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L ead induced oxidative stress and development change on
Coriandrum Sativum

Summary

Lead (Pb) is ubiquitous pollutant in environmentishhcauses many toxic effects, at high and low dB&e
make disruptions at all plants by reduction itsvgio and development of aerial parts and roots.hla t
study, assessing the capacity of lead to inducgstudctioning in development of roots and aeriatpat
differents concentrations after 21-day and 40 ddyschemical parameters of oxidative stress and
morphological change on Coriandrum sativum wasistluéh the present investigation. The seeds were
sprayed with a solution containing lead to différeoncentrations for 40 days with six Pb levelsag)
control, 500, 1000, 1500, 2000, 2500 and 3000 ihg.IFhe soil used was characterized; the resutisvsh
that there is no change in its properties. Parasetach as growth, oxidative damage markers (lipid
peroxidation, prolin, chlorophyll and hydrogen pdéde contents) were investigated. Roots, sheets and
stalks indicate that chlorophyll and carotenoidceortration were significantly increased at 3000l+hd?b
than control. Lipid peroxidation and H202 levelsravéncreased at the dose of 2500 and 3000 mg I-1
compared to control treatment; no difference wagcdhbetween 500mg.l-1 and control in all part ianl
Morphological studies show that the group exposed3®00 mg.I-1 of Pb shows a very important
development of the tissues of roots and stems cadpa control and to the group exposed to 500-thgfl

Pb. changes in morphological structure and non+eatig antioxidants have shown that Pb exposureesaus
a significant perturbation on Coriandrum sativunmriiseedlings affecting biochemical and physioldgica
processes.

Key words: Coriandrum sativum, chlorophyll, Proline, leagjdi peroxidation.

Introduction

The contamination of soil by heavy metals is onghefmost serious environmental problems and ligmfisiant
implications for human health. Some industrial \atids and some modern agricultural practice inseethe
disponibility of heavy metals in soil, plants ar@tdl environmental. Pb is a non-essential elemenpfant
growth, being highly toxic metallic pollutant ofikanhibits root and shoot growth and yield protion, affects
nutrient uptake and homeostasis, and the accumnlaf lead is the point to enters the food chaithva
significant potential to impair animal and humaraltle Coriander (Coriandrum sativum L.), which bege to
the family Apiaceae (Umbelliferae) is mainly cuditted from its seed throughout year (Mehndi et2411), is
widely used in the human diet, changing their cositimn or properties would cause deleterious efféattheir
consumers.

Engineering industrial techniques used to clearamaminated soils are expensive and suitable fanlgmall
polluted areas (Lutts et al., 2004). Furthermtrese technologies are not only costly, but thep ahuse soil
disturbances and they are not readily acceptechbygeneral 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 lgmrerally proposed for the phytoremediation ofvijea
metals. The first one is using of natural hyperawalator plants with high metal accumulating capacit
However, the research must be pursued at the #vtle increase of the assimilation of heavy melgidhe
vegetation we taking as example the lead.

Quantities of lead absorbed by the roots depenti@concentration 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 of outside of roots toward the insate then of its translocation to leaves (Patied.e2004).

Lead was recognized as causing oxidative strepaints, so coriander may have a strong resistanéd but
little is known about the effects of Pb on the pblygyical processes and the biochemical changst@t and
long term of exposed to lead of coriander seedlifitie objective of the present investigation istady the
effects of different concentrations of Pb on leabts and tiges of coriander including growth, pblygical and
biochemical processes such as the different piggnsntuble proteins, lipid peroxidation and hydmogeroxide
contents; and description of morphological chang@ée possible mechanisms of Coriander seedlirigsatace
of Pb stress are briefly discussed in the pregedys
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Materials and M ethods
Plant material

Coriander (Coriandrum sativum L.) seeds were usedur experimentation, in the first we have temgeoé
seeds overnight before sow this for acceleratethigation and we conducted the experiment in 14 platan
plastic, which have a diameter greater than maximt20 cm and a diameter of less than 10 cm, patddrto
allow the water to drain out. Filled with composidad to the sterilized sand (2V of sand / 1V of post) then
we have sowed our seeds (70 seeds) to approxintatelym in depth and we have carried out regulderirey
during 40 days with solutions of lead to differennhcentrations ( 500,1000,1500 , 2000, 2500, 3Olepr1and
a witness sprayed with distilled water. Our segdliwmere then placed in a greenhouse in Oran 1 thiiyan
controlled conditions as it is shown on Table 1.

Chlorophyll and carotenoid determination

Fresh biomass (leaves) was homogenized in 80%lttecetone in the dark and then centrifuged at Q§Gor
10 min at 4°C and the supernatant was used fomtheediate determination of pigments. Absorbancé¢hef
solution was determined spectrophotometrically &8,8645 and 480 nM the contents of chlorophyll aad
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¥r227

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

Estimation of lipid peroxidation

The level of peroxidation was measured in termsafondialdehyde (MDA) (a product of lipid peroxiutat)
content determined by the thiobarbituric acid (TBA#xction as described by Heath and Packer (19882en
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 dhe 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\4elikova (2001). Approximately 0.1g of shoots
was homogenized at 4°C in 2 ml of 0.1% trichlordiacacid (TCA) (w:v). The homogenate was centriftige
12000 g for 15 min at 4°C. Then, 0.5 ml of the sopt@ant 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
puM.g* fresh weight.

Extraction and assays of soluble proteins

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

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

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

(fresh material).

Proline assay

400 Mg of plant material is put into a mortar amdgped with 5 ml of ethanol at 95% followed by #re
flushing and washes with 5ml of ethanol at 70 %he Tinal solution is collected in a test tube satth is
decanted during 60 min. two phase are distinguighetigher phase of light green color and a lowase of
dark green color{Nguyen and Paquin, 1971). 5 mL of the upper phase are collected, to whichaalded 2 ml



75 of chloroform and 3 ml of distilled water. After igagion, the solution is maintained at rest forturs in the
76 cold for a good separation. After assay the optieaisity is read using a colorimeter, the waveleigb15 nm.

78 Data analysis
79  All data were analyzed in three replications arel dbtained data were evaluated statistically uSinglent’s
80 test, and least significant difference (LSD) waswaated at p < 0.05.

82 Resaults

84 Growth and fresh weight

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

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

93 Chlorophyll and carotenoid

94  After 20" days, our results shown a significant decreas®,(%) in the rate of chlorophyll (a) in all groups
95 exposed to lead (from 500 mig.to 3000 mg:f) compared to control group by 10.41 %, 24.94 98.2% %,

96 47.50 % ,65.5% and 76.46 %. Chlorophyll (b) haxgni$icantly lower levels compared to control groups

97 23.95 %, 55.98 %, 51.39%, 70.89%, 72.56% and 84,9%%%pectively. Increased lead exposure causes a
98  significant reduction in carotene levels compareddntrol from 49.08 % to 94.56 % respectively ([€aH).

100  After 40" days, the rate of carotenoid and total chloroptigtireased significantly at the dose of 2500 Tragid
101 3000 mg.* compared to the control (-27%, -41% and -24%, -3#sépectively) and no difference was noted in
102 the other concentrations.

103 Lipid peroxidation and hydrogen peroxide

104 At 20" days of exposed to increased levels of lead (5000, 1500, 2000, 2500 and 3000 m).We noted a
105 significant increase level of hydrogen peroxideshreets compared to control. In rods, the level yafrbgen
106 peroxide was higher by 2 to 4 times in all grougpased to lead compared to control. According @sults
107 (fig. 1), we noted that the hydrogen peroxide conteas very lower in roots of control, however pntrast the
108 level of hydrogen peroxide was 60 times more imgrurt(p<0,05) in stems at 3000 mig.tompared to
109 control. After 40 days, the level of hydrogen pédexis significantly higher (400 times) in the stseef plant
110 exposed to 3000 mg.lof lead compared to control.

111 Fig. 1, shows a significantly increased contenlifl peroxidation by 1.5 to 2.5 compared to cohtrosheets
112 after 20 day of plant exposed to 2000 mdd 3000 mg:t, in rods the level of lipids peroxidation was ieased
113 from 1.8 to 5 times in all groups exposed to défdrconcentration of lead compared to control.als been
114 noted that the rate of TBARS increases each timeth® concentration in lead increases, howevarats, after
115 20 day, we noted that the level of lipids peroximlatwas increased by 87.5%, 150%, 250 %, 275% &0843
116 respectively to a concentration in lead of 2000mb#00 mg/l, 2000 mg/l, 2500 mg/l and 3000mg/lea#t0
117 days of exposed to lead, we obtain that the rodsrapts indicate a significant increased of levelipids

118 paroxidation in all groups by 1.2 and 2.7 times pamed to control; in sheets, we noted the rateipd |
119 peroxidation decreases significantly with incregsihe rate of lead in the ground, from 1.3 to 38et less.

121 Soluble protein and Proline levels

122 The results obtained in Table 5. indicated thatl¢vel of soluble protein in leaves was signifidgpribcreased
123 by 35% and 60% in groups receive 2000 thguhd 3000 mg respectively compared to control, at 500, 1000,
124 1500 mg/l dose respectively, we noted a significldrease 12.5% to 50 %. In rods, the rate of t®lotwtein
125 was 14.6 and 13.6 times more important in planeikec2500 mgt and 3000 mgl compared to control; in
126 roots, soluble protein was 2 to 4 times more inseelain groups receive 1000, 1500, 2000, 2500, 30§0"
127 compared to control. In the Table. 6, the solubsletgin was significantly higher (p<0.05) from 28%63% in
128 sheets, rods and roots after irrigation of plarihwiater contain 3000 mg-bf lead.
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At level of leaves, rods and roots (Table. 5 andtByas observed that the level of proline inceegsadually
with increase of lead concentration from 10 toiffes more compared to control. After 40 days ofosion to
lead at different concentration, level of prolinasasignificantly higher from 2 to 8 times more thamtrol, 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 furtreuced photosynthesis (Seregin and Ivanov, 2004rn&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 blbdkethe physical barrier like endoderme. At theernacopic
scale, the plants exposured to lead induces a tieduim growth of biomass, yields and when stressob

severe, led to the emergence of resprouts neaodisoliar, chlorotic, or even to the death of gtent (Sharma
and Dubey, 2005). It also presents a high affifotyproteins which possess thiol groups or of metdhctors
(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 particulahg

genotoxicity induced by this metal (pourrut et 2008).

In our results indicate that the treatment withdléduces an increase in production gOxand Qe¢, we can
explain this by fact that it is possible to estiatdirectly the level of ERO production and thexgiation of
oxidative stress, by measuring the activity of @xitlant enzymes, or the rate of lipid peroxidatiemjch are
biomarkers of oxidative stress (Sharma and Dube®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 repadrtezbme plants under stressful conditions (Ru@nakd

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

The increased of ¥, may be essentially due to reduction of catalas&itc 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., 208dn @nd al., 2007; Dey and al., 2007; Hu and an;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 seeim$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; tvégin of this phenomenon is still widely debatéul.addition,
when the CAT is inhibited, this mechanism is dospahdent and the CAT is a metallo-enzyme, its itibib
could be due to a direct interaction with the Ifaahdberg and Greger, 2002).

Some molecules non-loaded are also able to spieadgh 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 tog
cysteines and methionines (Rinalducci et al. 20B8rtoli et al., 2004), these are the two aminasithat are
most sensitive and since they are quite often wrealin the fixing of metals or in the catalytic pesties of
many enzymes and proteins; reactive oxygen speoigdtivate enzymes and damage important cellular
components. ROS are responsible for protein, Bpid nucleic acid modification and are thought ty@ major
role in ageing and cell death (Jacobson et al.6199

The lead exposure leads to a strong inhibitionhadtpsynthesis, the photosynthetic yield, and tionétdtion of
the rate of assimilation of GCrhis inhibition is explained by the decrease @& tavels of chlorophylls and
carotenoids generally found (Kosobrukhov and @04 Gopal and Rizvi, 2008). The chlorophyll b seemore
sensitive than chlorophyll a (Kacabova and Nat86L9 Wozny and al., 1995; Vodnik and al., 1999nhgkét
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 plystem Il (PSIl) and on whole machinery of photobsis.

Lead interacts at this level in two ways:

- In a direct manner, by substituting divalent ioaekted to the metallo-enzymes. This is partidyltre
case with thé-aminolevulinate deshydratase (ALAD) which is a thasis of the synthesis of the chlorophylls
and whose ion Zn2+ is replaced by Pb2+;
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- In an indirect way, by inducing a deficiency rese 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; Torrel)28hatamipour and al., 2011). It has been suggetitat
free proline act as osmoprotectant, a protein lizebi a metal chelator, an inhibitor of lipid pgidation 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 thatitmgortant role of proline is in potentiating perdges
phosphatase pathway activity as important compoofeattioxidative defense mechanism (Hare & Cré&$7).

Conclusion

Urban activities, industrial and agricultural aesponsible for a growing contamination of soils avater by
heavy metal, particularly lead. Overall the effettead toxicity on the cellular metabolism of pisuwdepends on
the concentration in Pband effectiveness of the protection systems aftpla recent years, the development of
the effective technigques to decontaminate polligitels has become indispensable. Phytoremediatibichw
leverages the properties of certain plants to actate large amounts of heavy metals.

Our results have allowed us to see the disturbaince®tered parameters, an increase in the coofgnline,

lipid peroxidation and hydrogen peroxide each titnere is an increase in the concentration of lead] a
decrease in the pigment content chlorophyllienldwohg our results, we can see that this plantlmamegarded
as being a good plant remediation activity itselfduse it has the ability to push in high concéioma of lead;
that indicate that this plant may be a good accatrigk of lead.
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Table 1: General condition of culture in the greenhouse.

Brightness| Temperature| . SUNSHINE Wind Humidity .
Parameters L °C Air W/M2 W/m2 km/h % 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 249 475 470 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
Table2: Plant morphology modification after 20 days to lexposed at different level
Concentration Length Number of Weight (9)

mg/l (cm) Sheets Sheets Rods Roots

Control 115 113 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

1500 3.07 33 0.284 0.259 0.102

2000 26 29 0.155 0.164 0.84

2500 1.5 17 0.122 0.077 0.75

3000 1.01 9 0.117 0.36 0.34
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Table 3: plant morphology modification after 40 days todeaposed at different level

Ny

Concentration Length Number of sheets Weight (g)
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 17.5 487 182 28 15.470 5.594 4.671
1500 18 334 298 131 17.635 5.377 3.847
2000 18.5 266 184 141 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
322
323 Table 4: Effect of lead on different pigmentgdariandrum sativum L.
20th Day 40th Day
Chlorophyll mg,d Fresh tissue weight Chlorophyll md Bresh tissue weigh
a b Total Total a b Total Total
Carotenoid Carotenoid
Contro | 9,2z+1.1z | 7,1&+1.22 16,4+2.5E 5,9¢+2.85 | 7,4140.9¢ | 3,6+0.44 | 11,0%+1.1% | 2,95+0.7%
50C 8,26+0.7Z | 5,4€£2.4Z 13,742.1C | 3,0&1.25 | 7,2=1.57 3,40.97 | 10,6:£1.55 | 2,71+0.61
1000 6,92+1.43| 3,16+0.91 10,08+1.98* 1,73+1.7 ¥NG2 | 3,23+0.34| 10,36x1.9p 2,69+0.5
1500 5,23+1.29% 3,49+1.097 8,72+1.21 1,73t2.44 1855 | 3,16x1.07| 9,96+2.4( 2,6+0.16
200C | 4,84+0.81* | 2,0+1.46* | 6,9%42.45* | 1,35+1.11* | 6,2€+2.0¢ | 2,93+0.81 | 9,1¢+1.41 | 2,42+0.4F
250C | 3,1&1.32* | 1,97+1.66* | 5,15+1.68* | 0,4&+0.22* | 5,7+1.84 2,620.71 | 8,3=1.34 | 2,1+0.72
3000 2,17+0.75% 1,08+0.99t7 3,25+2.59 0,32+0.14* 05+£1.24* | 2,21+0.42*| 7,23+1.75F 1,73+0.64
324 (*) the average of three replication are signifitanifferent compared to control at p<0.05.
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333
334
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336
337 Figurel: Effect of different lead level on lipid peroxidati@nd hydrogen peroxide @briandrum
338 sativum %) the average of three replication are signifibadifferent compared to control at p<0.0

339
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Table 5:Effect of lead on soluble proteins (ug/g freshuésseight) and proline (MM in
Coriandrum sativum L. after 20 days

Sheets Rods Roots
Soluble Protein Proline Soluble Protein Proline Soluble Protein Proline
Control 1148+6.4 1,7&+0.4¢ 84+1.14 1,11+0.61 1036+10.2 0,5€+0.42
500 58,8+4.8* 2,28+0.65 16,8+1.01*  2,94+0.3%* 98,0+9.5 1,33+0.54
1000 67,2+5.7* 3,28+0.49* 47,6x3.21* 3,83+0.73* 224,029 1,94+0.96
1500 98,0+4.9* 4,67+0.46* 22442 .27* 4,9441.04* | 3024+34.%F 4,741.4(x
2000 1512+15.5* | 6,3=1.07 2524277 | 5,86+0.8¢ | 3556+40.1* | 9,67x2.2C*
2500 112,0+16.4 10,94+2.22F 123,2+15.51* 6,94+1.56* Z22B5.5* | 12,56+2.75*
3000 179,2+25.5* | 12,78+3.331 114,8+13.43* 9,00+2.2P* 43455.5* | 16,89+4.61%

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

Table 6:Effect of lead on soluble proteins (ug/g freshugsseight) and proline (mM in
Coriandrum sativum L. after 40 days

Sheets Rods Roots
Soluble Protein Proline Soluble Protein Proline Soluble Protein Proline

Control 30,8+4.5 0,009+0.001 28,0+2.22 1,01+0.29 19,6+3.12 1,1+0.44

500 61,6+6.€* 0,0140.00¢ 22A4+1.75* 1,72+0.4Z 19,6+4.4z 2,2+0.82

1000 58,8+3.7* 0,019+0.003% 14,0+0.95* 1,90+0.7p 14,080. 2,7+0.42*

1500 50,4+3.1* 0,021+0.007% 8,4+1.40* 3,51+1.21* 14,068. 3,0+0.75*

2000 75,4+7.4* 0,021+0.005% 11,2+0.75*| 4,85+1.53* 11,2#81* 4,0+1.09*

2500 588+5.2* 0,02+0.00¢* 25242 3¢ 6,50+£1.9% 19,6+3.1C 5,&1.17

3000 812+8.&* 0,027+0.004* 308+4.41 8,31+2.1%* 252+2.7% 7,4£1.54

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




