0.26b 6.27±0.21b 18.34±0.14bc 17.21±0.18c 16.31±0.17cd 

HA 9h (P) 14.34±0.14c 12.13±0.15c 8.19±0.12c 19.32±0.12bc 18.09±0.15c 16.62±0.18cd 

HA 12h (P) 16.25±0.15c 13.56±0.13c 9.72±0.11c 21.95±0.12c 21.34±0.13d 16.93±0.09d 

Values are means ± SD, samples of each plant material analyzed individually in triplicate (P < 0.05). HA=Humic acid; MLE=Moringa leaf extract; 6-
BAP =6-Benzyl amino purine; Mixture = HA+MLE+6-BAP; BF=Bio-fertilizer; P=Seed Priming; Ax = Absence of urea; By = Presence of urea, while 
X and Y letters in the subscripts within the row showed significant difference between presence and absence of urea. Small alphabets in superscripts 
within the column showed significant difference among treatments.  
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Table 4.2.3.2b.  MDA Contents (ng/g FM) of Coriander 
 

Treatment 
Ax By 

40 Daysa 50 Daysb 60 Daysc 40 Daysd 50 Dayse 60 Daysf 

Control 23.42±0.03d 17.42±0.05d 10.42±0.07d 29.14±0.18d 25.44±0.21d 21.14±0.22d 

Water 21.52±0.04d 14.57±0.03cd 7.50±0.09c 27.91±0.13d 25.21±0.13d 19.91±0.11d 

HA 15.08±0.06b 11.08±0.07b 4.08±0.08b 25.91±0.12cd 23.21±0.11cd 17.91±0.14cd 

MLE 11.23±0.14a 4.23±0.12a 2.23±0.11a 16.13±0.13a 11.43±0.12a 8.13±0.18a 

6-BAP 13.53±0.12ab 6.73±0.05ab 4.03±0.04b 23.03±0.08c 18.83±0.08bc 15.03±0.09c 

Mixture 12.03±0.09ab 6.23±0.11ab 4.23±0.13b 23.12±0.09c 18.42±0.03bc 15.12±0.08c 

BF (P) 16.56±0.07b 11.21±0.12c 4.56±0.17b 24.39±0.13c 21.19±0.09c 15.39±0.11c 

HA 6h (P) 17.05±0.09b 11.03±0.06c 5.05±0.05b 24.34±0.02c 21.04±0.07c 16.34±0.05c 

HA 9h (P) 18.62±0.12bc 13.34±0.12c 6.62±0.14c 26.58±0.13cd 23.88±0.03cd 18.58±0.11cd 

HA 12h (P) 18.93±0.14c 12.43±0.17c 6.93±0.13c 26.89±0.06cd 24.19±0.02cd 18.89±0.08cd 

Values are means ± SD, samples of each plant material analyzed individually in triplicate (P < 0.05). HA=Humic acid; MLE=Moringa leaf extract; 6-
BAP =6-Benzyl amino purine; Mixture = HA+MLE+6-BAP; BF=Bio-fertilizer; P=Seed Priming; Ax = Absence of urea; By = Presence of urea, while 
X and Y letters in the subscripts within the row showed significant difference between presence and absence of urea. Small alphabets in superscripts 
within the column showed significant difference among treatments. 
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Table 4.2.3.2c.  MDA Contents (ng/g FM) of Mint 

 

Treatment 
Ax By 

40 Daysa 50 Daysb 60 Daysc 40 Daysd 50 Dayse 60 Daysf 

Control 27.15±0.11de 18.57±0.13d 13.53±0.12e 35.51±0.12e 27.17±0.12d 22.24±0.13cd 

Water 22.48±0.12d 15.35±0.13cd 9.24±0.18cd 30.17±0.13d 21.87±0.13c 20.45±0.14c 

HA 13.02±0.13b 9.79±0.15cd 4.03±0.09b 21.28±0.18bc 19.32±0.13c 17.19±0.11b 

MLE 8.75±0.12a 5.49±0.13a 2.74±0.15a 14.34±0.15a 13.21±0.13a 11.36±0.12a 

6-BAP 10.79±0.05ab 8.27±0.07b 4.12±0.06b 19.98±0.13b 18.23±0.14b 17.85±0.11b 

Mixture 9.96±0.02a 7.91±0.05ab 3.56±0.09b 17.75±0.07ab 17.27±0.04b 16.68±0.09b 

BF (P) 10.87±0.03ab 7.89±0.04ab 4.99±0.07b 19.65±0.05b 17.21±0.05b 16.98±0.08b 

HA 6h (P) 10.54±0.04ab 7.64±0.03ab 4.45±0.07b 18.01±0.08ab 17.03±0.06b 16.54±0.06b 

HA 9h (P) 12.43±0.05b 9.58±0.03b 5.42±0.08b 18.74±0.03b 17.79±0.04b 17.46±0.06b 

HA 12h (P) 14.87±0.11b 11.74±0.17c 6.30±0.18c 19.38±0.12b 18.37±0.12bc 18.18±0.16bc 

Values are means ± SD, samples of each plant material analyzed individually in triplicate (P < 0.05). HA=Humic acid; MLE=Moringa leaf extract; 6-
BAP =6-Benzyl amino purine; Mixture = HA+MLE+6-BAP; BF=Bio-fertilizer; P=Seed Priming; Ax = Absence of urea; By = Presence of urea, while 
X and Y letters in the subscripts within the row showed significant difference between presence and absence of urea. Small alphabets in superscripts 
within the column showed significant difference among treatments. 
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4.2.3.3. Total Soluble Proteins - Bradford Assay 

 The total soluble proteins (TSP) variations in response to selected plant growth 

promoters at different growth stages are shown in table (4.2.3.3a, b, c). The observed TSP 

ranged as 3.21-22.45 µg/g FW and 6.55-25.81 µg/g FW for spinach, 2.53-18.75 µg/g FW and 

5.69-22.01 µg/g FW for coriander and 3.95-26.31 µg/g FW and 5.47-28.47 µg/g FW for mint 

in the experiment A and B, respectively. The highest value for TSP was perceived from MLE 

treated samples followed by mixture treatment and later on by 6-BAP and HA, whereas 

comparable results were obtained from BF and HA 6 h treated samples. Water showed lower 

results than PGPs but higher than control samples. Moreover, urea presence elevated the TSP 

in all leafy green vegetables compared to its absence which is in line with Nouriyani et al. 

(2012) who reported increased TSP with urea application. The reason might be explained in 

the way that nitrogen helps to maintain structural features in chlorophyll and proteins hence 

both are positively correlated. Increased photosynthesis showed higher amount of TSP which 

is in direct correlation with increased biomass produced as a result of exogenous application 

of PGPs. Comparatively higher attribution from MLE and mixture treatments are linked with 

improved endogenous profile associated with HA, cytokinins, minerals, vitamins and other 

elements. These characteristics result in higher enzymatic actions linked with proteins 

contribution.   

Proteins play role in translation, signal transduction, protein and RNA processing, 

photosynthesis, redox homeostasis, photorespiration in addition to metabolism of carbon (C), 

nitrogen (N), sulphur (S) and energy (Yan et al., 2006). There are certain ways through 

which the enzymatic activity is genetically controlled in differentiated cells. Therefore, the 

increased amount of TSP was used as one of the ways to maximize the enzymatic 

performance attributed by exogenously applied PGPs. PGPs can modify the process of 

translation in those proteins which are polymerized on ribosomes in cytoplasm and cell 

organelles. The increased value might also be linked with appropriate production of stress 

resistant proteins aiming to secure stay green mechanism of plants. 

The factors on which variation in TSP depends include geographical localization, 

nature of crop, growing seasons and environmental and exogenous factors (Filho et al., 

2011).  
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Table 4.2.3.3a  Total soluble Proteins (µg/g FW) of Spianch 
 

Treatment 
Ax By 

40 Daysa 50 Daysb 60 Daysc 40 Daysd 50 Dayse 60 Daysf 

Control 3.21±0.09d 3.91±0.11d 6.08±0.12d 6.55±0.13d 7.71±0.31d 9.89±0.21e 

Water 4.41±0.03d 6.4±0.06d 8.57±0.13d 8.33±0.16d 9.49±0.29d 11.67±0.24de 

HA 8.52±0.12c 10.51±0.09c 12.68±0.19c 16.53±0.13b 19.69±0.26b 21.87±0.24b 

MLE 17.31±0.11a 20.28±0.07a 22.45±0.17a 20.42±0.18a 23.83±0.27a 25.81±0.25a 

6-BAP 15.42±0.13a 16.41±0.06b 18.58±0.19b 17.93±0.17a 20.09±0.26ab 22.27±0.18b 

Mixture 16.71±0.29a 18.68±0.04a 20.85±0.33a 18.33±0.19a 21.49±0.23a 23.67±0.19b 

BF (P) 17.52±0.22a 19.46±0.18a 21.63±0.28a 19.42±0.13a 23.58±0.25a 25.76±0.21a 

HA 6h (P) 17.11±0.32a 19.11±0.27a 21.27±0.37a 19.37±0.14a 23.53±0.23a 25.71±0.26a 

HA 9h (P) 13.82±0.22b 15.81±0.23b 17.98±0.21b 18.44±0.24a 19.6±0.51b 21.78±0.54b 

HA 12h (P) 11.22±0.31bc 13.2±0.31bc 15.37±0.32bc 17.13±0.34ab 18.29±0.43b 20.47±0.41bc 

Values are means ± SD, samples of each plant material analyzed individually in triplicate (P < 0.05). HA=Humic acid; MLE=Moringa leaf extract; 6-
BAP =6-Benzyl amino purine; Mixture = HA+MLE+6-BAP; BF=Bio-fertilizer; P=Seed Priming; Ax = Absence of urea; By = Presence of urea, while 
X and Y letters in the subscripts within the row showed significant difference between presence and absence of urea. Small alphabets in superscripts 
within the column showed significant difference among treatments. 
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Table 4.2.3.3b  Total soluble Proteins (µg/g FW) of Corinader 
 

Treatment 
Ax By 

40 Daysa 50 Daysb 60 Daysc 40 Daysd 50 Dayse 60 Daysf 

Control 2.53±0.11d 4.56±0.13d 5.65±0.12d 5.69±0.13d 6.79±0.14d 9.92±0.12de 

Water 9.73±0.22c 10.76±0.19bc 12.45±0.24bc 9.09±0.16c 10.49±0.13c 13.62±0.13d 

HA 10.13±0.23c 11.16±0.22b 13.25±0.24bc 12.06±0.14bc 15.16±0.14b 18.29±0.19bc 

MLE 15.63±0.27a 16.66±0.26a 18.75±0.25a 17.78±0.16a 19.88±0.13a 22.01±0.17a 

6-BAP 13.62±0.19b 14.65±0.13a 16.74±0.18b 15.44±0.13a 17.54±0.21a 20.67±0.19b 

Mixture 12.96±0.21b 14.99±0.18a 17.08±0.19ab 16.76±0.14a 18.86±0.14a 21.99±0.32a 

BF (P) 10.99±0.23c 12.02±0.16b 14.11±0.22b 11.73±0.22c 13.83±0.14c 16.96±0.27c 

HA 6h (P) 11.24±0.26bc 12.27±0.18b 14.36±0.23b 12.08±0.32bc 14.18±0.24b 17.31±0.36bc 

HA 9h (P) 11.63±0.29bc 12.66±0.26b 14.75±0.27b 11.84±0.21c 12.94±0.23bc 16.07±0.19c 

HA 12h (P) 8.75±0.41c 9.78±0.44c 12.87±0.43bc 9.76±0.23c 10.86±0.33c 13.99±0.32d 

Values are means ± SD, samples of each plant material analyzed individually in triplicate (P < 0.05). HA=Humic acid; MLE=Moringa leaf extract; 6-
BAP =6-Benzyl amino purine; Mixture = HA+MLE+6-BAP;BF=Bio-fertilizer; P=Seed Priming; Ax = Absence of urea; By = Presence of urea, while X 
and Y letters in the subscripts within the row showed significant difference between presence and absence of urea. Small alphabets in superscripts 
within the column showed significant difference among treatments. 
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Table 4.2.3.3c  Total soluble Proteins (µg/g FW) of Mint 
 

Treatment 
Ax By 

40 Daysa 50 Daysb 60 Daysc 40 Daysd 50 Dayse 60 Daysf 

Control 3.95±0.12d 5.11±0.13d 8.29±0.14e 5.47±0.19d 8.28±0.11d 10.34±0.09d 

Water 5.61±0.13d 7.76±0.17d 10.94±0.15d 8.96±0.13d 10.77±0.12d 12.83±0.12cd 

HA 9.26±0.17c 12.36±0.13c 10.94±0.16d 14.98±0.17c 17.79±0.16b 19.85±0.38b 

MLE 21.27±0.18a 23.13±0.14a 26.31±0.16a 23.6±0.18a 26.41±0.12a 28.47±0.16a 

6-BAP 14.78±0.13b 15.64±0.17b 18.82±0.12b 17.99±0.13b 20.83±0.13b 22.86±0.28b 

Mixture 16.87±0.19b 17.33±0.19b 20.51±0.12b 17.74±0.12b 20.55±0.15b 22.61±0.47b 

BF (P) 13.45±0.12b 15.41±0.13b 18.59±0.13b 16.65±0.18b 19.46±0.12b 21.52±0.21b 

HA 6h (P) 13.67±0.16b 15.53±0.14b 18.71±0.17b 16.81±0.12b 19.61±0.16b 21.67±0.27b 

HA 9h (P) 11.85±0.13c 12.91±0.19c 16.09±0.34c 14.46±0.13c 17.27±0.12b 19.33±0.46b 

HA 12h (P) 7.98±0.12cd 8.94±0.13d 12.12±0.26cd 11.81±0.17c 14.62±0.11c 16.68±0.32c 

Values are means ± SD, samples of each plant material analyzed individually in triplicate (P < 0.05). HA=Humic acid; MLE=Moringa leaf extract; 6-
BAP =6-Benzyl amino purine; Mixture = HA+MLE+6-BAP; BF=Bio-fertilizer; P=Seed Priming; Ax = Absence of urea; By = Presence of urea, while 
X and Y letters in the subscripts within the row showed significant difference between presence and absence of urea. Small alphabets in superscripts 
within the column showed significant difference among treatments. 
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4.2.3.4. Chlorophyll Contents 

The chlorophyll contents attributed by certain plant growth promoters in foliar and 

seed priming conducts and with respect to growth stage are described in table (4.2.3.4a, b, c). 

The observed variations in total chlorophyll contents remained as: 4173.01-19700.58 and 

4372.84-27572.43 µg/g FW for spinach, 1463.35-5480.25 and 1697.18-5959.53 µg/g FW for 

coriander and 1623.64-7306.68 and 1745.62-9284.86 µg/g FW for mint in the experiment A 

and B, respectively. The study showed that urea presence has incremented the chlorophyll 

content compared to its absence. Chlorophyll contents also found to be enhanced with respect 

to each growth phase. The control samples exhibited lower values in comparison to all other 

PGPs and water. Overall foliar conducts showed improved performance than seed priming 

agents. Within the vegetables, the leading chlorophyll contents were found in spinach leaves 

followed by mint and coriander. Among the growth promoters, the highest values were 

perceived in case of MLE followed by mixture, 6-BAP and HA treatments. Among the seed 

primers, HA 6h treatment remained dominated followed by BF treatment, HA 9h and HA 

12h. Similar trends were observed for Chlorophyll a and b, of each vegetable also. 

Color represents one of the important quality attributes through which the access 

towards natural and processed foods is acknowledged by consumers (Bahceci et al., 2005). 

Chlorophyll is an important pigments lying in chloroplast and intends to perform 

photosynthesis (Wang et al., 2003; Thomas et al., 2005). The rate of photosynthesis is 

positively correlated with chlorophyll contents. Increased photosynthetic contents proved an 

effective way for higher production yield of crops (Wang et al., 2008). A strong correlation 

was recorded among the colored attributes at varying temperatures, varying nitrogen 

percentages in leaves and other different environmental factors (Cao et al., 2004; Li et al., 

2010). 

Light and molecular oxygen affects badly free chlorophyll. The chlorophyll demand 

varies according to plant species, growing conditions and also depends on the developmental 

stage of the photosynthetic plant. Chlorophyll metabolism is highly regulated as the 

concentration of green pigment present in cells must be in coordination with chlorophyll 

binding sites provided by the photosynthesis related proteins in order to minimize the content 

of free chlorophyll (Vavilin et al., 2005). 
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Chlorophyll exhibits the antioxidant activity in the presence of light. This might be 

explained in a way of energy transfer from singlet excited chlorophyll to the oxygen that 

might form ROS (Lanfer-Marquez et al., 2005). However, chlorophyll a (the key pigment 

constituting green vegetables) is reported to exhibit a little antioxidant activity among all 

others greenish pigments studied over a wide concentration range. 

PGPs aim to ensure the modification of source-sink relationship. Moreover, they 

intensify efficiency of translocation and photosynthesis (Kohler et al., 2009). According to 

accumulated evidences from Xu et al. (2011), it was suggested that rate of photosynthesis is 

promoted by exogenous application of ALA applied at low dose concentrations. Similar 

results were discovered in pakchoi by Memon et al. (2009), in rape seed oil by Naeem et al. 

(2010) and in ginkgo leaves by Xu et al. (2011). The increased chlorophyll contents might be 

linked with improved quantum efficiency and in turn increased flavonoid and anthocyanin 

contents (Cheng et al., 2001). 

Kavina et al. (2011) studied that chlorophyll contents were significantly increased by 

treating with ABA, DIZ and GA3 in Mentha species. Similar outcomes were received in 

tomato (Still and Pill, 2003), barley (Sunitha et al., 2004) and carrot (Gopi et al., 2007) under 

treatment of Paclobutrazol. In another experiment, dark green leaves were reported due to 

high chlorophyll content in Paclobutrazol treated potatoes (Tekalign et al., 2005). 

Chlorophyll synthesis was greatly enhanced in Dianthus caryophyllus when undergone 

treatment with Paclobutrazol (Sebastian et al., 2002). Gibberellic acid led to increase the 

pigment concentration and vegetative growth in normal and salinity stressed maize cultivars 

(Kaya et al., 2006: Tuna et al., 2008). About 90-137.5% increase in photosynthetic capacity 

due to higher chlorophyll content was reported by application of ABA, Berelex and 

cytozyme (Gemici et al., 2000).  

In the present study, overall higher chlorophyll contents in MLE and mixture 

treatments might be linked to the increased photosynthetic activity due to activation of 

internal hormonal status.  
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Table 4.2.3.4a  Total Chlorophyll content (µg/g FM) of Spinach 
 

Treatment 
Ax By 

40 Daysa 50 Daysb 60 Daysc 40 Daysd 50 Dayse 60 Daysf 

Control 4173.01±114.98de 4302.58±161.38d 4611.21±98.66d 4372.84±118.39e 5420.84±146.16e 6106.41±159.72de

Water 4443.76±133.53d 5118.12±176.47d 5937.24±105.62d 4962.46±134.31e 5324.68±162.32e 6225.35±200.97de

HA 6660.72±272.28b 7598.22±165.92c 9306.54±314.48c 7587.06±241.86cd 8937.29±178.03cd 10347.12±245.73d

MLE 9621.16±315.33a 13508.26±154.93a 19700.58±288.63a 10979.81±254.79a 17338.49±219.01a 27572.43±215.59a

6-BAP 6836.13±145.76b 8539.64±192.92b 10652.56±273.71b 8614.61±225.71c 10590.61±185.17c 12493.32±358.79cd

Mixture 9256.34±294.74b 10269.93±179.02b 18301.72±342.73b 9951.27±296.44ab 14797.84±234.05b 23299.97±318.39ab

BF (P) 6022.36±184.61bc 6710.74±145.24bc 9463.39±256.14c 7453.63±242.94cd 8762.29±126.36cd 9909.53±242.39d

HA 6h (P) 6208.23±137.62b 6806.62±134.32bc 9708.34±151.57c 7912.68±239.79c 8250.44±247.29d 10390.39±184.72d

HA 9h (P) 4725.17±129.06d 5503.16±149.41c 6734.49±331.19d 6572.45±278.89d 5582.84±172.73e 9833.75±328.52d

HA 12h (P) 4589.16±147.12d 4823.88±154.22d 5945.25±242.28d 5417.75±223.32de 5789.34±154.55e 6141.85±199.56e

Values are means ± SD, samples of each plant material analyzed individually in triplicate (P < 0.05). HA=Humic acid; MLE=Moringa leaf extract; 6-BAP =6-Benzyl 
amino purine; Mixture = HA+MLE+6-BAP; BF=Bio-fertilizer; P=Seed Priming; Ax = Absence of urea; By = Presence of urea, while X and Y letters in the subscripts 
within the row showed significant difference between presence and absence of urea. Small alphabets in superscripts within the column showed significant difference 
among treatments. 
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Table 4.2.3.4b  Total Chlorophyll content (µg/g FW) of Coriander 
 

Treatment 
Ax By 

40 Daysa 50 Daysb 60 Daysc 40 Daysd 50 Dayse 60 Daysf 

Control 1463.35±39.15cd 1779.92±27.13e 2646.64±14.06d 1697.18±55.74d 1955.32±16.95e 2730.68±78.03d

Water 1410.19±41.68cd 1990.02±24.53de 2842.68±13.97d 1812.46±56.15d 2264.59±20.96d 3245.15±78.66d

HA 1978.37±129.01b 2609.61±47.34d 4117.75±27.92b 2271.93±26.29c 4939.41±35.17ab 4244.25±36.81b

MLE 2272.38±96.28a 5017.72±66.79a 5480.25±40.39a 3856.21±62.35a 5137.63±61.62a 5959.53±87.34a

6-BAP 2084.67±77.84ab 2751.71±40.49d 4646.14±25.91b 3090.57±48.62b 3862.42±23.24c 4272.68±68.08b

Mixture 2266.25±72.42a 3831.19±42.85c 4968.92±16.29a 3919.89±41.14a 4700.58±21.44b 4872.59±57.61a

BF (P) 2193.35±58.73ab 1492.91±42.85e 3797.27±20.06c 2543.94±54.84c 3471.39±23.75c 4418.91±76.77b

HA 6h (P) 2253.86±60.18a 2670.24±31.63d 3955.76±20.93bc 2986.66±43.09b 3838.94±21.32c 4530.92±60.33a

HA 9h (P) 1815.65±90.09bc 2487.47±41.79d 3426.98±18.71c 2217.89±64.75c 2922.86±22.84cd 3966.39±90.65b

HA 12h (P) 1718.32±60.11bc 2346.56±52.63d 3272.44±37.66c 1854.85±53.79d 2484.99±27.26d 3769.95±75.32b

Values are means ± SD, samples of each plant material analyzed individually in triplicate (P < 0.05). HA=Humic acid; MLE=Moringa leaf extract; 6-BAP =6-Benzyl 
amino purine; Mixture = HA+MLE+6-BAP; BF=Bio-fertilizer; P=Seed Priming; Ax = Absence of urea; By = Presence of urea, while X and Y letters in the subscripts 
within the row showed significant difference between presence and absence of urea. Small alphabets in superscripts within the column showed significant difference 
among treatments. 
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Table 4.2.3.4c  Total Chlorophyll content (µg/g FW) of Mint 

 

Treatment 
Ax By 

40 Daysa 50 Daysb 60 Daysc 40 Daysd 50 Dayse 60 Daysf 

Control 1623.64±161.19d 2169.83±58.83d 3830.79±44.64d 1745.62±86.82d 3724.38±58.11e 4291.51±159.33de

Water 1972.47±185.89d 2826.06±60.17d 4253.32±55.96d 2033.25±79.15d 3901.35±50.93e 6600.08±185.89c

HA 2292.62±174.73c 4392.61±94.69b 5802.24±62.82c 4267.79±94.39b 4514.11±105.21d 7716.18±232.97bc

MLE 3267.77±163.16a 5247.88±174.85a 7306.68±111.71a 5778.23±186.81a 6853.83±129.52a 9284.86±190.35a

6-BAP 2823.92±203.14a 4501.25±87.79b 5450.24±67.77c 4831.45±116.25ab 5121.97±141.28b 8359.55±203.14b

Mixture 3194.21±188.53b 4834.55±60.16b 5861.81±43.08c 5355.63±30.39a 6296.15±170.09a 8682.62±251.37b

BF (P) 2827.56±181.81b 4467.64±50.52b 5232.84±65.97b 4571.23±129.24b 6070.86±149.71ab 6713.83±168.24c

HA 6h (P) 2951.57±168.46b 4490.42±54.33b 5310.12±58.88b 4642.35±97.04b 6167.86±160.99ab 6955.52±117.87c

HA 9h (P) 2693.45±174.52c 2996.73±66.87d 4212.89±63.04d 3013.68±102.23c 4349.53±150.04d 5280.42±183.56d

HA 12h (P) 2406.11±178.97c 3349.92±75.41d 3654.51±72.33d 2221.95±101.87d 4180.31±132.57d 4463.29±378.95de

Values are means ± SD, samples of each plant material analyzed individually in triplicate (P < 0.05). HA=Humic acid; MLE=Moringa leaf extract; 6-BAP =6-
Benzyl amino purine; Mixture = HA+MLE+6-BAP; BF=Bio-fertilizer; P=Seed Priming; Ax = Absence of urea; By = Presence of urea, while X and Y letters in the 
subscripts within the row showed significant difference between presence and absence of urea. Small alphabets in superscripts within the column showed significant 
difference among treatments. 
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Table 4.2.3.4.1a Chlorophyll a content (µg/g FW) of Spinach 
 

Treatment 
Ax By 

40 Daysa 50 Daysb 60 Daysc 40 Daysd 50 Dayse 60 Daysf 

Control 2795.91±77.03de 2882.72±108.12d 3089.51±66.10d 2929.80±79.32e 3631.96±97.92e 4091.29±107.01de 

Water 2977.31±89.46d 3429.14±118.23d 3977.95±110.96d 3324.84±89.98e 3567.53±108.74e 4170.98±134.64de 

HA 4462.68±182.42b 5090.80±111.16c 6235.38±210.70c 5083.33±162.04cd 5987.98±119.28cd 6932.57±164.63d 

MLE 6446.17±211.27a 9050.53±103.81a 13199.38±193.38a 7356.47±170.70a 11616.78±146.73a 18473.52±144.44a 

6-BAP 4580.20±97.65b 5721.55±129.25b 7137.21±183.38b 5771.78±151.22c 7095.70±124.06c 8370.52±240.38cd 

Mixture 6201.74±197.47b 6880.85±119.94b 12262.15±229.62b 6667.35±198.61ab 9914.55±156.81b 15610.97±213.32ab 

BF (P) 4034.98±123.68bc 4496.19±97.31bc 6340.47±171.61c 4993.93±162.76cd 5870.73±84.66cd 6639.38±162.40d 

HA 6h (P) 4159.51±92.20b 4560.43±89.99bc 6504.58±101.55c 5301.49±160.65c 5527.79±165.68d 6961.56±123.76d 

HA 9h (P) 3165.86±86.47d 3687.11±100.10c 4512.10±222.37d 4403.54±186.85d 3740.50±115.72e 6588.61±220.10d 

HA 12h (P) 3074.73±98.57d 3231.99±103.32d 3983.31±162.32d 3629.89±149.62de 3878.85±103.54e 4115.03±133.70e 

Values are means ± SD, samples of each plant material analyzed individually in triplicate (P < 0.05). HA=Humic acid; MLE=Moringa leaf extract; 6-BAP =6-Benzyl 
amino purine; Mixture = HA+MLE+6-BAP; BF=Bio-fertilizer; P=Seed Priming; Ax = Absence of urea; By = Presence of urea, while X and Y letters in the subscripts 
within the row showed significant difference between presence and absence of urea. Small alphabets in superscripts within the column showed significant difference 
among treatments 
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Table 4.2.3.4.1b Chlorophyll a content (µg/g FW) of Coriander 
 

Treatment 
Ax By 

40 Daysa 50 Daysb 60 Daysc 40 Daysd 50 Dayse 60 Daysf 

Control 980.44±26.23cd 1192.54±18.17e 1773.24±9.42d 1137.11±37.34d 1310.06±11.35e 1829.55±52.28d

Water 944.82±27.92cd 1333.31±16.43de 1904.59±9.35d 1214.34±37.62d 1517.27±14.04 2174.25±52.70d

HA 1325.50±86.43b 1748.43±31.71d 2758.89±18.70b 1522.19±17.61c 3309.40±23.56d 3513.64±24.66a

MLE 1522.49±64.50a 3361.87±44.74a 3671.76±27.06a 2583.66±41.77a 3442.21±41.28ab 3992.88±58.51 

6-BAP 1396.72±52.15ab 1843.64±27.12d 3112.91±17.35b 2070.68±32.57b 2587.82±15.57a 2862.69±45.61 

Mixture 1518.38±48.52a 2566.89±28.70c 3329.17±10.91a 2626.32±27.56a 3149.38±14.36c 3264.63±38.59 

BF (P) 1469.54±39.34ab 1000.24±28.71e 2544.17±13.44c 1704.43±36.74c 2325.83±15.91b 2960.66±51.43 

HA 6h (P) 1510.08±40.32a 1789.06±21.19d 2650.35±14.02bc 2001.06±28.87b 2572.08±14.28c 3035.71±40.42 

HA 9h (P) 1216.48±60.36bc 1565.60±27.99d 2296.07±12.53c 1485.98±43.38c 1958.31±15.30cd 2657.48±60.73 

HA 12h (P) 1151.27±40.27bc 1472.19±35.26d 2192.53±25.23c 1242.74±36.03d 1664.94±18.26d 2525.86±50.46 
Values are means ± SD, samples of each plant material analyzed individually in triplicate (P < 0.05). HA=Humic acid; MLE=Moringa leaf extract; 6-BAP =6-
Benzyl amino purine; Mixture = HA+MLE+6-BAP; BF=Bio-fertilizer; P=Seed Priming; Ax = Absence of urea; By = Presence of urea, while X and Y letters in the 
subscripts within the row showed significant difference between presence and absence of urea. Small alphabets in superscripts within the column showed significant 
difference among treatments. 
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Table 4.2.3.4.1c Chlorophyll a content (µg/g FW) of Mint 
 

Treatment 
Ax By 

40 Daysa 50 Daysb 60 Daysc 40 Daysd 50 Dayse 60 Daysf 

Control 1087.83±108.47d 1453.78±39.41d 2566.62±29.90d 1169.56±58.16d 2495.33±38.93e 2875.31±106.75de

Water 1321.55±124.54d 1893.46±40.31d 2849.72±37.49d 1362.27±53.03d 2613.90±34.12e 2949.05±124.54de

HA 1536.05±117.06c 2943.04±63.44b 3887.51±42.08c 2859.41±63.24b 3024.45±70.49d 5169.84±156.08bc

MLE 2189.40±109.31a 3516.07±74.84a 4895.47±27.84a 3871.41±125.16a 4592.06±86.77a 6220.85±127.53a

BAP 1892.02±136.10a 3015.83±58.81b 3651.66±45.40c 3237.07±77.88ab 3431.71±94.65b 5600.89±136.10b

Mixture 2140.12±126.31b 3239.14±40.30a 3927.41±28.86c 3588.27±20.36a 4218.42±113.96a 5817.35±168.41b

BF (P) 1894.46±121.39b 2993.31±33.84b 3506.02±44.19b 3062.72±86.59b 4067.47±100.30ab 4498.26±112.72c

HA 6h (P) 1977.55±112.86b 3008.58±36.40b 3557.78±39.44b 3110.37±65.01b 4132.46±107.86ab 4660.19±78.97c

HA 9h (P) 1804.61±116.92c 2007.80±44.80d 2822.63±42.23d 2019.16±68.49c 2914.18±100.52d 3537.88±122.98d

HA 12h (P) 1612.09±119.78c 2244.44±50.52d 2448.52±48.46d 1488.71±68.25d 2800.80±88.82d 2990.40±153.89de

Values are means ± SD, samples of each plant material analyzed individually in triplicate (P < 0.05). HA=Humic acid; MLE=Moringa leaf extract; 6-BAP =6-Benzyl 
amino purine; Mixture = HA+MLE+6-BAP; BF=Bio-fertilizer; P=Seed Priming; Ax = Absence of urea; By = Presence of urea, while X and Y letters in the subscripts 
within the row showed significant difference between presence and absence of urea. Small alphabets in superscripts within the column showed significant difference 
among treatments. 
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Table 4.2.3.4.2a Chlorophyll b content (µg/g FW) of Spinach 

 

Values are means ± SD, samples of each plant material analyzed individually in triplicate (P < 0.05). HA=Humic acid; MLE=Moringa leaf extract; 6-BAP =6-Benzyl 
amino purine; Mixture = HA+MLE+6-BAP; BF=Bio-fertilizer; P=Seed Priming; Ax = Absence of urea; By = Presence of urea, while X and Y letters in the subscripts 
within the row showed significant difference between presence and absence of urea. Small alphabets in superscripts within the column showed significant difference 
among treatments. 

 
 

 

 

 

 

Treatment 
Ax By 

40 Daysa 50 Daysb 60 Daysc 40 Daysd 50 Dayse 60 Daysf 

Control 1377.09±77.03de 1419.85±108.12d 1521.69±66.10d 1443.03±79.32e 1788.87±97.92e 2015.11±107.01de

Water 1466.44±89.46d 1688.97±118.23d 1959.28±110.96d 1637.61±89.98e 1757.14±108.74e 2054.36±134.64de

HA 2198.03±182.42b 2507.41±111.16c 3071.15±210.70c 2503.72±162.04cd 2949.30±119.28cd 3414.54±164.63d

MLE 3174.98±211.27a 4457.72±103.80a 6501.19±193.38a 3623.33±170.70a 5721.70±146.73a 9098.90±144.44a

6-BAP 2255.92±97.65b 2818.08±129.25b 3515.34±183.38b 2842.82±151.22c 3494.90±124.06c 4122.79±240.38de

Mixture 3054.59±197.47b 3389.07±119.94b 6039.56±229.62b 3283.91±198.61ab 4883.28±156.81b 7688.99±213.32ab

BF (P) 1987.37±123.68bc 2214.54±97.31bc 3122.91±171.61c 2459.69±162.76cd 2891.55±84.66cd 3270.14±162.40d

HA 6h (P) 2048.71±92.20b 2246.18±89.99bc 3203.75±101.55c 2611.18±160.65c 2722.64±165.68d 3428.82±123.76d

HA 9h (P) 1559.30±86.47d 1816.04±100.10c 2222.38±222.37d 2168.90±186.85d 1842.33±115.72e 3245.13±220.10d

HA 12h (P) 1514.42±98.57d 1591.88±103.32d 1961.93±162.32d 1787.85±149.62de 1910.48±103.54e 2026.81±133.70e
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Table 4.2.3.4.2b  Chlorophyll b content (µg/g FW) of Coriander 
 

Treatment 
Ax By 

40 Daysa 50 Daysb 60 Daysc 40 Daysd 50 Dayse 60 Daysf 

Control 482.90±12.91cd 587.37±8.95e 873.39±4.63d 560.06±18.39d 645.25±5.59e 901.12±25.74d

Water 465.36±13.75cd 656.70±8.09de 938.08±4.61d 598.11±18.52d 747.31±6.91d 1021.89±25.95d

HA 652.86±42.57b 861.17±15.62d 1358.85±9.21b 749.73±8.67c 1630.01±11.60ab 1730.60±12.14b

MLE 749.88±31.77a 1655.84±22.04a 1808.48±13.32a 1272.54±20.57a 1695.41±20.33a 1966.64±28.82a

6-BAP 687.94±25.68ab 908.06±13.36d 1533.22±8.55b 1019.88±16.04b 1274.59±7.66c 1409.98±22.46b

Mixture 747.86±23.89 1264.29±14.14c 1639.74±5.37a 1293.56±13.57a 1551.19±7.07b 1607.95±19.01a

BF (P) 723.80±19.38 492.66±14.16e 1253.09±6.61c 839.50±18.09b 1145.55±7.83c 1458.24±25.33b

HA 6h (P) 743.77±19.85 881.17±10.43d 1305.40±6.90bc 985.59±14.21c 1266.85±7.03c 1495.20±19.90a

HA 9h (P) 599.16±29.72 721.86±13.79d 1130.90±6.17c 731.90±21.36d 964.54±7.53cd 1308.90±29.91b

HA 12h (P) 567.04±19.83 774.36±17.36d 1079.90±12.42c 612.10±17.75d 820.04±8.99d 1244.08±24.85b

Values are means ± SD, samples of each plant material analyzed individually in triplicate (P < 0.05). HA=Humic acid; MLE=Moringa leaf extract; 6-BAP =6-
Benzyl amino purine; Mixture = HA+MLE+6-BAP; BF=Bio-fertilizer; P=Seed Priming; Ax = Absence of urea; By = Presence of urea, while X and Y letters in the 
subscripts within the row showed significant difference between presence and absence of urea. Small alphabets in superscripts within the column showed 
significant difference among treatments. 
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Table 4.2.3.4.2c  Chlorophyll b content (µg/g FW) of Mint 
 

Treatment 
Ax By 

40 Daysa 50 Daysb 60 Daysc 40 Daysd 50 Dayse 60 Daysf 

Control 535.80±53.43d 716.04±19.41d 1264.16±14.73d 576.05±28.65d 1229.04±19.17e 1416.19±52.57de

Water 650.91±61.34d 932.59±19.85d 1403.59±18.46d 670.97±26.11d 1287.44±16.80e 1678.02±61.34de

HA 756.56±57.66c 1449.56±31.24b 1914.73±20.73c 1408.37±31.14b 1489.65±34.71d 2546.33±76.88bc

MLE 1078.36±53.84a 1731.80±36.86a 2411.20±33.86a 1906.81±61.64a 2261.76±42.74a 3064.01±62.81a

6-BAP 931.89±67.03a 1485.41±28.97b 1798.57±22.36c 1594.37±38.36ab 1690.25±46.62b 2758.65±67.03b

Mixture 1054.08±62.21b 1595.40±19.85a 1934.39±14.21c 1767.35±10.02a 2077.72±56.12a 2865.26±82.95b

BF (P) 933.09±59.78b 1474.32±16.67b 1726.83±21.77b 1508.50±42.64b 2003.38±49.40ab 2215.56±55.51c

HA 6h (P) 974.01±55.59b 1481.83±17.92b 1752.33±19.43b 1531.97±32.02b 2035.39±53.12ab 2295.32±38.89c

HA 9h (P) 888.83±57.59c 988.92±22.06d 1390.25±20.80d 994.51±33.73c 1435.34±49.51d 1742.53±60.57d

HA 12h (P) 794.01±59.01c 1105.47±24.88d 1205.98±23.86d 733.24±33.61d 1379.50±43.74d 1472.88±125.05de

Values are means ± SD, samples of each plant material analyzed individually in triplicate (P < 0.05). HA=Humic acid; MLE=Moringa leaf extract; 6-BAP =6-Benzyl 
amino purine; Mixture = HA+MLE+6-BAP; BF=Bio-fertilizer; P=Seed Priming; Ax = Absence of urea; By = Presence of urea, while X and Y letters in the subscripts 
within the row showed significant difference between presence and absence of urea. Small alphabets in superscripts within the column showed significant difference 
among treatments. 
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4.2.3.5. Carotenoids 

 The effect of selected PGPs on carotenoid contents of leafy green vegetables is 

expressed in tables (4.2.3.5 a, b, c). Since chlorophyll and carotenoids are interlinked, the 

observed order for carotenoids remained the same as reported in case of chlorophyll contents. 

The dominating treatment remained MLE. Urea presence incremented the carotenoid 

contents in leafy vegetables, however, difference was non-significant (P > 0.05). 

Color appeals the consumer because of highly concentrated chlorophylls and 

carotenoids. As health is preserved in their presence, they must be obtained through secured 

diet because they are not synthesized within human bodies (Ignat et al., 2012). Carotenoids 

act as antenna pigments to capture and provide light energy as per demand of reaction center 

where the photosynthesis has to take place. Furthermore, excess energy is being removed to 

prevent the photosynthetic machinery from damage (Miki, 1991; Marschner, 1995; Taiz and 

Zeiger, 1998; Tracewell et al., 2001). The leaf coloration along with energy production is 

highly influenced by the physiological age of leaf resulting in changed concentration of 

chlorophyll and carotenoids. Maturity in case of vegetables is also indicated by increased 

carotenoid concentration (Lefsrud et al., 2007). 

Carotenoids are found in ground as well as one of the two excited states after 

absorbing light. They exhibit antioxidant functionalities by protecting photosystems in a 

number of ways. These include termination of chain reactions when carotenoids react with 

lipid peroxides, through capture of singlet oxygen and dissipation of energy in the form of 

heat, by preventing formation of triplet oxygen when react with excited or triplet chlorophyll 

molecules and dissipation of excess energy via xanthophyll cycle. 

The higher carotenoid contents in samples treated with humic acid is indication of 

better photosynthetic activity due to appropriate functioning of carotenoids. Overall higher 

carotenoids owned by MLE treatment are because of the suitable hormones presence in 

corporation to other minerals and vitamins that help to delay the leaf senescence process 

(Abdalla, 2013). 
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Table 4.2.3.5a  Carotenoid content (µg/g FW) of Spinach 
 

Treatment 
Ax By 

40 Daysa 50 Daysb 60 Daysc 40 Daysd 50 Dayse 60 Daysf 

Control 500.76±13.79de 524.74±14.21d 516.31±19.36d 650.51±17.53e 553.34±11.89e 732.76±19.16de

Water 533.25±16.02d 595.49±16.12d 614.17±21.18d 638.96±19.47e 712.46±12.67e 747.04±24.11de

HA 799.28±32.67b 910.44±29.02c 911.78±19.91c 1072.47±21.36cd 1116.78±37.73cd 1241.65±29.48d

MLE 1154.53±37.83a 1192.77±30.57a 1260.99±18.59a 1840.61±26.28a 1524.06±34.83a 3308.69±25.87a

6-BAP 820.33±17.49b 1033.75±27.08b 1024.75±23.15b 1270.87±22.22c 1278.32±32.82c 1499.19±43.05de

Mixture 834.76±35.36b 1077.75±35.57b 1043.39±21.48b 1175.74±28.08ab 1716.24±41.12b 1235.99±38.21ab

BF (P) 722.68±22.15bc 894.43±29.15bc 805.28±17.42c 1051.47±15.16cd 1135.61±30.73cd 1189.14±29.08d

HA 6h (P) 744.98±16.51b 949.52±28.77bc 816.79±16.11c 990.05±29.67c 1165.02±18.18d 1246.84±22.16d

HA 9h (P) 567.02±15.48d 788.69±33.46c 660.37±17.92d 669.94±20.73d 808.13±39.74e 1180.05±39.42d

HA 12h (P) 550.69±17.65d 650.13±26.79d 578.86±18.51d 694.72±18.54de 713.43±29.07e 737.02±23.94e

Values are means ± SD, samples of each plant material analyzed individually in triplicate (P < 0.05). HA=Humic acid; MLE=Moringa leaf extract; 6-BAP =6-Benzyl 
amino purine; Mixture = HA+MLE+6-BAP; BF=Bio-fertilizer; P=Seed Priming; Ax = Absence of urea; By = Presence of urea, while X and Y letters in the subscripts 
within the row showed significant difference between presence and absence of urea. Small alphabets in superscripts within the column showed significant difference 
among treatments. 
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Table 4.2.3.5b Carotenoid content (µg/g FW) of Coriander 

Values are means ± SD, samples of each plant material analyzed individually in triplicate (P < 0.05). HA=Humic acid; MLE=Moringa leaf extract; 6-BAP =6-Benzyl 
amino purine; Mixture = HA+MLE+6-BAP; BF=Bio-fertilizer; P=Seed Priming; Ax = Absence of urea; By = Presence of urea, while X and Y letters in the subscripts 
within the row showed significant difference between presence and absence of urea. Small alphabets in superscripts within the column showed significant difference 
among treatments. 
 

 

 

 

Treatment 
Ax By 

40 Daysa 50 Daysb 60 Daysc 40 Daysd 50 Dayse 60 Daysf 

Control 219.51±5.87cd 266.98±4.06e 396.99±2.11d 254.57±8.31d 293.29±2.54e 409.62±11.71d

Water 211.52±6.25cd 298.51±3.67de 426.42±2.09d 271.86±8.42d 339.68±3.14d 486.77±11.79c

HA 296.75±19.35b 391.44±7.11d 617.66±4.18b 340.78±3.94c 740.91±5.27ab 586.63±5.52a

MLE 340.85±14.44a 737.62±10.02a 822.03±6.05a 578.43±9.35a 710.64±9.24a 893.92±13.11a

6-BAP 312.71±11.67ab 412.75±6.07d 696.92±3.88b 463.58±7.29b 579.36±3.48c 490.92±10.21b

Mixture 339.93±10.86a 574.67±3.93c 745.33±2.44a 587.98±6.17a 705.08±3.21b 280.88±8.64a

BF (P) 329.02±8.81ab 223.93±6.42e 569.59±3.01c 381.59±8.22c 520.71±3.56c 632.83±11.51b

HA 6h (P) 338.07±9.02a 400.53±4.74d 593.36±3.14bc 447.99±6.46b 575.84±3.19c 679.63±9.04a

HA 9h (P) 272.34±13.51bc 328.12±6.26de 514.04±2.81c 332.68±9.71c 438.43±3.42cd 594.95±13.59b

HA 12h (P) 257.74±9.01bc 351.98±7.89d 490.86±5.64c 278.22±8.06d 372.74±4.08d 565.49±1.29b
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Table 4.2.3.5c  Carotenoid content (µg/g FW) of Mint 
 

Treatment 
Ax By 

40 Daysa 50 Daysb 60 Daysc 40 Daysd 50 Dayse 60 Daysf 

Control 218.83±19.34d 260.38±7.05 459.69±5.35d 313.15±10.41d 470.92±6.79e 409.62±11.71de

Water 308.69±22.31d 339.12±7.22d 714.39±6.71d 403.71±9.49d 444.16±6.11e 486.77±11.79c

HA 275.11±20.96c 527.11±11.36d 696.26±7.53c 512.13±11.32b 541.69±12.62d 186.63±5.52bc

MLE 320.73±19.57a 605.74±20.98b 876.81±13.42a 693.38±22.41a 822.45±15.54a 893.92±13.11a

6-BAP 374.87±24.37a 468.14±10.53a 546.02±8.13c 397.61±13.95ab 614.63±16.95b 490.92±10.21b

Mixture 347.31±22.62b 220.14±7.22b 535.41±5.16c 642.67±3.64a 755.53±20.41a 280.88±8.64b

BF (P) 243.32±21.81b 344.11±6.06b 423.94±7.91b 392.54±15.51b 656.52±17.96ab 632.83±11.51c

HA 6h (P) 318.18±20.21b 394.85±6.51b 457.21±7.06b 425.08±11.64b 728.14±19.31ab 679.63±9.04c

HA 9h (P) 347.21±20.94c 359.61±8.02d 385.54±7.56d 266.63±12.22c 521.94±18.02d 594.95±13.59d

HA 12h (P) 367.69±21.47c 401.99±9.04d 438.54±8.67d 209.49±19.74d 501.63±15.98d 565.49±1.29de

Values are means ± SD, samples of each plant material analyzed individually in triplicate (P < 0.05). HA=Humic acid; MLE=Moringa leaf extract; 6-BAP =6-Benzyl 
amino purine; Mixture = HA+MLE+6-BAP; BF=Bio-fertilizer; P=Seed Priming; Ax = Absence of urea; By = Presence of urea, while X and Y letters in the subscripts 
within the row showed significant difference between presence and absence of urea. Small alphabets in superscripts within the column showed significant difference 
among treatments. 
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4.2.4. Effect of Plant Growth Promoters on Proximate Analysis of Leafy 

Green Vegetables 

4.2.4.1. Moisture Content 

Table 4.2.4.1 depicts the variations in moisture contents of vegetable grown under 

different priming and foliar treatments. The observed range of moisture content was 75.102-

88.703 g/100g FW for spinach, 14.652-27.575 g/100g FWfor coriander and 14.409-22.489 

g/100g FW for mint in the normal soil (without urea) and 80.424-93.887 g/100g FW 

(spinach), 16.984-29.453 g/100g FW (coriander) and 16.052-23.756 g/100 g FW (mint) in 

the corresponding presence of urea. Among all leafy vegetables, the dominating effects 

regarding moisture contents were shown by MLE. Among foliar treatments, little non-

significant (P > 0.05) results were observed among treatments. The observed order among 

remaining seed primers remained as: HA 6 h > BF > HA 9 h > HA 12 h. The water exposure 

although contained lower moisture contents in comparison to foliar and seed priming 

conducts, but the value was significantly higher than control samples. The urea 

implementation in soil also brought the similar trend but with incremented values. The 

current results are in line with the previously reported data. The estimated moisture 

percentage range for spinach leaves was found to be in agreement with reported data of other 

researchers i.e. Adeniyi et al., 2012 (79.98-89.47%), Ng et al., 2012 (92.6 to 97.5 g/100 FW) 

and Kayode et al., 2012 (79.77-88.47%). Furthermore, the coriander and mint leaves showed 

lower moisture content than spinach leaves. Seed priming treatments showed comparative 

moisture percentage than of foliar conducts. The moisture content in Withania somnifera 

(15.2%), Asparagus racemosus (13.2%) and Piper longum (11.0%) were determined by 

Srivastava (2012). Comparable results were also seen in other studies i.e. 10.09-12.1% 

(Ogunka-Nnoka and Mepba, 2008). 

The variations in percentage moisture contents might be ascribed to nature of 

vegetable, climate, growing environment, mode of application and nature of PGPs. High 

moisture content in each vegetable with respect to the control is indication of presence of 

various cell saps. Water being the most important nutrient not only covers about 75% of 

every cell, but also facilitates hydrolyzed enzymatic reactions to separate ATP (adenosine 

triphosphate) and GTP (guanosine triphosphate) to access energy. Water is also the favorable 

medium to bring about ionic reactions within biological systems (Adeniyi et al., 2012). High 
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moisture also presents high energy density with water presence. Due to this, consumers attain 

a better satiety without additional energy intake (Ng et al., 2012). High moisture percentage 

also makes leafy vegetables succulent and tender nature. However, good stability and woody 

texture is maintained through low moisture presence (Alfawaz, 2006). 

Relatively higher moisture possessions in samples treated with PGPS shows their 

water uptake efficacy. Application of HA in seed priming mode is responsible to increase 

absorptive area of root cells and facilitate uptake, intensify membrane permeability and 

maintenance of more moisture in the plants. However, the increased duration of seeds with 

HA limits water saturation into the cells and increasing pathogenic metal ions into cells 

(Chang et al., 2012). Comparative attribution of moisture with BF showed the synergic 

association between mycorrhizea and root cells enhancing water uptake into cells. The 

enhancement of moisture content with foliar applications leads to the chemical composition 

of the applied PGPs. MLE is loaded with additional nutritional attributes like vitamins, 

minerals humic acid and auxinic characteristics which help to improve moisture contents. 6-

BAP facilitates the cell division; more number of cells is linked with more cell saps and 

hence possesses more moisture content. Urea is responsible to increase plant metabolic rate 

and increased uptake of water and desired minerals. The presence of exceedingly high 

moisture percentage makes sure the maintenance of protoplasmic constituents in the cell. 

This offers an imperative contribution towards the leaves’ texture making these vegetables 

more perishable (George, 2003; Gbadamosi et al., 2011).  

 

 

 

 

 

 

 

 

 

 

 



128 
 

 
 
 
 

Table 4.2.4.1.  Moisture Contents (g/100g FW) of leafy green vegetables 
 

Treatment 
Spinach Coriander Mint 

Ax
a By

b Ax
c By

d Ax
e By

f 

Control 75.102 ± 0.726c 80.424 ± 1.451cd 14.652 ± 0.301d 16.984 ± 0.301d 14.409 ± 0.300d 16.052 ± 0.154c 

Water 82.475 ± 0.738bc 84.308 ± 1.476c 18.792 ± 0.361c 20.437 ± 0.361c 15.283 ± 0.361cd 17.764 ± 0.174c 

HA 85.907 ± 0.804a 88.386 ± 1.607b 21.555 ± 0.306c 27.284 ± 0.306a 17.025 ± 0.306bc
 18.327 ± 0.181bc 

MLE 88.703 ± 0.810a 93.887 ± 1.621a 27.575 ± 0.291a 29.453 ± 0.291ab 22.489 ± 0.291a 23.756 ± 0.221a 

6-BAP 86.087 ± 0.787a 90.538 ± 1.575a 22.406 ± 0.337c 22.054 ± 0.337c 17.906 ± 0.337bc 20.352 ± 0.263ab 

Mixture 86.143 ± 0.806a 90.496 ± 1.611a 22.112 ± 0.350c 22.787 ± 0.350c 17.328 ± 0.350c 19.362 ± 0.228b 

BF (P) 85.573 ± 0.783a 90.026 ± 1.566a 27.175 ± 0.344a 19.439 ± 0.344cd 19.326 ± 0.344b 19.657 ± 0.208b 

HA 6h (P) 87.187 ± 0.771a 92.768 ± 1.541a 27.455 ± 0.245a 28.865 ± 0.245a 20.982 ± 0.245ab 22.524 ± 0.195a 

HA 9h (P) 81.897 ± 0.768b 85.897 ± 1.536bc 20.088 ± 0.299bc 20.936 ± 0.301c 19.623 ± 0.299b 17.472 ± 0.206c 

HA 12h (P) 77.669 ± 0.642c 84.809 ± 1.285c 19.343 ± 0.364c 20.583 ± 0.364cd 15.935 ± 0.363cd 16.835 ± 0.198c 

Values are means ± SD, samples of each plant material analyzed individually in triplicate (P < 0.05). HA=Humic acid; MLE=Moringa leaf extract; 6-BAP =6-
Benzyl amino purine; Mixture = HA+MLE+6-BAP; BF=Bio-fertilizer; P=Seed Priming; Ax = Absence of urea; By = Presence of urea, while X and Y letters in the 
subscripts within the row showed significant difference between presence and absence of urea. Small alphabets in superscripts within the column showed significant 
difference among treatments. 
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4.2.4.2. Ash Content 

The ash portion in any food-stuff denotes the inorganic residue that is left after the 

ignition of organic matter (Rosli et al., 2008). The higher ash content is the distinctive feature 

and thus the representation of high mineral status of leafy vegetables (Yusuf et al., 2012). 

Usually there is less bioavailability of minerals from plant sources than from animal sources; 

however, they are essential for the better performance of a number of body functions 

(Januskevicius et al., 2012). 

Table (4.2.3.2) shows the ash content of leafy green vegetables under influence of 

foliar and seed priming treatments. Ash contents in spinach leaves fall in the range of 5.172-

13.564 and 7.765-19.675 g/100 g DW in the experiment A and B, respectively. Among foliar 

treatments, the higher value was shown by MLE followed by 6-BAP and mixture treatments 

and the least by control. Among seed priming treatments, HA 6 h remained dominated 

followed by BF, HA 9 h and HA 12 h. Similar trend was seen with presence of urea with 

incremented values for ash contents. 

During assessment of ash contents in coriander and mint leaves, urea presence 

showed higher values. Less or non significant difference (P > 0.05) was observed regarding 

effectiveness of PGPs in mint leaves in foliar conducts in urea absence. However, sharp 

variations were observed in case of seed priming treatments in the presence and absence of 

urea and in foliar conducts in the presence of urea. Seed priming (HA 6 h and BF) and foliar 

treatments (MLE) remained dominated in the corresponding absence and presence of urea. 

The observed values of ash contents seemed to be correlated with A. hybridus which had ash 

contents 17.70% (Iheanacho and Angelac, 2009). 
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Table 4.2.4.2. Ash contents (g/100g DW) of leafy green vegetables 
 

Treatment 
Spinach Coriander Mint 

Ax
a By

b Ax
c By

d Ax
e By

f

Control 5.172 ± 0.339cd 7.765 ± 0.339d 7.242 ± 0.339c 8.873 ± 0.234c 6.021 ± 0.192cd 8.234 ± 0.128d

Water 6.503 ± 0.327c 8.247 ± 0.327d 7.476 ± 0.327c 9.242 ± 0.325c 7.204 ± 0.252c 8.894 ± 0.157d 
HA 8.689 ± 0.277c 10.761 ± 0.277cd 11.831 ± 0.234ab 11.863 ± 0.211b 11.968 ± 0.234b 14.985 ± 0.141b

MLE 13.564 ± 0.364a 19.675 ± 0.364a 14.085 ± 0.363a 17.859 ± 0.359a 17.794 ± 0.280a 18.784 ± 0.155a

6-BAP 11.787 ± 0.381ab 13.008 ± 0.381c 10.832 ± 0.381ab 14.127 ± 0.119ab 13.931 ± 0.214b 14.836 ± 0.209b

Mixture 11.554 ± 0.332ab 12.894 ± 0.332bc 12.994 ± 0.333b 13.094 ± 0.317ab 12.078 ± 0.267b 14.624 ± 0.188b

BF (P) 10.298 ± 0.274b 9.564 ± 0.274cd 9.474 ± 0.275bc 10.164 ± 0.305bc 14.879 ± 0.303ab 16.056 ± 0.213ab

HA 6h (P) 10.375 ± 0.325b 11.987 ± 0.325c 9.282 ± 0.324bc 11.834 ± 0.332b 16.651 ± 0.262a 16.816 ± 0.218ab

HA 9h (P) 9.895 ± 0.316b 10.765 ± 0.316cd 7.537 ± 0.306c 9.811 ± 0.376c 11.124 ± 0.288bc 11.735 ± 0.154c

HA 12h (P) 7.894 ± 0.352bc 10.685 ± 0.352cd 7.263 ± 0.348c 8.887 ± 0.245c 11.032 ± 0.227bc 11.438 ± 0.149cd

Values are means ± SD, samples of each plant material analyzed individually in triplicate (P < 0.05). HA=Humic acid; MLE=Moringa leaf extract; 6-BAP =6-
Benzyl amino purine; Mixture = HA+MLE+6-BAP; BF=Bio-fertilizer; P=Seed Priming; Ax = Absence of urea; By = Presence of urea, while X and Y letters in 
the subscripts within the row showed significant difference between presence and absence of urea. Small alphabets in superscripts within the column showed 
significant difference among treatments. 
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4.2.4.3. Crude Protein Contents 

 Crude protein estimations for leafy green vegetables are discussed in table 4.2.3.3. 

The observed range was 8.188-28.688 g/100 g DW for spinach, 5.062-23.328 g/100 g DW 

for coriander, 11.512-25.063 g/100 g DW for mint in the experiment A, however, experiment 

B showed percentage values for crude protein as: 11.063-31.113 g/100 g DW for spinach, 

8.032-27.375 g/100 g DW for coriander, 15.284-28.836 g/100 g DW for mint.  

During assessment of crude proteins in spinach leaves in urea absence, it was 

observed that the highest value was perceived in case of MLE followed by mixture (foliar 

application) and BF and HA (seed priming conducts). Water showed higher value than 

control but lower than all other PGPs. The similar trend was observed in urea presence with 

incremented values. Mint leaves also set the same trend in the absence and presence of urea 

in the soil. The description of seed priming and foliar conducts in urea presence is given 

below: 

Among foliar conducts: MLE > mixture > 6-BAP > HA > water; while among seed 

primers: HA 6 h > BF > HA 9 h > HA 12 h.   

The conclusion drawn from above comparison leads to the appreciation of PGPs 

application to raise protein concentration in leaves of green vegetables in the presence of 

urea. The estimated crude proteins were found to be comparable to the Moringa oleifra 

(20.72%), Leptadenia hastate (19.10%) and Lesianthera africiana leaves (13.10%- 14.90%) 

as reported by (Asaolu et al., 2012). 

An appreciable amount of protein is contained in leafy green vegetables. The high 

yield of crude protein is an index of higher status of both essential and non-essential list of 

amino acids that manufactures structural proteins along with antibodies, hormones and 

enzymes. Further, they aid to form antibodies and enable the body to fight against infections 

(Brosnan, 2003). In addition, they can be proved an alternative energy source via 

gluconeogenesis during circumstances of disturbed carbohydrate metabolism (Iheanacho and 

Udebuani, 2009; Srianta et al., 2012). 

Although plants are not considered as good protein source; however, about 65% of 

the edible protein portion is satisfied from them more specifically in developing nations. 

Therefore, it is preferred to take in mixtures of plant proteins to remove this incompleteness 

and low concentration of protein. Balanced formulation of plant proteins are thought to be 
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comparable to animal protein (Ng et al., 2012). Vegetables proteins which can provide more 

than 12% of caloric requirement are considered as good source of proteins (Ali et al., 2009). 

More protein synthesis is reported to be occurred via effective nutrient absorption. 

The development of microflora populations and carrier protein synthesis is also stimulated in 

roots at post transcriptional level. The prominent stimulatory effects are increased uptake of 

NO3
- and NH4

+ (Nardi et al., 2002). The increased protein contents in urea environment were 

reported by Almodares et al. (2009). 
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Table 4.2.4.3. Crude Protein contents (g/100g DW) of leafy green vegetables 
 

Treatment 
Spinach Coriander Mint 

Ax
a By

b Ax
c By

d Ax
e By

f 

Control 8.188±0.213d 11.063±0.413d 5.062±0.116d 8.032±0.187d 11.512±0.102d 15.284±0.234cd 
Water 11.512±0.421d 13.101±0.219d 6.879±0.142d 10.938±0.159d 13.125±0.132c 17.125±0.165c 

HA 18.064±0.634c 19.313±0.612c 8.751±0.175d 16.186±0.254c 14.563±0.217c 20.426±0.263b 

MLE 28.688±0.534a 31.113±0.316a 23.328±0.375a 27.375±0.324a 25.063±0.362a 28.836±0.342a 

6-BAP 20.515±0.575c 24.753±0.352bc 17.508±0.324b 20.125±0.351b 20.685±0.254b 23.438±0.208b 

Mixture 26.063±0.324a 27.563±0.276a 22.375±0.435a 24.596±0.398a 22.625±0.317ab 24.097±0.435b 

BF (P) 23.562±0.428bc 25.875±0.375bc 19.285±0.328b 21.062±0.403b 21.038±0.277b 21.986±0.248b 

HA 6h (P) 27.112±0.527a 29.438±0.321a 22.751±0.385a 25.439±0.387a 24.125±0.326a 26.384±0.305a 

HA 9h (P) 21.091±0.328c 21.564±0.503c 18.812±0.298b 21.758±0.315b 19.688±0.205b 19.947±0.327bc 

HA 12h (P) 18.812±0.285c 19.788±0.215c 17.063±0.265b 21.875±0.289b 17.545±0.228bc 17.663±0.231c 

Values are means ± SD, samples of each plant material analyzed individually in triplicate (P < 0.05). HA=Humic acid; MLE=Moringa leaf extract; 6-BAP =6-Benzyl 
amino purine; Mixture = HA+MLE+6-BAP; BF=Bio-fertilizer; P=Seed Priming; Ax = Absence of urea; By = Presence of urea, while X and Y letters in the subscripts 
within the row showed significant difference between presence and absence of urea. Small alphabets in superscripts within the column showed significant difference 
among treatments. 
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4.2.4.4. Crude Fibre Contents 

The variations in crude fibre percentage are depicted in table (4.2.4.4) as influenced 

by certain foliar and seed priming treatments. The highest fibre contents were found to be 

associated with mint leaves followed by coriander and spinach. The presence of urea caused 

decline in overall fiber contents. The observed range was 7.764-17.843 g/100 g DW for 

spinach, 9.761-19.823 g/100 g DW for coriander, 12.381-26.947 g/100 g DW for mint in the 

experiment A (absence of urea equipped soil), however, urea presence in soil (experiment B) 

declined percentage values for crude fibre as: 4.874-11.994 g/100 g DW for spinach, 5.547-

12.637 g/100 g DW for coriander, 8.327-14.824 g/100 g DW for mint. Although all 

tretaments showed higher fibre contents, the effective treatments among foliar conducts was 

MLE followed by 6-BAP, mixture and HA. However, among seed priming conducts, HA 6 h 

has proved better treatment followed by BF, HA 9 h and HA 12 h. 

 Urea implementation declined the fibre contents amongst all treatments. Reduced 

fibre contents were reported by Naz et al. (2011) after NPK fertilizer application while 

studying potato crop. The reason may be the antagonism of natural and synthetic PGPs. 

However, synergic behavior was seen in foliar combination of natural PGPS as reported by 

Fathima et al. (2006) while studying effect of NAA and GA3 on Okra. Increased fibre 

contents were reported for alone and mixture (mixed with fertilizer) application in 

comparison to control samples in oil pumpkin seeds. The variations in fibre contents depend 

on the nature of vegetables, nature and composition of applied PGPs and mode of application 

of PGPs. 

Many health assistances are directly concerned with high crude fiber content. High 

percentage of crude fiber makes vegetables to aid in treating various gastrointestinal 

disorders along with hypercholesterolemia etc. (Bako et al., 2002). The proper functioning of 

digestive system, proper waste toxins excretion from body is also associated with them. 

Further, they help to remove piles, constipation and bowel problems (Asaolu et al., 2012).  
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Table 4.2.4.4. Crude Fibre contents (g/100g DM) of leafy green vegetables 
 

Treatment 
Spinach Coriander Mint 

Ax
a By

b Ax
c By

d Ax
e By

f 

Control 7.764 ± 0.243cd 4.874 ± 0.243c 9.761 ± 0.162c 5.547 ± 0.167c 12.381 ± 0.151d 8.327 ± 0.129c 

Water 8.997 ± 0.230c 5.941 ± 0.230c 10.898 ± 0.153c 6.824 ± 0.158c 13.828 ± 0.121d 8.853 ± 0.156c 

HA 9.974 ± 0.254c 6.382 ± 0.254bc 12.225 ± 0.169bc 9.326 ± 0.175b 18.954 ± 0.165c 10.672 ± 0.171bc 

MLE 17.843 ± 0.262a 11.994 ± 0.262a 19.823 ± 0.175a 12.637 ± 0.181a 26.947 ± 0.153a 14.824 ± 0.138a 

6-BAP 16.683 ± 0.401a 10.856 ± 0.401ab 17.832 ± 0.267ab 11.095 ± 0.276ab 23.208 ± 0.223ab 11.956 ± 0.195b 

Mixture 10.585 ± 0.311bc 7.534 ± 0.311b 16.896 ± 0.207ab 10.624 ± 0.214ab 22.178 ± 0.780ab 10.054 ± 0.177bc 

BF (P) 11.964 ± 0.335b 6.483 ± 0.335bc 18.994 ± 0.223a 7.435 ± 0.231bc 20.054 ± 0.131b 9.826 ± 0.174c 

HA 6h (P) 16.421 ± 0.361a 9.873 ± 0.361b 19.436 ± 0.241A 9.752 ± 0.249b 23.095 ± 0.172ab 11.152 ± 0.197bc 

HA 9h (P) 11.364 ± 0.325bc 6.596 ± 0.325bc 16.784 ± 0.216ab 8.983 ± 0.224b 17.382 ± 0.159c 9.758 ± 0.155c 

HA 12h (P) 9.263 ± 0.252c 6.224 ± 0.252bc 15.863 ± 0.168b 8.134 ± 0.174bc 16.893 ± 0.197c 8.972 ± 0.138c 

Values are means ± SD, samples of each plant material analyzed individually in triplicate (P < 0.05). HA=Humic acid; MLE=Moringa leaf extract; 6-BAP =6-Benzyl 
amino purine; Mixture = HA+MLE+6-BAP; BF=Bio-fertilizer; P=Seed Priming; Ax = Absence of urea; By = Presence of urea, while X and Y letters in the subscripts 
within the row showed significant difference between presence and absence of urea. Small alphabets in superscripts within the column showed significant difference 
among treatments. 
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4.2.5. Effect of Plant Growth Promoters on Mineral Profile of Leafy Green 

Vegetables 

4.2.5. Mineral profile 

Leafy green vegetables are enloaded with substantial amounts of both macro and 

micronutrients. The uptake of these metals is linked with the relatively higher presence in 

both soil and growing media. Sewage sludge, fertilizers, pesticides and composts might 

affect the appropriate uptake of these essential minerals (Anjorin et al., 2010; Asaolu and 

Asaolu, 2010; Kaur and Goyal, 2011). The nutrient rich composition of leafy green 

vegetables is an appreciable approach to combat micro and macro-nutrient deficiencies in 

diet (FAO, 1997). Although the list of these essential nutrients is large, the need of sodium, 

potassium, phosphorous, sodium, potassium, iron, manganese, zinc and copper cannot be 

underestimated.  

The variations in macronutrients was observed as N > P > K while micronutrients 

showed the following order Na > Fe > Mn > Cu > Zn. The observed variations in Nitrogen 

contents were 25900-43800 ppm and 27300-44600 ppm for spinach, 20700-39400 ppm and 

31500-52400 ppm for coriander and 33200-49300 ppm and 40100-58200 ppm for mint 

leaves in the experiment A and B, respectively. The variations in Phosphorous contents 

ranged 2058.51-5005.31 ppm and 3806.73-5416.66 ppm for spinach, 2674.82-5296.45 ppm 

and 3096.45-6987.32 ppm for coriander and 3150.71-6310.28 ppm and 3821.65-6992.54 

ppm for mint in the experiment A and B, respectively. Potassium contents among leafy green 

vegetables varied as: 883.58-1198.17 and 998.18-1439.88 ppm (for spinach), 907.71-1189.18 

ppm and 959.53-1265.88 ppm (for coriander) and 1019.95-1477.37 ppm and 1034.54-

1519.96 ppm (for mint) in the two soil modes, respectively. The observed variations in 

Sodium contents remained as: 204.25-361.54 ppm and 290.81-415.38 ppm for spinach, 

308.53-488.37 ppm and 334.11-513.27 ppm for coriander and 383.62-562.56 and 394.84-

629.82 ppm for mint in the experiment A and B, respectively. Among micronutrients, Iron 

contents were observed in the range of 24.44-44.31 ppm and 26.81-46.73 ppm (for spinach), 

16.33-27.76 ppm and 19.11-32.54 ppm (for coriander) and 22.11-35.21 ppm and 24.11-36.43 

ppm (for mint) in the two soil modes (A and B, respectively). Maganese contents varied as: 

12.18-31.11 ppm and 20.35-33.85 ppm (for spinach), 7.65-10.49 ppm and 8.52-18.88 ppm 

(for coriander) and 10.31-20.27 and 15.21-37.05 ppm (for mint) in the presence and absence 
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of urea in the soil. The observed Copper contents varied as: 8.96-22.67 ppm and 14.65-24.01 

ppm (for spinach), 1.02-2.01 ppm and 1.05-2.67 ppm (for corinader) and 7.14-19.05 ppm and 

11.82-26.88 ppm (for mint) in the experiment A and B, respectively. The observed variations 

in zinc contents were 2.66-4.65 ppm and 1.82-3.48 ppm for spinach, 2.47-3.48 ppm and 1.15-

3.63 ppm for coriander and 2.01-3.46 ppm and 1.67-3.49 ppm for mint in the absence and 

presence of urea. Among foliar conducts, the observed order was MLE > mixture > 6-BAP > 

HA and seed priming treatments set the following trend: BF > HA 6h > HA 9h > HA 12h. 

The variations in all minerals are in line with the observed data as reported by a number of 

resaerchers (Alfawaz, 2006; Ng et al., 2012). The increased values found in the current study 

are due to the improvement caused by PGPs applications, however the affects seen in most 

cases were non significant. 

Minerals have importance in growing organism to activate the process of growth, 

associated hormones and enzymes to keep the life maintained. They are needed to be 

provided through diet as body is unable to synthesize these essential compounds (Khattak, 

2011). The reduced fertility level in soil is necessitated through appropriate exogenous 

application of natural and synthetic plant growth promoting substances.  

Plants use nitrogen either as nitrate (NO3
-) or as ammonium ions (NH4

+). 

Developmental, physiological status and genetic makeup of plant and pH, soil texture, soil 

strcture with bound water content are responsible to get maximum uptake and use of these 

forms (Lea and Morot-Gaudry, 2001; Loulakakis and Roubelakis-Angelakis, 2001). Plant 

growth seems to be positively affected by nitrate assimilation. Usually, assimilation of 

ammonium is favoured because of requirement of lower energy input, a very few plant 

species totally depends on this form. However, in the combined presence of both, plants 

prevent themselves from some toxic affects which are not seen in alone supplementation of 

any form (Britto and Kronzucker, 2002). 

Since adequate amount of nitrogen favours both growth and photosynthetic process, 

the role of PGPs is therefore appreciated to fulfill this assignment. If plants get less nitrogen 

than their need, reduced leaf area is resulted that leads to lower rate of photosynthesis (Toth 

et al., 2002). Most of the nitrogen (about 75%) present in chloroplasts is utilized for proper 

functioning of carboxylase (Cechin et al., 2004). Conversely enhanced nitrogen uptake 

provided through process of organic fertilization hampers the carbon nitrogen global cycle of 
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plants. Moreover, Nitrogen also becomes resistant towards attack of microbes by reacting 

with some phenolic compounds (Dijkstra et al., 2004). 

Phosphorus (P) is reported as the limiting growth nutrient and comes after nitrogen. 

Greater than 90% of P in soil is fixed, hence plants unable to utilize this. The liable fraction 

of insoluble form, however, released and taken up by plants. This release is slow and cause 

deficienscy in P. Plants develop certain mechanisms to combat this deficiency. Adaptation 

mechanisms include RNAases, phosphatases and nuclease activities for organic phosphates 

and production of organic acid for inorganic phosphates (Rodriguez et al., 2006). Root 

adaptations to low levels of P include mycorrhizal symbiosis, variations in root architecture, 

denser production of root hairs, and more P absorption through high affinity phosphate 

transporters (Raghothama, 1999; Raghothama and Karthikeyan, 2005). 

Sodium and potassium are appreciated as valuable intra and extra cellular cations, 

respectively. Sodium is concerned with the maintenance of muscle and nerve contraction, 

plasma volume and acidic and basic balance (Akpanyung, 2005). Therefore consumption of 

too much sodium and potassium disfavors the health status. The output of Na/K ratio in the 

value of less than one our body is of great concern to us in regulating blood pressure (Saikia 

and Deka, 2013). Sodium availability in low amount improves organoleptic properties in 

plants parts and stimulates the developmental processes. Conversely higher concentration 

inhibits plant growth resulting in reduced commercial yields. In the presence of any plant 

injury, the sodium barrier in roots cells is damaged and as a result leads to quicker 

movements into the cells than earlier. 

Sodium maintains the ionic balance in body tissues by acting as a principle 

electrolyte. This property is utilized to regulate the osmotic pressure. Sodium is an essential 

element for animals (including humans) and must be present in relatively large amounts in 

the diet. Sodium is the principal electrolyte in animal systems and plays an important role in 

maintaining the ionic balance of body tissues and fluids; its osmotic characteristics are 

utilized in the blood stream for regulating osmotic pressure within the cells and body fluids, 

where it protects against excessive loss of water (Blumwald et al., 2000). In contrast, the 

principal electrolyte for plants is K, and even in ecosystems where there is a predominance of 

Na, plants still exhibit a strong preference for K (Walker et al., 1996). Because of the 

chemical similarity between K and Na, it is generally assumed that K and Na compete for 
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common absorption sites in the root. The general assumption related to Na tolerance among 

plants is that they compartmentalize the absorbed Na in vacuoles, and use it as an inorganic 

osmoticum in place of or along with K. It is widely believed that the cytoplasm itself does 

not tolerate high levels of Na as it interferes with normal metabolic functioning. 

Potassium is the only element that affects sodium concentration in soil. Plants 

preferentially absorb more sodium than potassium. Hence in eras of salt stress, plants must 

operate the selective machinery with high affinity uptake of potassium through regulatory 

mechanisms. As sodium enters the cytoplasm, many enzymatic activities of the cell suffer. 

Even in halophytes, higher sodium intake makes cytosolic enzymes (e.g. glycophytes) more 

sensitive. As a result, cell starts expanding more specifically under hot temperatures via 

absorption of more and more cell moisture. Finally this results in rupturing of cell wall and 

programmed cell death. 

Iron (Fe) has important role regarding plant productivity and nutritional attribution 

(Briat et al., 2010). According to WHO, 2006, about twenty million people are incidents of 

anemia and suffers from nutritional disorder these days (Hutchinson et al., 2011). Iron 

deficiency is met with certain strategies adapted by plants for improved iron uptake from soil 

(Curie and Briat, 2003; Hell and Stephan, 2003; Schmidt, 2003). These mechanisms include 

proton extrusion, reduction and transportation in root cells (Marschner, 1995). Secondly, role 

of specific transporters are also admired in this sense (Grotz and Guerinot, 2006). It is a 

metal that activates redox processes, and also is concerned with hormone biosynthesis 

(gibberellic acid, ethylene, jasmonic acid etc.), mitochomdrial respiration, nitrogen 

assimilation, photosynthesis, osmoprotection, and formation and capturing of ROS and 

oathogenic defense. Iron is concentrated in chloroplast (about 80%) where it is associated 

mainly with photosynthesis (Walker and Connolly, 2008). In some proteins, iron acts as 

ligand (iron–sulfur clusters (Fe–S) and heme containing proteins) (Hansch and Mendel, 

2009). 

Iron is considered as one of the important element when human body metabolism is 

discussed. Here it acts as a catalyst being present in minor quantities (Hashmi et al., 2007). 

 Iron also serves as an antioxidant cofactor for catalase. Besides certain overload 

diseases, iron deficiency leads to enhanced production of ROS. However at moderate rate, 
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enhanced pro-oxidant activity was reported in C. volubile leaves to help in Fenton reaction 

(Erukainure et al., 2011). 

LGV are blessed with appropriate amount of Mn. Mn contents were found in the 

extent that did not harm the health. They rather help the body in combating adverse effects of 

skeletal and CNS abnormalities among children (Mohammed and Sharif, 2011). Mn also has 

antioxidant characteristics which are important from food digestion view point and to 

maintain bone structure normal. It serves as a cofactor for proper functioning of superoxide 

dismutase (Erukainure et al., 2011). In its deficiency, proper function of enzyme is blocked 

(Marschner, 1995). 

Zinc is linked with copper in superoxide dismutase and shows corresponding 

catalytical and building actions. Increased ROS are generated in case of zinc deficiency that 

chains the phenomenon of lipid peroxidation in membranes by raising its permeability 

(Marschner, 1995). Moreover, zinc is also incorporated in, carboxypeptidase, alkaline 

phosphatase, RNA polymerase, phosphatides lipase, aldolase and dehydrogenase (Pandey et 

al., 2006). Certain enzymes which are activated by zinc also play role in carbohydrates 

metabolism (Mousavi, 2011). Protein production is also favored because zinc is main 

composite of ribosome (Marschner, 1995; Outten et al., 2001; Pandey et al., 2006). 

Leaf growth is stopped in zinc deficiency because decreased metabolism of 

tryptophan and auxin (IAA). Auxin formation is directly dependent on tryptophan synthesis 

which in turn is linked with appropriate zinc supply (Marschner, 1995; Pedler et al., 2000). 

During impaired synthesis of protein, tryptophan production can be increased in. Zinc 

deficiency leads to growth retardation and delay in sexual maturation owing to its importance 

in synthesis of protein and metabolism of nucleic acid.  

Zinc is another mineral that has been recognized as necessary for normal growth, 

resistance to infectious diseases and reduction of incidences of still-births and possibly 

impaired cognitive development (Hutchinson, 2011). The function of zinc is also appreciated 

for about 300 enzymes. 

Copper is considered as an essential micro-nutrient which is not only required in 

pigmentation of body along with iron, but also serves as biocatalyst, prevent anemia, highly 

regulates central nervous system. Moreover, it is also interrelated with Fe and Zn in its 

functioning (Mohammed and Sharif, 2011; Doherty et al., 2012). The adequate supply of Cu 
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for plant growth is not naturally fulfilled, but ensured from exogenous application of plant 

growth parameters.  
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Table 4.2.5a  Nitrogen content (ppm) of leafy green vegetables 
 

Treatment 
Spinach Coriander Mint 

Ax
a By

b Ax
c By

d Ax
e By

f 

Control 25900±874d 27300±978d 20700±994d 31500±984d 33200±1212d 40100±1324d 

Water 27800±854d 29600±959cd 22500±976cd 33300±1043cd 35200±1232cd 43800±1325cd 

HA 31500±965cd 34900±987bc 25900±897c 42000±1324bc 39700±1245c 54300±1243ab 

MLE 43800±687a 44600±1207a 39400±986a 52400±1646a 49300±1534ab 58200±1254a 

6-BAP 38000±976b 39600±1286b 32200±1108b 48000±1546ab 43300±1325bc 56400±1654ab 

Mixture 41700±1376ab 44100±1564ab 37300±956ab 49300±1426ab 48700±1543ab 56700±1325a 

BF (P) 33900±1021c 38000±1329b 35300±1324ab 39800±1287c 44600±1546bc 49500±1236bc 

HA 6h (P) 33600±1034c 37500±1365b 34300±1365b 36900±1265cd 41500±1535bc 48200±1023bc 

HA 9h (P) 31800±1476c 35900±889bc 32400±1324bc 36400±1201cd 39200±1436c 46800±1206bc 

HA 12h (P) 30100±934cd 31700±796c 29400±1497bc 33700±1321d 38000±1528cd 44300±1249c 

Values are means ± SD, samples of each plant material analyzed individually in triplicate (P < 0.05). HA=Humic acid; MLE=Moringa leaf extract; 6-BAP =6-
Benzyl amino purine; Mixture = HA+MLE+6-BAP; BF=Bio-fertilizer; P=Seed Priming; Ax = Absence of urea; By = Presence of urea, while X and Y letters in 
the subscripts within the row showed significant difference between presence and absence of urea. Small alphabets in superscripts within the column showed 
significant difference among treatments. 
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Table 4.2.5b   Phosphorous content (ppm) of leafy green vegetables 
 

 
Treatment 

Spinach Coriander Mint 
Ax

a By
b Ax

c By
d Ax

e By
f 

Control 2058.51±72.82de 3806.73±134.64 2674.82±98.14d 3096.45±141.35d 3150.71±11.44de 3821.65±135.17d 

Water 2828.01±100.02cd 3785.46±133.89 2879.07±101.83cd 3214.53±113.69d 3438.72±121.62d 3965.95±140.27d 

HA 3986.87±126.86c 4241.13±114.63 3397.51±113.09c 4487.58±158.72bc 5028.36±195.53ab 5699.07±201.57ab 

MLE 5005.31±177.03a 5416.66±120.84 5296.45±176.72a 6987.32±247.14a 6310.28±187.82a 6992.54±194.27a 

6-BAP 4539.23±89.81c 4710.63±124.17 4571.98±126.34c 4856.73±161.17bc 5747.46±155.18ab 6285.46±169.26b 

Mixture 4647.87±129.02c 4914.89±85.41 4851.06±100.84b 5395.04±84.71b 5923.05±159.98ab 6628.87±170.79bc 

BF (P) 4440.07±157.04b 4571.63±87.42 3248.22±114.88c 4568.54±55.47cd 5359.92±154.21c 5728.23±167.23c 

HA 6h (P) 4168.44±147.44bc 4262.41±150.76 3138.29±181.74c 4392.83±151.83d 4902.48±138.03cd 5362.21±154.29cd 

HA 9h (P) 3964.53±140.22bc 4059.92±136.52 3014.89±191.52cd 3793.26±130.63d 3521.98±124.57d 4221.56±149.31cd 

HA 12h (P) 3402.48±120.34c 3900.72±137.72 2942.55±213.72d 3550.71±119.76d 3386.17±119.76de 4034.87±142.71d 

Values are means ± SD, samples of each plant material analyzed individually in triplicate (P < 0.05). HA=Humic acid; MLE=Moringa leaf extract; 6-BAP =6-
Benzyl amino purine; Mixture = HA+MLE+6-BAP; BF=Bio-fertilizer; P=Seed Priming; Ax = Absence of urea; By = Presence of urea, while X and Y letters in the 
subscripts within the row showed significant difference between presence and absence of urea. Small alphabets in superscripts within the column showed 
significant difference among treatments. 
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Table 4.2.5c   Potassium content (ppm) of leafy green vegetables 
 

 
Treatment 

Spinach Coriander Mint 
Ax

a By
b Ax

c By
d Ax

e By
f 

Control 883.58±15.33c 998.18±13.63d 907.71±12.81de 959.53±11.31d 1019.95±10.22de 1034.54±15.15d 

Water 898.18±15.11c 1007.45±13.42c 924.78±12.57d 987.24±11.11c 1034.54±10.06de 1074.78±14.93d 

HA 1127.35±14.87a 1298.17±13.22b 1015.06±12.34bc 1044.01±10.91bc 1073.15±9.91d 1149.13±14.69c 

MLE 1198.17±14.41a 1439.88±12.81a 1189.18±11.87a 1265.88±10.48a 1477.37±9.61a 1519.96±14.23bc 

6-BAP 1139.88±15.56a 1378.41±13.83a 1021.06±13.04bc 1042.12±11.52bc 1203.09±10.37ab 1341.84±15.38a 

Mixture 1178.41±15.22a 1383.59±13.53a 1042.36±12.69bc 1080.47±11.21b 1354.24±10.14b 1456.43±15.04b 

BF (P) 1083.59±17.07ab 1274.41±15.17b 984.01±14.56cd 1038.82±12.86bc 1165.84±11.38c 1203.26±16.87bc 

HA 6h (P) 1074.41±16.38ab 1254.88±14.56b 969.41±13.85cd 1049.64±12.24bc 1137.39±10.92c 1174.54±16.18c 

HA 9h (P) 1014.88±15.79ab 1134.64±14.04c 952.94±13.27d 1002.58±11.72c 1078.46±10.53d 1111.01±15.61cd 

HA 12h (P) 934.64±15.45b 1071.11±13.73d 933.01±12.92d 993.41±11.42cd 1036.82±10.31de 1085.37±15.27cd 

Values are means ± SD, samples of each plant material analyzed individually in triplicate (P < 0.05). HA=Humic acid; MLE=Moringa leaf extract; 6-BAP 
=6-Benzyl amino purine; Mixture = HA+MLE+6-BAP; BF=Bio-fertilizer; P=Seed Priming; Ax = Absence of urea; By = Presence of urea, while X and Y 
letters in the subscripts within the row showed significant difference between presence and absence of urea. Small alphabets in superscripts within the column 
showed significant difference among treatments. 
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Table 4.2.5d   Sodium content (ppm) of leafy green vegetables 
 

Treatment 
Spinach Coriander Mint 

Ax
a By

b Ax
c By

d Ax
e By

f 

Control 204.25±3.61de 290.81±5.16de 308.53±5.76e 334.11±4.82e 383.62±4.43d 394.84±3.67e

Water 223.57±3.76d 298.46±5.24de 343.67±5.65d 334.73±4.79e 423.65±6.66cd 427.32±5.23de

HA 258.92±2.81c 354.17±3.86bc 372.64±3.86c 401.38±4.68cd 480.35±6.67bc 532.43±3.25bc

MLE 361.54±2.85a 415.38±3.74a 488.37±3.74a 513.27±4.75a 562.56±6.41a 629.82±5.25a

6-BAP 326.17±2.98b 378.91±3.87b 424.56±3.87b 435.43±4.83c 543.28±8.91ab 569.65±3.87b

Mixture 349.81±2.93ab 403.62±3.29ab 433.35±3.29b 457.23±4.92c 556.92±5.73a 580.55±6.72b

BF (P) 277.77±3.01c 357.93±3.93bc 396.91±3.93bc 430.71±5.03c 528.85±5.87b 509.05±5.09c

HA 6h (P) 264.17±2.92c 358.41±4.04bc 387.63±4.04c 422.43±4.87c 497.54±4.54b 485.72±3.84c

HA 9h (P) 245.49±2.59d 321.93±3.86cd 364.56±3.26cd 402.47±4.67cd 476.16±5.73bc 457.17±5.23d

HA 12h (P) 236.17±3.19d 305.93±3.91d 357.46±3.89cd 378.95±3.98d 447.82±5.28c 441.63±4.55d

Values are means ± SD, samples of each plant material analyzed individually in triplicate (P < 0.05). HA=Humic acid; MLE=Moringa leaf extract; 6-BAP 
=6-Benzyl amino purine; Mixture = HA+MLE+6-BAP; BF=Bio-fertilizer; P=Seed Priming; Ax = Absence of urea; By = Presence of urea, while X and Y 
letters in the subscripts within the row showed significant difference between presence and absence of urea. Small alphabets in superscripts within the 
column showed significant difference among treatments. 
  

 

 

 

 



146 
 

 

 

 

 

Table 4.2.5e   Iron content (ppm) of leafy green vegetables 
 

Treatment 
Spinach Coriander Mint 

Ax
a By

b Ax
c By

d Ax
e By

f 

Control 24.44±0.56de 26.81±0.27d 16.33±0.32d 19.11±0.36e 22.11±0.28d 24.11±0.24cd 

Water 27.27±0.48d 29.02±0.37d 18.29±0.43c 21.91±0.32d 22.18±0.24d 25.13±0.32cd 

HA 32.92±0.47c 38.61±0.33c 21.69±0.37b 23.27±0.27d 23.98±0.35c 26.66±0.47bc 

MLE 44.31±0.28a 46.73±0.39a 27.76±0.28a 32.54±0.28a 35.21±0.31a 36.43±0.37a 

6-BAP 35.43±0.35ab 42.32±0.28ab 24.47±0.25ab 30.19±0.24b 27.38±0.28ab 29.23±0.42bc 

Mixture 40.32±0.31bc 43.29±0.24a 25.73±0.24a 31.02±0.25b 28.37±0.23ab 29.92±0.25bc 

BF (P) 37.61±0.46b 39.92±0.37b 23.65±0.29b 27.53±0.24c 28.76±0.32ab 29.02±0.38c 

HA 6h (P) 36.84±0.25b 39.66±0.42b 23.59±0.31b 26.93±0.22c 27.64±0.29ab 28.89±0.27c 

HA 9h (P) 30.81±0.24c 35.08±0.38c 19.91±0.22c 24.74±0.27c 26.67±0.43ab 28.46±0.35c 

HA 12h (P) 28.29±0.27d 28.24±0.42d 18.56±0.51c 24.44±0.31cd 26.14±0.32ab 26.81±0.35c 

Values are means ± SD, samples of each plant material analyzed individually in triplicate (P < 0.05). HA=Humic acid; MLE=Moringa leaf extract; 6-BAP 
=6-Benzyl amino purine; Mixture = HA+MLE+6-BAP; BF=Bio-fertilizer; P=Seed Priming; Ax = Absence of urea; By = Presence of urea, while X and Y 
letters in the subscripts within the row showed significant difference between presence and absence of urea. Small alphabets in superscripts within the 
column showed significant difference among treatments. 
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Table 4.2.5f   Manganese content (ppm) of leafy green vegetables 

Values are means ± SD, samples of each plant material analyzed individually in triplicate (P < 0.05). HA=Humic acid; MLE=Moringa leaf extract; 6-BAP 
=6-Benzyl amino purine; Mixture = HA+MLE+6-BAP; BF=Bio-fertilizer; P=Seed Priming; Ax = Absence of urea; By = Presence of urea, while X and Y 
letters in the subscripts within the row showed significant difference between presence and absence of urea. Small alphabets in superscripts within the column 
showed significant difference among treatments. 
 

 

 

 

 

 

 

 
Treatment 

Spinach Coriander Mint 
Ax

a By
b Ax

c By
d Ax

e By
f 

Control 12.18±0.42d 20.35±0.63de 7.65±0.35cd 8.52±0.33d 10.31±0.37cd 15.21±0.48e

Water 13.42±0.45d 21.03±0.62de 8.27±0.33cd 10.49±0.38cd 12.09±0.41c 19.37±0.58de

HA 18.04±0.55cd 26.92±0.75c 8.82±0.34bc 12.43±0.42c 14.78±0.47bc 26.68±0.73c

MLE 31.11±0.86a
 33.85±0.82a 10.49±0.38a 18.88±0.57a 20.27±0.66a 37.05±0.99a

6-BAP 25.42±0.65b 28.28±0.79bc 8.89±0.34b 13.29±0.44c 18.46±0.56a 29.35±0.81c

Mixture 25.71±0.72b 29.06±0.83bc 9.52±0.35c 15.46±0.49b 18.71±0.57a 31.29±0.85b
 

BF (P) 21.87±0.64c 25.19±0.72cd 8.47±0.33cd 12.56±0.42c 14.14±0.46bc 25.62±0.73cd

HA 6h (P) 20.13±0.62c 24.94±0.73cd 8.16±0.32cd 11.53±0.45c 13.25±0.47bc 23.41±0.67d

HA 9h (P) 16.01±0.58d 22.66±0.62d 7.82±0.31cd 11.04±0.39cd 12.56±0.43c 21.49±0.64d

HA 12h (P) 14.61±0.47d 21.74±0.64d 7.71±0.33cd 10.58±0.38cd 12.47±0.42c 20.35±0.62d
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Table 4.2.5g Copper content (ppm) of leafy green vegetables 
   

  
Treatment 

Spinach Coriander Mint 
Ax

a By
b Ax

c By
d Ax

e By
f 

Control 8.96±0.21e 14.65±0.34cd 1.02±0.02d 1.05±0.02de 7.14±0.17de 11.82±0.28d 

Water 12.93±0.29d 16.92±0.39c 1.17±0.03cd 1.77±0.04c 8.55±0.19d 14.58±0.34cd 

HA 17.88±0.42bc 18.57±0.43bc 1.35±0.03c 2.16±0.05b 14.28±0.33bc 20.16±0.47bc 

MLE 22.67±0.48a 24.01±0.54a 2.01±0.05a 2.67±0.06a 19.05±0.44a 26.88±0.63a 

6-BAP 18.99±0.44b 20.34±0.49ab 1.74±0.04b 2.49±0.06ab 16.08±0.38b 23.09±0.56b 

Mixture 19.62±0.46b 20.97±0.47ab 1.95±0.04a 2.61±0.06a 18.39±0.43a 23.74±0.54b 

BF (P) 17.93±0.37c 20.86±0.46b 1.47±0.03bc 1.59±0.03cd 14.76±0.34b 17.91±0.42c 

HA 6h (P) 16.41±0.38c 20.28±0.47b 1.41±0.03c 1.53±0.04c 11.25±0.26c 17.28±0.41c 

HA 9h (P) 14.94±0.35cd 19.29±0.45b 1.29±0.03c 1.41±0.03d 9.36±0.22d 14.88±0.35cd 

HA 12h (P) 13.59±0.32cd 14.01±0.33d 1.23±0.02cd 1.29±0.03d 8.94±0.21d 13.29±0.31d 

Values are means ± SD, samples of each plant material analyzed individually in triplicate (P < 0.05). HA=Humic acid; MLE=Moringa leaf extract; 6-BAP =6-
Benzyl amino purine; Mixture = HA+MLE+6-BAP; BF=Bio-fertilizer; P=Seed Priming; Ax = Absence of urea; By = Presence of urea, while X and Y letters in 
the subscripts within the row showed significant difference between presence and absence of urea. Small alphabets in superscripts within the column showed 
significant difference among treatments. 
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Table 4.2.5h  Zinc content (ppm) of leafy green vegetables 
 

Treatment 
Spinach Coriander Mint 

Ax
a By

b Ax
c By

d Ax
e By

f 

Control 2.66±0.06d 1.82±0.04d 2.47±0.06d 1.15±0.03d 2.01±0.05cd 1.67±0.04d

Water 2.82±0.08c 2.07±0.05cd 2.42±0.07d 1.27±0.03d 2.37±0.06c 1.86±0.06c

HA 2.85±0.07c 2.34±0.06c 3.27±0.08a 2.53±0.04b 2.42±0.06bc 2.64±0.06c

MLE 4.65±0.06a 3.48±0.06a 3.48±0.07a 3.63±0.03a 3.46±0.05a 3.49±0.06a

BAP 3.15±0.08bc 2.67±0.06b 2.71±0.06c 2.98±0.07b 2.51±0.06bc 2.69±0.06c

Mixture 3.42±0.07c 2.71±0.05b 2.75±0.05c 3.42±0.08a 2.86±0.07b 2.89±0.06c

BF (P) 4.19±0.11a 2.86±0.06b 2.92±0.06c 2.87±0.07b 3.37±0.08a 3.47±0.09a

HA 6h (P) 4.03±0.12ab 2.61±0.07ab 2.72±0.07b 2.78±0.07b 3.07±0.05ab 2.74±0.04bc

HA 9h (P) 3.67±0.09b 2.46±0.08c 3.21±0.05a 2.32±0.05bc 2.94±0.04b 2.39±0.05c

HA 12h (P) 3.39±0.09b 2.18±0.04d 2.67±0.08c 2.07±0.08c 2.71±0.06b 1.87±0.06d

Values are means ± SD, samples of each plant material analyzed individually in triplicate (P < 0.05). HA=Humic acid; MLE=Moringa leaf extract; 6-BAP 
=6-Benzyl amino purine; Mixture = HA+MLE+6-BAP; BF=Bio-fertilizer; P=Seed Priming; Ax = Absence of urea; By = Presence of urea, while X and Y 
letters in the subscripts within the row showed significant difference between presence and absence of urea. Small alphabets in superscripts within the 
column showed significant difference among treatments. 
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4.2.6. Effect of Plant Growth Promoters on Antioxidant Activity of Leafy 

Green Vegetables 

Seed Priming 

4.2.6.1. Percentage yield of extract 

 The unavailability of important crop nutrients is a major constarints in agriculture. 

The role of micro- as well as macronutrients cannot be over emphasized in getting higher 

plant yields. However, in most of the cases, they become limiting factors in soil and their 

availability to plant is made possible through proper nutrient management. Recent trend has 

been set in which seed is treated with certain growth enhancing agents. Priming is a 

physiological process through which improved germination rate and emergence time have 

been reported (Mirshekari, 2010). 

Table 4.2.6.1(a-c) denotes the percent yield extracted from leafy green vegetables as 

influenced by various seed priming treatments. The percentage yield regarding spinach leaf 

extracts was recorded in the range of 22.89-34.33 g/100g and 24.46-36.73 g/100g DM in 

absence and presence of urea in soil, respectively (table 4.2.1.1a). Extract yield was found to 

be enhanced with growth stage in both soil modes (absence and presence of urea). The 

highest extract yield was received from BF (34.33 g/100g) followed by HA 6 h (P) (32.99 

g/100 g) treated sample at peak vegetative stage against control (22.89 g/100 g). The effects 

of treatments varied significantly (P < 0.05). The observed order among the PGPs with 

respect to growth stage with presence and absence of urea was remained as: 

1st growth stage: BF > HA 6 h > HA 9 h > HA 12 h > control 

2nd growth stage: BF > HA 6 h > HA 9 h > HA 12 h > control 

3rd growth stage: BF > HA 6 h > HA 9 h > HA 12 h > control 

 Table (4.2.6.1b) showed the extracted percentage yield values of coriander which 

were observed in range of 13.83-28.54 g/100 g DM in urea absence. However, urea presence 

recorded the percentage yield extracts as 13.97-29.56 g/100 g DM. A sharp inclination order 

was seen with consideration to each growth stage against control in the respective soil 

modes. The highest value was perceived generally by samples under BF treatment at all 

growth stages in the corresponding absence and presence of urea in soil. Significant results 

(P < 0.05) were observed among treatments effects. Moreover, the presence of urea 

incremented the percentage extraction yield setting the similar trend to that observed in its 
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absence. The trend of PGPs performance during all growth stages in the absence and 

presence of urea remained as: BF > HA 6 h > HA 9 h > HA 12 h 

Table (4.2.6.1c) dealt with the percentage extraction yield values of mint as affected 

by selected seed primers. Percentage yield was found in the range of 20.82-30.67 g/100 g 

DM (urea absence) and 21.29-32.54 g/100 g DM (urea presence). Linear increase was seen 

with each growth stage in both soil regimes. BF treated samples proved the ones with higher 

extraction yield followed by HA 6 h among others in both soil modes. The other two 

treatments (HA 9 h and HA 12 h) showed comparatively lesser yield values, and control 

samples exhibited the lowest yield. Urea presence returned comparatively higher yield than 

in its absence. The established trend was similar as mentioned for spinach and coriander 

extracts.  

 Extraction stands for a critical phenomenon to get recovered a list of phytochemicals. 

Yield of extracts is dependent upon a number of parameters like temperature, time of 

extraction, solvent and chemical constituents in the sample. In the current study, since all 

parameters (temperature, solvent and time) being constant (Yang et al., 2007), the chemical 

nature was found to be totally dependent on the dose of PGPs applied exogenously at each 

growth stage. The differences in extract yield may also be contributed towards different 

nature of secondary plant metabolites extracted from each plant species (Al-Younis and 

Abdullah, 2008).  

Although all seed priming treatments improved extract yield, however, overall better 

possession of extract yield from BF might be attributed to the beneficial soil microorganism 

association. BF refers ecofriendly sustainable system which offers renewable boosting status 

of plant nutrients. They represent selected bacterial strains which help to accelerate both 

nitrogen and phosphorous by inserting their activities in soil as well as rhizophores. As a 

result, essential minerals are gradually available to plants at respective growth stages. They 

are reported to enhance fertility of soil through provision of suitable microorganisms and 

hence improve plant internal regulation abilities. Moreover, gained momentum is because of 

soil health maintenance with cutting down the ability of toxic environmental pollutants. BF 

possesses plant growth enhancer rhizobacteria (PGER) which proved an effective tool to 

protect herbicide and pesticide and chemical fertilizer (e.g. urea) damages and boost up the 

concerned dry matter yield. In certain situations, inoculated seeds with BF enhance symbiotic 
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relation on plants roots. Hence BF acted as cohesive managing centers dealing little or no 

supplementation of agro based other bio-controlling agents. Resultantly leafy green 

vegetables are better grown verses a list of plant diseases which might hinder their bioactivity 

to boost up. 

Humic substances (HS) are assembled as soil’s organic constituents providing 

maximum benefits towards plant growth. Among other benefits, greater dry matter is linked 

with humic acid. HS directly or indirectly impact plant growth. Indirectly, they improve 

physical, biological and chemical ingredients. HS help to break clay and compacted soil 

particles that facilitate micronutrient supply towards plant from soil. Further facilitation is 

provided in varying related phenomenon like seed germination, increased water retention, 

augmented nutrient absorption with great penetration and stimulated development regarding 

microflora populations (Vaughan et al., 1985; Varanini and Pinton, 2001; Mora et al., 2010). 

Biological activity of HS is linked with molecular dimensions also. The diluted 

concentrations have been reported as the active fractions (Nardi et al., 2007). In their way 

from root to shoot, HS enter the plant, enhance microbial nutrition (Clapp et al., 2001), 

increase respiration (Vaughan et al., 1985), increase enzyme activities (Nardi et al., 2007), 

and stimulate hormone actions (Nardi et al., 2002) and energy associations (Zancani et al., 

2009). 

In the present study, the percentage yield obtained from sample grown under urea 

supplement is greater than that obtained in its absence because of increased cell size, number 

of leaves, shoots, organ size etc. of the test vegetable. Moreover, the hormonal ability of 

PGPs might prompt the plant growth correlation with urea fertilizer. External application of 

urea along with internal application is among one of options to increment plant yield (Younis 

et al., 2008). Previously, increased dry matter yield was studied in two corn cultivars by 

applying urea as fertilizer (Bashir et al., 2012). 
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Table 4.2.6.1a  Percentage yield (g/100g DM) of extract of Spinach 
 

Treatment 
Ax By  

40 Daysa 50 Daysb 60 Daysc 40 Daysd 50 Dayse 60 Daysf 

Control 22.89±0.37bc 25.91±0.35bc 26.44±0.39c 24.46±0.43c 26.81±0.41b 27.22±0.44bc 

BF 26.56±0.41a 29.45±0.38a 34.33±0.36a 28.76±0.43a 29.89±0.42a 36.73±0.52a 

HA 6h (P) 25.44±0.36ab 28.41±0.39ab 32.99±0.41a 28.24±0.46a 28.64±0.38a 34.78±0.39a 

HA 9h (P) 23.56±0.38b 26.86±0.41b 30.89±0.37ab 26.85±0.44b 27.61±0.39ab 32.44±0.46a 

HA 12h (P) 23.31±0.36b 26.14±0.42b 29.78±0.37b 26.59±0.43b 27.11±0.47ab 31.31±0.43ab 

Values are means ± SD, samples of each plant material analyzed individually in triplicate (P < 0.05). HA=Humic acid; BF=Bio-fertilizer; 
P=Seed Priming; Ax = Absence of urea; By = Presence of urea, while X and Y letters in the subscripts within the row showed significant 
difference between presence and absence of urea. Small alphabets in superscripts within the column showed significant difference among 
treatments. 
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Table 4.2.6.1b  Percentage yield (g/100g DM) of extract of Coriander 
 

Treatment 
Ax By 

40 Daysa 50 Daysb 60 Daysc 40 Daysd 50 Dayse 60 Daysf 

Control 13.83±0.26bc 15.43±0.31c 18.56±0.31c 13.97±0.26bc 19.46±0.24c 19.99±0.25c 

BF 17.09±0.29a 24.78±0.33a 28.54±0.34a 16.97±0.32a 27.11±0.28a 29.56±0.29a 

HA 6h (P) 16.38±0.45a 23.87±0.51a 27.78±0.53a 16.95±0.32a 25.12±0.31ab 28.34±0.32a 

HA 9h (P) 14.96±0.41ab 22.38±0.46a 25.27±0.48ab 14.95±0.28b 23.99±0.26b 26.23±0.28b 

HA 12h (P) 14.29±0.49b 22.18±0.59b 24.22±0.59b 14.33±0.32b 23.21±0.29b 24.56±0.31b 

Values are means ± SD, samples of each plant material analyzed individually in triplicate (P < 0.05). HA=Humic acid; BF=Bio-fertilizer; P=Seed 
Priming; Ax = Absence of urea; By = Presence of urea, while X and Y letters in the subscripts within the row showed significant difference 
between presence and absence of urea. Small alphabets in superscripts within the column showed significant difference among treatments. 
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Table 4.2.6.1c  Percentage yield (g/100g DM) of extract of Mint 
 

Treatment 
Ax By 

40 Daysa 50 Daysb 60 Daysc 40 Daysd 50 Dayse 60 Daysf 

Control 20.82±0.42bc 21.87±0.47bc 23.45±0.54bc 21.29±0.27c 22.42±0.31b 25.56±0.36c

BF 25.28±0.42a 27.65±0.48a 30.67±0.56a 26.84±0.31a 29.98±0.36a 32.54±0.41a

HA 6h (P) 23.86±0.41ab 24.44±0.45b 28.78±0.52ab 23.21±0.33b 28.49±0.38a 31.71±0.44a

HA 9h (P) 21.89±0.44b 23.38±0.49b 26.48±0.57b 21.82±0.35bc 24.08±0.41b 28.91±0.46b

HA 12h (P) 21.48±0.45b 22.48±0.51bc 24.23±0.59bc 21.52±0.39bc 22.74±0.45b 28.43±0.53b

Values are means ± SD, samples of each plant material analyzed individually in triplicate (P < 0.05). HA=Humic acid; BF=Bio-fertilizer; P=Seed 
Priming; Ax = Absence of urea; By = Presence of urea, while X and Y letters in the subscripts within the row showed significant difference between 
presence and absence of urea. Small alphabets in superscripts within the column showed significant difference among treatments. 
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4.2.6.2. Total Phenolic Content 

 Folin Ciocalteu reagent (FCR) was initially intended to get proteins analysis because 

it earlier showed some action towards tyrosine owing to phenol functionality. Later on, other 

applications were also found (Huang et al., 2005). The FCR depicts the sample’s reducing 

ability. Although specific mode of reaction from this reagent with other reducing classes is 

unknown, however, there is consideration of a complex between two things, reducing 

compounds and phosphor-molybdic tungstate. Resultantly, phenolate ion is formed which 

changes its color from yellow to Prussian blue (at 755 nm). 

Only crude estimates are performed through this assay. According to Prior et al. 

(2005), this assay considers the interference of other related compounds in the form of higher 

apparent phenolic concentrations. Phenolic compounds drawn from the extract by this assay 

do not represent complete antioxidant activity (Tawaha et al., 2007). 

The variation in TPC in various plants might be attributed to provided growth 

environments, geographic origin, soil composition, season, maturity, amount of sunlight 

received and fertilizers. Phenolic composition along with quantification also found to be 

varied at varying growth stages. Plant tissues have blessed supply of simple phenolics, 

however, later on; complex polyphenols are generated from the condensation of simpler 

compounds (Hsu et al., 2006). 

 The TPC in crude methanolic leaf extracts of spinach were assessed as mg GAE/g 

DM. Significant differences were observed among all the treatments with respect to growth 

stages (table 4.2.6.2a). The observed TPC ranged 6.59-12.86 mg GAE/g of DM in soil 

without urea. Linear rise was observed with respect to growth stage for each PGP. BF treated 

samples showed the leading TPC followed by HA 6 h, HA 9 h and HA 12 h. Urea presence 

also promoted the same trend within and among the PGPs application with comparatively 

lower TPC and the observed range was 4.32-11.61 mg GAE/g DM. 

 Similar results were observed in coriander and mint extracts. Observed TPC in 

coriander extracts were recorded as 5.28-11.68 mg GAE/g DM and 3.98-9.42 GAE/g DM in 

the absence and presence of urea, respectively (table 4.2.6.2b). Increasing order was seen 

with each growth stage. TPC in the mint extracts were found in the range of 9.28-18.54 mg 

GAE/g DM in the absence of urea in soil (table 4.2.6.2c). Significant increase was observed 

with respect to each growth stage. BF treated samples stood for having higher TPC at all 
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vegetative stages. The similar trend was observed in TPC in urea presence and TPC observed 

ranged 4.54-13.49 mg GAE/g DM.  

 The variation in TPC in regard of BF may be linked to various mechanisms induced. 

Production of certain secondary metabolites like antibiotics, hormone inducers is also 

appreciable activity of BF. Moreover, antagonistic action including pathogenic uptake along 

with phosphate solubilization is also reported. According to some researchers, release of 

Indole acetic acid (IAA) is linked with TPC (Naseri and Sharafzadeh, 2013). Nutrient 

availability has resulted in the polyphenols production in three cultivars of basil (Dark Opal, 

Genovese, and Sweet Thai) as reported by Nguyen and Niemeyer (2008). Variation in TPC is 

also markedly influenced by physical as well as chemical nature of soil, geographic 

environment and the method employed for TPC determination (Naseri and Sharafzadeh, 

2013). 
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Table 4.2.6.2a  Total Phenolic Content (mg GAE/g DM) of Spinach extracts 
 

Treatment 
Ax By 

40 Daysa 50 Daysb 60 Daysc 40 Daysd 50 Dayse 60 Daysf 

Control 6.59±0.11bc 7.48±0.13bc 9.59±0.17bc 4.32±0.16c 6.73±0.18c 9.26±0.19bc 

BF 10.51±0.19a 11.43±0.19a 12.86±0.16a 8.44±0.17a 10.78±0.21a 11.61±0.29a 

HA 6h (P) 9.21±0.18a 10.76±0.17a 11.82±0.11a 7.87±0.24a 10.16±0.22a 10.21±0.16ab 

HA 9h (P) 8.19±0.21b 10.24±0.27ab 10.32±0.21b 7.23±0.18ab 8.97±0.23b 9.87±0.21b 

HA 12h (P) 7.06±0.16b 9.56±0.19b 10.21±0.21b 6.94±0.21ab 7.82±0.26b 9.75±0.11b 

Values are means ± SD, samples of each plant material analyzed individually in triplicate (P < 0.05). HA=Humic acid; BF=Bio-fertilizer; P=Seed 
Priming; Ax = Absence of urea; By = Presence of urea, while X and Y letters in the subscripts within the row showed significant difference between 
presence and absence of urea. Small alphabets in superscripts within the column showed significant difference among treatments. 
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Table 4.2.6.2b Total Phenolic Content (mg GAE/g DM) of Coriander extracts 
 

Treatment 
Ax By 

40 Daysa 50 Daysb 60 Daysc 40 Daysd 50 Dayse 60 Daysf 

Control 5.28±0.11c 5.89±0.14c 7.74±0.09c 3.98±0.07c 5.28±0.08b 6.56±0.12bc 

BF 8.32±0.12a 9.21±0.12a 11.68±0.12a 6.88±0.09a 7.59±0.06a 9.42±0.16a 

HA 6h (P) 7.57±0.14a 8.88±0.15a 9.68±0.16b 5.39±0.24ab 5.86±0.23b 7.41±0.09b 

HA 9h (P) 6.91±0.13b 7.68±0.14b 9.02±0.14b 5.24±0.12ab 5.46±0.12b 7.17±0.05b 

HA 12h (P) 6.83±0.13b 7.29±0.14b 8.54±0.13bc 4.99±0.09b 5.36±0.06b 6.82±0.07bc 

Values are means ± SD, samples of each plant material analyzed individually in triplicate (P < 0.05). HA=Humic acid; BF=Bio-fertilizer; P=Seed 
Priming; Ax = Absence of urea; By = Presence of urea, while X and Y letters in the subscripts within the row showed significant difference 
between presence and absence of urea. Small alphabets in superscripts within the column showed significant difference among treatments. 
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Table 4.2.1.2c  Total Phenolic Content (mg GAE/g DM) of Mint extracts 
 

Treatment 
Ax By 

40 Daysa 50 Daysb 60 Daysc 40 Daysd 50 Dayse 60 Daysf 

Control 9.28±0.18bc 10.98±0.21bc 12.39±0.24c 4.54±0.14bc 7.43±0.08bc 10.51±0.11bc 

BF 14.98±0.29a 15.46±0.34a 18.54±0.38a 7.17±0.16a 12.74±0.08a 13.49±0.12a 

HA 6h (P) 13.05±0.25ab 14.27±0.29ab 15.04±0.33b 6.92±0.15a 11.43±0.12a 12.56±0.17ab 

HA 9h (P) 10.63±0.19b 11.89±0.24b 13.84±0.27bc 5.32±0.16b 10.46±0.13ab 12.34±0.18ab 

HA 12h (P) 10.07±0.21b 11.29±0.25b 12.58±0.28c 5.14±0.16b 10.17±0.13ab 11.61±0.18b 

Values are means ± SD, samples of each plant material analyzed individually in triplicate (P < 0.05). HA=Humic acid; BF=Bio-fertilizer; 
P=Seed Priming; Ax = Absence of urea; By = Presence of urea, while X and Y letters in the subscripts within the row showed significant 
difference between presence and absence of urea. Small alphabets in superscripts within the column showed significant difference among 
treatments. 
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4.2.1.3. Reducing Power 

Reducing potential of extract is generally connected to retain antioxidant potential by 

showing electron donating action (Dorman et al., 2003). Direct correlations are frequently 

reported between reducing capability and antioxidant activity of plant extracts (Yildirim et 

al., 2000). Fe+3 reductions to Fe+2 mainly deal with electron donating capability, with an 

imperative indication of activity shown by phenolic antioxidants. Perl’s Prussian blue (at 700 

nm) depicts the concentration of Fe+2 complexes. Increased reduction aptitude is presented 

by increased absorbance value (Ebrahimzadeh et al., 2010). Consequently, the reducing 

capacity of a substance possibly will give out a considerable indication of its antioxidant 

potential (El-Hajaji et al., 2010). 

In the present study for estimation of reducing ability, all the extracts presented linear 

increase in reducing ability of leafy green vegetables with increased concentration and with 

higher growth stage. Significant differences were seen in reducing potentials affected by 

selected PGP treatments. The perceived reducing ability in spinach extracts (absorbance at 

λmax=700 nm) ranged 0.426-1.843 at 10.0 mg/mL extract concentration of sample grown in 

the absence of urea (table 4.2.6.3a). The higher value was shown by sample treated with BF 

followed by HA 6 h, 9 h and 12 h. The perceived drift with respect to growth stage was: 

 1st growth stage: BF > HA 6 h > HA 9 h > HA 12 h 

 2nd growth stage: BF > HA 6 h > HA 9 h > HA 12 h 

 3rd growth stage: BF > HA 6 h > HA 9 h > HA 12 h 

 In urea furnished soil, the observed reducing potential range was 0.248-1.481 at 10 

mg/mL extract concentration. The observed order with growth stage and within PGP was the 

same as mentioned earlier in urea absence. 

 In case of coriander extracts, the observed reducing ability was 0.674-1.934 and 

0.591-1.485 (at 10 mg/mL extract concentration) in absence and presence of urea regime 

(table 4.2.6.3b). A sharp increase was recorded with each growth stage in BF treated samples 

followed by HA 6h, HA 9h and HA 12h. The observed decreasing reducing trend with 

treatment in both soil modes is depicted below:  

 1st growth stage: BF > HA 6 h > HA 9 h > HA 12 h 

 2nd growth stage: BF > HA 6 h > HA 9 h > HA 12 h 

 3rd growth stage: BF > HA 6 h > HA 9 h > HA 12 h 
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 While finding reducing potential of mint extracts, the calculated value was 0.882-

1.345 and 0.816-1.136 at (10mg/mL extract concentration) in the absence and presence of 

urea supplementation (table 4.6.1.3c). Samples serving as control showed the lower value of 

reduction. An increase in reducing ability was observed with each growth stage. The leading 

contributors towards possession of reducing potential were sample treated with BF followed 

by HA 6 h in the absence and presence of urea. However, urea presence showed declining 

drift.  

 From overall assessment, it can be concluded that BF showed comparatively higher 

reducing ability because of its eco-friendly nature. Furthermore, they are blessed with 

nitrogen (atmospheric) fixation, organic wastes decomposition and essential bio-nutrients 

uptake. Occurrence of a list of worthy enzymes further boosts up plant growth by inducing 

certain growth promoting substances (Singh et al., 2011). Soil fertility is replenished by 

plentiful quantity of beneficial microorganisms. Conclusively, due to all these characteristics, 

they exhibit a key acceleration towards antioxidant potential of investigated plant extracts. 

Soybean plants were reported for improved antioxidant potential with treatment of bio-

fertilizer (alone and in mixture) with some inorganic environment (Hannan et al., 2011). 
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Table 4.2.6.3a  Reducing Power (Absorbance at λmax=700) of Spinach extracts 
 

Treatment 
Ax By 

40 Daysa 50 Daysb 60 Daysc 40 Daysd 50 Dayse 60 Daysf

Control 0.426±0.009d 0.621±0.011cd 0.727±0.023cd 0.248±0.019d 0.426±0.023d 0.599±0.021d 

BF 0.982±0.027a 1.289±0.024a 1.843±0.022a 0.849±0.022a 1.213±0.023a 1.481±0.023a 

HA 6h 0.925±0.031ab 1.087±0.026b 1.583±0.026ab 0.731±0.023ab 1.128±0.026ab 1.406±0.025a 

HA 9h 0.762±0.028b 0.951±0.026b 1.378±0.026b 0.697±0.021b 0.903±0.025b 1.269±0.024b

HA 12h 0.671±0.025c 0.682±0.028c 1.256±0.028b 0.682±0.024b 0.863±0.027b 1.073±0.027b 

Values are means ± SD, samples of each plant material analyzed individually in triplicate (P < 0.05). HA=Humic acid; BF=Bio-
fertilizer; P=Seed Priming; Ax = Absence of urea; By = Presence of urea, while X and Y letters in the subscripts within the row 
showed significant difference between presence and absence of urea. Small alphabets in superscripts within the column showed 
significant difference among treatments. 
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Table 4.2.6.3b Reducing Power (Absorbance at λmax=700) of Coriander extracts 
 

Treatment 
Ax By 

40 Daysa 50 Daysb 60 Daysc 40 Daysd 50 Dayse 60 Daysf 

Control 0.674±0.027cd 0.933±0.023c 1.098±0.028c 0.591±0.021d 0.773±0.023c 0.982±0.02cd

BF 0.987±0.023a 1.437±0.027a 1.934±0.094a 0.866±0.026a 1.242±0.03a 1.485±0.03a

HA 6h 0.808±0.034b 1.154±0.038b 1.332±0.113b 0.821±0.018a 1.197±0.02a 1.375±0.02ab

HA 9h 0.754±0.032bc 1.031±0.052b 1.112±0.043bc 0.784±0.018bc 1.067±0.04b 1.151±0.02bc

HA 12h 0.714±0.066c 0.998±0.041bc 1.107±0.039bc 0.692±0.037c 0.982±0.03bc 1.148±0.03bc

Values are means ± SD, samples of each plant material analyzed individually in triplicate (P < 0.05). HA=Humic acid; BF=Bio-
fertilizer; P=Seed Priming; Ax = Absence of urea; By = Presence of urea, while X and Y letters in the subscripts within the row 
showed significant difference between presence and absence of urea. Small alphabets in superscripts within the column showed 
significant difference among treatments. 
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Table 4.2.6.3c  Reducing Power (Absorbance at λmax=700) of Mint extracts 
 

Treatment 
Ax By 

40 Days       50 Days 60 Days 40 Days 50 Days 60  Days 
Control 0.882±0.017bc 0.907±0.019c 1.114±0.024bc 0.816±0.014b 0.888±0.016c 0.948±0.019b

BF 1.032±0.024a 1.142±0.031a 1.345±0.030a 0.931±0.033a 1.087±0.031a 1.136±0.036a

HA 6h 1.021±0.022a 1.133±0.034a 1.229±0.039a 0.872±0.032ab 1.024±0.037a 1.117±0.034a

HA 9h 0.924±0.029b 1.086±0.027b 1.146±0.034b 0.852±0.026ab 0.956±0.039b 1.058±0.036ab

HA 12h 0.903±0.023b 1.027±0.026 c 1.127±0.029b 0.827±0.037b
 0.917±0.033b 1.004±0.038ab

Values are means ± SD, samples of each plant material analyzed individually in triplicate (P < 0.05). HA=Humic acid; BF=Bio-
fertilizer; P=Seed Priming; Ax = Absence of urea; By = Presence of urea, while X and Y letters in the subscripts within the row 
showed significant difference between presence and absence of urea. Small alphabets in superscripts within the column showed 
significant difference among treatments. 
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4.2.6.4. DPPH Radical Scavenging Action 

DPPH (2, 2-diphenyl, 1-picrylhydrazyl) test is a highly valuable method employed 

for determination of scavenging action of plant extracts. It exists as stable free radical lying 

centrally with nitrogen, shifting color from deep violet towards yellow by undergoing 

reduction with hydrogen or through electron donation. Substances executing this response are 

rendered as antioxidants and radical scavengers (Ebrahimzadeh et al., 2010). This method 

has a number of benefits: it remains unaffected through metal ion chelation and enzyme 

inhibition shows no effect in the presence of additives. Antioxidant molecules fade DPPH 

solution by capturing free radical. Accordingly, regularly declined absorbance is clearly 

linked with effective antioxidant potential of extracts (Gowri and Vasantha, 2010). 

The scavenging ability of stable DPPH radical by spinach extracts is shown in table 

4.2.6.4a. Results depicted that the capturing aptitude was enhanced with each growth stage 

by showing corresponding decrease in IC50 value in both soil modes. Comparative 

scavenging ability in spinach extracts was shown by all the PGPs as cleared from the 

observed range 0.438-1.073 µg/mL (in urea absence) and 0.527-1.231 µg/mL (in urea 

presence). The observed IC50 value in both soil modes is presented in the following order: 

 1st growth stage: BF < HA 6 h < HA 9 h < HA 12 h  

 2nd growth stage: BF < HA 6 h < HA 9 h < HA 12 h 

 3rd growth stage:  BF < HA 6 h < HA 9 h < HA 12 h 

 Free radical scavenging action of coriander extracts ranged 0.125-0.876 µg/mL and 

0.352-0.987 µg/mL for samples grown in the corresponding absence and presence of urea 

(table 4.2.6.4b). The decrease in IC50 value was calculated with higher growth stage in both 

soil modes; however, decrease was significant after 3rd growth stage in both cases. 

 During consideration of IC50 value in mint extracts, the observed trend was same as 

afore mentioned in case of spinach and coriander extracts, however, here the lowest IC50 

value was recorded against spinach and coriander showing its higher potency towards radical 

scavenging. Comparative values were found in both soil regimes (table 4.2.6.4c). 
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Table 4.2.6.4a  DPPH Radical Scavenging Action (IC50 Concentration = µg/mL) of Spinach extracts 
 

Treatment 
Ax By 

40 Daysa 50 Daysb 60 Daysc 40 Daysd 50 Dayse 60 Daysf 

Control 1.073±0.017cd 0.927±0.014c 0.726±0.019c 1.231±0.015d 0.943±0.016c 0.816±0.018c 

BF 0.736±0.015a 0.523±0.017a 0.438±0.017a 0.721±0.011a 0.541±0.013a 0.527±0.013a 

HA 6h (P) 0.853±0.014b 0.629±0.011b 0.492±0.016ab 0.826±0.014b 0.587±0.015a 0.562±0.017a 

HA 9h (P) 0.884±0.013b 0.661±0.013b 0.539±0.015b 0.862±0.013b 0.698±0.015b 0.614±0.016ab 

HA 12h (P) 0.953±0.015c 0.686±0.014b 0.548±0.017b 0.903±0.014c 0.733±0.016b 0.682±0.017b 

Values are means ± SD, samples of each plant material analyzed individually in triplicate (P < 0.05). HA=Humic acid; BF=Bio-fertilizer; P=Seed 
Priming; Ax = Absence of urea; By = Presence of urea, while X and Y letters in the subscripts within the row showed significant difference 
between presence and absence of urea. Small alphabets in superscripts within the column showed significant difference among treatments. 
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Table 4.2.6.4b DPPH Radical Scavenging Action of (IC50 Concentration= µg/mL) of Coriander extracts 
 

Treatment 
Ax By 

40 Daysa 50 Daysb 60 Daysc 40 Daysd 50 Dayse 60 Daysf 

Control 0.876±0.017c 0.661±0.025bc 0.286±0.016d 0.987±0.029d 0.768±0.019d 0.698±0.029d 

BF 0.621±0.012a 0.431±0.018a 0.125±0.012a 0.642±0.021a 0.501±0.014a 0.352±0.019a 

HA 6h (P) 0.624±0.012a 0.454±0.018a 0.172±0.012ab 0.687±0.025ab 0.527±0.014ab 0.371±0.021ab 

HA 9h (P) 0.754±0.014b 0.461±0.012a 0.188±0.014ab 0.776±0.025bc 0.636±0.017bc 0.388±0.025ab 

HA 12h (P) 0.782±0.014b 0.498±0.022ab 0.191±0.014ab 0.827±0.026c 0.645±0.017bc 0.461±0.026b 

Values are means ± SD, samples of each plant material analyzed individually in triplicate (P < 0.05). HA=Humic acid; BF=Bio-fertilizer; P=Seed 
Priming; Ax = Absence of urea; By = Presence of urea, while X and Y letters in the subscripts within the row showed significant difference 
between presence and absence of urea. Small alphabets in superscripts within the column showed significant difference among treatments. 
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Table 4.2.6.4c  DPPH Radical Scavenging Action (IC50 Concentration= µg/mL) of Mint extracts 
 

Treatment 
Ax By 

40 Daysa 50 Daysb 60 Daysc 40 Daysd 50 Dayse 60 Daysf 

Control 0.441±0.008c 0.361±0.006d 0.274±0.005c 0.489±0.005c 0.447±0.004d 0.364±0.006c 

BF 0.351±0.004a 0.232±0.003a 0.186±0.003a 0.387±0.002a 0.293±0.002a 0.212±0.003a 

HA 6h (P) 0.359±0.004a 0.267±0.003a 0.208±0.003a 0.392±0.003a 0.303±0.002a 0.222±0.004a 

HA 9h (P) 0.384±0.003ab 0.293±0.002b 0.238±0.004b 0.437±0.004b 0.373±0.003b 0.267±0.004ab 

HA 12h (P) 0.407±0.004b 0.332±0.003c 0.257±0.004bc 0.461±0.004bc 0.381±0.003b 0.286±0.004b 

Values are means ± SD, samples of each plant material analyzed individually in triplicate (P < 0.05). HA=Humic acid; BF=Bio-fertilizer; 
P=Seed Priming; Ax = Absence of urea; By = Presence of urea, while X and Y letters in the subscripts within the row showed significant 
difference between presence and absence of urea. Small alphabets in superscripts within the column showed significant difference among 
treatments. 
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4.2.7. Effect of Plant Growth Promoters on Antioxidant Activity of Leafy 

Green Vegetables 

Foliar Treatment 

4.2.7.1. Percentage Extract Yield 

 The extraction efficiency is an important contributor to compare antioxidant potential 

of plants. Nature of extractable components, solvent employed and the way they were mixed 

during a certain extraction procedure are other key factors. Additionally, particle size, 

extraction temperature, time and material to liquid ratio impart their role in increasing 

extraction yield (Cacace and Mazza, 2003; Pinelo et al., 2005; Chew et al., 2011). Hence to 

attain maximum extraction, a suitable procedure must be adopted. Suitable solvent selection 

is another criterion to get higher yield. Different solvents are enloaded with different 

extraction capability to extract certain polyphenolic ingredients (Niknam and Ebrahimzadeh, 

2002; Loganayaki et al., 2010; Koffi et al., 2010). Methanol is generally preferable solvent 

because of polarity plus better comparative solubility of various antioxidant ingredients 

(Zhou and Yu, 2004). 

During consideration of extraction yield for leafy vegetables influenced by foliar 

application of PGPs, the observed range was 22.89-36.72 and 24.46-37.33 g/100 g DW (for 

spinach extracts); 13.83-29.33 and 13.97-32.12 g/100 g DW (for coriander extracts); and 

20.82-35.23 and 21.29-36.43 g/100 g DW (for mint extracts) in the absence and presence of 

urea respectively as shown in table 4.2.7.1a, b, c. An increase in extraction yield was 

calculated followed by each spray in both soil modes. 

Generally, an appreciable increase in yield of spinach extracts was studied after all 

sprays among all growth promoters in comparison to control in both soil modes as shown in 

table (4.2.2.7a). Within each growth stage, MLE treatment stood dominating for higher 

extraction yield followed by 6-BAP and mixture. HA treated samples although showed least 

performance amongst all PGPs, however, the observed yield was higher than water and 

control. Comparatively, more sharp increasing order was studied at peak vegetative stage 

(after third growth stage). Urea presence also established the similar trend with incremented 

values. The values shown by water and control samples also gave incremented trend but the 

increase was less sharp. The following drift was perceived in the respective soil modes 

regarding PGPs efficiencies on extraction yield. 
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MLE > 6-BAP > mixture > HA > water > control 

Lower yield was perceived with coriander extracts; however, the trend was same as 

seen in the case of spinach extracts for absence and presence of urea. Mint extracts showed 

extraction yield comparative to spinach extracts with the persistence of trend among growth 

stages and among PGPs. 

Foliar application of plant nutrients is one of the set criteria from last four to five 

decades in which the nutrients applied in foliar mode are first absorbed by leaves and later on 

translocated and assimilated towards other plants parts including roots. To carry out this 

assembly, two distinct processes go side by side. Firstly, the nutrients are penetrated through 

the cuticle as well as epidermal cells. Besides this, some minor sort of action is also 

performed by stomata. On the other hand, phloem plays some undoubted role for foliarly 

absorbed nutrients. Each foliarly applied element is redistributed at different extent which 

makes foliar application an important phenomenon in order to satify plant needs for nutrient 

requirements (Menzies et al., 1992). 

All the foliar treatments facilitated better extraction approach with regard of each 

growth step. Appreciateable composition of M. Oleifera leaf extract describes reason of 

higher extraction yield achieved. The scientific literature also supports this view because of 

valuable vitamins, micro and macronutrients contained in it (Aslam et al., 2005; Moyo et al., 

2011). MLE serving as green manure reported to enhance plant yield (30%) because of 

presence of required zeatin and humic substances composition (Abdalla, 2013). Cytokinin 

derivatives are highly employed as exogenous growth promoters by elevating endogenous 

levels of inner cytokinins. Convincingly, various multi-developmental processes which are 

regulated in light presence are facilitated. These include expansion of cotyledon expansion, 

differentiation of chloroplast, metabolism of green plants etc. Moreover, valuable secondary 

metabolites production is also highly stimulated like indolic alkaloids and betacyanins 

(Biddington and Thomas, 1973; Merillon et al., 1991). HA is reported to reduce production 

cost through supplementing chemical fertilizer in agricultural farming without conceding the 

yield (Haroon et al., 2010). Better performance shown by HA against control was confirmed 

by various researchers conducting pot or field study (Malik et al., 1979; Brannon and 

Sommers, 1985; Hai and Mir, 1998). Combined application of HA and fertilizer left reputable 

impacts on yield of wheat, maize, rape, cotton, rape and sesame production against alone 
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fertilizer combination (Xue et al., 1994). Important phytohormone like exhibition of HA is 

associated with indoleacetic acid presence and auxinic activities (Muscolo et al., 1998; 

Pizzeghello et al., 2001; Nardi et al., 2002). Positive effects on growth (28-60%) were also 

received by other researchers by HA application (Ferrara et al., 2001; Sarir et al., 2005). Urea 

implementation in soil although increased the extraction yield however, it is linked with soil 

pollution by causing acidity, nutrient leaching and soil degradation. However, natural PGPs 

are responsible to give comparative extraction yield because of eco-friendly nature (Agbede, 

2010). Therefore desirable results were received from natural PGPs application in foliar 

mode.  
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Table 4.2.7.1a  Percentage Extract Yield (g/100g DM) of Spinach 
 

Treatment 

Ax By 
After 1st 

Spray 
(40 Days)a 

After 2nd 
Spray 

(50 Days)b 

After 3rd 
Spray 

(60 Days)c 

After 1st 
Spray 

(40 Days)d 

After 2nd 
Spray 

(50 Days)e 

After 3rd 
Spray 

(60 Days)f 

Control 22.89±0.37cd 25.91±0.35cd 26.44±0.39cd 24.46±0.37cd 26.81±0.29cd 27.22±0.46cd 

Water 23.00±0.46cd 26.83±0.26c 29.33±0.51c 27.65±0.46c 27.89±0.36c 29.89±0.56c 

HA 24.78±0.35c 27.86±0.23c 31.37±0.39b 28.47±0.35b 29.11±0.28b 29.56±0.44c 

MLE 32.56±0.48a 33.35±0.28a 36.72±0.53a 32.82±0.48a 33.65±0.37a 37.33±0.59a 

6-BAP 31.11±0.51a 32.66±0.29a 32.34±0.38b 32.46±0.51a 33.99±0.39a 34.79±0.62ab 

Mixture 29.11±0.44b 30.53±0.25ab 31.89±0.39b 29.54±0.44ab 31.67±0.34ab 32.61±0.54b 

Values are means ± SD, samples of each plant material analyzed individually in triplicate (P < 0.05). HA=Humic acid; MLE=Moringa leaf extract; 
6-BAP =6-Benzyl amino purine; Mixture = HA+MLE+6-BAP; Ax = Absence of urea; By = Presence of urea, while X and Y letters in the subscripts 
within the row showed significant difference between presence and absence of urea. Small alphabets in superscripts within the column showed 
significant difference among treatments. 
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Table 4.2.7.1b Percentage Extract Yield (g/100g DM) of Coriander 
 

Treatment 

Ax By 

After 1st Spray 
(40 Days)a 

After 2nd 
Spray 

(50 Days)b 

After 3rd 
Spray 

(60 Days)c 

After 1st 
Spray 

(40 Days)d 

After 2nd 
Spray 

(50 Days)e 

After 3rd 
Spray 

(60 Days)f 

Control 13.83±0.26d 15.43±0.31cd 18.56±0.31cd 13.97±0.26d 19.46±0.24c 19.99±0.25cd 

Water 14.57±0.35cd 16.09±0.42c 20.78±0.26c 18.90±0.39c 20.56±0.35c 21.39±0.39c 

HA 20.36±0.43b 22.09±0.42b 28.44±0.33a 23.48±0.46b 25.00±0.42b 29.54±0.48ab 

MLE 24.93±0.28a 26.76±0.51a 29.33±0.21a 25.98±0.31a 27.11±0.28a 32.12±0.32a 

6-BAP 22.89±0.32ab 25.89±0.38a 28.99±0.28a 24.48±0.34a 26.75±0.31a 29.67±0.35ab 

Mixture 22.37±0.35ab 24.04±0.42ab 28.81±0.24a 23.89±0.38ab 26.11±0.35ab 29.50±0.39ab 

Values are means ± SD, samples of each plant material analyzed individually in triplicate (P < 0.05). HA=Humic acid; MLE=Moringa leaf extract; 6-BAP 
=6-Benzyl amino purine; Mixture = HA+MLE+6-BAP; Ax = Absence of urea; By = Presence of urea, while X and Y letters in the subscripts within the row 
showed significant difference between presence and absence of urea. Small alphabets in superscripts within the column showed significant difference 
among treatments. 
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Table 4.2.7.1c  Percentage Extract Yield (g/100g DM) of Mint 
 

Treatment 

Ax By

After 1st Spray 
(40 Days) 

After 2nd 
Spray (50 

Days) 

After 3rd 
Spray (60 

Days) 
After 1st Spray 

(40 Days) 

After 2nd 
Spray (45 

days) 

After 3rd 
Spray (60 

Days) 
Control 20.82±0.42cd 23.87±0.47c 24.45±0.54cd 21.29±0.27d 24.82±0.31b 25.56±0.36c 

Water 22.28±0.35c 24.57±0.39c 25.84±0.36cd 23.45±0.46cd 25.21±0.26b 26.43±0.33c 

HA 24.68±0.43b 26.12±0.48bc 31.68±0.44b 27.83±0.35b 29.84±0.20a 32.90±0.40a 

MLE 29.48±0.28a 32.25±0.32a 35.23±0.29a 31.82±0.48a 32.86±0.28a 36.43±0.26a 

6-BAP 27.99±0.32ab 28.99±0.36b 34.46±0.33a 30.17±0.50a 32.56±0.29a 34.60±0.29a 

Mixture 25.67±0.35b 28.71±0.39b 33.14±0.36a 29.60±0.44ab 29.93±0.25a 33.68±0.33a 

Values are means ± SD, samples of each plant material analyzed individually in triplicate (P < 0.05). HA=Humic acid; MLE=Moringa leaf extract; 6-BAP 
=6-Benzyl amino purine; Mixture = HA+MLE+6-BAP; Ax = Absence of urea; By = Presence of urea, while X and Y letters in the subscripts within the row 
showed significant difference between presence and absence of urea. Small alphabets in superscripts within the column showed significant difference 
among treatments. 
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4.2.7.2 Total Phenolic Content 

Phenolic compounds being highly recognized antioxidants that beautifully contribute 

to human diet (Manach et al., 2004). This property restricts free radicals formation and 

corresponding health related risk is thereby reduced (Shahidi, 2000). Resultantly, positive 

health effects are rendered against certain cancer disorders i.e. colon, stomach, breast, 

prostrate, cardiovascular and inflammations (Birt, 2006). Quantitative variations in phenolic 

compositions could possibly be due to inner or outer leaves, varying agronomic practices and 

variety of examined vegetables. However, the effect of enhanced growing conditions in any 

way cannot be neglected. Extraction medium employed is also responsible to extract bound 

or free phenolics. In the present work, determinations of total phenolics are brought about by 

interaction of Folin-Ciocalteu reagent with the extract. Non-specific interactions gave 

varying TPC levels exposed to two soil regimes (table 4.2.7.2a, b, c). The observed TPC 

accounted as: 6.59-14.49, 5.28-13.83 and 9.28-23.02 mg GAE/g DM (in the absence of urea 

in soil); and 4.32-12.65, 3.98-12.18 and 4.54-14.45 mg GAE/g DM (in the presence of urea 

fertilizer in soil) for spinach, coriander and mint leaf extracts, respectively (table 4.2.7.2a, b, 

c).  

While considering TPC in spinach extracts in soil deprived from urea, it was seen that 

lower exhibition of control value in all growth stages versus foliar application of PGPs 

concluded the positive attribution of PGPs and water exposure on overall TPCs. Less regular 

increase in TPC was estimated after first two foliar applications, however, third spray led 

more enhanced effects on overall TPCs. MLE treatment remained the dominating one for 

having higher TPC in all growth stages (9.84, 11.88 and 14.49 mg GAE/g DW). After that 

higher TPC were shown by 6-BAP and mixture treatments, while HA possessed the least TPC 

among all PGPs in all growth stages. Water treatments proved less effective regarding other 

PGPs effect but more effective than control samples. The situation proved effective for both 

soil modes. However, comparatively lower TPC acquirement from urea furnished soil 

suggests the implementation of natural PGPs (alone or in conjunction) preferably nullify urea 

support to meet the demand. 

Valuable TPC results were assessed from coriander and mint extracts as well. To 

some extents, similar trends were observed in both extracts, however, lower TPC were drawn 

from coriander extracts and higher from mint extracts in comparison to spinach extracts. 
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 Phenolic compounds are highly acknowledged because of their wide distribution in 

plant realm. Every tissue is blessed with this distribution with leading concentration in cells 

with higher dynamics (Ozyigit et al., 2007). Secondary metabolite biosynthesis is highly 

enhanced in the presence of both biotic and abiotic elicitors. Application of plant growth 

promoters is one of them. The receptors which activate secondary messengers perceive 

relevant stimuli. Signal transduction mechanisms make sure the signal transmission into 

respective cells which result in gene expression and corresponding biochemical changes 

(Sudha and Ravishankar, 2002) and form secondary metabolites. The formation of such 

diverse and valuable array of plant secondary compounds because of appreciated 

pharmacological actions and worth practical applications on agricultural and industrial scale 

increases implementation of such vegetables commercially (Harborne, 1996; Bingham et al., 

1998; Paganga et al., 1999). 

The extract drawn from above comparison leads to the appreciation of PGPs alone 

and in combination versus control and sufficiently neglects the use of urea application. 

The growing age of plant matters in causing variations in the amount of TPC (Dumas 

et al., 2003). Large discrepancies in TPC are being reported at varying maturity stages 

(Ellnain-Wojtaszek et al., 2001) in several leafy vegetables. Overall higher TPC trend was 

extracted from organically grown cabbage against conventionally fertilized one. According 

to suggestions, boosting TPC resulted in the loss of nitrogen supply from volatilization of 

fertilizer under organic production supplementing the required need (Sousa et al., 2008). 

TPC declined in leaf mustard (Brassica juncea Coss) with higher nitrogen supply (Li et al., 

2008). The negative correlation resulted between increased nitrogen application and 

corresponding decreased TPC might be related to the protein competition model (PCM) 

described by Jones and Hartley (1999).  The PCM hypothesis offers a conditional prediction: 

although here was an increase in biomass due to higher nitrogen nutrition, increased protein 

demand cause decrease in phenolic concentrations by decreasing provision of carbon rings to 

phenolics (Jones and Hartley, 1999).  

The fluctuating TPC with respect to harvest time can be accounted in marked degrees 

of qualitative and quantitative variations in phenolic ingredients. Generally, phenolic acid 

concentrations are known to be decreased and that of flavonoids to be increased during 

maturation phase (Manach et al., 2004). The lack of concerned vibrant trend in TPC might be 
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linked to compositional variations occurring in phenols during growth phase studied in 

tomato fruits (Buta and Spaulding, 1997; Raffo et al., 2002). It can be suggested in the way 

that degradation rate of some phenolics was calculated to be slower or faster with respect to 

biosynthesis of others. 

Comparatively higher TPC possession in MLE with higher maturity stage is accorded 

with medicinal makeup in its leaves. The extracted juice from leaves acted as suitable foliar 

supplement by performing bio-pesticide like activity. Furthermore, kaempherol and quercetin 

availability in leaf extracts of Moringa along with higher antioxidant contribution pays 

attention for its implementation as suitable PGPs (Chumark et al., 2008; Singh et al., 2009). 

Cytokinins derivatives impart higher TPC by performing signalling actions that tend to 

regulate cytokinesis along with growth and development in plant cells. More cell 

differentiation caused by cytokinins is responsible to provide more production sites for 

secondary metabolites like polyphenols under varying environmental aspects. The higher 

yield of TPC from HA against control is attributed to direct effect that accelerates respiration 

phenomenon, higher nutrient uptake and their relevance penetration to cell membranes. 

Effective concentrations of nutrients cause stimulatory effects that might assist the 

production of secondary metabolites like polyphenols (Clapp et al., 2001). 
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Table 4.2.7.2a  Total Phenolic Content (mg GAE/g DM) of Spinach extracts 
 

Treatment 

Ax Ay 
After 1st 
Spray (40 

Days)a 

After 2nd 
Spray (50 

Days)b 

After 3rd 
Spray (60 

Days)c 

After 1st 
Spray (40 

Days)d 

After 2nd 
Spray (50 

Days)e 

After 3rd 
Spray (60 

Days)f 

Control 6.59±0.21cd 7.48±0.09c 9.59±0.17cd 4.32±0.16d 6.73±0.18cd 9.26±0.19c 

Water 6.87±0.22c 8.75±0.09bc 9.97±0.06c 6.13±0.17bc 7.22±0.19c 9.35±0.22c 

HA 6.97±0.25c 9.24±0.08b 12.88±0.13b 6.73±0.14b 8.24±0.16b 10.28±0.18ab 

MLE 9.84±0.23a 11.88±0.14a 14.49±0.16a 8.27±0.15a 9.49±0.17a 12.65±0.19a 

6-BAP 9.24±0.28ab 10.02±0.15a 13.44±0.17ab 7.92±0.14a 9.14±0.17a 10.89±0.16ab 

Mixture 8.99±0.27b 9.79±0.12a 13.62±0.14ab 7.48±0.14a 8.69±0.16b 11.09±0.17ab 

Values are means ± SD, samples of each plant material analyzed individually in triplicate (P < 0.05). HA=Humic acid; MLE=Moringa leaf extract; 6-BAP 
=6-Benzyl amino purine; Mixture = HA+MLE+6-BAP; Ax = Absence of urea; By = Presence of urea, while X and Y letters in the subscripts within the row 
showed significant difference between presence and absence of urea. Small alphabets in superscripts within the column showed significant difference among 
treatments. 
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Table 4.2.7.2b          Total Phenolic Content (mg GAE/g DM) of Coriander extracts 
 

Treatment 

Ax By

After 1st 
Spray (40 

Days)a 

After 2nd Spray 
(50 Days)b 

After 3rd 
Spray (60 

Days)c 

After 1st 
Spray (40 

Days)d 

After 2nd 
Spray (50 

Days)e 

After 3rd 
Spray (60 

Days)f 

Control 5.28±0.11cd 5.89±0.14c 7.74±0.09c 3.98±0.07c 5.28±0.08c 6.56±0.12d

Water 5.82±0.09c 7.29±0.11bc 8.44±0.09bc 4.88±0.09bc 5.59±0.11bc 8.42±0.12c

HA 7.24±0.14b 9.45±0.15b 10.17±0.11b 5.39±0.23b 6.45±0.15b 9.48±0.18b

MLE 9.21±0.08a 12.59±0.09a 13.83±0.06a 6.24±0.12a 7.26±0.08a 12.18±0.13a

6-BAP 8.28±0.08a 9.52±0.09b 10.48±0.06b 5.69±0.09b 6.66±0.09ab 10.12±0.08ab

Mixture 7.54±0.06b 9.98±0.07b 10.45±0.07b 5.83±0.11ab 6.59±0.07b 9.78±0.15b

Values are means ± SD, samples of each plant material analyzed individually in triplicate (P < 0.05). HA=Humic acid; MLE=Moringa leaf extract; 6-BAP 
=6-Benzyl amino purine; Mixture = HA+MLE+6-BAP; Ax = Absence of urea; By = Presence of urea, while X and Y letters in the subscripts within the row 
showed significant difference between presence and absence of urea. Small alphabets in superscripts within the column showed significant difference among 
treatments. 
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Table 4.2.2.2c  Total Phenolic Content (mg GAE/g DM) of Mint extracts 
 

Treatment 

Ax By 

After 1st Spray 
(40 Days)a 

After 2nd 
Spray (50 

Days)b 

After 3rd 
Spray (60 

Days)c 

After 1st Spray 
(40 Days)d 

After 2nd 
Spray (50 

Days)e 

After 3rd 
Spray (60 

Days)f 

Control 9.28±0.18c 10.98±0.21c 12.39±0.24c 4.54±0.14cd 7.43±0.08c 10.51±0.11bc 

Water 9.83±0.31c 11.38±0.21c 13.77±0.28c 8.76±0.11b 9.21±0.11bc 10.85±0.17b 

HA 10.24±0.32b 13.99±0.20bc 19.75±0.16b 9.89±0.09ab 10.73±0.11ab 11.88±0.08b 

MLE 12.75±0.18a 15.13±0.24a 23.02±0.34a 10.92±0.10a 12.67±0.16a 14.45±0.14a 

6-BAP 12.41±0.22ab 14.92±0.23a 20.84±0.31ab 10.12±0.11a 12.48±0.13b 12.74±0.14ab 

Mixture 12.36±0.22ab 15.06±0.26a 20.44±0.10ab 10.43±0.10a 13.88±0.11a 14.17±0.12a 

Values are means ± SD, samples of each plant material analyzed individually in triplicate (P < 0.05). HA=Humic acid; MLE=Moringa leaf extract; 6-BAP 
=6-Benzyl amino purine; Mixture = HA+MLE+6-BAP; Ax = Absence of urea; By = Presence of urea, while X and Y letters in the subscripts within the row 
showed significant difference between presence and absence of urea. Small alphabets in superscripts within the column showed significant difference 
among treatments. 
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4.2.7.3. Reducing Power Assay 

 Reducing ability of leafy vegetables is chiefly dependent on the concentration of 

examined extract. Increased reducing ability was estimated in leafy vegetables while moved 

towards higher extract concentration (table 4.2.2.3a, b, c). Spinach extracts showed reducing 

range as 0.426-1.944 and 0.248-1.931 at 10.0 mg/mL extract concentration for experiment A 

and B, respectively. Considering absence and presence of urea at all stages, the control 

treatment exhibited lower values than treatments. Higher reducing ability was performed by 

MLE followed by 6-BAP, mixture and HA treatments than water and control treatments in all 

foliar exposures. Overall higher reducing ability was seen after third foliar exposure. 

Valuable reduction activities were estimated from coriander and mint extracts (table 4.2.7.3 

b, c) with the similar trend as observed in spinach extracts. Since comparable results were 

received from urea as those in its absence, it was assured that application of PGPs alone or in 

mixture form can replace the use of fertilizer and its corresponding toxicity.  
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Table 4.2.7.3a  Reducing Power (Absorbance at λmax=700) of Spinach extracts 
 

Treatment 

Ax By 

After 1st Spray 
(40 Days)a 

After 2nd 
Spray (50 

Days)b 

After 3rd Spray 
(60 Days)c 

After 1st 
Spray (40 

Days)d 

After 2nd 
Spray (50 

Days)e 

After 3rd 
Spray (60 

Days)f 

Control 0.426±0.009c 0.621±0.011d 0.727±0.023cd 0.248±0.019d 0.426±0.023de 0.599±0.021de 

Water 0.442±0.023c 0.663±0.027d 0.891±0.029c 0.527±0.028c 0.856±0.027c 0.929±0.036d 

HA 0.935±0.021ab 1.064±0.026bc 1.709±0.014a 0.813±0.014b 1.013±0.024bc 1.536±0.031b 

MLE 0.975±0.023a 1.643±0.028a 1.944±0.027a 1.131±0.027a 1.451±0.028a 1.931±0.036a 

6-BAP 0.953±0.027a 1.237±0.031b 1.925±0.016a 1.073±0.016a 1.149±0.031b 1.639±0.042b 

Mixture 0.911±0.019ab 0.979±0.023c 1.781±0.08a 0.931±0.008b 1.147±0.023b 1.633±0.031b 

Values are means ± SD, samples of each plant material analyzed individually in triplicate (P < 0.05). HA=Humic acid; MLE=Moringa leaf extract; 6-BAP 
=6-Benzyl amino purine; Mixture = HA+MLE+6-BAP; Ax = Absence of urea; By = Presence of urea, while X and Y letters in the subscripts within the row 
showed significant difference between presence and absence of urea. Small alphabets in superscripts within the column showed significant difference among 
treatments. 
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Table 4.2.7.3b Reducing Power (Absorbance at λmax=700) of Coriander extracts 
 

Treatment 

Ax By

After 1st Spray 
(40 Days) 

After 2nd 
Spray (50 

Days) 

After 3rd 
Spray (60 

Days) 
After 1st Spray 

(40 Days) 

After 2nd 
Spray (50 

Days) 

After 3rd 
Spray (60 

Days) 
Control 0.674±0.027cd 0.933±0.023c 1.098±0.028c 0.591±0.021c 0.773±0.023cd 0.982±0.02c 

Water 0.697±0.018c 0.998±0.021bc 1.117±0.017bc 0.603±0.014c 0.881±0.022c 1.009±0.018bc 

HA 0.867±0.017b 1.195±0.023b 1.323±0.013bc 0.801±0.026ab 0.921±0.039bc 1.032±0.033bc 

MLE 1.171±0.026a 1.498±0.029a 1.941±0.024a 0.889±0.019a 1.249±0.029a 1.619±0.024a 

6-BAP 0.973±0.028ab 1.258±0.032ab 1.484±0.029b 0.847±0.016a 1.127±0.026ab 1.382±0.022b 

Mixture 0.928±0.022b 1.207±0.025ab 1.393±0.021b 0.816±0.021ab 1.062±0.021b 1.307±0.028b 

Values are means ± SD, samples of each plant material analyzed individually in triplicate (P < 0.05). HA=Humic acid; MLE=Moringa leaf extract; 6-BAP 
=6-Benzyl amino purine; Mixture = HA+MLE+6-BAP; Ax = Absence of urea; By = Presence of urea, while X and Y letters in the subscripts within the row 
showed significant difference between presence and absence of urea. Small alphabets in superscripts within the column showed significant difference among 
treatments. 
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Table 4.2.7.3c  Reducing Power (Absorbance at λmax=700) of Mint extracts 
 

Treatment 

Ax By 

After 1st Spray 
(40 Days)a 

After 2nd 
Spray (50 

Days)b 

After 3rd 
Spray (60 

Days)c 

After 1st Spray 
(40 Days)d 

After 2nd 
Spray (50 

Days)e 

After 3rd 
Spray (60 

Days)f 

Control 0.882±0.017b 0.907±0.019de 1.114±0.024bc 0.816±0.014de 0.888±0.016d 0.948±0.019d 

Water 0.914±0.022c 0.958±0.017d 1.197±0.020d 0.936±0.018d 1.063±0.021bc 1.117±0.025c 

HA 1.219±0.023b 1.356±0.024b 1.399±0.029c 0.972±0.017de 1.278±0.020a 1.405±0.029b 

MLE 1.391±0.023ab 1.530±0.027a 1.904±0.032a 0.995±0.026b 1.331±0.029a 1.640±0.036a 

6-BAP 1.283±0.028b 1.413±0.024b 1.753±0.028ab 0.983±0.028ab 1.298±0.032a 1.484±0.041ab 

Mixture 1.305±0.024a 1.386±0.025ab 1.696±0.031de 0.979±0.022c 1.285±0.025a 1.394±0.031b 

Values are means ± SD, samples of each plant material analyzed individually in triplicate (P < 0.05). HA=Humic acid; MLE=Moringa leaf extract; 6-BAP 
=6-Benzyl amino purine; Mixture = HA+MLE+6-BAP; Ax = Absence of urea; By = Presence of urea, while X and Y letters in the subscripts within the row 
showed significant difference between presence and absence of urea. Small alphabets in superscripts within the column showed significant difference among 
treatments. 
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4.2.7.4. DPPH Radical Scavenging Action 

 Another mean to get access towards antioxidant activity is through scavenging 

action performed by DPPH, a free radical. Concentration dependent method leads to higher 

scavenging percentage with increased extract dose. In this assay, IC50 evaluations were 

performed with various extract concentrations and results were reported as µg/mL. IC50 

determinations of leafy vegetables under foliar influence of water and PGPs are represented 

in table (4.2.7.4 a, b, c respectively). 

 While considering IC50 in spinach extracts, both soil regimes declined IC50 in 

comparison to control at each growth period. The observed IC50 range was 0.506-1.073 

µg/mL and 0.582-1.231 µg/mL in corresponding absence and presence of urea in soil. MLE 

treatment showed lower IC50 followed by 6-BAP, mixture and HA treatments with respect to 

each growth stage after foliar application. At peak vegetative stage, the lowest IC50 values 

were observed maintaining the aforementioned trend.  

 Valuable IC50 estimations were accounted in coriander and mint extracts with the 

similar trend as mentioned before for spinach extracts. The observed range for was 0.079-

0.876 and 0.121-0.987 µg/mL for coriander and 0.127-0.441 and 0.253-0.489 µg/mL for 

mint extracts in the absence and presence of urea. Among the three leafy green vegetables, 

mint extracts were the leading ones for the lowest IC50 granted followed by coriander extracts 

and the least by spinach extracts.  

 ROS level in plant organs are being protected by exhibition of antioxidant actions. 

Endogenous antioxidant level was reported to be enhanced by application of phytohormones 

through systematic acquired resistance (SAR) (Foyer et al. 1994; Sheteawi, 2007; Tuna et 

al., 2007). Certain studies have appreciated the foliar exposure of important antioxidants in 

the form of amino acids and the corresponding quality growth enhancement in vegetables 

(Kamar and Omar, 1987). Since these attributes are offered by MLE, it can be regarded as the 

best radical scavenger among all PGPs. 
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Table 4.2.7.4a  DPPH Radical Scavenging Action (IC50 Concentration, µg/mL) of Spinach extracts 
 

Treatment 

Ax By

After 1st Spray 
(40 Days)a 

After 2nd 
Spray (50 

Days)b 

After 3rd 
Spray (60 

Days)c 

After 1st Spray 
(40 Days)d 

After 2nd 
Spray (50 

Days)e 

After 3rd 
Spray (60 

Days)f 

Control 1.073±0.017d 0.927±0.014cd 0.726±0.019c 1.231±0.015cd 0.943±0.016cd 0.816±0.018cd 

Water 1.022±0.015cd 0.874±0.013c 0.706±0.008c 1.091±0.014c 0.895±0.014c 0.792±0.013c 

HA 0.929±0.016c 0.723±0.012b 0.669±0.007bc 0.979±0.014b 0.812±0.013b 0.784±0.012bc 

MLE 0.804±0.016a 0.621±0.011a 0.506±0.006a 0.836±0.013a 0.762±0.012a 0.582±0.011a 

6-BAP 0.816±0.017a 0.674±0.013a 0.638±0.006b 0.862±0.013a 0.787±0.019a 0.736±0.011b 

Mixture 0.834±0.017ab 0.744±0.012b 0.658±0.007b 0.892±0.007ab 0.797±0.019ab 0.751±0.012b 

Values are means ± SD, samples of each plant material analyzed individually in triplicate (P < 0.05). HA=Humic acid; MLE=Moringa leaf extract; 6-BAP 
=6-Benzyl amino purine; Mixture = HA+MLE+6-BAP; Ax = Absence of urea; By = Presence of urea, while X and Y letters in the subscripts within the row 
showed significant difference between presence and absence of urea. Small alphabets in superscripts within the column showed significant difference 
among treatments. 
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Table 4.2.7.4b  DPPH Radical Scavenging Action of (IC50 Concentration, µg/mL) of Coriander extracts 
 

Treatment 

Ax By 

After 1st Spray 
(40 Days)a 

After 2nd 
Spray 

(50 Days)b 

After 3rd 
Spray 

(60 Days)c 

After 1st Spray
(40 Days)d 

After 2nd 
Spray 

(50 Days)e 

After 3rd 
Spray 

(60 Days)f 

Control 0.876±0.017d 0.661±0.025d 0.286±0.166cd 0.987±0.029d 0.768±0.019d 0.698±0.029d 

Water 0.729±0.018c 0.501±0.016c 0.213±0.009bc 0.742±0.009b 0.544±0.009c 0.474±0.006c 

HA 0.707±0.018c 0.343±0.011b 0.104±0.007ab 0.715±0.012ab 0.505±0.012bc 0.197±0.006ab 

MLE 0.519±0.016a 0.207±0.013a 0.079±0.006a 0.618±0.006a 0.379±0.006a 0.121±0.003a 

6-BAP 0.540±0.014a 0.282±0.019ab 0.089±0.007a 0.623±0.012a 0.432±0.012b 0.149±0.005a 

Mixture 0.571±0.016ab 0.243±0.013a 0.098±0.006a 0.691±0.006ab 0.469±0.006b 0.162±0.009a 

Values are means ± SD, samples of each plant material analyzed individually in triplicate (P < 0.05). HA=Humic acid; MLE=Moringa leaf extract; 6-BAP 
=6-Benzyl amino purine; Mixture = HA+MLE+6-BAP; Ax = Absence of urea; By = Presence of urea, while X and Y letters in the subscripts within the row 
showed significant difference between presence and absence of urea. Small alphabets in superscripts within the column showed significant difference 
among treatments. 

 
 
 

 

 

 

 



189 
 

 

 

 

 

Table 4.2.7.4c  DPPH Radical Scavenging Action (IC50 Concentration, µg/mL) of Mint extracts 
 

Treatment 

Ax By 

After 1st Spray 
(40 Days)a 

After 2nd 
Spray 

(50 Days)b 

After 3rd 
Spray 

(60 Days)c 

After 1st Spray 
(40 Days)d 

After 2nd 
Spray 

(50 Days)e 

After 3rd 
Spray 

(60 Days)f 

Control 0.441±0.008d 0.361±0.006d 0.274±0.005cd 0.489±0.005d 0.447±0.004c 0.364±0.006cd 

Water 0.413±0.016cd 0.292±0.024c 0.234±0.015c 0.454±0.006c 0.428±0.006bc 0.342±0.006c 

HA 0.376±0.013c 0.283±0.021c 0.198±0.010b 0.407±0.006c 0.403±0.005bc 0.253±0.006bc 

MLE 0.224±0.008a 0.187±0.012a 0.127±0.013a 0.344±0.004a 0.337±0.004a 0.153±0.004a 

6-BAP 0.304±0.005b 0.229±0.017b 0.168±0.007ab 0.375±0.006b 0.389±0.006b 0.196±0.006b 

Mixture 0.298±0.004b 0.215±0.016b 0.157±0.005ab 0.362±0.004b 0.384±0.004b 0.192±0.004b 

Values are means ± SD, samples of each plant material analyzed individually in triplicate (P < 0.05). HA=Humic acid; MLE=Moringa leaf extract; 6-BAP 
=6-Benzyl amino purine; Mixture = HA+MLE+6-BAP; Ax = Absence of urea; By = Presence of urea, while X and Y letters in the subscripts within the row 
showed significant difference between presence and absence of urea. Small alphabets in superscripts within the column showed significant difference among 
treatments. 
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4.2.8. Phenolic acid quantification in Leafy green vegetables 

Leafy green vegetables are enloaded with substantial amount of phenolic acids as 

described in table 4.2.8 (a-f). The presence of limited number of standards found it difficult 

to completely analyze whole list of the phenolic acids. Under selected environmental 

conditions, the most commonly occurring acids were gallic, chlorogenic, vanillic, caffeic, 

synergic, m-coumeric, p-coumeric and ferulic in case of spinach, however 

hydroxymethoxybenzoic acid (HMB) was also detected in coriander and mint extracts. The 

observed variations in leafy green vegetables in response to selected PGPs are listed below. 

In spinach experiment A yielded out 28.31-215.86 ppm gallic acid, 25.93-445.55 ppm 

chlorogenic acid, 16.96-114.93 ppm vanilic acid, 17.42-129.19 ppm caffeic acid, 14.67-

108.03 ppm syringic acid, 31.99-203.12 ppm m-coumeric acid, 23.67-160.86 ppm p-coumerc 

acid, 116.95-1180.19 ppm ferulic acid, while experiment B showed 102.63-762.65 ppm 

gallic acid, 20.09-69.54 ppm chlorogenic acid, 11.18-80.91ppm vanilic acid, 4.23-60.52 ppm 

caffeic acid, 10.06-128.11 ppm syringic acid, 2.34-381.25 ppm m-coumeric acid, 2.35-

176.74 ppm p-coumeric acid, 124.01-1440.69 ppm ferulic acid. Experiment A in coriander 

leaves showed 30.08-276.04 ppm gallic acid, 23.09-157.41 ppm HMB, 97.03-424.33 ppm 

chlorogenic acid, 1.76-35.38 ppm vanilic acid, 15.13-175.13 ppm caffeic acid, 21.09-565.82 

ppm syringic acid, 38.95-399.28 ppm m-coumeric acid, 23.06-189.29 ppm p-coumeric acid, 

251.23-623.32 ppm ferulic acid, while experiment B showed 8.84-475.99 ppm gallic acid, 

75.31-388.24 ppm HMB, 12.96-141.33 ppm chlorogenic acid, 2.38-63.65 ppm vanilic acid, 

4.53-132.01 ppm caffeic acid, 7.28-37.81 ppm syringic caid, 13.39-272.68 ppm m-coumeric 

acid, 25.81-220.43 ppm p-coumeric acid, 22.44-212.64 ppm ferulic acid. In Mint leaf 

samples, Experiment A yielded 8.84-139.98 ppm gallic acid, 130.59-1602.39 ppm HMB, 

16.51-114.33 ppm chlorogenic acid, 2.32-35.15 ppm vanilic acid, 2.26-51.05 ppm caffeic 

acid, 0.32-23.68 ppm syringic acid, 11.28-82.53 ppm m-coumeric acid, 9.73-66.78 ppm p-

coumeric caid, 22.83-165.07 ppm ferulic acid and experiment B showed 6.98-110.58 ppm 

gallic caid, 86.14-1265.89 ppm HMB, 13.04-67.75 ppm chlorogenic acid, 1.83-34.12 ppm 

vanilic acid, 1.78-40.51ppm caffeic acid, 0.25-18.70 ppm syringic acid, 8.91-65.19 ppm m-

coumeric acid, 7.68-52.75 ppm p-coumeric acid, 18.03-130.40 ppm ferulic acid. Overall, the 

higher total phenolics in all leafy green vegetables were possessed by MLE treatment in both 

soil mode and comparatively higher in experiment A. Further variations in quantification of 
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total phenolic acids through HPLC remained as: 854.46 and 652.34 (control), 959.98 and 

713.01 (water), 1119.65 and 1319.84 (HA), 1584.50 and 1905.79 (MLE), 1135.45 and 

1842.65 (6-BAP), 1235.79 and 1109.79 (mixture), 1054.55 and 1368.62 (BF), 1409.64 and 

1266.91 (HA 6h), 1106.08 and 920.84 (HA 9h) and 978.72 and 748.30 (HA 12h) ppm for 

spinach; 791.78 and 616.48 (control), 876.94 and 655.62 (water), 972.65 and 881.30 (HA), 

1868.07 and 1062.01 (MLE), 1699.77 and 811.84 (6-BAP), 1371.37 and 756.32 (mixture), 

1643.00 and 918.18 (BF), 1464.54 and 714.08 (HA 6h), 1164.04 and 542.62 (HA 9h) and 

1116.94 and 448.85 (HA 12h) for coriander; and 507.17 and 303.66 (control), 578.72 and 

337.18 (water), 597.48 and 472.01 (HA), 2059.59 and 1627.08 (MLE), 849.13 and 670.81 (6-

BAP), 627.86 and 496.01 (mixture), 587.26 and 463.93 (BF), 500.40 and 395.31 (HA 6h), 

468.93 and 370.45 (HA 9h) and 426.41 and 346.86 (HA 12h) for mint in the experiment A 

and b, respectively. Significant variations (P > 0.05) were seen in all cases. 

As secondary metabolites, phenolic acids are extensively found in the plant kingdom. 

They confer unique flavor and health promoting characreistics in vegetables (Tomas-

Barberan and Espin, 2001). Hence, plant quality can be enhanced through increase of 

phenolic contents in them. Phenolic acids are crucial regarding plant growth and 

reproduction. They are produced in response to certain environmental factors including 

pollution, light, chilling etc. and as defending agents for injured plants (Valentine et al., 

2003). 

The trans form of sinapic acid and p-coumeric acid are derivatices of cinamic acid. 

The occurance of the former is seen in edible plant parts (Shahidi and Naczk, 2003: Thiyam 

et al., 2006; Stevanovic et al., 2007). However, the later one is more reported in leafy portion 

of plants like leafy brassicas and broccoli (Zhang et al., 2007). Trans-p-coumeric acid show 

antioxidant activity through radical scavenging action and helps to lower cholesterol level 

and hence lipid peroxidation (Zang et al., 2000: Kancheva et al., 2007). This activity is more 

enhanced in collaboration of trans-p-coumeric acid with ferulic and caffeic acid (Yeh et al., 

2009). Trans sinapic acid is blessed with anti inflammatory and anxiolytic attributes in 

addition to strong antioxidant action (Bakalbassis et al., 2001; Yoon et al., 2001; Zou et al., 

2002; Gaspar et al., 2010; Yun et al., 2010; Galano et al., 2011). Sinapic acid is a less potent 

antioxidant than chlorogenic, curcumin acid, gallic and caffeic acid. However, the activity is 

higher than syringic, ferulic and p-coumeric acid (Firuzi et al., 2003; Nenadis et al., 2007). 



192 
 

Gallic acid as condensed form (portion of tannin molecule) or free form is abundant in plant 

sources and shows antioxidant, antiviral, antifungal, antibacterial, anticancer, anti 

inflammatory and anti mutagenic properties (Borde et al., 2011). Cholrogenic acid is also 

decorating plant leaves. 

The results from overall study hence appreciated the increase in phenolic contents 

through HPLC characterization. Moreover, the results are being directly correlated with TPC 

determinations as mentioned in earlier sections. The decreased values obtained in the 

presence of urea fertilizer might be explaned due to nutrient of leaching followed by acidity, 

soi degradation and related factors (Agbede, 2010). Some of the representative HPLC 

chromatograms are being depicted in Figs 4.21-4.24. 
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4.2.8a  Phenolic acid Quantification of Spinach leaves by HPLC in the absence of urea 

 

Treatment Gallic acid 
Chlorogenic 

acid 
Vanilic 

acid 
Caffeic acid 

Syringic 
acid 

m-coumeric 
acid 

p-coumeric 
acid 

Ferulic acid 
Total 

Phenolic 
Acid 

Control 104.40±0.03 182.71±0.03 19.57±0.03 17.42±0.03 29.34±0.03 55.65±0.03 137.03±0.03 308.34±0.03 854.46±0.03 

Water 124.23±0.03 89.82±0.03 46.19±0.03 22.65±0.03 43.01±0.03 45.23±0.03 120.98±0.03 467.87±0.03 959.98±0.03 

HA 184.02±0.03 186.24±0.03 114.93±0.03 26.32±0.03 108.03±0.03 43.12±0.03 138.02±0.03 318.97±0.03 1119.65±0.03 

MLE 28.31±0.03 25.93±0.03 69.16±0.03 30.63±0.03 78.21±0.03 31.99±0.03 140.08±0.03 1180.19±0.03 1584.50±0.03 

6-BAP 191.15±0.03 200.38±0.03 107.91±0.03 45.23±0.03 60.63±0.03 91.82±0.03 23.67±0.03 414.66±0.03 1135.45±0.03 

Mixture 176.94±0.03 445.55±0.03 70.47±0.03 18.15±0.03 44.01±0.03 48.69±0.03 160.86±0.03 271.12±0.03 1235.79±0.03 

BF (P) 90.24±0.03 44.79±0.03 43.21±0.03 129.19±0.03 14.67±0.03 61.21±0.03 143.98±0.03 527.26±0.03 1054.55±0.03 

HA 6h (P) 79.62±0.03 40.07±0.03 32.62±0.03 23.83±0.03 22.49±0.03 187.81±0.03 39.71±0.03 983.49±0.03 1409.64±0.03 

HA 9h (P) 49.54±0.03 43.61±0.03 16.96±0.03 22.31±0.03 18.58±0.03 203.12±0.03 71.49±0.03 680.47±0.03 1106.08±0.03 

HA 12h (P) 215.86±0.03 98.89±0.03 94.81±0.03 48.32±0.03 56.62±0.03 141.73±0.03 205.54±0.03 116.95±0.03 978.72±0.03 

Values are means ± SD, samples of each plant material analyzed individually in triplicate (P < 0.05). HA=Humic acid; MLE=Moringa leaf extract; 6-BAP =6-
Benzyl amino purine; Mixture = HA+MLE+6-BAP; BF=Bio-fertilizer; P=Seed Priming; Small alphabets in superscripts within the column showed significant 
difference among treatments. Ax = Absence of urea; By = Presence of urea, while X and Y letters in the subscripts within the row showed significant difference 
between presence and absence of urea. Small alphabets in superscripts within the column showed significant difference among treatments. 
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4.2.8b  Phenolic acid Quantification of Spinach leaves by HPLC in the presence of urea 
 

Treatment  Gallic acid Chlorogenic acid 
Vanilic 

acid 
Caffeic acid 

Syringic 
acid 

m-coumeric 
acid 

p-coumeric 
acid 

Ferulic acid 
Total Phenolic 

acid 

Control 128.16±0.03 48.32±0.03 27.40±0.03 17.02±0.03 46.62±0.03 49.31±0.03 132.06±0.03 203.45±0.03 652.34±0.03 

Water 327.35±0.03 23.14±0.03 12.27±0.03 30.26±0.03 19.08±0.03 45.91±0.03 31.77±0.03 223.23±0.03 713.01±0.03 

HA 392.82±0.03 20.09±0.03 56.14±0.03 4.23±0.03 10.06±0.03 8.65±0.03 47.66±0.03 780.19±0.03 1319.84±0.03 

MLE 235.34±0.03 69.54±0.03 11.18±0.03 60.52±0.03 89.97±0.03 34.78±0.03 176.74±0.03 1227.72±0.03 1905.79±0.03 

6-BAP 166.33±0.03 47.14±0.03 43.06±0.03 4.91±0.03 118.33±0.03 2.34±0.03 19.85±0.03 1440.69±0.03 1842.65±0.03 

Mixture 102.63±0.03 27.11±0.03 65.67±0.03 43.12±0.03 108.68±0.03 3.87±0.03 93.47±0.03 664.52±0.03 1109.07±0.03 

BF (P) 290.19±0.03 64.82±0.03 67.86±0.03 8.71±0.03 128.11±0.03 201.73±0.03 43.69±0.03 563.51±0.03 1368.62±0.03 

HA 6h (P) 762.65±0.03 58.93±0.03 74.38±0.03 6.43±0.03 10.75±0.03 72.48±0.03 21.16±0.03 260.13±0.03 1266.91±0.03 

HA 9h (P) 352.12±0.03 30.64±0.03 11.74±0.03 21.56±0.03 16.62±0.03 272.68±0.03 11.76±0.03 203.72±0.03 920.84±0.03 

HA 12h (P) 107.93±0.03 23.57±0.03 80.91±0.03 8.72±0.03 19.56±0.03 381.25±0.03 2.35±0.03 124.01±0.03 748.30±0.03 

Values are means ± SD, samples of each plant material analyzed individually in triplicate (P < 0.05). HA=Humic acid; MLE=Moringa leaf extract; 6-BAP =6-Benzyl amino 
purine; Mixture = HA+MLE+6-BAP; BF=Bio-fertilizer; P=Seed Priming; Small alphabets in superscripts within the column showed significant difference among treatments. 
Ax = Absence of urea; By = Presence of urea, while X and Y letters in the subscripts within the row showed significant difference between presence and absence of urea. Small 
alphabets in superscripts within the column showed significant difference among treatments. 
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4.2.8c  Phenolic acid Quantification of Coriander leaves by HPLC in the absence of urea 
 

 Treatment Gallic acid HMB Chlorogenic acid Vanilic acid Caffeic acid 
Syringic 

acid 
m-coumeric 

acid 
p-coumeric 

acid 
Ferulic acid 

Total 
Phenolic acid 

Control 35.01±0.03 70.59±0.03 97.03±0.03 17.25±0.03 45.01±0.03 27.58±0.03 73.73±0.03 46.66±0.03 378.92±0.03 791.78±0.03 

Water 40.02±0.03 23.09±0.03 109.87±0.03 12.42±0.03 45.09±0.03 21.09±0.03 43.07±0.03 147.06±0.03 435.23±0.03 876.94±0.03 

HA 44.23±0.03 35.29±0.03 195.47±0.03 1.74±0.03 15.13±0.03 37.49±0.03 70.95±0.03 154.98±0.03 417.37±0.03 972.65±0.03 

MLE 276.04±0.03 47.34±0.03 424.33±0.03 4.64±0.03 175.13±0.03 143.87±0.03 257.38±0.03 94.28±0.03 445.06±0.03 1868.07±0.03 

6-BAP 67.24±0.03 33.62±0.03 233.32±0.03 1.76±0.03 124.44±0.03 565.82±0.03 399.28±0.03 23.06±0.03 251.23±0.03 1699.77±0.03 

Mixture 99.09±0.03 35.21±0.03 137.92±0.03 14.52±0.03 63.92±0.03 264.06±0.03 108.51±0.03 24.82±0.03 623.32±0.03 1371.37±0.03 

BF (P) 42.46±0.03 174.23±0.03 265.29±0.03 35.38±0.03 23.09±0.03 319.48±0.03 158.64±0.03 189.29±0.03 435.14±0.03 1643.00±0.03 

HA 6h (P) 61.93±0.03 97.65±0.03 169.73±0.03 17.42±0.03 35.55±0.03 233.09±0.03 125.43±0.03 165.53±0.03 558.21±0.03 1464.54±0.03 

HA 9h (P) 63.72±0.03 157.41±0.03 159.12±0.03 30.59±0.03 28.36±0.03 255.91±0.03 47.35±0.03 126.17±0.03 295.41±0.03 1164.04±0.03 

HA 12h (P) 30.08±0.03 45.68±0.03 339.46±0.03 21.08±0.03 80.19±0.03 212.87±0.03 38.95±0.03 83.42±0.03 265.21±0.03 1116.94±0.03 

Values are means ± SD, samples of each plant material analyzed individually in triplicate (P < 0.05). HA=Humic acid; MLE=Moringa leaf extract; 6-BAP =6-Benzyl amino purine; 
Mixture = HA+MLE+6-BAP; BF=Bio-fertilizer; P=Seed Priming; Small alphabets in superscripts within the column showed significant difference among treatments. Ax = Absence of 
urea; By = Presence of urea, while X and Y letters in the subscripts within the row showed significant difference between presence and absence of urea. Small alphabets in superscripts 
within the column showed significant difference among treatments. 
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4.2.8d  Phenolic acid Quantification of Coriander leaves by HPLC in the presence of urea 
  

Treatment Gallic acid HMB 
Chlorogenic 

acid 
Vanilic acid Caffeic acid 

Syringic 
acid 

m-coumeric 
acid 

p-coumeric 
acid 

Ferulic acid 
Total 

Phenolic acid 
Control 8.84±0.03 75.31±0.03 141.33±0.03 2.38±0.03 114.23±0.03 16.19±0.03 87.64±0.03 148.12±0.03 22.44±0.03 616.48±0.03 

Water 92.01±0.03 182.01±0.03 41.25±0.03 4.93±0.03 106.29±0.03 13.14±0.03 102.95±0.03 73.47±0.03 39.57±0.03 655.62±0.03 

HA 475.99±0.03 145.67±0.03 32.21±0.03 63.65±0.03 38.24±0.03 7.28±0.03 29.21±0.03 23.08±0.03 65.97±0.03 881.30±0.03 

MLE 69.01±0.03 310.59±0.03 15.32±0.03 32.465±0.03 132.01±0.03 23.21±0.03 217.64±0.03 220.43±0.03 41.34±0.03 1062.01±0.03 

6-BAP 109.78±0.03 296.47±0.03 17.68±0.03 4.35±0.03 4.53±0.03 37.81±0.03 272.68±0.03 34.28±0.03 34.26±0.03 811.84±0.03 

Mixture 72.54±0.03 289.41±0.03 10.68±0.03 4.49±0.03 10.21±0.03 16.31±0.03 193.38±0.03 25.81±0.03 133.49±0.03 756.32±0.03 

BF (P) 141.55±0.03 388.24±0.03 53.68±0.03 2.67±0.03 48.41±0.03 13.91±0.03 13.39±0.03 43.69±0.03 212.64±0.03 918.18±0.03 

HA 6h (P) 125.63±0.03 240.06±0.03 23.57±0.03 6.96±0.03 69.97±0.03 21.95±0.03 50.08±0.03 138.02±0.03 37.84±0.03 714.08±0.03 

HA 9h (P)  163.71±0.03 149.41±0.03 18.85±0.03 5.36±0.03 74.13±0.03 13.14±0.03 48.69±0.03 26.81±0.03 42.52±0.03 542.62±0.03 

HA 12h (P) 91.15±0.03 134.12±0.03 12.96±0.03 20.88±0.03 29.12±0.03 12.37±0.03 57.04±0.03 65.82±0.03 25.39±0.03 448.85±0.03 

Values are means ± SD, samples of each plant material analyzed individually in triplicate (P < 0.05). HA=Humic acid; MLE=Moringa leaf extract; 6-BAP =6-Benzyl amino purine; 
Mixture = HA+MLE+6-BAP; BF=Bio-fertilizer; P=Seed Priming; Small alphabets in superscripts within the column showed significant difference among treatments. Ax = Absence of urea; 
By = Presence of urea, while X and Y letters in the subscripts within the row showed significant difference between presence and absence of urea. Small alphabets in superscripts within the 
column showed significant difference among treatments. 

 

 



197 
 

 

 

 

 

4.2.8.1e Phenolic acid Quantification of Mint leaves by HPLC in the absence of urea 
 

Treatment Gallic acid HMB 
Chlorogenic 

acid 
Vanilic acid Caffeic acid Syringic acid 

m-coumeric 
acid 

p-coumeric 
acid 

Ferulic acid 
Total 

Phenolic 
acid 

Control 139.98±0.03 192.98±0.03 114.33±0.03 2.32±0.03 6.05±0.03 0.32±0.03 17.63±0.03 9.73±0.03 23.83±0.03 507.17±0.03 

Water 8.84±0.03 197.65±0.03 23.57±0.03 35.15±0.03 51.29±0.03 7.28±0.03 82.53±0.03 54.25±0.03 118.16±0.03 578.72±0.03 

HA 17.69±0.03 247.06±0.03 48.32±0.03 43.19±0.03 4.53±0.03 23.68±0.03 46.24±0.03 46.92±0.03 119.85±0.03 597.48±0.03 

MLE 111.47±0.03 1602.39±0.03 85.76±0.03 21.17±0.03 4.82±0.03 5.65±0.03 26.37±0.03 58.75±0.03 143.21±0.03 2059.59±0.03 

6-BAP 70.77±0.03 487.07±0.03 45.98±0.03 9.57±0.03 4.29±0.03 2.28±0.03 39.06±0.03 25.04±0.03 165.07±0.03 849.13±0.03 

Mixture 44.23±0.03 381.18±0.03 36.54±0.03 2.75±0.03 4.16±0.03 2.39±0.03 21.56±0.03 20.86±0.03 114.19±0.03 627.86±0.03 

BF (P) 24.77±0.03 317.65±0.03 53.04±0.03 2.61±0.03 3.78±0.03 2.41±0.03 11.28±0.03 45.91±0.03 125.81±0.03 587.26±0.03 

HA 6h (P) 37.15±0.03 345.89±0.03 20.03±0.03 4.49±0.03 5.29±0.03 6.95±0.03 34.12±0.03 23.65±0.03 22.83±0.03 500.40±0.03 

HA 9h (P) 47.77±0.03 248.23±0.03 16.51±0.03 2.95±0.03 2.26±0.03 4.89±0.03 32.11±0.03 34.78±0.03 79.43±0.03 468.93±0.03 

HA 12h (P) 58.39±0.03 130.59±0.03 68.36±0.03 4.06±0.03 4.91±0.03 5.21±0.03 12.65±0.03 66.78±0.03 75.46±0.03 426.41±0.03 

Values are means ± SD, samples of each plant material analyzed individually in triplicate (P < 0.05). HA=Humic acid; MLE=Moringa leaf extract; 6-BAP =6-Benzyl amino purine; 
Mixture = HA+MLE+6-BAP; BF=Bio-fertilizer; P=Seed Priming; Small alphabets in superscripts within the column showed significant difference among treatments. Ax = Absence of urea; 
By = Presence of urea, while X and Y letters in the subscripts within the row showed significant difference between presence and absence of urea. Small alphabets in superscripts within the 
column showed significant difference among treatments. 
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4.2.8.1f  Phenolic acid Quantification of Mint leaves by HPLC in the presence of urea 
 

 Treatment Gallic acid HMB 
Chlorogenic 

acid 
Vanilic acid Caffeic acid Syringic acid 

m-coumeric 
acid 

p-coumeric 
acid 

Ferulic acid 
Total 

Phenolic 
acid 

Control 110.58±0.03 102.45±0.03 43.32±0.03 1.83±0.03 4.77±0.03 0.25±0.03 13.92±0.03 7.68±0.03 18.82±0.03 303.66±0.03 

Water 6.98±0.03 86.14±0.03 18.62±0.03 27.76±0.03 40.51±0.03 5.75±0.03 65.19±0.03 42.85±0.03 43.34±0.03 337.18±0.03 

HA 13.97±0.03 195.17±0.03 38.17±0.03 34.12±0.03 3.57±0.03 18.70±0.03 36.52±0.03 37.06±0.03 94.68±0.03 472.01±0.03 

MLE 88.06±0.03 1265.89±0.03 67.75±0.03 16.72±0.03 3.80±0.03 4.46±0.03 20.83±0.03 46.41±0.03 113.13±0.03 1627.08±0.03 

6-BAP 55.90±0.03 384.78±0.03 36.32±0.03 7.56±0.03 3.38±0.03 1.80±0.03 30.85±0.03 19.78±0.03 130.40±0.03 670.81±0.03 

Mixture 34.94±0.03 301.13±0.03 28.86±0.03 2.17±0.03 3.28±0.03 1.88±0.03 17.03±0.03 16.47±0.03 90.21±0.03 496.01±0.03 

BF (P) 19.56±0.03 250.94±0.03 41.90±0.03 2.06±0.03 2.98±0.03 1.90±0.03 8.91±0.03 36.26±0.03 99.38±0.03 463.93±0.03 

HA 6h (P) 29.34±0.03 273.25±0.03 15.82±0.03 3.54±0.03 4.17±0.03 5.49±0.03 26.95±0.03 18.68±0.03 18.03±0.03 395.31±0.03 

HA 9h (P) 37.73±0.03 196.10±0.03 13.04±0.03 2.33±0.03 1.78±0.03 3.86±0.03 25.36±0.03 27.47±0.03 62.7497±0.03 370.45±0.03 

HA 12h (P) 46.12±0.03 103.16±0.03 54.00±0.03 3.20±0.03 3.87±0.03 4.11±0.03 19.99±0.03 52.75±0.03 59.6134±0.03 346.86±0.03 

Values are means ± SD, samples of each plant material analyzed individually in triplicate (P < 0.05). HA=Humic acid; MLE=Moringa leaf extract; 6-BAP =6-Benzyl amino purine; 
Mixture = HA+MLE+6-BAP; BF=Bio-fertilizer; P=Seed Priming; Small alphabets in superscripts within the column showed significant difference among treatments. Ax = Absence of urea; 
By = Presence of urea, while X and Y letters in the subscripts within the row showed significant difference between presence and absence of urea. Small alphabets in superscripts within the 
column showed significant difference among treatments. 
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Figure. 4.1. Typical HPLC Chromatogram showing MLE treatment in the absence of 
urea of Spinach 
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Figure. 4.2. Typical HPLC Chromatogram showing MLE treatment in the presence 
of urea of Spinach 
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Figure. 4.3. Typical HPLC Chromatogram showing mixture treatment in the absence 
of urea of Spinach 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



202 
 

 

 

 

Figure. 4.4. Typical HPLC Chromatogram showing mixture treatment in the 
presence of urea of Spinach  
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Figure. 4.5. Typical HPLC Chromatogram showing 6-BAP treatment in the absence 
of urea of Spinach 
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Figure. 4.6. Typical HPLC Chromatogram showing 6-BAP treatment in the presence 
of urea of Spinach 
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Figure. 4.7. Typical HPLC Chromatogram showing BF treatment in the absence of 
urea of Spinach 
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Figure. 4.8. Typical HPLC Chromatogram showing BF treatment in the presence of 
urea of Spinach 
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Figure. 4.9. Typical HPLC Chromatogram showing MLE treatment in the absence of 
urea in Coriander 
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Figure. 4.10. Typical HPLC Chromatogram showing MLE treatment in the presence 
of urea in Coriander 
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Figure. 4.11. Typical HPLC Chromatogram showing mixture treatment in the absence 
of urea in Coriander 
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Figure. 4.12. Typical HPLC Chromatogram showing mixture treatment in the 
presence of urea of Coriander 
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Figure. 4.13. Typical HPLC Chromatogram showing 6-BAP treatment in the absence 
of urea of Coriander 
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Figure. 4.14. Typical HPLC Chromatogram showing 6-BAP treatment in the presence 
of urea of Coriander 
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Figure. 4.15. Typical HPLC Chromatogram showing BF treatment in the absence of 
urea of Coriander 
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Figure. 4.16. Typical HPLC Chromatogram showing BF treatment in the presence of 
urea in Coriander 
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Figure. 4.17. Typical HPLC Chromatogram showing MLE treatment in the absence of 
urea of Mint 
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Figure. 4.18. Typical HPLC Chromatogram showing MLE treatment in the presence 
of urea of Mint  

 

 

 

 

 

 

 

 

 

 

 

 

 

 



217 
 

 

 

 

Figure. 4.19. Typical HPLC Chromatogram showing mixture treatment in the absence 
of urea of Mint 
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Figure. 4.20. Typical HPLC Chromatogram showing mixture treatment in the 
presence of urea of Mint 
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Figure. 4.21. Typical HPLC Chromatogram showing 6-BAP treatment in the absence 
of urea of Mint  
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Figure. 4.22. Typical HPLC Chromatogram showing 6-BAP treatment in the presence 
of urea of Mint  
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Figure. 4.23. Typical HPLC Chromatogram showing BF treatment in the absence of 
urea of Mint 
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Figure. 4.24. Typical HPLC Chromatogram showing BF treatment in the presence of 
urea of Mint 
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Summary 

 Agriculture represents the largest zone of Pakistan having intention to cover food and 

economy related objectives on the secure lines. Emerging growth practices have furnished 

this goal in the form of increased production rate, however, at the cost of environmental 

degradation. Implementation of NPK fertilization, organic and inorganic substances and 

growth hormones are part of such strategies in eras of biotic/abiotic stresses. The goal of 

better yield in addition to strong nutritional status is encouraged with the help of exogenous 

application of plant growth promoters since last some decades. The insight to such 

implementation is the proper internal functioning of these promoting substances in the plant 

metabolic activities. 

 The current research work of this dissertation was accomplished in the experimental 

area provided by Institute of Horticultural Sciences and Director Farms, Bio-analytical 

laboratory of Department of Chemistry and Biochemistry, Laboratory of Department of Crop 

Physiology, Laboratories of Institute of Soil and Environmental Sciences, High-Tech, 

Laboratory, University of Agriculture, Faisalabad, Pakistan. The research work included 

three vegetables (Spinach, Coriander and Mint), four plant growth promoters (MLE, 6-BAP, 

HA, BF), two soil modes (absence and presence of urea). Pot experiment was conducted to 

get optimized concentration of plant growth promoter on the basis of antioxidant activity. 

Later field experiment covered major aspects of parameters like soil study, growth, 

biochemical, proximate and antioxidant attributes. Further efforts were performed on 

quantification of phenolic acids.  

Overall study concludes that although all treatments of plant growth regulators 

improved the efficacy of leafy green vegetables against control samples but Moringa leaf 

extract proved the potent plant growth regulator amongst all regarding biochemical, 

proximate, growth parameters and as an antioxidant action. Among other foliar treatments, 6-

Benzyl amino purine and mixture treatments yielded comparable results and humic acid 

showed the least performance. Among seed priming treatments, Biofertilizer and Humic acid 

treatments showed better performance than rest of the treatments. Urea presence in soil 

showed improved results than in absence in all cases except in case of antioxidants. Overall 

study concludes that natural plant growth promoters can be better and economical substitutes 

of fertilizers in view of environmental deterioration. Moringa leaf extract can be preferred as 
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an effective plant growth promoter due to its inherited composition of vitamins (A, B, C, E 

etc.), minerals (Na, Mn, Mg, K, P, Ca, S, Zn, Fe, Cu etc.), cytokinins, humic acid and other 

suitable bioactives. 

 The results depicted significant variations in all studied parameters at all growth 

phases, in both soil modes. In pot study, during evaluation of antioxidant study in spinach 

extracts, the observed range was 16.75-36.00 g/100 g DM, 4.678-13.236 mg GAE /g of 

extracts, 0.351-1.874 at 10.0 mg/mL and 0.499-1.063 µg/mL for percentage yield of extract, 

TPC, reducing power and DPPH radical scavenging activity, respectively. Coriander extracts 

gave 6.54-26.67 g/100g of DM, 2.929-10.156 mg GAE /g of DM, 0.613-1.952 (at 10mg/mL 

extract concentration) and 0.354-0.979 µg/mL for percentage yield of extract, TPC, reducing 

power and DPPH radical scavenging activity, respectively. Mint extracts showed 17.71- 

39.87 g/100g of DM, mg GAE/g of DM, 0.542-1.911 at 10 mg/mL and 0.212-0.504 µg/mL 

for percentage yield of extract, TPC, reducing power and DPPH radical scavenging activity, 

respectively. The optimized concentrations from pot study were MLE fresh, 75 ppm 6-BAP 

and 10% HA. However, the seed priming conducts (BF, HA 6h, HA 9h, HA 12h) were 

thoroughly repeated in the field experiment.  

 The description of field study is given below. During evaluation of soil chemistry, the 

variations in pH in urea enriched soil remained more alkaline in comparison to urea deprived 

soil and control of both experiment A and B, respectively. EC was observed in the range of 

1.02-3.20 and 1.12-3.80 dS/m in the two soil modes (A and B, respectively). Total soluble 

salts (TSS) ranged as: 10.21-32.00 and 10.31-30.30 in the absence and presence of urea in 

soil. Sodium activity relationship (SAR) was measured in the range of 3.92-10.67 and 3.97-

12.27 in the experiment A and B, respectively. The observed variations in growth parameters 

in number of leaves were 40-89 and 42-94 for spinach, 9-18 and 10-22 for coriander and 10-

18 and 12-22 and 13-25 for mint in the experiment A and B, respectively. Stem height varied 

as: 90-165 and 93-192 cm for spinach, 24-52 and 26-59 cm for coriander and 7-24 and 8-25 

cm for mint in the two soil modes (A and B, respectively). Leaf area remained as: 276-492 

and 285-602 cm2 for spinach, 8-25 and 12-29 cm2 for coriander and 7-28 and 12-29 cm2 for 

mint in the experiment A and B, respectively. The variations in stem diameter were 

considered as: 0.89-4.53 and 1.03-4.78 cm for spinach, 0.11-0.28 and 0.12-0.31 cm for 

coriander and 0.07-0.24 and 0.08-0.27 cm for mint in the absence (A) and presence of urea 
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(B) furnished soil. Non significant (P > 0.05) results were seen in most of the cases. Leaf 

weight and Leaf color were only assessed as peak vegetative stage due to non-significant 

difference with respect to growth stages. MLE treatment remained the dominting one 

amongst all. In biochemical parameters, the observed variations in proline contents were 

22.45-72.32 and 13.02-68.21 µg/g FW for spinach, 15.28-53.21 and 13.21-47.12 µg/g FW 

for coriander and 14.59-43.17 and 12.04-37.23 µg/g FW for mint in the experiment A and B, 

respectively. MDA contents were observed in the range of 2.41-29.13 ng/mole and 6.59-

34.32 ng/mole FW for spinach, 2.23-23.42 and 8.13-29.14 ng/mole FW for coriander and 

2.74-27.15 and 11.36-35.51ng/mole FW for mint in the experiment A and B, respectively. 

The observed TSP ranged as 3.21-22.45 µg/g FW and 6.55-25.81 µg/g FW for spinach, 2.53-

18.75 µg/g FW and 5.69-22.01 µg/g FW for coriander and 3.95-26.31 µg/g FW and 5.47-

28.47 µg/g FW for mint in the experiment A and B, respectively. The observed variations in 

total chlorophyll contents remained as: 4173.01-19700.58 and 4372.84-27572.43 µg/g FW 

for spinach, 1463.35-5480.25 and 1697.18-5959.53 µg/g FW for coriander and 1623.64-

7306.68 and 1745.62-9284.86 µg/g FW for mint in the experiment A and B, respectively.  

Carotenoids yielded the similar trend as that of chlorophyll contents.  

Proximate analysis also showed significant variations at peak vegetative stage. The 

observed range of moisture content was 75.102-88.703 g/100g FW for spinach, 14.652-

27.575 g/100g FWfor coriander and 14.409-22.489 g/100g FW for mint in the normal soil 

(without urea) and 80.424-93.887 g/100g FW (Spinach), 16.984-29.453 g/100g FW 

(Coriander) and 16.052-23.756 g/100 g FW (Mint) in the corresponding presence of urea. 

Ash contents in spinach leaves fall in the range of 5.172-13.564 and 7.765-19.675 /100 g DW 

in the experiment A and B, respectively. The observed range was 8.188-28.688 g/100 g DW 

for spinach, 5.062-23.328 g/100 g DW for coriander, 11.512-25.063 g/100 g DW for mint in 

the experiment A, however, experiment B showed percentage values for crude protein as: 

11.063-31.113 g/100 g DW for spinach, 8.032-27.375 g/100 g DW for coriander, 15.284-

28.836 g/100 g DW for mint. The observed range was 7.764-17.843 g/100 g DW for spinach, 

9.761-19.823 g/100 g DW for coriander, 12.381-26.947 g/100 g DW for mint in the 

experiment A (absence of urea equipped soil), however, urea presence in soil (experiment B) 

declined percentage values for crude fibre as: 4.874-11.994 g/100 g DW for spinach, 5.547-

12.637 g/100 g DW for coriander, 8.327-14.824 g/100 g DW for mint. 
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The significant variation in mineral contents was seen. The observed variations in 

Nitrogen contents were 25900-43800 ppm and 27300-44600 ppm for spinach, 20700-39400 

ppm and 31500-52400 ppm for coriander and 33200-49300 ppm and 40100-58200 ppm for 

mint leaves in the experiment A and B, respectively. The variations in Phosphorous contents 

ranged 2058.51-5005.31 ppm and 3806.73-5416.66 ppm for spinach, 2674.82-5296.45 ppm 

and 3096.45-6987.32 ppm for coriander and 3150.71-6310.28 ppm and 3821.65-6992.54 

ppm for mint in the experiment A and B, respectively. Potassium contents among leafy green 

vegetables varied as: 883.58-1198.17 and 998.18-1439.88 ppm (for spinach), 907.71-1189.18 

ppm and 959.53-1265.88 ppm (for coriander) and 1019.95-1477.37 ppm and 1034.54-

1519.96 ppm (for mint) in the two soil modes, respectively. The observed variations in 

Sodium contents remained as: 204.25-361.54 ppm and 290.81-415.38 ppm for spinach, 

308.53-488.37 ppm and 334.11-513.27 ppm for coriander and 383.62-562.56 and 394.84-

629.82 ppm for mint in the experiment A and B, respectively. Among micronutrients, Iron 

contents were observed in the range of 24.44-44.31 ppm and 26.81-46.73 ppm (for spinach), 

16.33-27.76 ppm and 19.11-32.54 ppm (for coriander) and 22.11-35.21 ppm and 24.11-36.43 

ppm (for mint) in the two soil modes (A and B, respectively). Maganese contents varied as: 

12.18-31.11 ppm and 20.35-33.85 ppm (for spinach), 7.65-10.49 ppm and 8.52-18.88 ppm 

(for coriander) and 10.31-20.27 and 15.21-37.05 ppm (for mint) in the presence and absence 

of urea in the soil. The observed Copper contents varied as: 8.96-22.67 ppm and 14.65-24.01 

ppm (for spinach), 1.02-2.01 ppm and 1.05-2.67 ppm (for corinader) and 7.14-19.05 ppm and 

11.82-26.88 ppm (for mint) in the experiment A and B, respectively. The observed variations 

in zinc contents were 2.66-4.65 ppm and 1.82-3.48 ppm for spinach, 2.47-3.48 ppm and 1.15-

3.63 ppm for coriander and 2.01-3.46 ppm and 1.67-3.49 ppm for mint in the absence and 

presence of urea. 

Antioxidant activity was conducted in foliar and seed priming modes. Seed priming 

conducts showed the following results. The percentage yield regarding spinach leaf extracts 

was recorded in the range of 22.89-34.33 g/100g and 24.46-36.73 g/100g DM in absence and 

presence of urea in soil, respectively. The observed TPC for spinach extracts ranged 6.59-

12.86 mg GAE/g of extracts in soil without urea and 4.32-11.61 mg GAE/g DM in the 

presence of urea. Observed TPC in coriander extracts were recorded as 5.28-11.68 mg 

GAE/g DM and 3.98-9.42 GAE/g DM in the absence and presence of urea, respectively. TPC 
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in the mint extracts were found in the range of 9.28-18.54 and 4.54-13.49 mg GAE/g DM in 

the experiment A and B respectively. The perceived reducing ability in spinach extracts 

(absorbance at λmax=700 nm) ranged 0.426-1.843 and 0.248-1.481 at 10.0 mg/mL extract 

concentration of sample grown in the absence of urea. 0.248-1.481. While finding reducing 

potential of mint extracts, the calculated value was 0.882-1.345 and 0.816-1.136 at 

(10mg/mL extract concentration) in the absence and presence of urea supplementation. 

Comparative scavenging ability in spinach extracts was shown by all the PGPs as cleared 

from the observed range 0.438-1.073 mg/mL (in urea absence) and 0.527-1.231 mg/mL (in 

urea presence). Free radical scavenging action of coriander extracts ranged 0.125-0.876 

mg/mL and 0.352-0.987 mg/mL for samples grown in the corresponding absence and 

presence of urea. 

The foliar treatments represented the following results. During consideration of 

extraction yield for leafy vegetables influenced by foliar application of PGPs, the observed 

range was 22.89-36.72 and 24.46-37.33 g/100 g DW (for spinach extracts); 13.83-29.33 and 

13.97-32.12 g/100 g DW (for coriander extracts); and 20.82-35.23 and 21.29-36.43 g/100 g 

DW (for mint extracts) in the absence and presence of urea respectively. The observed TPC 

accounted as: 6.59-14.49, 5.28-13.83 and 9.28-23.02 mg GAE/g DM (in the absence of urea 

in soil); and 4.32-12.65, 3.98-12.18 and 4.54-14.45 mg GAE/g DM (in the presence of urea 

fertilizer in soil) for spinach, coriander and mint leaf extracts, respectively. Spinach extracts 

showed reducing range as 0.426-1.944 and 0.248-1.931 at 10.0 mg/mL extract concentration 

for experiment A and B, respectively. Coriander extracts depicted reducing activity as: 

0.674-1.941 and 0.591-1.619 at 10mg/mL extract concentration. Observed variations in 

reducing ability of mint extracts were 0.882-1.904 and 0.816-1.640 at 10mg/mL extract 

concentration. The observed IC50 range in spinach extract was 0.506-1.073 mg/mL and 

0.582-1.231 mg/mL in corresponding absence and presence of urea in soil. The observed 

range for was 0.079-0.876 and 0.121-0.987 for coriander and 0.127-0.441 and 0.253-0.489 

for mint extracts in the absence and presence of urea. 

 Further observed variations in quantification of total phenolic acids through HPLC 

remained as: 854.46 and 652.34 (control), 959.98 and 713.01 (water), 1119.65 and 1319.84 

(HA), 1584.50 and 1905.79 (MLE), 1135.45 and 1842.65 (6-BAP), 1235.79 and 1109.79 

(mixture), 1054.55 and 1368.62 (BF), 1409.64 and 1266.91 (HA 6h), 1106.08 and 920.84 
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(HA 9h) and 978.72 and 748.30 (HA 12h) ppm for spinach; 791.78 and 616.48 (control), 

876.94 and 655.62 (water), 972.65 and 881.30 (HA), 1868.07 and 1062.01 (MLE), 1699.77 

and 811.84 (6-BAP), 1371.37 and 756.32 (mixture), 1643.00 and 918.18 (BF), 1464.54 and 

714.08 (HA 6h), 1164.04 and 542.62 (HA 9h) and 1116.94 and 448.85 (HA 12h) for 

coriander; and 507.17 and 303.66 (control), 578.72 and 337.18 (water), 597.48 and 472.01 

(HA), 2059.59 and 1627.08 (MLE), 849.13 and 670.81 (6-BAP), 627.86 and 496.01 

(mixture), 587.26 and 463.93 (BF), 500.40 and 395.31 (HA 6h), 468.93 and 370.45 (HA 9h) 

and 426.41 and 346.86 (HA 12h) ppm for mint in the experiment A and b, respectively. 

Significant variations (P > 0.05) were seen in all cases. 

Future Perspectives 

Plants offer a convenient and inexpensive source of valuable multi-nutrient and 

biologically active ingredients that are not only useful for human but also essential for the 

smooth performance of plant internal machinery. The valuable appreciation of plant growth 

promoters in agriculture recognize that certain plant extracts can be served as safer 

alternatives owing to their specific preference and suitability, reduced level of toxicity, lower 

cost of production and environment as well as minimum health hazards.  

In the current research effects of various plant growth promoters on the nutritive 

quality and antioxidant attributes of leafy vegetables was examined however, work might be 

extended in various ways. More combinations of foliar and seed priming treatments can be 

added. Similarly joint effect of seed priming and foliar conducts can be performed. 

Moreover, the study might be diverted to determine the effects of plant growth promoters on 

the genomics of treated plants.   
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