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L ead induced oxidative stress and development change on
Coriandrum Sativum

Summary

Lead (Pb) is ubiquitous pollutant in environmentiebhcauses many toxic effects, at high and low dose
Lead makes disruptions at all plants by reducttergrowth and development of aerial parts and rdats
this study, assessing the capacity of lead to iadudysfunctioning in development of roots andagrarts

at different concentrations after 21 day and 40sddyochemical parameters of oxidative stress and
morphological change on Coriandrum sativum wasistluéh the present investigation. The seeds were
sprayed with a solution containing lead to difféereancentrations for 40 days with six lead levélsaé
control, 500, 1000, 1500, 2000, 2500 and 3000 HgThe soil used was characterized; the resultsvsho
that there is no change in its properties. Parasetach as growth, oxidative damage markers (lipid
peroxidation, proline, chlorophyll and hydrogen géde contents) were investigated. Roots, sheets an
stalks indicate that chlorophyll and carotenoidaemiration were significantly decreased at 3000 igb
than control. Lipid peroxidation and,, levels were increased at the dose of 2500 and 30§0*
compared to control treatment; no difference wasdetween 500mg-land control in all part in plant.
Morphological studies show that the group exposed3®00 mg:f of lead shows a very important
development of the tissues of roots and stems cadpa control and to the group exposed to 500 hrf.|

Pb. changes in morphological structure and non+eatig antioxidants have shown that lead exposure
causes a significant perturbation @oriandrum sativum Linn seedlings affecting biochemical and
physiological processes.
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Introduction

The contamination of soil by heavy metals is onghefmost serious environmental problems and lipmfisiant

implications for human health. Some industrial dttés and agricultural practices increase theielan the

substrate, and the possible introduction of theneks in the food chain is an increasing humantiheaincern
(Cakmak et al., 2000). The accumulation of heavyatsen plants presents a toxic hazard to man, usecthe
cultivated plants are the point of entry into tbed chain. CoriandeCpriandrum sativum L.), which belongs to
the family Apiaceae (Umbelliferae) is mainly cuéited from its seeds throughout the year (Mhemdilet
2011), is widely used in the human diet, changimrtcomposition or properties would cause deleterieffects
to their consumers.

Engineering industrial techniques used to clearargaminated soils are expensive and suitable fanlgmall
polluted areas (Lutts et al., 2004). Furthermtuese technologies are not only costly, but thep ahuse soil
disturbances and they are not readily acceptecheygeneral public (Perchet, 2008; Saifullah et 2009).
Phytoremediation has been highlighted as an alieengechnique to traditional methodologies, foe temoval

of heavy metals from soil. Two approaches have lmgarerally proposed for the phytoremediation ofvigea
metals. The first one is using of natural hyperawglator plants with high metal accumulating capacit
However, the research must be pursued at the &fvible increase of the assimilation of heavy melgighe
vegetation we taking as example the lead. While gbeond is utilizing of high-biomass plants whereas
relatively high amounts of the metal accumulateglayts is often translocated from the root tortfwre easily
harvestable shoots (Chen et al., 2004 and Manoesaki, 2007).

Quantities of lead absorbed by the roots depentieconcentration of metal in the soil, but als@®Mmigration
capabilities from the ground to the roots and th@ant of lead present in the various part of plalggends on
the transport from outside of roots toward thedesiand then its translocation to leaves (Pateh ,£2004). Lead
contamination in the plant environment is knowrcéuse highly toxic effects on processes such asesgpn
on seed germination (Wierzbicka and Obidzinska8).9@xicity of nucleoli (Liu et al., 1994), inhitbdn of root
and shoot growth (Liu et al., 1994), reduction hofwsynthesis (Poskuta and Waclawczyk-Lach, 1995\
synthesis (Gabara et al., 1992) and inhibition aivation of enzymatic activities (Van Assche anlisters,
1990). Lead not only affects plant growth and patdity but also enters into the food chain caushealth
hazards to man and animals (Seaward and Richarii86q).
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Lead was recognized as causing oxidative stregdaints; coriander may have a strong resistancea, Ican
have an antioxidant activity and inhibit unwanteddant processedfangensteen et al., 2004; Meloa et al.,
2009. But little is known about the effects of lead thie physiological processes and the biochemicahgbs

at short and long term of exposed to lead of cdearseedlings. The objective of the present wotk study the
effects of different concentrations of lead on leabts and rods of coriander including growth, giblpgical
and biochemical processes such as the differemhguits, soluble proteins, lipid peroxidation and rogeén
peroxide contents; and description of morpholdgit@nges. The possible mechanisms of Coriandellinge
tolerance of lead stress are briefly discussetlémtesent study.

Materials and M ethods
Plant material

Coriander Coriandrum sativum L.) seed were used in our experimentation and siras sterilized with 0.1%
HgCl2 for the prevention of fungal and bacteriahtzonination (Young, 1926). In the first, we havenpered
seeds overnight for accelerate germination. We wcted the experiment in 14 pots clean plastic wihiak a
depth of 20 cm and a diameter of less than 10 affonaéed to allow the water to drain out. Each wes filled
with 500 g sandy soil, containing compost from ek origin added to the sterilized sand (2V ofdsalV of
compost), soil sample was characterized by pH 7EGe = 2.5 dS/m, CaCO3 = 3.2 %, organic matter02 0
%, Clay = 2 %, Silt = 3 % and Sand = 95 %. We hsowed our seeds (70 seeds) to approximately 2.Bicm
depth and pots were watered to keep moisture coapgmoximately at 60% of water holding capacityidg 40
days with solutions of lead acetate at differemtasmtrations ( 500,1000,1500 , 2000, 2500, 3000-ingand a
witness sprayed with distilled water, with 3 repties. Our seedling was placed in a greenhouse am Q@r
University in controlled conditions as it is shown Table 1. After 40 days of lead exposure, thehfreample
weights was determined and were kept at -80°Cuidhér analyses.

Chlorophyll and carotenoid determination

Fresh biomass (leaves) was homogenized in 80%ltt@cetone in the dark and then centrifuged at A§Gor
10 min at 4°C and the supernatant was used fointheediate determination of pigments. Absorbanceéhef
solution was determined spectrophotometrically &8,845 and 480 nM the contents of chlorophyll aard
carotenoid, respectively; with the following eqoat help of Arnon’s formulae (Arnon, 1949), for
quantification of the total chlorophyll, chlorophg and chlorophyll b content in an 80% acetoneaext

Total chlorophyll = 20.2 (A645) + 8.02 (A663)
Chlorophyll a = 12.7 (A663) - 2.69 (A645)

Chlorophyll b = 22.9 (A645) - 4.68 (A663)

And Carotenoids= (1000A480 - 3.27[chl a] - 104[bh¥227

Chlorophyll and carotenoid concentrations were esged as mg g-1fresh weight.

Estimation of lipid peroxidation

The level of peroxidation was measured in termsafondialdehyde (MDA) (a product of lipid peroxiitat)
content determined by the thiobarbituric acid (TBA#xction as described by Heath and Packer (18882en
shoot was homogenized in 5 ml of 0.1% trichloroacatid (TCA). The homogenate was centrifuged &080

for 20 min and 4.0 ml of 20% TCA containing 0.5% A'Bras added. The mixture was heated at 95°C for 30
min and then quickly cooled on ice bath. The costerere centrifuged at 8000 g for 20 min and theodtance

of the supernatant was measured at 532 nM and ahe vor the non-specific absorption at 600 nM was
subtracted. The concentration of MDA was calculatsithg coefficient of absorbance of 155 . MDA
content expressed as nM fresh weight.

Determination of hydrogen peroxide

The HO, concentration was determined according to Loratb\Aelikova (2001). Approximately 0.1g of shoots
was homogenized at 4°C in 2 ml of 0.1% trichlordiacacid (TCA) (w:v). The homogenate was centrifdige
12000 g for 15 min at 4°C. Then, 0.5 ml of the soptant was added to 0.5 ml of 10 mM K-phosphatéebu
(pH 7.0) and 1 ml of 1M KI. The #D, concentration of the supernatant was evaluateddmparing its
absorbance at 390 nM with a standard calibratiowecuHydrogen peroxide concentration was expressed
uM.g* fresh weight.

Extraction and assays of soluble proteins



67 The proteins have been doses according to the ahéBradford, 1976), briefly 1 g of fresh tissue, was crushed

68 in the presence of sand, in 10 ml of medium ofaetion with following composition: phosphate buffér1M,

69 pH 7); KHPQ, to 0.1M; Triton x 100 to 0.1 % ; EDTA and centgfd at 3000 rpm for 10 min, the supernatant
70 (protein extract) is recovered for the assay ofginoand reaction was read365 nm and express by mg /g MF

71 (fresh material).

72 Proline assay

73 400 Mg of plant material is put into a mortar amdpped with 5 ml of ethanol at 95% followed by #re
74 flushing and washes with 5ml of ethanol at 70 %he Tinal solution is collected in a test tube satth is
75 decanted during 60 min. two phase are distinguighetigher phase of light green color and a loweaise of
76 dark green color) (Nguyen and Paquin , 19BImL of the upper phase are collected, to whichedded 2 ml of
77 chloroform and 3 ml of distilled water. After agditan, the solution is maintained at rest for 24 risan the cold
78  for a good separation. After assay the optical idgisread using a colorimeter, the wavelengtfls nm.

79
80 Data analysis
81  All data were analyzed in three replications ang dbtained data were evaluated statistically uSinglent's
82  test, and least significant difference (LSD) waswated at p < 0.05.
83
84 Results
85

86 Growth and fresh weight

87  The results after exposure of seeds to differententration of lead (500, 1000, 1500, 2000, 250003mg.1")

88 for 20 days, a significant reduction in leaves nambby 40%, 58%, 70 ; 74%, 84% and 92% respegfives
89 obtained compared to control, and the weight cltshheets, rods and roots decrease significartty pbisoned
90 in all groups compared to control by 90%, 87%, 81&&pectively. After 40th days of exposure to défe
91 concentration of lead, show a net increase in wed§hods and sheets compared to the control. Timbers of
92 sheets was significantly decreases with increaiagoncentration from 500 to 3000, respectivelypared to
93 control (Table. 2 and 3). After testing the contaatéd soil and the rest of the lead solution usegetform
94 analysis

95 Chlorophyll and carotenoid

96  After 20" days, our results shown a significant decreas®,(%) in the rate of chlorophyll (a) in all groups

97 exposed to lead (from 500 mig.to 3000 mg:f) compared to control group by 10.41 %, 24.94 98.2% %,

98  47.50 % ,65.5% and 76.46 %. Chlorophyll (b) haxgni$icantly lower levels compared to control groups

99 23.95 %, 55.98 %, 51.39%, 70.89%, 72.56% and 84,9%%pectively. Increased lead exposure causes a
100  significant reduction in carotene levels compareddntrol from 49.08 % to 94.56 % respectively (€a@).

101

102  After 40" days, the rate of carotenoid and total chloroptigtireased significantly at the dose of 2500 Trayid
103 3000 mg. compared to the control (-27%, -41% and -24%, -3#sépectively) and no difference was noted in
104  the other concentrations.

105 Lipid peroxidation and hydrogen peroxide

106 At 20" days of exposed to increased levels of lead (5000, 1500, 2000, 2500 and 3000 rijy.we noted a
107 significant increase level of hydrogen peroxideshreets compared to control. In rods, the level yafrgen
108 peroxide was higher by 2 to 4 times in all grougpased to lead compared to control. According @sults
109 (fig. 1), we noted that the hydrogen peroxide conteas very lower in roots of control, however pntrast the
110 level of hydrogen peroxide was 60 times more imaort(p<0,05) in stems at 3000 mig.tompared to
111 control. After 40 days, the level of hydrogen pédexis significantly higher (400 times) in the stseef plant
112 exposed to 3000 mg.lof lead compared to control.
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Fig. 1, shows a significantly increased contenlipfl peroxidation by 1.5 to 2.5 compared to cohtrosheets
after 20 day of plant exposed to 2000 mMdd 3000 mg:f, in rods the level of lipids peroxidation was ieased
from 1.8 to 5 times in all groups exposed to défdrconcentration of lead compared to control.als been
noted that the rate of TBARS increases each timeth® concentration in lead increases, howevarats, after
20 day, we noted that the level of lipids peroxigatwas increased by 87.5%, 150%, 250 %, 275% &08463
respectively to a concentration in lead of 1000my@00 mg/l, 2000 mg/l, 2500 mg/l and 3000mg/lea#t0
days of exposed to lead, we obtain that the rodkrants indicate a significant increased of levelipids

paroxidation in all groups by 1.2 and 2.7 times pared to control; in sheets, we noted the rateipid |
peroxidation decreases significantly with incregsine rate of lead in the ground, from 1.3 to 38t less.

Soluble protein and Proline levels

The results obtained in Table 5 indicated thatiélvel of soluble protein in leaves was significgrticreased by
35% and 60% in groups receive 2000 Mghd 3000 mg respectively compared to control, at 500, 1000,
1500 mg/l dose respectively, we noted a significledrease 12.5% to 50 %. In rods, the rate of sloitmtein
was 14.6 and 13.6 times more important in planeikec2500 mg} and 3000 mgi compared to control; in
roots, soluble protein was 2 to 4 times more inseelain groups receive 1000, 1500, 2000, 2500, 30§0"
compared to control. In the Table 6, the solublatgin was significantly higher (p<0.05) from 28%68% in
sheets, rods and roots after irrigation of plarihwiater contain 3000 md.bof lead.

At level of leaves, rods and roots (Table. 5 andtByas observed that the level of proline inceegsadually
with increase of lead concentration from 10 toites more compared to control. After 40 days ofosion to
lead at different concentration, level of prolinasasignificantly higher from 2 to 8 times more ttmtrol, in
sheets, rods and roots.

Discussion

Lead is an element not very mobile and has a vigty persistence in soil (Saddler and Berthelin,89%he
plants have many systems of detoxification to limieraction of these ions with biological molejldead
induce a range of deleterious effects for the aigsnbe disrupts the membrane structures and phneodified
the statute of waterborne, disrupted the absorptind/or the translocation of essential mineralsnelgs
(calcium, manganese, zinc, iron etc....) or furthetuced photosynthesis (Seregin and Ivanov, 2004rng&h
and Dubey, 2005). Depending to environment conatitigplants can absorb a part of the lead preseheisoil
and Pb2+ ions broadcast in the root, but are btbdkethe physical barrier like endoderme. At theernacopic
scale, the plants exposure to lead induces a fieduct growth of biomass, yields and when strededssevere,
led to the emergence of resprouts necrosis andrfahlorotic, or even to the death of the plartaf@a and
Dubey, 2005). It also presents a high affinity footeins which possess thiol groups or of metabctfrs
(metallo-enzymes). However, despite the toxicitstaia of these two types of interactions, it is eobugh to
explain the large variety of deleterious effectssared in plants treated with lead and particulahyg
genotoxicity induced by this metal (pourrut et 2008).

In our results indicate that the treatment withdléduces an increase in production gOxand Q¢, we can
explain this by fact that it is possible to estieatdirectly the level of ERO production and thengation of
oxidative stress, by measuring the activity of @xitlant enzymes, or the rate of lipid peroxidatiemjch are
biomarkers of oxidative stress (Sharma and Dub@§52Chen et al., 2007; Wang and al., 2007). Aneiase in
lipid peroxidation content in coriander grown unéér stress was observed (Fig. 1). It is possilaeititrease of
MDA concentration in Coriander may be due to aéase in polyunsaturated fatty acid concentratitative to

saturated fatty acids, which has also been repadrtezsbme plants under stressful conditions (Ru@nakd

Gwozdz, 2005; Grappa et al., 2007).

The increased of ¥, may be essentially due to reduction of catalas&itgc the case of this enzyme is
complex, since half of publications reported anibitton of activity by lead (Verma and Dubey, 2003;
Choudhury and Panda, 2004; Seregin and al., 20bdn @nd al., 2007; Dey and al., 2007; Hu and &i;72
Qureshi and al., 2007; Gopal and Rizvi, 2008), dtieer half shows an increase of his activity (Reddd al.,
2005; Mishra and al., 2006). This inhibition seetm$e due to the species treated, to duration ortémsity of
the treatment. The inhibition of catalase activias been observed during different stress, fahallorganisms
studied, this inhibition is not a general rule; thégin of this phenomenon is still widely debatéud.addition,
when the CAT is inhibited, this mechanism is dospehdent and the catalase is a metallo-enzymahitsition
could be due to a direct interaction with the Ifaahdberg and Greger, 2002).
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Some molecules non-loaded are also able to spteadgh the plant walls and can thus cause of nieltip
damage as oxidation of DNA (Britt, 1997), or evéw toxidation of proteins including at the level tok
cysteines and methionines (Rinalducci et al. 20B&ytoli et al., 2004), these are the two amina@s¢hat are
most sensitive and since they are quite often wreablin the fixing of metals or in the catalytic pesties of
many enzymes and proteins; reactive oxygen spedoidtivate enzymes and damage important cellular
components. ROS are responsible for protein, Boid nucleic acid modification and are thought sy@ major
role in ageing and cell death (Jacobson et al.6199

The lead exposure leads to a strong inhibitionhadtpsynthesis, the photosynthetic yield, and tonétdtion of
the rate of assimilation of GCrhis inhibition is explained by the decrease @& tavels of chlorophylls and
carotenoids generally found (Kosobrukhov and @042 Gopal and Rizvi, 2008). The chlorophyll b seemore
sensitive than chlorophyll a (Kacabova and Nat86L9 Wozny and al., 1995; Vodnik and al., 1999ngBt
oxygen is the first excited electronic state of @Rufficient energy dissipation during photosyrsikecan lead
to formation of chlorophyll (Chl) triplet state. Anthe Chl triplet state can react with 3@ give up very
reactive singlet oxygen. It has been proved thaglst oxygen formation during photosynthesis cameha
damaging effect on photosystem | (PSI) and a plgstem Il (PSIl) and on whole machinery of photobsis.

Lead interacts at this level in two ways:

- In a direct manner, by substituting divalent ioekited to the metallo-enzymes. This is partiduldre case
with the 6-aminolevulinate deshydratase (ALAD) which is a ttasis of the synthesis of the chlorophylls and
whose ion Zn2+ is replaced by Pb2+;

- In an indirect way, by inducing a deficiency irese divalent ions.

Proline,a-amino acid is an antioxidant and potential infubiof programmed cell death and is considered as an
indicator of stress; in several plant, the accutuaof proline has been observed as a responbé&tic and
abiotic stress ((Boguszewska et al. 2010; Torred28hatamipour and al., 2011). It has been suggettat
free proline act as osmoprotectant, a protein litebi a metal chelator, an inhibitor of lipid p&mation and
OHe and 'O, scavenger. Increased proline accumulation appespscially during salt, drought and metal
stresses (Trovato et al., 2008). Therefore proim@ot only an important signaling molecule, buscalan
effective ROS quencher. It has been found thatitijgortant role of proline is in potentiating perges
phosphatase pathway activity as important compooieantioxidative defense mechanism (Hare & Creé$7).

Conclusion

Thus, the finding thaCoriandrum sativum L. shows that it is good plant material for studyotber aspects of
abiotic stress resistance mechanisms. Based qurékent work, it can be suggested that toxic canagons of
lead cause oxidative stress, as evidenced by isedeld202 formation, lipid peroxidation and prolo@ntent in
coriander plant. In this study, a significant chang different parameters such as growth of shodt r@ots,
chlorophyll and carotenoid concentrations coupldth vipid peroxidation, protein oxidation and hyden
peroxide indicated that high Pb levels in nutrieptution produced toxic effects. It was proposedt tthe
reduced growth in Pb of coriander exposed to ttedels of Pb might be induced by an enhanced ptaztuof
toxic oxygen species and subsequent lipid peroxidatMoreover, it was possible to observe that &erant
plants developed some defense mechanisms agaidatio® stress.
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Table 1: General condition of culture in the greenhouse.

Brightness| Temperature| ,. SUNSHINE Wind Humidit .
Parameters gL EC Air W/M2 W/m2 km/h % y Side
Day 1 10000 23.9 474 468 0 100 Right
Day 2 9915 15.6 50 51 K/h 100 Left
Day 3 9911 15 50 48 K/h 100 Left
Day 4 9663 15 49 46 K/h 100 Left
Day 5 9410 14.8 50 44 K/h 100 Left
Day 6 9174 14.6 50 43 K/h 100 Left
Day 7 10000 24 474 466 0 100 Right
Day 8 10000 24.9 475 470 0 100 Right
Day 9 8914 14.7 50 43 K/h 100 Left
Day 10 8876 14.3 47 41 K/h 100 Left

Table 2: Plant morphology modification after 20 days to kegosed at different level

Concentration| Length | Number of Weight (g)
mg/l (cm) Sheets Sheets Rods Roots
Control 11.5 113 1.641 1.315 0.563
500 7.04 67 0.458 1.115 0.347
1000 4.02 47 0.337 0.675 0.331
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317
318

1500 3.07 33 0.284 0.259 0.102
2000 2.6 29 0.155 0.164 0.84
2500 15 17 0.122 0.077 0.75
3000 1.01 9 0.117 0.36 0.34

Table 3: Plant morphology modification after 40 days todexposed at different level

Concentration Length Number of sheets Weight (@)
Mg/l Cm Green Clear Green| Yellow Sheets Rods Roots
0 23 595 0 0 17.961 5.726 2.828
500 19 567 158 0 15.460 5.222 3.443
1000 175 487 182 28 15.470 5.594 4.671
1500 18 334 298 131 17.635 5.377 3.847
2000 185 266 184 141 18.814 5.433 4.635
2500 19 158 398 157 19.323 5.245 4.213
3000 17.8 165 390 149 17.524 5.317 5.423
319
320 Table 4: Effect of lead on different pigments @oriandrum sativum L.
20th Day 40th Day
Chlorophyll mg, & Fresh tissue weight Chlorophyll mg,Bresh tissue weight
b Total Total a b Total Total
Carotenoid Carotenoid
Control 9,22+1.12 7,18+1.22 16,4+2.55 5,99+2.85 7FN99 3,6+0.44 11,07+1.13 2,95+0.75
500 8,26+0.73 5,46+2.43 13,72+2.1( 3,05+1.25 7,531 3,4+0.97 10,63+1.55 2,71+0.61
100( 6,92+1.4: 3,1¢+0.91 10,0(8+1.98* 1,7#1.97 7,1+1.62 3,220.34 10,3€+1.92 2,6¢+0.5¢4
1500 5,23+1.29*| 3,49+1.09% 8,72+1.21* 1,73+2.44 6:8.55 3,16+1.07 9,96+2.40 2,640.16
2000 4,84+0.81*| 2,09+1.46* 6,93+2.45* 1,35£1.11* 26+2.09 2,93+0.81 9,19+1.41 2,42+0.45
2500 3,18+1.32* 1,97+1.66% 5,15+1.68* 0,48+0.22* 751.84 2,63+0.71 8,33%+1.34 2,13+0.72
3000 2,17+0.75* 1,08+0.99% 3,25+2.59* 0,32+0.14* O05$1.24* 2,21+0.42* | 7,23+1.75*% 1,73+0.64
321 (*) the average of three replication are signifitanifferent compared to control at p<0.05.
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323 Figure 1: Effect of differentead level on lipid peroxidation and hydrogen péexof Coriandrum sativum L.
324  ((*) the average of three replication are signifityrdifferent compared to control at p<0.(

325
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329
330
331
332
333
334
335
336
337
338 Table5: Effect of lead on soluble proteins (lg/g freshu&weight) and proline (mM:g) in Coriandrum
339 sativum L. after 20 days
Sheets Rods Roots
Soluble Proline Soluble Proline Soluble Proline
Protein Protein Protein
Control 114,8+6.4 1,76+0.45 8,4+1.14 1,11+0.61 103,6%10.2 0,56+0.42
500 58,8+4.8* 2,2&+0.65 16,8+1.01* 2,94+0.35% 98,0+9.5 1,33+0.54
1000 67,245.7* 3,2&0.49* 47,61£3.21* 3,83+0.73* 224,0£20.2% 1,94+0.96
1500 98,0+4.9* 4,61+0.46* 22,4+2.22* 4,94+1.04* 302,4+34.3% 4,72+1.40*
2000 151,2+15.5* 6,3=1.07* 25,2+2.71* 5,89+0.89* 355,6+40.1* 9,67+2.20*
2500 1120+16.4 10,94¢2.22¢ | 1232+15.5% | 6,94t1.55* 2912+35.5* 12,56+2. 75
3000 179,2+25.5* 12,7¢+3.33* 114,8+13.43* 9,00+2.22% 431,3455.5% 16,89+4.61*

340 (*) the average of three replication are signifitadifferent compared to control at 0.05.
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Table 6: Effect of lead on soluble proteins (1g/g freskuis weight) and proline (mMXyin Coriandrum
sativum L. after 40 days

Sheets Rods Roots
Soluble Proline Soluble Proline Soluble Proline
Protein Protein Protein
Control 30,8+4.5 0,00¢+0.001 280+2.22 1,01+0.2¢ 196+3.12 1,1+0.44
500 61,6+6.6* 0,014+0.004 22,4+1.75* 1,72+0.42 19.,624.4| 2,3+0.82
1000 58,8+3.7* 0,019+0.003* 14,0+0.95* 1,90+0.72 14,020. 2,7+0.42*
1500 50,4+3.1* 0,021+0.007* 8,4+1.40* 3,51+1.21¢ 14,068. 3,040.75*
2000 75,447 .4* 0,021+0.005* 11,2+0.75* 4,85+1.53¢* 11,2#1* 4,0+1.09*
2500 58,8+5.2* 0,022+0.006* 25,242.33 6,50+1.95* 19,6H€B. 5,3+1.17*
3000 81,248.8* 0,027+0.004* 30,8+4.41 8,31+2.12* 25,772. 7,4+1.54*

(*) the average of three replication are signifitanifferent compared to control at p<0.05.




