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INTRODUCTION
As immobile organisms, plants face various challenging environmental conditions throughout their life cycle that detrimentally impact their growth and developmental processes (Suleiman et al., 2020, 2021). The toxicity of heavy metals not only diminishes plant growth and productivity but also poses significant health risks to humans. Several metals and metalloids, including arsenic (As), cadmium (Cd), mercury (Hg), lead (Pb), nickel (Ni), zinc (Zn), cobalt (Co), aluminum (Al), and chromium (Cr), induce severe toxicity upon entering the soil ecosystem, either through natural processes or anthropogenic activities (Ghorani-Azam et al., 2016; Luo L et al., 2020). The rapid industrialization and technological advancements have disrupted the natural geochemical cycle of these metal elements, leading to their increased accumulation in soil layers (Tak et al., 2013; Rai et al., 2021). This heightened bioaccumulation of heavy metals beyond safe thresholds has adversely affected both the natural food chain and microbial communities, posing an imminent threat to the ecosystem and the environment (Saha et al., 2017).
In plants, internal organelles such as mitochondria and chloroplasts, as well as root and shoot cells, sustain significant damage when heavy metals are absorbed by the roots and later transferred to the shoots. Plant morphology and survival rates are ultimately affected by this damage, which also causes oxidative stress and decreased energy production (Garg and Singla 2011). Many plant species are vulnerable to heavy metals, however some can even accumulate heavy metals in excess or show tolerance (Yan et al., 2020).
Top of Form
Elements that may be hazardous are frequently referred to as "heavy metals" or "trace metals." The term "trace metals" refers to elements found in soil in minute concentrations (usually expressed as 1 mol m-3). With the exception of alkali metals, the elements that have metallic qualities with an atomic mass of more than 20 and a specific gravity greater than 5 are referred to as heavy metals, a loosely defined set of elements (Rascio and Navari-Izzo 2011). Some researchers define heavy metals as elements (apart from A, B, and Se) having an atomic density more than 6 gcm−3 (Park et al., 2011). 
Transition metals, some metalloids, lanthanides, and actinides are the principal constituents of this group, and at low exposure levels, they may be hazardous to living things. Certain heavy metals, including Zn, Cu, Mn, Ni, Se, Co, Cr, and Mo, have beneficial biological effects on agricultural productivity because they are involved in vital biological processes (Kavamura and Esposito 2010; Rascio and Navari-Izzo 2011). Growing food crops on polluted soil has been linked to the buildup of heavy metals, according to numerous authors (Uzu et al. 2009, 2010, 2011a; Nabulo et al. 2010, 2011). By interfering with photosynthesis, water and mineral uptake, and nitrogen metabolism, excessive heavy metal uptake by plants can result in decreased crop productivity (Cambrolle et al. 2011; Buendia-Gonzalez et al. 2010; Dirilgen 2011; Shahid et al. 2011, 2012a, b, 2014b; Austruy et al. 2014; Hasanuzzaman et al. 2014 ). It is believed that the average lead content (Pb) in Earth's crust is 15 mg/kg. There are two recognized forms of lead in the terrestrial environment: primary and secondary. Primary Pb is of geogenic activates and integrated into minerals at the time of their formation, whereas secondary Vinod Kumar et al. (2019). Lead originates from radioactive decay of uranium and thorium. Lead is primarily used in the manufacture of lead acid batteries. Additionally, solders, alloys, wires, and chemicals all employ it. One of the most common harmful non-essential elements in soil is lead (Pb). According to Sharma and Dubey (2005), soil and aerosol are the primary sources of the plant. Plant roots have a greater capacity to absorb lead, but there are very few opportunities for them to subsequently translocate to aerial portions. The amount of lead that is available in soil is mostly determined by factors like pH, particle size, and cation exchange capacity.
Zinc is an important plant micronutrient because, at a concentration, it is necessary for both good plant development and healthy cell metabolism (Dhankhar et al., 2012). It is an essential cofactor for many physiological activities, such as protein synthesis, enzyme activation, gene expression and control, metabolism of different macromolecules, and reproductive development. Nevertheless, a plant's physiology is altered and growth is inhibited when a larger quantity of zinc accumulates in it (> 300μg −1 in dry weight) (Cakmak, 2000). Excessive zinc exposure in a growing medium inhibits a number of plant metabolic processes, stunts development, and induces senescence.
Nickel (Ni) plays a pivotal role as a constituent in various metalloenzymes, including superoxide dismutase, NiFe hydrogenases, M-reductase methyl coenzyme, urease, Co-A acetyl synthase, dehydrogenase carbon monoxide, hydrogenases, and RNAase. Furthermore, when Ni levels are elevated in the growth medium, it can have an impact on the activities of enzymes like amylases, proteases, and ribonucleases, subsequently influencing the processes related to the digestion and metabolism of food reserves during seed germination. Ni is recognized as an essential component for plants, albeit at lower concentrations ranging from 0.01 to 5 μg. The uptake of Ni from the growth medium primarily occurs through a combination of passive diffusion and active transport mechanisms.
1.Heavy Metal Pollution in Soil
        The primary and most vital part of the ecological system—soil—is heavily contaminated with heavy metals all over the world (Shahid et al. 2013b; Austruy et al. 2014; Hakeem et al. 2014). The soil compartment receives a significant amount of pollutants annually from a variety of sources across the globe (Wannaz et al. 2012).
Heavy Metal Uptake by Plants
 The portion of a metal's total content that is readily available to an organism in its immediate environment or that is dynamically made available over time is known as the metal's bioavailability in soil (Pauget et al., 2012). Most heavy metals are generally less soluble and available for plant absorption, with Pb and Cu being particularly less soluble (Punamiya et al. 2010; Sammut et al. 2010; Vega et al. 2010; Pourrut et al. 2011). Metals don't directly enter plant roots from the soil; instead, they undergo an initial adsorption onto plant roots. After that, they attach either directly to the mucilage polysaccharides on the surface of rhizodermal cells or to carboxyl groups in the uronic acid that surrounds the roots (Pourrut et al. 2011). According to Saifullah et al. (2009), there are multiple steps involved in the uptake of metals by plants: the release of metals from soil particles, the transportation of metals into the roots of the plant, the actual uptake of metals by the roots, and the translocation of metals toward the shoot.
Heavy Metal Translocation to Shoots
Verbruggen et al. (2009) state that transpiration is most likely the mechanism via which heavy metals are transported to aerial plant parts through the xylem (Liao et al. 2006). Most plants only translocate a very little amount of heavy metals to their shoot tissues. In some circumstances, 95 percent or more of the absorbed metal is sequestered in the roots, unless the plant is a hyperaccumulator or chelate-assisted (Małecka et al. 2008; Gupta et al. 2010; Jiang and Liu 2010; Yan et al. 2010; Duarte et al. 2007; Shahid et al. 2012c). When compared to other metals, Pb shows the most frequent metal translocation limitation phenomenon (Pourrut et al., 2011). The Casparian strip (Pourrut et al. 2011), accumulation in the plasma membrane (Jiang and Liu 2010), and precipitation in the intercellular space (Małecka et al. 2008; Pourrut et al. 2011) are the reasons for the restricted translocation of heavy metals to aerial plant parts. These metal transporter proteins are found in plasma or intracellular membranes and have cell-specific expression, suggesting that they may have a specific different function in different plant species. Research has indicated that in addition to the heavy metal transporter proteins that are naturally found in hyperaccumulators, the presence of organic ligands enhances the translocation of heavy metals from root to shoot (Shahid et al. 2012c, d, 2014d).
Heavy Metal Effects on Crop Productivity
Within plants, heavy metals can trigger various morphological, physiological, and biochemical irregularities, ultimately leading to a reduction in crop yield. Nevertheless, the extent of these toxic effects induced by heavy metals depends on factors such as the duration of exposure, the developmental stage of the plant, the intensity of stress, the specific organ under examination, the variety of the species, and the concentration of the metal encountered by the organism in question.
2. [bookmark: _GoBack]Effects of Heavy Metal on Germination
 	Moosavi et al. (2012) found that seed germination is one of the physiological processes in the plant life cycle that is most susceptible to biotic and abiotic environmental impacts as well as hormonal interactions, including metals. Metals like copper and lead prevent seeds from germinating because they impede their ability to absorb water (Kranner and Colville 2011). The primary purpose of the seed germination test is to evaluate metal toxicity (Munzuroglu and Geckil 2002). Following seed coat penetration, germination is dependent on seed reserves to supply different metabolites for respiration; however, oxidative stress from metals impedes this process (Ko et al. 2012). According to Jozic et al. (2009), plants can absorb these metals through their roots, rain, and dust. Plants beside roadsides had four times higher amounts of Fe, Pb, Cu, and Mn than control plants, according to Celik et al. (2005).
Effects of Heavy Metals on Plant Growth
The most common physiological consequence of plant exposure to heavy metals is a decrease in growth (Hu et al. 2013). This exposure leads to alterations in leaf structure and physiology, resulting in diminished photosynthesis and respiration. Consequently, these changes disrupt metabolism and decrease energy production. Heavy metal exposure also affects transpiration and the transport of materials between different plant organs (Ying et al. 2010). Furthermore, under the stress of metal exposure, the roots' capacity to absorb nutrients and water is reduced (Poschenrieder and Barcelo 2004). Heavy metals exhibit substantial toxicity to plants, resulting in phytotoxicity, followed by symptoms such as chlorosis, reduced plant growth, decreased yield, impaired nutrient uptake, and a diminished capacity for nitrogen fixation in leguminous plants (Guala et al. 2010).
3. Effects of Heavy Metals on Photosynthesis
The interaction between heavy metals and light-harvesting pigments, such as chlorophyll and carotenoids, leads to a reduction in their levels (Kuzminov et al. 2013). The energy transfer in light-harvesting antennae is interfered with by this contact. Furthermore, proteins involved in photosynthesis, such as Rubisco and proteins in the reaction centers, can be affected by heavy metals, changing their structure or composition (Franco et al. 1999). As a result, heavy metals obstruct both light- and dark-photosynthetic reactions from operating normally.
Because heavy metals are harmful to membrane lipids, high concentrations of heavy metals can also prevent electron transport on the acceptor side of PS II and between PSI and PSII (Rama Devi and Prasad 2004). Under Pb stress, many species have shown decreased chlorophyll content and photosynthetic activity (Pinchasov and Dubinsky 2006; Shahid et al. 2014). According to Soudek et al. (2014), shoots were less toxically affected by lower metal concentrations than roots were. Plants growing in polluted environments have lower photosynthetic efficiency, according to Padinha et al. (2000). According to Marques and Nascimento (2013), the negative effects of excess metals on photosynthetic electron transport may be the cause of the deterioration in photosynthetic functioning, which would result in decreased chlorophyll synthesis or increased chlorophyll breakdown. Cadmium in particular shows considerable toxicity to photosynthesis, especially in higher plants.
4. Effect of Heavy Metals on Nutrient Uptake
Numerous investigations (Gopal and Rizvi 2008; Sharma and Dubey 2005; Chatterjee et al. 2004) have repeatedly shown that Pb exposure significantly affects how plants absorb nutrients. Moreover, it causes a decrease in the concentration of cations in Oryza sativa leaves, including Mg2+, Zn2+, Ca2+, Fe2+, and Mn2+ (Chatterjee et al. 2004).
Conversely, cadmium has been shown to impede stomatal openings (Hassan et al. 2011), which impacts the intake and movement of water (Vassilev et al. 1997). Cadmium inhibits photosynthesis in plants by interfering with the Calvin cycle enzymes (Nazar et al. 2012), which lowers the metabolism of carbohydrates (Khan et al. 2009)
5. Heavy-Metal–Induced Oxidative Stress
 In typical plant growth conditions, the levels of reactive oxygen species (ROS) within a plant are regulated by a defensive system that encompasses antioxidants, enzymes, and glutathione (GSH). Nevertheless, when ROS are not effectively eliminated, it can lead to oxidative stress. The excessive generation of ROS results in the oxidation and modification of cellular components such as amino acids, membrane lipids, DNA, and proteins (Yadav 2010; Rascio and NavariIzzo 2011). These interactions between ROS and cellular constituents give rise to disruptions in mitochondrial function, DNA integrity, cell membrane integrity, and eventually, cell death (Reddy et al. 2005; Clemens 2006; Yadav 2010; Shahid et al. 2011; Pourrut et al. 2011). This oxidative stress is closely linked to heavy metal-induced crop productivity issues.
Defense Mechanism of Plants against Heavy Metals Toxicity
Plants need to find constant ways to deal with stress in order to survive and continue producing crops. In order to combat metal toxicity and prevent tissue degeneration and cell damage, heavy metal hyperaccumulator plants have developed defense mechanisms (Shahid et al. 2012c; Hakeem et al. 2014). These defense systems can function in tandem or independently. However, the type of plant and metal, as well as the extent and length of exposure, determine the effectiveness and activation of a particular defense system.
6. Antioxidant Enzymes
7. Many antioxidant enzymes are used in the secondary defense mechanism for heavy metal detoxification to regulate the excessive generation of reactive oxygen species (ROS). Ascorbate peroxidase (APX), peroxidase (POD), superoxide dismutase (SOD), and catalase (CAT) are some of these enzymes. Low molecular weight molecules involve in scavenging various forms of ROS include cysteine (Cys), proline (PRO), ascorbic acid (AsA), non-protein thiol (NPT), and glutathione (GSH) (Israr et al. 2011; Gao et al. 2010; Mou et al. 2011; Lomonte et al. 2010; Yasir et al. 2011; Ali et al. 2011; Pourrut et al. 2013; Shahid et al. 2012d). These molecules are in addition to these enzymes. 
8. Phytochelatins and Metallothioneins
When a plant absorbs large amounts of harmful metals, it needs a safe sink to develop tolerance (Wojas et al. 2009; Hassan and Abbass 2011). The plants are able to avoid these metals' harmful impacts on many cellular functions in this way. Plant metal homeostasis depends critically on the vacuolar sequestration of heavy metals (Maestri et al. 2010; Xu et al. 2011). To lessen the otherwise detrimental impacts of heavy metals, hyper accumulator plants have the ability to sequester them into molecules. Certain natural chelators found in plants, such phytochelatins (PCs) and metallothioneins (MTs), are said to be the finest natural ligands for binding metals and transferring them to safe locations within plant cells called vacuoles (Israr et al. 2011; Xu et al. 2011). PCs and MTs are heavy metal-binding protein molecules that are rich in cysteines. By establishing mercaptide bonds with different metals, PCs and MTs play a crucial role in the detoxification of heavy metals in plants (Maestri et al. 2010). (Verbruggen e. 2009; Yadav 2010; Gupta et al. 2010; Jiang and Liu 2010). 
In this context, a study was undertaken to elucidate the effects of three heavy metals interactions of lead, zinc and nickel toxicity in their effects on the growth and responses of Cicer arietinum L. and     Brassica nigra L.by conducting a pot culture experiment with the following major objectives, to understand the Effect of heavy metals on seed germination and seedling growth, the protective role of proline against heavy metal stress and the photosynthetic pigments of seedling on lead, nickel and zinc stress. 

MATERIALS AND METHODS
The present study was aimed to assess the effects of heavy metals on Cicer arietinum L. and Brassica nigra L. The plants Cicer arietinum L. and Brassica nigra L.was selected for this study. Heavy metals such as Lead (Pb), Zinc (Zn), and Nickel (Ni) have an impact on the growth and development of crops. The study was conducted in the Green House of Rani Anna Government College for Women, Tirunelveli. Sterilized and fertilized soil, Grow Bags(12×24 cm), 
The seeds of Cicer arietinum L. and Brassica nigra L. were purchased from an authorised shop at Tirunelveli. Heavy metallic salts of Lead nitrate, Zinc sulphate and Nickel nitrate were used for studying metallic ions of lead, zinc and Nickel by dissolving 10mg, 20mg, 30mg, 40mg and 50 mg of respective salts in 1000ml distilled water, respectively. Different concentrations of Lead nitrate, Zinc sulphate and Nickel nitrate solutions such as 10ppm, 20ppm, 30ppm, 40ppm, and 50ppm were prepared from that stock solution. These salt solutions are used daily on the crops. Control seedlings were irrigated with water.
The grow bags are filled with fertile garden soil with silt, humus and sand. Healthy and uniform C.arietinum L. seeds and B.nigra L.  seeds were chosen and pre-soaked in distilled water for three to four hours and The seeds were sanitized for 30 seconds using a 0.1% mercuric chloride solution, then carefully cleaned in distilled water many times to get rid of any remaining chemical, and then dried to prevent fungal growth.
 	Then, the crop seeds were sown in grow bags and uniformly irrigated with different concentrations of lead nitrate, zinc sulphate and nickel nitrate solution. They were maintained to each treatment, including control. The control grow bags were irrigated with distilled water. Each grow bag was irrigated with different concentrations of the heavy metal solutions daily for up to 15 days. Five days after sowing the seed, germination was noted. On the tenth day following germination, growth parameters including root and shoot lengths as well as the biochemical components of the test crop seedlings, including carbohydrates, proline chlorophyll a, chlorophyll b, and carotenoids, were measured. 
GERMINATION PERCENTAGE
The percentage of germination was calculated by using the following formula:
                                               Number of seeds germinated
Germination Percentage =   -------------------------------------     x 100
                                                  Number of seeds sown
The seedlings of the test crop were selected randomly and uprooted from each treatment of the grow bags experiment; the shoot length, root length and total length were measured in centimetres.The seedlings of the test crop were selected randomly, uprooted and washed thoroughly with tap water. The seedlings were kept in a hot air oven at 80ºC for 48 hours. The dry weights were recorded by using an electronic single-pan balance.
Seedling Vigour Index (SVI)
	The vigour index of seedling was calculated by following method suggested by Abdul-Baki and Anderson (1993).
SVI= Germination (%) x [Shoot length(cm) + Root length(cm)].
The test crops' biochemical constituents, such as pigments, carbohydrates, starch, protein and proline contents, were analysed.

RESULTS
The most damaging element that significantly reduces agricultural productivity is heavy metal. The world's surface area affected by heavy metal pollution is growing every day. In irrigated croplands, the heavy metal effect is a more noticeable issue. The current study's findings and observations are listed below.
Seed germination (Table-1)
The seed germination of the test crops was reduced against the treatment of different concentrations of heavy metals such as Pb, Zn and Ni. At 50 ppm concentration of Pb the seed germination is (29.59%) in C.arietinum and (23.23%) in B.nigra and Zn treatment shows (45.91%) in C.arietinum and (47.47%) in B.nigra and then Ni treatment shows (47.95%) in C.arietinum and (50.50%) in B.nigra compared to control. The germination percentage decreased gradually as the concentration increased from 10 to 50 ppm.
TABLE-1 GERMINATION PERCENTAGE OF Cicer arietinum L. and Brassica Ingra L. SEEDS             EXPOSED TO VARIOUS CONCENTRATIONS OF LEAD, NICKEL AND ZINC
	NAME 
OF THE 
METAL IONS
	LEAD 

	ZINC 

	           NICKEL 


	CONCENTRATION
(ppm)
	Cicer arietinum 
	Brassica nigra 
	Cicer arietinum 
	Brassica nigra 
	Cicer arietinum 
	Brassica nigra 

	CONTROL

	98

	99

	98

	99

	98

	99


	10 

	96
(-2.04)

	97
(-2.02)

	93
(-5.10)

	95
(-4.04)

	91
(-7.14)

	92
(-7.07)


	20 

	91
(-7.14)

	94
(-5.05)

	91
(-7.14)

	81
(-18.18)

	87
(-11.22)

	79
(-20.20)


	30 

	82
(-16.32)

	93
(-6.06)

	87
(-11.22)

	72
(-27.27)

	82
(-16.32)

	71
(-28.28)


	40 

	74
(-24.48)

	84
(-15.15)

	72
(-26.53)

	64
(-35.35)

	69
(-29.59)

	60
(-39.39)


	50 

	69
(-29.59)

	76
(-23.23)

	53
(-45.91)

	52
(-47.47)

	51
(-47.95)

	49
(-50.50)



Seedling length (Figures 1 & 2)
The root length of the test crops was reduced against the various concentrations of metallic ions. The reduction percentage of root length against Pb is (63.28%) in C.arietinum and in (66.25%) in B.nigra and against Zn (67.18%) in C.arietinum and (68.75%) in B.nigra and the root length against Ni is (67.18%) in C.arietinum and in (66.25%) in B.nigra at 15 days old seedling by 50ppm. But at 10 ppm, the heavy metal treatment observed a maximum percentage of root length over control, followed by 20, 30, 40 and 50 ppm.



The values of shoot length were decreased in the test crop with increasing the concentration of the heavy metals. At 50 ppm concentration, the highest shoot length reduction percentage was recorded in the treatment of Pb on C.arietinum (57.43%) and in B.nigra  (60.62%) and treatment of Zn on C.arietinum (58.82%)  and in B.nigra  (66.87%) and Ni in C.arietinum is (59.51%) and in B.nigra  (70.62%)  compared to control. As the concentration increased from 10 to 50 ppm, the shoot length decreased concomitantly.
Fresh weight  and dry weight (Figures 3 &4)
The fresh weight reduction percentage recorded in the treatment of Pb in C.arietinum is (61.23%) and in B.nigra  (34.57%) and against Zn in C.arietinum is (63.76%)  and in B.nigra  (36.44%) and against Ni in C.arietinum is (71.37%) and in B.nigra  (65.58%)  compared to control. As the concentration increased from 10 to 50 ppm, the shoot length decreased concomitantly.
	

The maximum value of dry weight was recorded in the control. The minimum dry weight value was observed in a 50 ppm concentration of heavy metals. As the concentration increased from 10 ppm to 50 ppm, the inhibitory effect also increased and the maximum inhibitory effect was caused by 50 ppm concentration.
Photosynthetic pigments (Figures 5&6)
Chlorophyll a, Chlorophyll b, Total Chlorophyll and Carotenoid
The contents of chlorophyll a, chlorophyll b, total Chlorophyll and carotenoid were reduced in  C.arietinum and B.nigra at higher concentrations of the heavy metals. The inhibition rate was higher in Ni-treated test crops than in Pb and Zn. The minimum inhibition of pigments was recorded at 10 ppm. Among the three photosynthetic pigments, the maximum reduction was observed in Chlorophyll, followed by Carotene and Chlorophyll-b. The Chlorophyll a, Chlorophyll b, Total Chlorophyll and Carotenoid content of 50 ppm of Pb treatment in C.arietinum is (12.54%), (32.57%),(27.95%), (19.09%) and in B.nigra is (35.94%), (38.20%),(26.417%) (35.83%) decreases over control. The Chlorophyll a, Chlorophyll b, Total Chlorophyll and Carotenoid content of 50 ppm of Zn treatment in C.arietinum is (28.571%), (41.83%), (38.77%), (11.306%) and in B.nigra is (53.91%), (38.20%), (43.30%), (35.83%) when compared over control. The Chlorophyll a, Chlorophyll b, Total Chlorophyll and Carotenoid content of 50 ppm of Ni treatment in C.arietinum is (51.567%), (65.93%), (62.55%), (60.05%)  and in B.nigra is (46.54%), (49.58%),(48.73%),(30.83%) compared over control.


Protein (Protein 7&8)
The Protein contents were progressively decreased in C.arietinum and B.nigra at higher concentrations, 50 ppm concentration of the heavy metals. The reduction rate was higher in Ni treated test crops than in Pb and Zn. The minimum inhibition was recorded at 10 ppm. At 50 ppm, the amount of Protein reduced against the treatment of Pb, Zn, and Ni is (36.52%), (56.52%), (66.08%) in C. arietinum and (41.39%), (58.06%), (70.96%) in B.nigra.


Carbohydrate (Figures 9 &10)
	TheCarbohydrate contents were progressively decreased in C.arietinum and B.nigra at higher concentrations, 50 ppm concentration of the heavy metals. The reduction rate was higher in Ni treated test crops than in Pb and Zn. The minimum inhibition was recorded at 10 ppm. At 50 ppm, the amount of Carbohydrate reduced against the treatment of Pb, Zn, and Ni is (57.66%), (62.77%), (72.26%) in C.arietinum and (30.50%), (22.62%), (72.26%) in B.nigra.

[image: ]
 Proline accumulation (Figures 11&12)
	Proline is the amino acid formed in a high percentage of basic proteins. Free Proline plays an important role in plants under stress conditions. Though the Molecular mechanism has not been established for the increased level of Proline, one hypothesis refers to the breakdown of proteins to amino acids and conversion to Proline for storage. In such a way, Proline accumulated in the stressed plant leaves. The high amount of Proline accumulated in the Stressed Plants. In the following data, the amount of Proline accumulated in Nickel is high. The 50 ppm Concentration of heavy metals is most affected. The amount of Proline accumulation on the effect of Pb on C.arietinum is 71.42 µm/g/fr.wt and on the effect of Zn is 79.22 µm/g/fr.wt and on the effect of Ni is 82.25 µm/g/fr.wt. The amount of Proline accumulation on the effect of Pb on B.nigra is 74.45 µm/g/fr.wt and on the effect of Zn is 80.08 µm/g/fr.wt and on the effect of Ni is 101.29 µm/g/fr.wt.


DISCUSSION
Natural elements like heavy metals cannot be organically broken down or eliminated. Without metal ions, life cannot grow or endure because it is primarily organic and inorganic. The elements that are found in trace amounts in natural biological systems are called trace elements. A trace element resulted from worries about the environment's declining quality. The fundamental constituents of plant, animal, and human life can be separated into two categories: major and trace elements. The latter category comprises essential and nonessential elements.
	For ecological, evolutionary, nutritional, and environmental reasons, heavy metal toxicity is becoming an increasingly important concern. Heavy metals are major environmental contaminants. According to Hawkes (1997), they are a class of metals and metalloids having atomic densities five times or higher than water, or more than 4 g/cm3. Heavy metal pollution in the biosphere is a result of growing urbanization and industrialisation. It was most readily available in soil and aquatic environments, and it was only slightly more prevalent as vapor or particle matter in the sky. As many heavy metals are necessary for plant growth, their toxicity to plants varies depending on the type of plant, the particular metal, the concentration, the chemical form, the pH of the soil, and other factors. Certain heavy metals, such as Zn and Cu, either activate or cofactorize enzyme processes (Mildvan, 1970). Heavy metals like Co, Cu, Fe, Mn, Mo, Ni, V, and Zn are needed by organisms in very small amounts, but excessive concentrations of these elements can harm them and have no beneficial effect on them. They are therefore regarded as the "main threats" since they poison the water, soil, and air, damage plants and animals severely, and may be toxic or poisonous, all of which will kill living things.
The present study revealed the results of the activity of Lead, Zinc and Nickel on  C.arietinum and B.nigra. These crops are economically important, commonly cultivated in Tirunelveli District of Tamil Nadu, India.The test crop was treated with different concentrations of (10, 20, 30, 40, and 50 ppm) of Lead, Nickel and Zinc. The germination of the test crop was observed on the fifth day with different concentrations of heavy metals. The inhibition of germination percentage ranged from 0 to 100 % (Table 1). A higher reduction degree of germination was observed in the 50ppm test crop. The inhibition depends on the concentration of the heavy metals, which may be due to the entry of water-soluble heavy metals into the seeds, inhibiting germination.

Zhang et al. (2002) discovered that the high As content affected the growth of seedlings and the germination of wheat seeds. Similarly, Helianthus annus plumule and radical length were observed to have decreased by Imran et al. (2013). L seedlings in the presence of As.

In Figures 1 and 2, it can be observed that the root length and shoot length of the test crop decreased when exposed to various concentrations of heavy metals. These findings align with the results of a study conducted by Ahmad et al. (2012), where they investigated the impact of cadmium on the germination of seeds and the growth of seedlings from four Wheat (Triticum aestivum) cultivars. Additionally, Kibra (2008) reported similar effects when studying the influence of mercury on various growth parameters of rice (Oryza sativa). Moreover, Keunen et al. (2011) noted that plants growing in environments rich in heavy metals exhibit reduced growth and yield, underscoring the role of heavy metal toxicity in impeding the overall growth performance of stressed plants.
The effects of heavy metals on the biomass of the test crop are shown in Figures 3 & 4. The dry weight was decreased over in respective control in chickpea and mustard seedlings. The biomass decreased steadily when the concentration of the heavy metals increased. The study of Nagajyoti et al. (2010) revealed that the heavy metals, once inside the cell, alter metabolism, which results in a reduction of growth and lower biomass accumulation. Hussain et al. (2013) reported a reduction in germination percentage, suppressed growth, and reduced biomass in maize (Zea mays) when treated with Lead (Pb).
 Figures5&6 showed the reduction of photosynthetic pigments. Chlorophyll and carotenoid contents of the test crop were reduced significantly in all treatments of different concentrations of (10 ppm, 20 ppm, 30 ppm, 40 ppm and 50 ppm) heavy metals. Imran et al. reported a decrease in photosynthetic pigments when exposed to As. Dong et al. (2005) have also reported the harmful effects on various photosynthetic indices, such as photosynthetic rate in tomato seedlings. Similarly, Li et al. (2012) reported that Cu, Zn, Pb and Cd depressed the Chlorophyll and Carotenoids level and quantum yield of PSII in Thalassia hamprichii, indicating that heavy metals have negative consequences of photosynthesis.As the Chlorophyll concentration decreased in all extract concentrations, the metabolite of carbohydrate-protein also decreased. In the heavy metal effects on the test crop, the contents of Chlorophyll a, Chlorophyll b, Total Chlorophyll, Carotenoid, Protein (Figure 7 and 8) and Carbohydrate (Figure 9 & 10) were reduced significantly. Mishra et al. (2006) reported that conversion of Chlorophyll a Chlorophyll b may occur during stress situations. in tolerant species Carotenoids serve as antioxidants against free radicals and photochemical damage.
Stress induced by heavy metals results in the excessive production of Proline content, as demonstrated in Figures 11 and 12, which depict the increased production of proline enzymes across various concentrations of heavy metals. According to earlier research by Israr et al. (2011), Gao et al. (2010), Mou et al. (2011), Lomonte et al. (2010), Yasir et al. (2011), Ali et al. (2011), Pourrut et al. (2013), and Shahid et al. (2012), different antioxidant enzymes that control ROS overproduction are part of the secondary defense mechanism against heavy metal detoxification. Catalase (CAT), peroxidase (POD), superoxide dismutase (SOD), and ascorbate peroxidase (APX) are among these enzymes. Moreover, low molecular weight compounds like cysteine (Cys), proline (PRO), ascorbic acid (AsA), non-protein thiol (NPT), and glutathione (GSH) contribute to the scavenging of different kinds of ROS in addition to these enzymes. Notably, plants subjected to irrigation with 50 ppm of Ni exhibited severe stunting and wilting by the end of the experimental period, displaying higher inhibition compared to the other two heavy metals, namely Pb and Zn, especially at higher concentrations.

CONCLUSION
Based on the results, it can be concluded that the heavy metal induces toxicity to the plants. With the increased concentration of heavy metals, the test crop gradually affects it indetrimentally. It affected all growth parameters (germination, seedling growth, biomass, vigour index, biochemical constituents such as pigments, protein, carbohydrates and enzymes) studied in the test crop compared to the respective control. The lower concentrations of heavy metals showed promotory effects on Chickpea and Mustard seedlings. The extract showed more inhibitory effect at 50ppm than at 10ppm concentration on germination, morphological and biochemical parameters of Chickpea and Mustard seeds. It may be due to the influence of different concentrations of heavy metals. The investigation hashas shown that heavy metallic ions of Lead, Zinc and Nickel reduce seeds' germination percentage. The toxicity also slows down the speed of germination. This heavy metal also retards several developmental events in the crucial stages of test crops at the seedling stage. Lateral roots are essential for the successful establishment of seedlings and it is significant to note that the development of these root are affected by the heavy metallic ions.Similarly, toxicity increases with an increase in concentration. The effect of heavy metals such as Pb, Zn and Ni on morphological and biochemical parameters of the plant C.arietinum and B.nigra was carried out. Fifteen days following germination, morphological and biochemical analysis was conducted. The germination percentage, protein, carbohydrate, shoot and root lengths, and photosynthetic pigments including carotenoids and chlorophyll a and b were all significantly decreased by seedlings. In Proline, a reversal of trend was seen.
Application of 10ppm heavy metal treatment resulted in only a small reduction in test seedlings of C.arietinum and B.nigra in which germination, seedling length, pigments, and bio-chemicals reduced significantly as compared to control. In contrast, both test seedlings' metrics were more negatively impacted by the 50 ppm heavy metal treatment. In this experiment, chickpea seedlings showed a greater inhibitory impact than mustard seedlings. According to the results, nickel is more poisonous and has an impact on the germination of seeds and the characteristics of seedlings in C.arietinum and B.nigra plants. Plants with an excess of Ni+2 experience a range of physiological changes, poisoning symptoms, and reduced growth. C.arietinum is the most affected than B.nigra. NICKEL > ZINC > LEAD  The result observed that Zinc is less toxic than Nickel. Zn affects Plant growth and photosynthetic activity and reduces the seedling growth of C.arietinum and B.nigra. Excess of Zn+2 ions in plants causes Chlorosis in C.arietinum and B.nigra. From the experiment, it was noticed that lead is the least toxic of all the three heavy metallic ions studied, and it affects the germination of seeds and reduces root development. From the above result, we conclude that the effect of toxic heavy metals may be different for different species of plants and the concentration of the metallic ions is dependent.
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FIGURE 3: EFFECT OF LEAD,ZINC AND NICKEL IONS ON FRESH WEIGHT AND DRY WEIGHT OF Cicer arietinum 
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FIGURE 4: EFFECT OF LEAD,ZINC AND NICKEL IONS ON FRESH WEIGHT AND DRY WEIGHT Brassica nigra 
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WEIGHT



FIGURE 5: EFFECT OF LEAD,ZINC AND NICKEL IONS ON PHOTOSYNTHETIC PIGMENTS (mg/gfr.wt OF THE PLANT Cicer arietinum  
TOTAL CHLOROPHYLL	CONTROL	10ppm	20ppm	30ppm	40ppm	50ppm	10ppm	20ppm	30ppm	40ppm	50ppm	10ppm	20ppm	30ppm	40ppm	50ppm	LEAD	ZINC	NICKEL	1.127	1.101	1.0880000000000001	1.014	0.96600000000000141	0.81200000000000105	1.056	1.01	0.93600000000000005	0.84200000000000141	0.69000000000000139	0.60800000000000143	0.5770000000000014	0.53300000000000003	0.51800000000000002	0.42200000000000021	CAROTENE	CONTROL	10ppm	20ppm	30ppm	40ppm	50ppm	10ppm	20ppm	30ppm	40ppm	50ppm	10ppm	20ppm	30ppm	40ppm	50ppm	LEAD	ZINC	NICKEL	0.39800000000000135	0.36800000000000022	0.36100000000000021	0.3460000000000002	0.33000000000000135	0.32200000000000123	0.38100000000000123	0.37400000000000122	0.36200000000000021	0.35600000000000021	0.3530000000000002	0.19	0.18500000000000011	0.18600000000000011	0.16600000000000001	0.15900000000000011	CONCENTRATION

AMOUNT OF PHOTOSYNTHETIC PIGMENTS



FIGURE 6 : EFFECT OF LEAD,ZINC AND NICKEL IONS ON PHOTOSYNTHETIC PIGMENTS (mg/gfr.wt) OF THE PLANT Brassica nigra 
Total Chlorophyll	CONTROL	10ppm	20ppm	30ppm	40ppm	50ppm	10ppm	20ppm	30ppm	40ppm	50ppm	10ppm	20ppm	30ppm	40ppm	50ppm	LEAD	ZINC	NICKEL	0.8290000000000014	0.8	0.77700000000000258	0.73400000000000143	0.6660000000000027	0.61000000000000143	0.81	0.74500000000000144	0.5750000000000014	0.53800000000000003	0.47000000000000008	0.80400000000000005	0.73500000000000143	0.5780000000000014	0.51600000000000001	0.42500000000000021	Carotene	CONTROL	10ppm	20ppm	30ppm	40ppm	50ppm	10ppm	20ppm	30ppm	40ppm	50ppm	10ppm	20ppm	30ppm	40ppm	50ppm	LEAD	ZINC	NICKEL	0.2400000000000001	0.23700000000000004	0.21200000000000011	0.19500000000000001	0.13800000000000001	0.13	0.23300000000000001	0.1770000000000001	0.19500000000000001	0.16700000000000001	0.15400000000000011	0.221	0.22500000000000001	0.2090000000000001	0.17500000000000004	0.16600000000000001	CONCENTRATION

AMOUNT OF PHOTOSYNTHETIC PIGMENTS



FIGURE:7  EFFECT OF LEAD, ZINC AND NICKEL IONS ON PROTEIN (mg/gfr.wt) CONTENT OF Cicer arietinum
AMOUNT OF PROTEIN	CONTROL	10 ppm	20 ppm	30 ppm	40 ppm	50 ppm	10 ppm	20 ppm	30 ppm	40 ppm	50 ppm	10 ppm	20 ppm	30 ppm	40 ppm	50 ppm	LEAD	ZINC	NICKEL	0.23	0.2075000000000001	0.20200000000000001	0.18200000000000011	0.15800000000000011	0.1460000000000001	0.21700000000000011	0.18800000000000011	0.15900000000000011	0.13500000000000001	0.1	0.18500000000000011	0.16300000000000001	0.10800000000000005	0.10400000000000002	7.8000000000000014E-2	CONCENTRATION

AMOUNT OF PROTEIN


FIGURE :8 EFFECT OF LEAD,ZINC AND NICKEL IONS ON PROTEIN(mg/gfr.wt) CONTENT OF Brassica nigra
AMOUNT OF PROTEIN	CONTROL	10ppm	20ppm	30ppm	40ppm	50ppm	10ppm	20 ppm	30 ppm	40 ppm	50 ppm	10 ppm	20 ppm	30 ppm	40 ppm	50 ppm	LEAD	ZINC	NICKEL	0.18600000000000011	0.17	0.16400000000000001	0.1470000000000001	0.113	0.10900000000000006	0.16	0.13	0.111	9.4000000000000028E-2	7.8000000000000014E-2	0.13700000000000001	0.10300000000000002	9.3000000000000069E-2	0.10400000000000002	5.4000000000000034E-2	CONCENTRATION

AMOUNT OF PROTEIN


FIGURE 9: EFFECT OF LEAD,ZINC AND NICKEL IONS ON CARBOHYDRATE CONTENT OF Cicer arietinum 
AMOUNT OF CARBOHYDRATE	CONTROL	10ppm	20ppm	30ppm	40ppm	50ppm	10ppm	20ppm	30ppm	40ppm	50ppm	10ppm	20ppm	30ppm	40ppm	50ppm	LEAD	ZINC	NICKEL	0.68500000000000005	0.58199999999999996	0.4720000000000002	0.3550000000000002	0.3470000000000002	0.2900000000000002	0.63000000000000145	0.54200000000000004	0.40700000000000008	0.30200000000000021	0.255	0.53	0.49000000000000021	0.45700000000000002	0.31500000000000022	0.19	CONCENTRATION

AMOUNT OF CARBOHYDRATE


FIGURE :11 EFFECT OF LEAD,ZINC AND NICKEL IONS ON PROLINE CONTENT OF Cicer arietinum
AMOUNT OF PROLINE	CONTROL	10ppm	20ppm	30ppm	40ppm	50ppm	10ppm	20ppm	30ppm	40ppm	50ppm	10ppm	20ppm	30ppm	40ppm	50ppm	LEAD	ZINC	NICKEL	30.3	39.82	51.94	61.6	70.11999999999999	71.42	42.42	57.14	60.17	77.05	79.22	40.25	48.91	53.67	70.56	82.25	AMOUNT OF PROLINE

CONCENTRATION


FIGURE 12: AMOUNT OF LEAD,ZINC AND NICKEL IONS ON PROLINE CONTENT OF Brassica nigra
AMOUNT OF PROLINE	CONTROL	10ppm	20ppm	30ppm	40ppm	50ppm	10ppm	20ppm	30ppm	40ppm	50ppm	10ppm	20ppm	30ppm	40ppm	50ppm	LEAD	ZINC	NICKEL	28.130000000000013	35.49	57.14	67.09	72.290000000000006	74.45	38.090000000000003	63.2	66.23	77.48	80.08	41.99	60.6	81.819999999999993	85.28	101.29	AMOUNT OF PROLINE

CONCENTRATION


FIGURE 1:  EFFECT OF LEAD,ZINC AND NICKEL IONS ON SEEDLING CHARACTERISTICS OF  Cicer arietinum 
ROOT LENGTH	CONTROL	10ppm	20ppm	30ppm	40ppm	50ppm	10ppm	20ppm	30ppm	40ppm	50ppm	10ppm	20ppm	30ppm	40ppm	50ppm	LEAD	ZINC	NICKEL	12.8	10.8	8.5	6.2	5.3	4.7	10.8	8.5	6.2	5.3	4.2	10.200000000000001	8.7000000000000011	7.4	5.4	4.2	SHOOT LENGTH	CONTROL	10ppm	20ppm	30ppm	40ppm	50ppm	10ppm	20ppm	30ppm	40ppm	50ppm	10ppm	20ppm	30ppm	40ppm	50ppm	LEAD	ZINC	NICKEL	28.9	22.3	18.100000000000001	17.3	15.4	12.3	22.2	18.100000000000001	17.3	15.4	11.9	21.4	16.3	11.8	13.2	11.7	TOTAL LENGTH	CONTROL	10ppm	20ppm	30ppm	40ppm	50ppm	10ppm	20ppm	30ppm	40ppm	50ppm	10ppm	20ppm	30ppm	40ppm	50ppm	LEAD	ZINC	NICKEL	41.7	33.1	26.6	23.5	20.7	17	33	26.6	23.5	20.7	16.100000000000001	31.6	25	19.2	18.600000000000001	15.9	CONCENTRATION

Length (cm)



 FIGURE 2: EFFECT OF HEAVY METALS ON THE SEEDLING CHARACTERISTICS OF  Brassica nigra
ROOT LENGTH	CONTROL	10ppm	20ppm	30ppm	40ppm	50ppm	10ppm	20ppm	30ppm	40ppm	50ppm	1oppm	20ppm	30ppm	40ppm	50ppm	LEAD	ZINC	NICKEL	8	5.3	4.7	4	3.3	2.7	5.0999999999999996	4.2	3.4	3	2.5	5	4.9000000000000004	3.7	2.6	2.7	SHOOT LENGTH	CONTROL	10ppm	20ppm	30ppm	40ppm	50ppm	10ppm	20ppm	30ppm	40ppm	50ppm	1oppm	20ppm	30ppm	40ppm	50ppm	LEAD	ZINC	NICKEL	16	15.2	13.5	12.4	10.7	6.3	14.9	13.3	11.8	9.2000000000000011	5.3	13.9	13.1	11.7	9.3000000000000007	4.7	TOTAL LENGTH	CONTROL	10ppm	20ppm	30ppm	40ppm	50ppm	10ppm	20ppm	30ppm	40ppm	50ppm	1oppm	20ppm	30ppm	40ppm	50ppm	LEAD	ZINC	NICKEL	24	20.5	18.2	16.399999999999999	14	9	20	17.5	15.2	12.2	7.8	18.899999999999999	18	15.4	11.9	7.4	CONCENTRATION

LENGT(cm)
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