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ABSTRACT

Tea is the oldest, most popular, non alcoholiceia#f containing beverage, in the world. The presaicheavy
metal even in trace amount causes adverse efféetib@uality and quantitative production. The avelation of heavy
metal causes health issues also. In the presektwehave studied the effect of chlorophyll contehtch is an important
photosynthetic parameter with the high concentratib copper stress with respect to the days oftitsatment in two
different cultivarsviz. TV-23, TV-17 in hydroponically system. Both sh@otd root weight decreased progressively with
increasing Cu concentration f@amellia sinensis. Negative linear relationships were observed betwetal Chlorophyll
contents and Cu concentration. With the increagbdrconcentration of Cu even at trace level cadségerious effect in
the metabolism of plant especially photosynthetitivity which caused remarkable breakdown in th@tplynthetic
parameters. A significant decrease of chlorophtdited for both the cultivars was observed at commagons above
300uM. From this study, we found the photosynthatigvity of TV-17 is more sensitive to Cu strelsar that of TV-23.
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INTRODUCTION

In physiological process of plants heavy metal playvital role. In trace amounts, several ions iregufor
metabolism, growth and development which is pregesbil or as in growth media. But with the incsean the amount,
creates problem by leading to cellular damage ahfgl (Avery, 2001, Schutzendubel and Polle, 2002¢tke and
Chow, 2003). This leads to the inactivation of bidecules by blocking essential functional groupswrdisplacing the
essential metal ions (Goyer, 1997). Due to indafszation and globalization the heavy metal contation became a
serious problem (Boominathan and Doran, 2003; Ritink987; Seiler et al., 1988; Donmez and Aks®220And heavy
metal became a serious threat for the environmeettd their extreme toxicity (Kaewsarn & Yu, 200Lgaves of tea
plants are great source of mineral such as Zn,Mdy,F, P etc. Cu is essential for plant growth drease in the
concentration of both the essential and non esdentetals will result in inhibition of growth (JHall, 2002).
In the presence of excessive amount of heavy nsbtalvs the toxicity symptoms due to interactionsoos at cellular
level. Much of the soluble copper in the apoplastamplexed with organic ligands. Much of?Cis tightly bound in the
cell wall of roots and can only be replaced by of&" ions (Iwasaki et al., 1990; Walker & Webb, 198Tarotenoids
are the pigments which are more or less producaliphotosynthetic and non photosynthetic orgasishie carotenoids
are very important for plants, lack of carotenaddsfunctioning both in the acquisition of light @gg and in protection of

photosynthetic apparatus against excessive lightada (Demmimng-Adams et al., 1996). Chlorophylls assential
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components for photosynthesis, and occur in chlastp as green pigments in all photosynthetic plisgues.
They are bound loosely to proteins but are reagdilyacted in organic solvents such as acetoneher.dih this study we
have investigated the physiological mechanism ofir@luced inhibition of photosynthesis with accuntioia of Cu at

different concentration.

MATERIALS AND METHODS

Experimental Condition for the Growth of the Plants

Three months old plants of the two cultivars vix/-Z3, TV-17 were collected from the Rosekandy Tetate,
Assam. Then transferred the plants to the Hoagtahation and allowed them to get stable for 7 daysgen we have
treated the plants with Cug@t different concentration of 50uM, 200uM, 300 MOUM, 500uM, 600uM in the nutrient
solution. The control plants were left as untreataanprising only the nutrient solution. The topifteaves were collected

for measuring the chlorophyll pigmentations aftéy 2" and 7' day of the treatment.
Determination of Chlorophyll

Both the treated leaves and the control leaveseatdspective days were harvested and kept irdlinitiogen for
frozen and then lyophilized. The content of chldwgpof the mature leaf of the plant was determimed0% acetone

extract of 0.1 g leaf and expressed as ug/g fresghiv(Hegedus et al., 2001).

Based on the data obtained from the experimentrebelts presented are the mean * standard devi¢siD)
gained from at least three replicate samples. sfital analysis has done by the least significafiergénce (LSD) for

multiple comparisons, taking P<0.05 as significant.

RESULTS
Effect of Copper on Plant Growth

From the above experiment we have observed thahheatdifferent concentration of Cu plants are shgwin
different symptoms. With compare to control theseai significant retardation in the growth of the Ceated plants.
At lower concentration leaves are least effectaghtthat of roots and shoots (Figure 1). But with thcrease in the
concentration of Cu which severely inhibit the rgoowth with accumulation of Cu in leaves (Figune Rlack brown
spots were observed in the leaves at higher coratemt. The roots were suffered a lot by retarding growth of the
length of roots. The number of new leaves slowedrdwith the less arrival of new stems. As a whdle growth has
slowed down. The dry weight of shoots of both thkivars was retarded with respect to control (Fégd & 5). With the
increase in the concentration there was a sigmifickecrease in the weight. Through the physioldgitady we have
observed the slow growth rate of the treated plawitl respect to control and at higher concentratid 500 uM &
600 uM were almost negligible.

Effect of Copper on Photosynthetic Pigments

There was a significant decrease in the total opleyll pigment in both the treated cultivars wigspect to
control. But the retardation level is high at TV-The expanding leaves of TV-23 had higher totérmphyll than those
of TV-17 (Figure 6 & 7).

The contents of pigment in plants showed an alntingtar decrease in response to the increase in the
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concentration of Cu which ranges from 0 uM (conttol 600 uM. At higher concentration the level @ctine in the

content of chlorophyll has observed more than campa lower concentration. With the exposure déngs ahlorophyll

content was decreased.

Figure 1: Small Yellow Patches on Leaves at 200uM Gu in TV-23
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Figure 2: Effects of Leaves at 500uM of Cu in Tv-17
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Figure 3: Effects of Leaves at 500uM of Cu in Tv-23
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Figure 4: Impacts of Cu on the Dry Weight of Shoobf TV-23. Values are Average of Three Replicates
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Figure 5: Impacts of Cu on the Dry Weight of Shootf TV-17. Values are Average of Three Replicates
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Figure 6: Impacts of Cu on the Total Chlorophyll Cantent of TV-23. Values are Average of Three Replidas
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Figure 7: Impacts of Cu on the Total Chlorophyll Cantent of TV-17. Values are Average of Three Replidas
DISCUSSIONS

Heavy metal inhibits the plant metabolism, but sanegals like Cu, Fe, Mn are essential for the péytthesis.
There are number of proteins and enzymes foun@éawymetals and so they are essential for the grand development
of plants and also maintain the optimum metabolishe deficiency of these metals has direct impacthe process of
photosynthesis, but with the increase in concentratf these metals become toxic to plant and tffebotosynthesis.
The growth parameters like biomass have been showary sensitive to heavy metals (Areinal., 2005). Our research
has illustrated that Cu inhibited the plant growthretarding the growth of root, shoot, and deciimehe numbers of
arrival of new leaves. The dry weight decreasedy@ssively with the increase in the Cu concentrafiéigure 4 & 5).
At lower concentration the dry weight decrease Métss or without showing toxic in leaves (Figure But at higher
concentration severely inhibit the root growth wétbcumulation of Cu in leaves (Figure 2). The abdnyll contents in

the cultivars TV-23, TV-17 has decreased with tiezéase in the concentration (Figure 6 & Figure 7).

With high concentration of heavy metals, the atithgi of photosynthetic enzymes degrade which resnlthe
reduction of chlorophyll content (Thapar et al.p20 In most of the plants Cu is found associatéti plastocyanin, an
important component of the electron transport cliifPSl in the chloroplast. Copper deficiency reshu®SI electron
transport due to decreased formation of plastocydBaszynski et al.; 1988). A decrease in PSllis® abserved in
Cu deficient plants (Henriques; 1989). The bioclwamiand photochemical reaction centres of photd®gis are the
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important sites of inhibition by the action of hgawetals especially by Cu. Cu ion insert directytlhe reaction centre
specially PSIl  which due to the high irradiance smmu direct damage to the reaction centre
(Kupper et al., 1996, 1998, 2002). Copper intefesith the biosynthesis of the photosynthetic digtiby changing the
pigment and protein composition of photosynthetembranes. A lower content of chlorophyll, inactivatof enzymes
and proteins linked to photosynthesis process aadifivation of thylakoid membranes occurs under pEyptoxicity.
Copper-induced chlorosis can result from the irildhi of pigment accumulation and decrease in thierophyll
integration into photosystems. As a whole it causlesnages in the structure and function of the ciployll
(Kupper et al.; 2003).

Due to the Cu stress many oxidative stress alsqggeérated and this as a whole cause the inhibitidhe
photosynthetic reactions which has been observadany authors (Rocchetta and Kupper, 2009). Wighirtbrease in the
concentration there is remarkable decrease inhiteraphyll pigment with respect to the control. igher concentration
400pM, 500puM, 600puM with the exposure time the @ated plants are showing adverse effect by detlitiee growth
of shoot, decrease in length of root, growth of heaves are very low, bleaching of leaves anddillAll these result in
the degradation of chlorophyll pigments. By bindiogthe various sensitive sites of the photosyithegpparatus heavy
metals can also directly affect the photosynthetachinery. It gives us an evident that excess Guahstrong effect on
chloroplast fine structure which results in degtama of grana stacks and stroma lamellae (Baszyaeskil.; 1988).

Many authors have concluded the same in their ghsen.

Cu stress has decreased the photosynthetic lev@lasfula helmis (Kupperet al., 2009). Various authors gave
evidences that the toxic effect of metal on phofgit organisms strongly appears to be relateddadritrease in the levels
of lipid peroxidation and protein carbonylation agell as the production of antioxidant defense gsyste
(Gallego et al.; 1996, Devi and Prasad; 2005, Thipet al.; 2006). In the different season the ohpdyll pigment shows
different adverse action. At summer the degraddgwal is very high with respect to other seaska &utumn and winter.
In high irradiance conditions Cu stressed plantsvg different results in leaves Bfiticum aestivum with the decline in
the Fv/Fm (Lanarast al., 1993). The accumulation of Cd decreased net photiossis and transpiration in excised
Acer sacchanium L. leaves (Lamoreaux R J et alZ8L9From the above study it can be concluded teatain

concentration of Cu inhibit the growth of plantusa chlorophyll loss and can affect the photosyitaetivities.
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