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Abstract. One of the major abiotic stresses that negatively affects plants is the presence of heavy metals. Soil pollution
with heavy metals, resulting from the industrial development and use of fertilizers containing heavy metals, has become
a major environmental concern in human societies. Mercury is a toxic heavy metal that causes pollution in agricultural
lands. Accumulation of Hg by plants may disrupt many cellular functions and block growth and development. Under
such conditions, the enzymatic and non-enzymatic defense systems of plants are activated. Several defense systems are
cooperating together in plants to cope with stressful situations. In this study, the effect of different concentrations of
mercury on the photosynthetic pigments content and non-enzymatic defence systems in Nicotiana tabacum was studied.
After planting the plants under the same conditions in the hydroponic medium and feeding the plants with Hoagland
solution, treatments with different concentrations of mercury nitrate (0.5, 1 and 3 mM and a control group) were applied
to the seedlings in three replications. Ten days after the application of the treatments, the plants were harvested and
examined. The results showed that tobacco plants which had been exposed to heavy metal used the accumulation of
osmolytes such as proline and soluble sugars in order to balance their osmotic pressure. The decrease in the amounts of
photosynthetic pigments and increase in the levels of malondialdehyde in the leaves indicated the elevation of oxidative
damage. Increased activity of non-enzymatic antioxidants in tobacco leaves, including anthocyanins, phenol, flavonols
and flavonoids, can be interpreted as the mechanisms of resistance to heavy metal stress induced by mercury.

Key words. malondialdehyde, nonenzymatic antioxidants, photosynthetic pigments, proline, soluble sugars

Received 11.08.2020/ Revised 31.10.2020/ Accepted 16.11.2020/ Published 01.07.2021 WA V) Ll DYAN - NYE 53 VYA N Y - ol NYRY - Y)Y rdly o

118/Y VA


http://dx.doi.org/10.52547/nbr.8.2.118
https://dorl.net/dor/20.1001.1.24236330.1400.8.2.4.5
https://system.khu.ac.ir/nbr/article-1-3388-fa.html

[ Downloaded from system.khu.ac.ir on 2024-04-28 ]

[ DOR: 20.1001.1.24236330.1400.8.2.4.5 ]

[ DOI: 10.52547/nbr.8.2.118 ]

Farjadi & Norastehnia. The effects of mercury on Nicotiana tabacum

ORB g sy 008 heals 5o 5955w Jbe e
3 Odey gem oy8856sS sl nis o (Kocal et al., 2008) o ls
e B R R - e N N
Theriappan et al., ) 53& (25 Jlie 10 obS ot o Silg5 oo
S wile (i g ) S (e (b s (2011
el 4l slcdslio pead 5 Fi o K Il
Sl IS5 Jsb 9 oL il s 185 LS o oS s
Wloo S adgi 1, 4l slacudglio 953 Cunyy Jazme b (6,55l
& s Laa 3 5 030 g Lams Sl b 355 b L
U5 e sla i 5 logasue wusl o0 i3 gt
e Josar s il 5357 Sl wislss K o5, o
b o olils s (Xiong et al., 2013) axes iol38l
(5 Jlasl oy 5 oL 5y Lame 1o 5l8 Ui i 55 4 a5
(Izbianska et a., 2014; Najafi & Jamei 2014) /53l o
agl gledple yuw (Hawrylak et al., 2007) zalS b 4
O 5 G Al (o) 0 BeoS l goe (LS o i
(b sloaS 5 daynliangil doadgsdlé daes. S, » HE™ o5
oS e el el i3y Jle sloid 5 ol sl zslans
— ol G Chogs 4 Silgn dlie cpl o sl Cawsas gl
S5 5 bolwgil daadgidls (coplne slaplans]
56 Slato slsgine 5 s Tok 2 il o bl 5

Aled S8 S l3ls 5l

o9y g olge

o3, dNicotiana tobacum) g5 byl 5l z)b cpl o
oolaul (DLS Gliles Sladss 35 10 5l oo ags YTV S5
G e Sy Sy gbogys 4 sl o8, nl oo
Jol YOA 565 5TV S5 e (SN 5l a5 conl (Lo o)
slaglivl Slgn 5 Ol buls b colio (5,15 08, S g 0ad
“G 0PSBl Gl e aan 90l jeiS Jled
cilS e 4 sdel cansay lecas,ails da oo
Candy )0) Bl 4085 wlSee Jolxe b g Jie Siigys e
5 Casb aoys AeFe (Sl el A o lids, el VP
o3Il g8y 59, T cldS I ey (pliby, ouS) Yeee
b aloless dm al> 0,0 de) fo Blo Vo dgu> 4y plalS
S 3 Vandeo ¥ g ) /D (wald) jio gl glacdale
sl azalS pojlend g b and eger Sl S b
DD Jlesl 59, Ve Dae 4 gieS
Bl o O)le oolitul 3)50 wilS9a Jolxs oS 5

OFF 2 ogez i Lain s 5 g0l B

doddio

ool 8,5 5| Nicotiana tabacum L. e ob b o595

Oyl sl 053909, 20748 g (iS5 395 oli5S 59, (Solanaceae)
Syl o WNicotiana rustica L) 3,4 g5 ol jer 4 465
Cronnd (g yhoten s g0 cuiS” |l o (Nicotiana persica L.)
Sl Glocdld Jl o el g Sy goladl Ll ygigs
5 BB o doogS 3l ealanl (Dl3E Cgd g e ] el Sl
Slocee) 4 05z AVl 39)9 S 4 05 55> Sl A6
il Sialidl b 5 S 4y bpiassS] K0 5 8l
S Wy leda e Cen e slroan¥l ) S
R oz b 1) Cewy b 5 Sl (ol el
Jlo o &Sl oals )55 (Abioye et al, 2013) oS o
Slocme) 1 Ol plrw 53 092 (e Lawgie (6o Yoo
Hanetal., ) ol 05gs &30 oskS 10 30 0 F6lS ¥4 sga £l)3
Jeeo -Hg Hg?" HgS by calbises slo S 4 05> (2002
S8 ool Ol 4 (,3laS GlaSTe 5o Lol ogd e o
2SI 50 b o515l e 318 ol 8o 9> HE? ims o) S
330 I dlge g oy DS dasdlger i g oaile (Bb el 56
Szl polie o a5 codl 538 og> (Han et al., 2006)
s DS 4y ol S (gl 0l polie o Ll ol ol S als) Sl
yaie 355 o0 ol Sujgde b slacdld o PLS s 5 039
s 3 00 Jate O JUE slagatisy 4 Wgie ogr oms
Sl o5 odl S 50 d9zge slaaizy, Of sle JUIS ol ay
HE™ oS col s (5155 cpmioed 83l oo ciBgin oS o 1, O
(Zhou et al., 2007) sjlu co ctdgio |, lag,uiSsie ullad
SloaisS ol Jlis 4 o 0ad 5ilanST (105 s 052 slopss:
USesl, 5 (02) 5 HoOs spunSTy g IS0, il ;28T 0T
o 2l (pl a8 o0 g LS o 1) (OH) JeuSg 00
| sl i 5 00 i 2l (slogsd 5L 3 ]
sl Jsls (Cargnelutti et al., 2006) wS o sl o
25 0ad wlsi Jlb (58T gl e D3 alS g aLS
aSI T laptas alaz | Glokg slaSgile 51 Jobo
9 oyl Jolge Jolis ST T s s o955
ilaST i slonl cely o glld (oYL clale .l oy )
Sy Gls o a5 Gl kol 8T Gl a5 ead LS o
b b Jpano s5bots 85 el S5y 5] il sla S,
Sgd i, wiile il gl slaonld  olié slaca]
uil¥ (Sytar et al., 2013) oS o P Jlzo 1) 0pe g
c2ge g WS Joo (Sl ply SO plyiear Sliang S
Syl Fowgd alS g s @ base lacs Gl Rl

119/\14


http://dx.doi.org/10.52547/nbr.8.2.118
https://dorl.net/dor/20.1001.1.24236330.1400.8.2.4.5
https://system.khu.ac.ir/nbr/article-1-3388-fa.html

[ Downloaded from system.khu.ac.ir on 2024-04-28 ]

[ DOR: 20.1001.1.24236330.1400.8.2.4.5 ]

[ DOI: 10.52547/nbr.8.2.118 ]

Nova Biologica Reperta 8(2): 118-129 (2021)

S Jib 6 o3l

Folin-Ciocalteu o jxs jl oolaiwl b JS° |8 lode ioniw
s (Gao et al., 2013) 24,5 plxl ol SIE o laslesl
Bl 5 ab el Siegl VED gye Jsb o losisei i
A Aot Sl SCIE o lasbin] s 5l eslaol b Jid
J5 orilmgiil (g a0 3101

OFP o wormie Sy il 05 IV il Groris sl
& Sy Al 5 Jgitie Jalt) sl Jgitie il lie ¥ 0
Soe &y Jol ojlae e g ool 0o () 4 A o
o 29y Jeoee A ey il (rpm) VY e e e 0 4d55 VO
cdz gl ool I3 SOL el SO Dl 4 o Blo
Joo yiastbs 1Sl olSios b ol 00+ gse Jsb 5 o]
A odilgs CamSpec M501 Single Beam UV/Visible
C-IM gl o ) opilonssi] Clale dlo (ol
09 £S5 2 pS ke e 2 @l 5 0L eslital 33000
(Masukasu et al., 2003) o Lo
o6 Jyiss icrius

5ol solel sladiges jo ol Jpigdd (i Liomiw sly
0i ool Shew Swl L e 5, s,
YO« ,sbie opl sl (Venskutonis & Miliauskas, 2004)
5 iy S g J5e s il ojlas e ) s oo
FeleSea VO g ondns ol s See VO e
5 SS,g ABBS £l el adlol ol 4y O oy s
loaze algd Vo7 pgmgdl oy IS ity Ko VO (0,5 asla]
05,8 ol L laalg) culys jo s (oS5, aids O S 4
Yoo pme o ol ailey 5 Yo ) dpe s See O
oy e s SO il oolel 0juigns Ol b i S
solel zlmel ojlas sl a Al Jgilie ;s See YO+ L
DAz (S L fegidy il oltws (05 e I
Sldiges Cix ab oilgs gl OV zae Jobo j0 diged
A 2313 03k (53,5 Hao a5l 9 095 Rl L Koo
S5 0595 (g yuSe 31l

5S ol dezie (ol 0398 05 /) S8 i sl
A o & Sl 5 Jibl) sl Jsibl it Lo as
@pm) VYoo 50 4885 10 Gae 4 g sdmle 0 () &
VooDae & 29y Jelme (005 Blo 5l el Gendy il
Olyeo s 0ols JL3 az 0 A slao b p 5 Ol plex o aids
Jsb 53 Fegidy iSenl Lawgs (ol 3 p Iy Ladiges Qi
Gl acubrs sl b suilgs yiegils ¥Fe o YV ouX v+ zge

OF ) NVANTRY o )lods h ala i psle o g5 sloasily

3mM KNOs, 2 mM Ca(NOs),, 1 mM NH4H2PO,
,0.5 mM MgSO4, 20 uM Fe(Na)-EDTA, 1 uM KCl
25uM H3BO3, 2 pM MnSO4, 2 uM ZnSOs, 0.1 yM
CuSO4 and 0.1 uM (NH4)6Mo70,4

OIS iz sl a4 g5k 4 28T sl (gl Aiges e
5 p90 oo Sl dold o S F Bolar jeb 4 alise
ools 1,8 hed Jolo g laz oaus i sladises laie 4 pous
Vet a mbe ol Jh Had e 1 e brdiges
Do (6,05 5 IbT ey b g Jaie of Sl a0
oo xS eslul

S5 03Il 3550 o Bymajl oolital b (g e
5 Oyt Boee 5l b, cpl o (Bates, 1973) 8,5 13
9 & oolaiwl u’Jﬁj" 6;0)‘“\.\‘ 6‘)“ JLM:J)L? M‘Ml
20 9IS 5 s e p eSS e cen
asigiio)ls g Judg S (glgiors (siomin

FSrpsS 0 a8e5e)l5 g S5 lyione pomins sl
O JFI 3 mle (39 by g end (jes 1SS e
RERWY C‘J,;um‘ Crimmgid laailass) 4 ol uLw.:T =
30 odwl Cewsdy Jole i waws (Lichtentaler, 1987)
oSins ) oolimal L FEY 5 SFS V. clogse Jsb
CamSpec M501 Single Beam Jao jtogidy Sl
O 6lp ol jo .l a8 vels Llae o UV/Visible
25 sdsep 5l IS wSeis 5 Gizmen 5 Jedg)lS jlade
A oolazuwl

Chla= (12.25 A663-2.79 A646) xXV/W
Chl.b=(21.50 A646-5.1 A663) xV/W

ChL.T= Chl.a + Chl.b

Car= (1000 A470 — 1.82 Chl.a— 85.02 Chl.b)/198xV/W

2S5 03 Wl pgil o2 Vo Lallyy al o
sl Sp 5 0j9 )5 eSSk
w2l g3 g0lo (535 o1l
Heat, 1969) s, 5l solawl b asadllgoglle (6 5okl
MDA+TBA SLaS Qi s b bl (Packer &
3 eolaBl e slao ) S, Ak wds b 81,8532 nm
20,8 S 532nm o Qi e g Al s 600 nm
a5 aadlleoglle Jlade ol ;o g ab eolatwl jio stle
b a5 G595 2

120/\Y -


http://dx.doi.org/10.52547/nbr.8.2.118
https://dorl.net/dor/20.1001.1.24236330.1400.8.2.4.5
https://system.khu.ac.ir/nbr/article-1-3388-fa.html

[ Downloaded from system.khu.ac.ir on 2024-04-28 ]

[ DOR: 20.1001.1.24236330.1400.8.2.4.5 ]

[ DOI: 10.52547/nbr.8.2.118 ]

Farjadi & Norastehnia. The effects of mercury on Nicotiana tabacum

Olys @iz gl 51D 3 C B A Y IS Gllae 0l
I UB ol amaligopsle e n oner
g, dald digel 4 Cawd )b gme jeb 4 leaSgdld
Yoodale jo seallics folle Gl a5 (5 sk 4 bl il
@ @l &b g ool plad 1) Jlade 05V 0gx Vse (lee
50 SdggM g S J1d g crmilomgtl (liae 00 VL ol s
CBAYKL Glae b oanlin Ve Lot adale o
5 Oedan «JPad Olie 3 St N9, (o) aslsl ;3 (D
Sl ot s diges Hlewd aS olo lis Jeloee slaaid e
alBl Wgy e S jeb 4 vald diged A Cesd ogu>
D 4C B A Yo gilae.cuils

(s oSy e a5 bl mls ol anlie
CBl L ons o slo aiged o algigde (Jyigdh «(ruilig]
Cadigel 4 Cod 1) (gl gme ilidl 0g il s Siglae slo
3 ege Ol cdale wlEl b oas g9k 4 wols lid salis
ldiges 0 SlS 5 pl Gl YL Yae Juo Y4/
A odaliv og Ol s Veo L Vodale o onds jlos

oLS @ lagyl 09,5 5 yhugi; dilate ;0 (S I3l jpax
Wi o2 p ) (Jobe pendaplie 5 oad b als cel
Ogedlyind ol JUl asle (ooge slosnl p cnlple
e 1 oIS Jaie 5 hegth (s aSsiee silases]
O Sll8 itune ol 31 (Vitoria et al., 2005) 5,138
s NADP Lol b Jols jrngs )9 sloisSly 5
5 5o anld g OF e né Sl 5 658 sl s
L <o, 4 (Chl a, Chl b) s jo o5 by, IS a3
(Aggarwal et al., 2011) cwl 5,90 S8 plo

Chl b 5 Chl a e (il o oyl clocilé s Ay oo
4 ¢ (John et al., 2008; Ghorbanli & Kiapour, 2012)
John et al., ) wsd LalsSs) ol j2olS oo YU glacdale
Slews Cod g olS 0 S IS Ldg IS e 2alS (2009
Nooraniazad et al., ) gilonsST (25 saxmsylis g & IS
Gl s ose> i il alols mbs Lol 2010
Losls Kl awglie 5l Jol> mls ad (giuwgd gleosSS,
4 o 092> i e Covi 558 10 LS (glaadeds )5
Vsa oo -0 5 clale I3 L aS g sbas ol Lt 1, aals aiged

OFF 2 ogez i Lain s 5 g0l B

o oslitwl cm'm™ 33000 o9l oo 5l caSgigdld
(Krizek et al., 1998)
Sp S Jolre slousd Siomiw

as 5).3 Aiged )‘l ‘n)f A |Ab" J5l.‘>u L;Labd.;é Lgﬁfo)‘|&| 6‘)?
33055 09 1y win SIS (g 4233 -V0) 533 50
4 g a8lal o 4 07 Joibl pid Lo B L 08 4 MlS gl
W S5y 4l Ve Soe 4 g oS Jae Jlows,s ialesl alg)
o) &lo b e il Yere joo b adBs O e 4y g
O w238 Jie ) e V0 e 4 oo gl 4 g b
el adle e & Vo 51 e L 5o 5 e 50
G gmds a0 F glod o Jol> Joloe wals Jiiie
JEREIOR A O P B e A U PR
S5 5 ea 104) s L3l ol sloly) & 5,51 Jolons
AL 0,50 (000 VY S pgilgn ol 2l oo Voo 0 00 >
3 Ol Sl e g dngd 03l D0 4 ddiges slow 4y
b yogls YO zg0 Job 10 ladiges wda olime olliole;] Lo
Irigoyen et al., ) 0,0,5 <8l aals blie 0 egide nSiul
(1992
bl Sl
5 Blul o solawl Sls gesl 5l Waools 1 Sile anslio
Sy Al ool lad ol glas aiwgas ool .Sl
ol 00 oolazwl Excel 2007 1531 6 5 5l b jlogas s

Ol s gl clale Jlas Sl 5l Jolb mbs uloly
Ol (B OlaS 5 (s imgts Gla 035, Slyime g
oy B glel mhaw o gy 5 Jsle sleasd weadllss
dlie g gwyp dslolie wlal cpl g oall ol s

Lol odal e 4y S8
5 Chl b 3 Chl a 5w a5 ob olis mls )bl aulio
Sald diged dy S L3555, Gliee 9 o S S S5 )5
8IS (5 fosinn o & oy Sl S e A L
JWs & (g5ngid sloos S5, (ylyee (1alS &gy 050 50 2l
e ¥ ocale U Voo Lo /0 5l ogue il s cdale ]38l
10 cdale o vall diged 5l am oSS, lie o YL Yee
Lo 33, e (2 eS 5 ol onalive g Ol Yoo (oo
oalive 05> il ys Yae Lo ¥ o cdale by ool jlad diges jo

121/7Y)


http://dx.doi.org/10.52547/nbr.8.2.118
https://dorl.net/dor/20.1001.1.24236330.1400.8.2.4.5
https://system.khu.ac.ir/nbr/article-1-3388-fa.html

[ Downloaded from system.khu.ac.ir on 2024-04-28 ]

[ DOR: 20.1001.1.24236330.1400.8.2.4.5 ]

[ DOI: 10.52547/nbr.8.2.118 ]

Nova Biologica Reperta 8(2): 118-129 (2021)

OF ) NVANTRY o )lods h ala i psle o g5 sloasily

0.9 -

a
C b
0.8 -
0.7
0.6 -
0.5 -
04 -
0.3 -
0.2 -
0.1
0 I T T T
0 0.5 1

(Ji'g.a &.m) yees .Llj;‘_uuhl.p

S ojs s pesS b addy,ls

|

0.5 -

B

d
0.45 -
0.4 -
0.35 - ° ¢
03 | d
025
02 -
0.15 -
0.1 -
0.05 -
O B T T T
0 0.5 1 3

(JYSA &m) ©gua ;ll).‘:.uuhl&

b, s

(5 o3s a5y e)5 o)

0.16 -

(B Oises res e aadsdsfs

()Yj.a L}:a) Ly Q|):7_J sals

C

0.14 ~

0.12 ~

0.1 -

0.08 -

0.06 - b b

0.04 -

0.02 - ' . °

o M .

0 05 1 3

D

0.7
0.6

a
b C
0.5 - d
04 -
0.3 -
0.2 -
0.1 -
0 - : : :
0 0.5 1 3

(_J\a'j.a ‘_A.a.a)ay:r .LLJ.‘:.H sdals

(3 03aess s er5 o) US Uudoyls

3 bl glas £ 1S5 an uSiles ool JS Ldg IS polie D g abeiss )5 polie C b Lo ls B a Lig I polie ol oSl A - S0
S add Slo S i Bgy> 5 S g03] b oSl (sauglie polol 5 o jles Gl o me BB sias olis Sglate By > aiiwa (SE)

sl P<O.05 Jlozsl mlans 1o ls xe

Figure 1. A. Average changes in the levels of Chlorophyll a. B. Chlorophyll b. C. Carotenoid and D. Total chlorophyll
(D). The data represents the average of three replicates + standard error (SE), respectively. Different letters indicate
significant differences among treatments according to Duncan's test with p<0.05.
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