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ABSTRACT

The objective of the study of the Hindon river wajeality with respect to Cr contamination, watemples were
collected from three different sites (Saharanpuagtipat and Gautam Budh Nagar). Cr toxicity in ashtpends on its
valence state. Cr exists in several oxidation sthté the most stable and common forms are CrQE}JIl) and Cr (VI)
species. Cr (VI) as being highly mobile is toxidjile Cr (lll) as less mobile is less toxic. Cré&kén up by plants through
carriers of essential ions such as sulphate. Gikeptranslocation, and accumulation depend ospiggiation, which also
conditions its toxicity to plants. Symptoms of @xitity in plants are diverse and include decrezfseeed germination,
reduction of growth, decrease of yield, inhibitioh enzymatic activities, impairment of photosynikesutrient and
oxidative imbalance. The germination study was cated, with two varieties of Green gram (Pusa RatthPusa Visha)
and two varieties of Chickpea (Pusa 2085 and PuearGL12) under different concentrations of chreamtteatment. The
effect of different concentrations of hexavalentochium Cr(VI) (10, 25, 50 and 100 mg/l) on seedngjeation root and
shoot growth on Green gram and Chickpea. The ssidyved that germination and viability of seeds waegatively
affected by elevated chromium concentration. Respari seedlings to chromium was more noticeable that of seed

germination.
KEYWORDS: Chickpea, Chromium, Green Gram, Hndon River, Seean@ation, Seedling Growth
INTRODUCTION

Chromium (Cr) is the 17th most abundant elementh@ Earth crust (Avudainayagaeh al., 2003). It occurs
naturally as chromite (Fe@d,) in ultramafic and serpentine rocks or complexdthwther metals in the forms like
crocoite (PbCrg), bentorite Ca6 (Cr, Al)2 (S04)3 and tarapacat@qrO4), vauquelinite (CuB&ro,P O,0H), among
others (Babulat al., 2008). Chromium is widely used in industry féatpng, alloying, tanning of animal hides, inhiloiti
of corrosion, textile dyes and mordents, pigmemstamic glazes, refractory bricks, and pressumgdre lumber
(Avudainayaganet al., 2003). Due to this wide anthropogenic use ofti@r,consequent environmental contamination has
been increased and has become an increasing casineenlast several years (Zayed and Terry, 2QDIomium exists in
several oxidation states, but the most stable anthwn forms are Cr (0), the trivalent Cr (llI), athé hexavalent Cr (VI)
species. Cr (0) is the metallic form, produced ndustry and is a solid with high fusion point whesed for the
manufacturing of steel and other alloys. Cr (VI)tlre forms of chromate (Cg®), dichromate (Cr2@ ) and CrO3 are
considered the most toxic forms of chromium, gwésents high oxidizing potential, high solubiliéynd mobility cross the
membranes in living organisms and in the envirortmén (1) in the forms of oxides, hydroxides, asdlphates is less
toxic as it is relatively insoluble in water, pratelower mobility, and is mainly bound to organmatter in soil and aquatic

environments. Moreover, Cr(lll) forms tends to fonydroxide precipitates with Fe at typical groundtev pH values. At
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high concentrations of oxygen or Mn oxides, Cr)(tn be oxidized to Cr (VI) (Becquetral., 2003; Peraltat al., 2009).

Leather industry is the major cause for the higtuinof chromium to the biosphere. Hexavalent chitomis
used extensively worldwide in various industriatities is therefore considered a serious envirental pollutant and
poses a threat to human health. Its presence iou#tgral soils can be attributed to the use ofamig wastes as fertilizer
and the use of waste water for irrigation (Pilletyal., 2003). Chromium like others heavy metals do degrade
biologically, it remains stable for several monifshe soil without changing its oxidation state(\d) is accumulated by
plants and its accumulation is biomagnified ated#ht tropic levels through food chain (Kotas andstka, 2000;
Rogivalet al., 2007). High levels of metals in soil can be plgkic. Toxicity of Cr to plants depends on itserade state.
Hexavalent chromium, Cr(VI) is highly toxic and niebwhereas trivalent chromium, Cr(lll) is less ixOliveira, 2012).
Toxic effects of Cr on plant growth and developmientude alterations in the germination proceswel$ as in the growth
of roots, stems and leaves, which may affect wtalmatter production and yield (Shanletral., 2005). The phytotoxic
levels of chromium in most plants seem to limit aiscumulation in the food chain. Because most pléatve low Cr
concentrations, even when grown on Cr rich sdiks,food chain is well protected against Cr toxig@iiromium interferes
with several metabolic processes, causing toximtylants as exhibited by reduced seed germinaiioearly seedling
development (Sharmet al., 1995),growth of roots and biomass, causing chlorosistgdymthetic impairing and finally,
plant death (Scocciardt al., 2006).

Seed germination is the first physiological procaffiected by Cr(VI). The ability of a seed to gemate in a
medium containing Cr(VI) would be indicative of lesvel of tolerance to this metal (Peradtaal., 2001). The highest risk
for human health is when plants develop toleraneelanisms against metals and when those planiscamporated into
the food chain. Chromium may reach human beindsgeeithrough polluted drinking water sources or tigto the food
chain or both and its accumulation in higher cotragion may lead to cancer and associated heafthrtis. Although
some heavy metals form an essential part of hunmah @ant nutrition, their higher levels of plantptake cause
carcinogenic and mutagenic effects (Goyet.al., 1977). Excessive level of heavy metals in th# sovironment
adversely affect the germination of seeds, plaawth, alter the level of biomolecules in the celted interfere with the
activities of many key enzymes related to normataielic and developmental processes (Zhetrgg., 2009; Rahoueét
al., 2010).

The uptake, translocation and accumulation of heaeyals in plants are mediated by integrated nétvadr
physiological, biochemical and molecular mechanis@enerally industrial wastes include heavy mesas one of the
major threats for agriculture practices becausevabmitical levels they may turn into toxins andusa inhibition of
growth and development for the most of the plaeicigs and at times leads to death also (Weigghay, 2005). Heavy
metal stress negatively affects the process agsdcigith biomass accumulation and overall yieldlimost all the major
field grown crops by damaging several metabolitwwals and if not yield, damage they may get incafeal in our food
supply through harvested crops. However plants savee defense mechanism to deal with the excelssasfy metals in
the soil by which they can prevent or restrict tigake of metals or minimize the toxic effects tigh metal excluders,
accumulators and indicators. They may localizecsete metals mostly in roots and stems, or they awumulate and

store other metals in hon-toxic forms for latetrisition and use (Aydinalp and Marinova, 2009).
MATERIALS AND METHODS:
The two varieties of Green gramhaseolus aureus L.) and two varieties of Chickpe&ier arietinum L.) were
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obtained from the Division of Genetics, Indian Agliure Research Institute, Pusa campus, New Reitiiused as plant
material for this study. Chromium stock solutionswaepared by dissolving 141.4mg of Potassium divlate (KCr,0O;)
in 100ml of distilled water and was standardizerhnir this solution aliquots were freshly drawn fack experiment.

Distilled water without chromium was used as cdntro

The seeds of two varieties of Green gram (PusaaRatd PusaVisha) and two varieties of ChickpeagR085
and Pusa Green 112) of uniform size, color and meigere surface sterilized with 0.1% AR Grade msaccuahloride
HgCl, solution and washed 5-6 times with distilled wafefty seeds of Green gram and Chickpea were gléoeeach
treatment and were placed equi-spacially in stedi plastic plates, lined with filter paper soakedh different
concentrations of chromium solutions. Each treatmexs replicated three times. The number of selaénated in each
treatment was counted on the 7th day and the getahination percentage was calculated. The emeegehradical was
taken as a criterion for germination. The seedlifigm each treatment were randomly selected fornteasurement of
root length and shoot length. The seedlings weparsg¢ed into root and shoot system. The fresh viiglere measured
with an electrical weighing balance. Thereafteg, pletri dishes containing the fresh seedling wéaeeg in a hot air oven
at 80°C for 24 hours for determination of dry weight oédéing. The dry matters of seedling were measurigu electrical

balance.
Germination Percentage (GP)

Germinated seeds were counted according to thdisgexvaluation procedure as specified in the Hawdtbof
Association of Official Seed Analysts (AOSA, 1983he number of germinated seeds was recorded. Sty after
germination, the germination percentage (GP) wadsulzed using the following formula for each replion of the

treatment (Tanveest al., 2010), and percentage was calculated as:

Germinated seeds

Germination percentage (GP)= x 100
Total seeds
Statistical Analysis

Each treatment was analyzed with at least threkcadgs and the Standard Deviation (SD) was caliedlarlhe

data were expressed inXSD of three replicates.

RESULTS AND DISCUSSIONS

Effect of Chromium on Seed Germination

The effect on germination of all seeds were trendéth chromium accrued from control to 100mg/l with
variations depending on Cr(VI) concentration on wamieties of Green gram (Pusa Ratna and Pusalyshd Chickpea
(Pusa 2085 and Pusa Green 112) taken for studies.

The phytotoxin effect of chromium research carrmd to examine the seed germination percentagevof t
varieties of Green gram and two varieties of Chezkpvere given in Table 1. The results showed ftinaites phytotoxic
effect of chromium on seed germination percentdg8reen gram and Chickpea both positive and negatdfiects were

seen on seed germination of Green gram and Chickpea maximum percentage of germination of Greeamgr
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88.53+1.36, 88.93+1.07, was found for Pusa RatiaRarsa Vishal “and Chickpea 86.90+0.60, 84.83+h®usa 2085
and Pusa Green 112 were recorded as control resggct

The germination percentagenvere recorded to be decreased gradually with pesiwve increase in Cr
concentration. The minimum percentage of germinati@re recorded at 100 mg/l concentration of CrGsaen gram
54.83+0.95, 53.53£0.71 for Pusa Ratna and PussaMafd Chickpea 47.97+0.49, 42.60+0.62 for Puseb 208 Pusa
Green 112 respectively. There are several reportshe promontory and inhibitory effect of copperdachromium
treatment on various plant species. Symptoms opl@totoxicity include inhibition of seed germinatimr of early
seedling development, reduction of root growthf lehlorosis and depressed biomass (Shaanal., 1995). Low
concentrations shows growth promotory and highecentrations shows germination inhibitory effecfanr varieties of
Vigna radiata. Some heavy metals are essential micronutrientglémts but their excess may result in metabaBordlers
and growth inhibition in most of the plant spedi€aireet al., 2000). Similar experiments were carried out inegrgram
under the influence of mercury (Jagatheeswari aadgRnathan, 2012), mung bean under lead acetatga{@et al.,
2008), in green gram under the effect of cobalts@4inet al., 2007). Increasing concentration of Cr leadseoreasing
seed germination was observedHibiscus esculentus and some important pulses (Améhal., 2013; Junet al., 2009).
Inhibition of germination percentage at higher antcations of chromium was observed in soybeanhgBttdan and
Lakshmanachary, 1996), mung bean (Reiat., 1997), cowpea (Lalithet al., 1999),groundnut (Subramaset al., 1999),
black gram (Lakshmi and Sundaramoorthy, 2003), gggam (Samantary and Deo, 2004) and paddy, bleai gnd
soybean (Sankar Ganegtal., 2006b; Sundaramoorthg al., 2006a,b).

Table 1: Effect of Cr (VI) On Seed Germination Perentage, Root Length, Shoot Length, Of Two Varietiesf Green

Gram (Phaseolus Aureus L) and Two Varieties of Chickpea Cicer Arietinum L.) 7" Day’s
Seedling under Treatment

Varieties /Treatment Cr(VI) Germination Root Length Shoot Length
(Mg/L) Percentage (Cm/Seedling) (Cm/Seedling)
C 88.53 (£1.36) 6.80+0.36 12.87+0.74
Green gram  (Pus 10 88.47 (+0.85) 6.77+0.06 11.93+0.91
Ratna) 25 73.63 (+0.64) 4.50+0.36 8.60+0.46
50 63.63 (+0.70) 3.90+0.20 7.03+0.31

100 54.83 (x0.95) 1.83+0.31 4.87+0.76
C 88.93 (£1.07) 6.80+0.40 12.90+0.78
Green gram  (Pus 10 89.43 (+0.99) 6.97+0.31 11.87+0.80
Vishal) 25 72.13 (+0.40) 4.53+0.40 9.90+0.40
50 65.23 (+0.83) 3.50+0.30 7.93+0.87

100 53.53 (x0.71) 1.47+0.25 5.77+0.55

C 86.90(+0.60) 8.53+0.40 12.07+0.75
10 86.63(+0.55) 8.47+0.35 11.10+0.92

Chickpea (Pusa 2085) | 25 76.77(x0.42) 6.53+0.35 9.60+0.44
50 57.80(+0.90) 5.37+0.38 6.50+0.30

100 47.97(+0.49) 3.73+0.56 5.20+0.56

C 83.80(1.05) 8.93+0.35 13.07+0.57
. 10 84.83(+0.99) 8.23+0.47 11.60+0.85
(flhgkpea (Pusa Green— g 68.97(+0.80) 6.57+0.25 8.17+1.52
50 58.63(+0.86) 5.57+0.31 6.27+0.47

100 42.60(+0.62) 3.93+0.51 5.37+0.51

Effect of Chromium on Seedling Growth

The root length of Green gram and Chickpea culsivahowed decreasing trends with increase in Cr

Impact Factor (JCC): 3.2816 NAAS Ratj 3.73



Effect of Chromium on Seed Germination and Seedlin@rowth of Green Garm 41
(PhaseolsAureusL) and Chickpea (Cicer Arietinum L)

concentrations are tabulated. Among the cultivardied the Green gram (Pusa Vishal) exhibited marimoot length at
C 6.97+0.31 and minimum length of root was obseraed00 mg/l Cr concentration of 1.47+0.25 of Grgeam (Pusa
Vishal) cultivars Table 1. In Chickpea the maximumot length of Pusa Green 112 exhibited at C 8.9&@ninimum
length of root was observed at 100 mg/l Cr conegiotn of 3.73+£0.56 of Pusa 2085 cultivers. Similasults were
obtained by (Jamadt al., 2006) with two wheatT¢iticum aestivum) varieties named Anmol and Kiran treated with
chromium. This metal has been reported not to ihlgbrmination but impair the growth of new rootsdaseedling
establishment (Rellén-Alvareat al., 2006). Reductions of 32-57% in sugarcane buchigetion was observed with 20
and 80 mg/L Cr, respectively (Jag@h al., 2000). In fact, roots were observed shorter larmvnish and presented less
number of roots hairs in chromium-treated plantgdntrast to the control, in which thin, elongatedts were formed.
The root length and shoot lengthArfachis hypogea were found to be affected by the increasing comaéinhs of Cr(VI)
(Rajalakshmiet al., 2010) have also been reported that root grovah @omparatively more inhibited than shoot of rice

(Oryza Sativa L.) cultivars.

In Green gram the maximum shoot length was foundoatrol 12.90+0.78 for Pusa Vishal and minimum was
observed at 100 mg/l for 4.87+0.76 for Pusa Ratmh maximum shoot length in Chickpea (Pusa Green fiihd at
control 13.07+0.57 and minimum at 100 mg/l 5.206006 Pusa 2085 cultivers. There was gradual deer@ashoot and
root length with the increase in Cr concentratioonf 0 to 100 mg/l. The effect of chromium in shaod root lengths
were gradual decrease in melon plant (Akinci anthéik 2010). In cobalt treatments gradual decreasghoot and root
lengths with increased cobalt concentrations (Kétaad., 2010) in chick pea. (Abdul Ghani, 2011) has begrored that
increasing concentrations of chromium caused saarif reduction in root length and shoot lengthbiafssica juncea L.
(Bishoni, 1993) reported that Cr(VI) did not affébe percentage germination but suppressed thetlgrofaradical and
plumule, significantly and its effect was more psanced on roots than on the shoots. (Ardeiral., 2006) have reported
that root growth of miscanthus was less affecteah tehoot growth, but root morphology changed dralyi Also,
(Samantary, 2002) have reported that the developwietateral roots and root number was affecteddryexposure.
Moreover, roots oZea mays L. treated with Cr(VI) were shorter and brownistd gimesented less number of roots hairs
(Mallick et al., 2010). Decrease in root growth in presence o¥Fr¢an be explained by inhibition of root cell dion
and/or elongation, which might have occurred assalt of tissue collapse and consequent incapatitye roots to absorb
water and nutrients from the medium (Barcefal., 1985). The decrease in plant height could betddke reduced root
growth and consequent decreased nutrients and twateport to the higher parts of the plant. MosxpCr transport to
the aerial part of the plant can directly impadtutar metabolism of shoots contributing to the uetion in plant height
(Oliveira, 2012).

Fresh Weight and Dry Weight

The fresh weight and dry weight of root and shdoseedlings are presented in (Fig 1 and Fig 2)shrrgeight
and dry weight also showed decreasing trends witrease in Cr concentration. Green gram (Pusa Ratuhexhibited
maximum fresh weight and dry weight at Control @341, 0.16+0.03 and minimum fresh weight and deight were
observed at 100 mg/lI Cr concentration of 0.14+00005+0.01 of Pusa Vishal cultivars. In Chickpea thaximum fresh
weight and dry weight at Control Pusa 2085 0.3550@18+0.03 and minimum fresh weight and dry weiglere
observed at 100 mg/lI Cr concentration of 0.13+00007+0.01 of Pusa Green 112.
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Figure 1: Effect of Cr (VI) on Fresh Weight (G/Plart) of Two Varieties of Green Gram Phaseolus AureusL) and
Two Varieties of Chickpea Cicer Arietinum L.) 7" Day’s Seedlings under Treatment
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Figure 2: Effect of Cr (VI) On Dry Weight (G/Plant) of Two Varieties of Green Gram Phaseolus AureusL)
and Two Varieties of Chickpea Cicer Arietinum L.) 7" Day’s Seedlings under Treatment

CONCLUSIONS

The present investigation revealed that the ineréa<r (V1) concentration causes inhibition of mération and
seedling growth as represented by root and shoagtheeffect. Inhibition effect of Cr (VI) was mopgonounced in root
length than shoot length of all seeds and was apanied with morphological changes in root. It carcbncluded that the
Cr (VI) are toxic to seed. So, this polluted watkould be properly treated to remove the Cr (VI diit is to be used for
irrigation and such simililar uses, it must be tegaappropriately.
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