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ABSTRACT

The present study evaluates biomass yield, pigment concentration, biochemical consiituents and
heavy metal accumulation in Brassica juncea L. grown under different concentrations (IDFI, 200,
400, 600 and 800 mgkg ! of soil) of Zinc (Zn), Lead {Ph) and Cadmivm (Cd). Plant growth, mgment
concentrations and biochemical parameters were evaluated at 15 days interval while plant biomass
yield and metal accumulation were determined at matunty. The resulls showed low Zn concentrations
(100-400 mgkg") increased biomass yield. chlorophyll production and biochemic al contents, Higher
concentrations considerably decreased growth, pigment production and biochemical parameters.
Though both P and Cd caused decline in growth, biomass yield, carbohydrate, protein and proline
contents, Cd effect was most detrimental at high concentrations. Proline content increased at lower
melal concentrations but decreased with higher concentrations. Cadmium was most acc umulated in
plant, followed by F'b and least in Zn and the root system accumulated more metals than the shoot
system. The study observed that higher concentrations of heavy metal negatively affecied biomass,
biochemical content with higher accumulation predominantly in the root. B. juncea may, therefore,
be used as a model plant in studying remediation of heavy metal in contaminated soil.

Keywords: biochemical constituents, biomass yield, Brassica juncea, heavy metals, metal
aceumulation

INTRODUCTION

Brassica juncea (L.) Czern. is a member of the family Brassicaceae commonly called the mustard
family which consists of 350 gencra and about 3500 species. B, juncea (mustard) leaves are palec green,
slightly hairy with leaf blades that terminate well up the petiole. The lower leaves are deeply lobed, while the
upper ones are narrow. The non-clasping upper leaves distinguish it from B. napus and B. rapa; its close
relatives. The mature plant is about two meters in height (Nishi et al., 1980). B. juncea inflorescence is an
elongated raceme with pale-yellow flowers.

B. juncea (mustard) is grown for spice in North America, but mainly as a source of cooking oil in
Asia. As the third most impertant source of edible oil after soy and paim, Brassicaceae accounts for 9% of the
worlds edible vegetable oil and the residuals from oil extraction -::ouh;l be used as livestock feed (Usfoelda er
al., 2010).Utilization of B. juncea for bio-fuel and bio-pesticides production has been reported (Kimber and
McGregor, 1995; Newkirk, 2009). In comparison with its relative specizs (B.napus and B. rapa), which are also
cultivated, mustard is more tolerant to abiolic stress ad could withstand environmental stress.

Environmental pollution is a global challenge that demands serious attention and mitigation as it
adversely affects the growth, quality and the sustenance of all organisms, Heavy metals in water and soil may
finally reach the food chain through contaminated water and edible agriculiural products. In an agriculiural

Determination of total chlorophyll in each treated and control plants.'lwcrc carried out as described by John et
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land contaminated with heavy metal such as Cadmium (Cd), Lead (Pb), Chromium (Cr), Nikel (Ni).
which are highly 10xic metals, the contaminant may accumulate in the crop tissues with a significant potential
to impair animal and human health (Dj Toppi and Gabrielli, 1999). Presence of hea vy metals in the soil wis
noted to affect soil microorganisms. soil bindiversity, sol fertility and physiological indices. which resulted in
reduced yield (Majer er al., 2000}, The application of sewage sludge, city wasie and Cd-containing fertilizers
could also increase heavy metal content of the soils {(William and David, 1973).

Lead pollution in soils would not only affect soil microbial community and fertility, but also the
physiological indices which would consequently decline the yield. Soil microbial acti vity is a sensitive indicator
of stress insoil and has been employed in national and international moniloring programmes (Yao ef al. . 20007,
Remediation of heavy metal contaminated soil usually involves high cost and is sometimes technically difficult.
New strategies that are efficient, economical, low-impact and simple in remediating elemental contaminated
soil should be explored. The understanding of heavy melal absorption in plants and resistance mechanisms
developed by such plants would provide information for using plants as heavy metal remediating agent in
polluted soils (Zhang and Huang, 2000). The role of plants in mitigation of pollutants from the soil by
accumulation of toxic elemenis inthe harvestable parts of the plants was reporied (Liu er af., 2003), also, effect
of Arsenic (As) on growrh parameters of mustard has been studied (Gupta er al., 2009). However, study of
elemental accumulation using plants as bio-monitor would require plants with short life cycle. The present
study, therefore, investigated the changes in chlorophyll contemt, metabolites production, growth and heavy
metal accumulation in tissues of mustard seed (8. Juncea) prown under heavy metal contaminations with the

view of understanding B. juncea adaptation to environmental pollution. The results may lead to the utilization
of mustard for phytoremediation and soil reclamation.

MATERIALSANDMETIHOD
Materials
Brassica juncea (mustard) seeds used for the study were provided by the Department of Botany, Navsari
Apgricultural University, Navsari, Gujarat, India. Chemicals and reagents used for this study were of high
analytieal grades purchased from Sigma Aldrich, USA, 8D Fine Chem Ltd., Indja and HiMedia, India.

]

Methods

1. Pot experiment

The pot experiment was condiicted in the net house facility of C. G Bhakra Institute of Diotechnology
{CGBIBT}, Uka Tarsadia University, Bardoli, Surat District of Gujarat, India. Planting bags filled with mixture of
garden soil znd farm yard manure (4:1) were thoroughly watered in preparation for sowing. One week after
germination, sezdlings were treated with 50, 100, 150, 200 and 250 mgkg " soil of Zine sulphate [ZnS0,.711,0],
Lead nitrate [Pb(NO,),] and Cadmium chloride [CdCL]. Five replicates were provided for each of the treatment
concentrations and control in a Randomized Complete Block Design (RCBD). Maderate watering was done
twice ina week. Metal solulions of selected concentrations were repeatedly applied to the soil every 21 days.
Flants were harvested at 15 days interval {from day of sowing) and evaluated for shoot length, root length,
leaf area. total pipment content and biochemical metabolites. Trash and dry weight of plants were determined
atmaturity. The dry weight was determined by drying the plants at 70°C for 72 hours in oven and the weighing
was measured using weighing baian-::e.-‘I

2. Estimation of chlorophyll content ‘
Determination of total ehlorophyll in each treated and control Manis were carried oul as described by John er

al (2009).100 mg of fresh leaf was kept in tubes comaining dimethyl sulfoxide (DMSO) as extracling reagent.
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The tubes were incubated at 65°C for 40 min. Two {2) ml DMSO was mixed with 1 mi aliguot and vortexed,
Absorbance was oblained photometrically at 480, 510, 645 and 663 nm (Beckman D, USA)withDMEO s e
blank ' '

A, Proline content estimation

Free proline content in the leaves was determined by acid ninhydrin (Bates eral., 1973). Using 300 mg of fresh
leaf, the amount of proline in the plant tissucs was checked on absorbance at 520 nm (Cary Varian
Spectrophaotometer). Proline content was calculated by comparing the absorbance vilue against a standard
curve derived from known concentrations of L-proline and cxpressed as ig/mg of fresh weight. [pmoles/g
tissue = (g proline/mi x ml Toluene)f 115.5]

4, Carbohydrate content estimation - '

The total carbohydrate in the plant samples was determined based on a standard method (Irigoyen er al.,
1992). The resultant mixture was checked on absorbance at 620 nm on Epoch Micro-Volume Spectrophotomeler
(Biotech Instruments Inc. USA). A calibration curve was constructed with glucose in (s runge 20 QL
400 ig/ml (Sigma Aldrich, USA).

5, I'rotein conient

Proteins were estimated (Bradford, 1976), 0.5 g of fresh leaf was homogenized in 1 ml phosphate buffer (pH
7.0), centrifuged at S000xg for 10 mn, Half ml (¥ ml) of freshly prepared trichloroacetic acid (TCA) was added
and centrifuged at 8000xg for 15 min. The debris was dissolved in Imlof G.1 N NaOH and 5 m! Bradfard reagent
added. Absorbance was recorded photometrically at 595 nm (Beckman 640 D, USA) and bovine serum albumin
was used for standard curve. ;

6. Estimation of Zinc (Zn), Lead (Pb) and Cadeium (Cd) Accumulation
Heavy metal concentration in the digested root and shoot of B. juncea was determined in hot concentration
HNO, Zn, Pb and Cd content were estimated using Perkin-Elmer Atomic Absorption Spectrophotometer
(Analyst Model 300) equipped with an air-acetylene burner. The heavy melal content was expreszed as mg/g
of the dry weight of the sample. :
The collected dala were processed and the mean values and standard errors cvaluated for Analysis of
variance { ANQVA) using SPS5 Ver. 16. g

RESULTS AND DISCUSSION

1. Growth and biomass yield )

The effect of different concentrations of Zn, Pb and Cd metals on shoot and root is presented in
Tables 1-3. The response of the root and shool system to metal concentrations of 100 400 mg kg of sail
showed enhanced growth among Zn treated plants from juvenile through fruiting stages (15-60 days after
sowing ; DAS) as shown in Table 1. Generally, plantreq tired Zn in traces for essential metabolic process, but
excessive heavy metals could cause decrease in growth, development and oxidative damage in plant tissues
as pointed out by Prasud and Hagmeyer, {1999). The increase in growth and biomass yield of plants treated
with 100-400 mg kg ot Znindicated that low concentration improved root system and helped in efficient water
and nutrient absorption with corresponding growth. The result obtained here were in agreement with Reichman
(2002}, who demonsti ated 1ncrease in growth parameter of plants subjected 1o moderate conce ntration of Zn.
Whereus, lower concentratnms of Zn promoted growth and biomass yield (Table 1}, concenlrations above
400 mg kg'adversely affecied plant physiology. Reduced growth due to excess heavy metals has been
established (Seyyedi et of.. 1999). Application of the metals at higher concentrations might inhibit growth by
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interfering with enzymatic pathways and cause a shift in microbial activities in root

rhizosphere resulling in
reduced prow

th. In addition, higher concentrations of Zn in the soil could Icad to Iron (Fe), Manganese (Mn)
and Copper (Cu) deficiencies which hinder the transfer of these micronutrient from the root 10 the shoot (Ebbs
and Kochian, 1997), '

Furthermore, higher concentrations of lead and all concentrations of Cd adversely affected plant
growth in terms of shoot and root length at all growth stages (Tables 2 and 3). High Cd in the so0il could induce
stress on plants, causing low water potential, reduced nutrient uptake and disturbance of macrotbules
organization in the merisiem re gion Also, it may cause irreversitle inhibition on the protan pump responsibile
for absorption mechanism which consequently leads to stunted growth {Eun er al., 2000). Plants grown on
soil with high Cd concentration reportedly exhibit retarded growth, chlorosis, browning of rool cap and
eventually death (Gua eral., 2008).

The Leaf area of plant treated with Zine concentrations of s100-400 mgkg ' was higher compared with
control, but 600-800 mgkg ! concentrations resulted in smaller lealarea (Fig 1). Increase in leaf arca under low
concentrations sugpests Zn involvement in chlorophyll synthesis, cell division and meristematic activity,
Thus a decrease in the leaf area art higher concentrations ean he attributed to reduction in the number of cell
or cell size (Meiri and Poljakaff-Ma yber, 1967). Decline in leaf area was obscrved from 60-75 days alter sowing
(DAS}) for all treaiment concentrations (Fig 1), Compared with control, lead treated plant yielded slightly
higher leaf area for 100-400 mg kg' which declined at 600-800 mg kg ! from 60-75 DAS (Fig2). The trend was
similar for Cd treated plants {Fig 3). The decline in response to metal concentrations at post flower stage (60-
75 DAS) was due to shift 1o maturit ¥ which involves senescence accompanied with reduced nutrient uptake,
This finding concurred with the previous result which ohserved reduction in growih and biomass yield of £,
Juncea under heavy metal siress at post fruiting stage (Jahn er af., 2004,

Although 100-400 mgkg ! r:o_:jgl:-:ntratiuns enhanced total biomass yield among Zn and Pb treated
plants, the highest values of 1otal biomass yield(177.80 g of wetand 81.42 g dry weight) was obtained with Zn
400 mgkg ' at 75 DAS (Fig 4). Similarly, 400 mgkg! of Pb yielded 165.31 g of wetand 72.46g of dry weight

ahead of Control (15955 ¢ wet and 58.64 2 dry weipht). The effect of Cd on biomass yield of B. juncea at 75
DAS is shown in Figurc 4. Reduced wet and dry weights were recorded for all the mectal reatments at higher
concentrations of 600 800mgkg” of soil (Fig 4).

2. Biochemical parameters

Figurcs 5-7 showed effects of Zn, Pb and Cd on total chlorophyll content of mustard at different
growth stages. Lower concentrations ( 100-400 m gkg'') produced higher chlorophyll while concentrations of
GOO-800 mekg! resulted in a decreasing trend with respect to chlerophyll production {Fig 5-7). Total
photosynthetic pigments increased from 15-45 DAS with 100-400 mgk g-'wreatments bt declined from 60-75 DAS. Low
concentrations of Zn increased chlorophyll production because Zn was involved in synthesis or ns-g colactor in
chlorophyll biasynthesis pathway (Van Assche er af, 198E). Higher concentration (600-800 mgkg-') however was toxic,
resulting in decreased chiorophyll production. Similar decrease in chloraphyll production al higher Cd concentrations
was earlier reporied in almond (Elloumi er al., 2007). Higher level of Zn, Ph and Cd indicaled marked depression in
photosynthetic pigments production of mustard plants by interfering with its bios ynthesis. Since chlorophyll
synthesis depends on the adequate supply of iron {Fe) and Magnesium (Mp), excess zine would induce
physiological Fe and Mg deficiencies that affect chlorophyll synthesis (Siedlecka and Krupa, 19993.0n the
ather hand, Pb and Cd stress are capable of disrupting hinsynthesis enzymes, impairment of photochloro phyll reductase
and inhibition of the activity of carboxylation enzymes in pigment biosynthetic pathway (Van Assche and Clijsters,
1990).The 100-400 mgkg'concentrations progressively increased carbohydrate production (15-45 DAS).
Decline in carbohydrate was observed at 600-800 mgkg ' concentrations (Fig 8). The trend was similar for Ph
and Cd, carbohydrate content was remarkabl ¥y higher in all concentrations of Pb and some Cd treated plants,

=
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while Zn treated plants had the least enrbohydrates across all concentrations and days of evaluation (Fig 8).
Decrease in carbohydrate from 60-75 DAS revealed that carbohydrate synthesis is directly related 10
photosynthetic assimilation, Previous studies have shown that carbohydrate accumulation in response (0
heavy metal treatment depends on concentrations of such metal {Magajyoti et al., 2010). -

The results of protein content in response to metal concentrations are shown in Fig 9. The decreasc
in protein content at higher concentrations {600-§00mgkg-') as observed in this study, in particular on Pb and
Cd wreated plants likely arose from protein degradation process as 2 resull of incrensed protease activity
which is found to increase under stress condition (Palma et al., 2(102). Furthermore, it1s possible these heavy
metals induced lipid peroxidation and (ragmentation of proteins which led to reduced protein content. This is
in tandem with other findings which reponed decrease in total soluble protein of B. juncea with increase inCd
and P'b concentrations {John e al., 2009).Proline production trend was similar forall the metals evaoluated. Al
15-30 DAS, proline content was low but increased considerably from 45-75 DAS for all the metal concentrations
(Fig 10}. It was demonstrated that plants Jccumulate considerable amount of preline and amino acid under
stress condition {Ahmed ef al., 2008). This may contribute to osmeregulation, enzymatic methylation and
reduction in macromolecules or cellular organelle stability. Accumulation of proline wis favoured by heavy
metal stress, which may increase due lo de novo synthesis of biochemical in plants (Kasai et al., 1993).

3. Heavy metal accumulation

Heavy metal accumulation at maturity (75 DAS) is shown in Table 4. Generally, accumulation of
metals was higher in the root than in the shoat system and metal accumulation increased with increase in
concentrations. The trend of accumulation was Cd>Pb>Zn, thus accumulation af Zn in the plant was
considerably low compared with Pb and Cd. SinceZn is required by plants in little amount, its accumulation
in the root was the least, Highest accumulation (85.28 mgg"dw) was recorded at 800mg kg'inthe rootof Cd
treated plant (Table 4). Higher metal accumulation in the root indicates the roots evolved mechanism of
preventing total absorbed metal from translocation 1o the shoot system. This mechanism may involve
chemiosmatic regulation in the root membrane which is selectively permeable. However, it was arzued that
transtocation hindrance would affect efficiency of macronutriznls movement from the root to the shoot
(Nagajyoti er al., 2010). High Cd accumulation in the studied plant conform to earlier studies where higher Cd
accumulation in the reot of plant was documented (John ef af,, 2009). Moreover, heavy metal may be unevenly
distributed in the root, therefore, different species may actdifferently under apoplastic and symplastic transport
which makes transportation 1o the shoot system restricted. Thé accumalation of heavy metal occurs in the
vacuales of root cells thus limiting the heavy metal transportation to shoats, so heavy metals are stored
predominantly in the roots: '

CONCLUSION

The results of the present study showed that low coneentrations of Zn may increase biomass yield,
but application of Zn at higher concentration adversely affected biomass yield. However, decrease in growth
and biomass yield were obtained with Pb and Cd. Total chlorophyll, carbohydrate, protein and proline
increased at lower concentration which decreased at higher concentrations. Also, higher concentrations of
heavy metals adversely affected biomass and biochemical yield at post flowering stage {60-73 DAS), Least
metal accumulation was recorded in Zn while Cd was most accumulated followed by Pb. The study concludes
that higher concentrations of heavy metal negatively affectzd biomass, biochemical yield and increase
accumulalion of heavy metal predominantly in the root of B. juncea and the plant may be used as a model
plant in studying remediation of heavy metal contaminated soil.
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Table 1 Effect of Zn concentrations on growth of Brassica juncen at different grawth stages

Meul(mgke")  Plant grow em) © ISdays 30 days 45 days 60 days 75 day

Control Rookngh 935418 1685301 R41806 2705951 93539
Shootheight  S5IT BALT M40 DML S62e0)
100 Rootlensh 9312127 18920104 230205 MAIIi6 3150247
Shootheight 28026026 M2531T 4625090 5516449 S8T4434
200 Root kngth -' $31£132 1745220 BB 3130342 38200
Shootheight  17TS6 IR 4545307 STAIDD  S904e407
10 Roockugh - 1034014 186128 24930 MBd303 3140
Shootbeight 29348204 | BALI 4955307 ST 6081413
600 Rootkngth 87116 (1234009 1634734 19490107 2594315
Stootbeight  1634:008  MEIIM MMM 4146m019 41680313
800 Rootlkeogh 823009 10652213 M3 1687110 17490212

Shoot height D221 196129 %1306 34355307 31.69:3.12

o

B
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Table 2: Effect of Pb concentrations on growth of Brastica juncea at different growth stages

Metal (mgkg ") Plant growth {cm) 15 days 30 days 45 days 60 days 75 day:

Conrrol Roat length 9.25+1 .49 16854301 22413306 27052357  2935:321

Shoot keight 552135 33251 MA0sd04 52120487 56.2+44]

100 Root length 901+ 104 164223 % 2219:205 25412200 26.51+315
Shootheight ~ 22.0041% 2614210 36252344 49065401 517431

20 Rootlength  1037¢132 14472246  2605:2% 3322312 32124362
Shootheisht 2823303 36124339 43055342 4933s402 51295407
400 Rootlength  1038:004 2014224 18306 247360 3034832
Shootheigh 3011206 341341 572300 S230e408  S$581edll
600 Rootlength  871=105  981:009 1424258 17296107 2009215
Shotheight  1L<LIS 16442221 2548321 B30 38686301
300 Rotlengh 723009 96921 123109 138710l 148LsL10

Shoot heteh HIZTID 1502204 2012106 24550226 2769+3.15
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Table 3: Effect of Cd concentrations on growth of Brassica juncea at differeat growth stages
E 'i &

Metal (mgkg")  Plant growth (cm) 15 days 30 days Sdays . 60days 75 day:
Control Root kength 925+] 49 16.85+3.01 N4506 2205357 29352370

Shootheight ~ T155:135  3321s15)  4140s414  SLIZAE2  562+441
100 Rootkngh 8412098 [356=101  236sL15 2673322 28512208
Shootheight 03121 BI0s116 BRI MRS 497301
200 Rootkngh  T41:036  1245:15 16295323  1996:242  2352:260
Shootheight 1775334 3637306 33452207 3878336 3024304
100 Rootkngh 8314019 1490201 1945201 26148303 282502
Shoothisht 18082241 20400051 4031402 47701 4630347
600 Rootleoeth  720:006 1405101 IS24208 112100 D30
Shoohdsht 1034103 1ML TSRS 606313 2831s303
500 Rootkneth 621004 1004115 138Isl1l 15876110 16915214

Shootheis  160:068  1261:133 TS0 2SS0 2540:100

1
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Table 4: Heavy metal accumulation in the root and shoot of B. jiricea treated with different

concentrations of Zn, Pb and Cd

Metal Accumulation (mgg'dw)

Merals 7n Fb Cd

Conc. (me/kg Shoot Root Shoot Root Shoot Root

of saul)

Control (0) 0382002 1.19:008 038002 1.192008 0.38+002 1.19:008

100 5754006 941+105 8553101 38.1243.02 97351145 41.2125.65
200 11101 13445101 21402205 43332260 1141195 52184402
400 13234000 21.48+1.52 19253252 44814323 1 56+2 50 7335475
600 19.41+1.95 34264280 2225+7 18 5446305 2. 10205 B1.6624.05

800 11444705 4150300 2731255 615633 77822190 8528401
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