-7y ) Al

OFY SAFR) VP s SF 0 ylacis comns 3 dauimo g ybansl dobiliad

ol,\fﬁ)ﬁQT;‘géa?A'okf)éég)jgﬂé&M@qﬁ

* Obonge (S

k.mahdavian@pnu.ac.ir

VFeo FIY i pds b R4/F/4 :edl o &b
ouSe

2By Olg Gl age Wilgi g g 0ol Sufslsnsed Dl sbml Gl GLS Gy Lo 10 G com p0lie S92y 1 BB Ao
2 89y 9> 3l Gl gz Lol el lalS (sl (6900 polic 51 (SO (S9) Guizmed 09h oS (138 (3l el asad Cdl> o g 0lS
&S Jb> o dgyee w3l g e | sl Gz o e GlalS 05l oo olS 0l e 0 i cel (alS slacdl,
YL Glcbale 56 ) oBiod nl plml 5l Bon ais o aslol 053 Jre wgs 9wy 4 lizes Luld (nl o plie GlalS
il oo il oL Jo 5 gead 35S g Jedg IS e ) byl (55) 2 555 9 e

slocbale g Cpw 2 00,8 (Lo Ver g Ve e O N b e glacdile jlod cod 5, 1 G 4 sil ol i oy p h9)
38,5 18 sy e o e S e A s B AT B

Lol 25 g0 ey 5 o plail S 59y (2lsp plail Jsbo ialS el (59, 5 wpm clale (a3l wisls (las s Laasdly
bl jlas cov 55 wSgiig)lS 5 JS D @ Judg IS ke aizmen b go pralil Aoy 5 2le Il 0 (555 5 o geS Bl
Ll Gials woy0 O mhaa )0 ()l e job 4 all b avslie )3 (59, 9 oy Al

90,00 59 § @y Jo2 5 gz )0 (Vb HUlg atul oS a5 05 (55 Al (g8 o0 Bz (ol Il s 16 S Al 9 S

25 L8 ookl 9550 (555 9 e @YU olS g Wlg o

89y 9 P g by sl el )l il sgaals (saejle

'C)‘)’i‘ ‘ul)g; BYY I“L“ olKasls 6.&51.6 sasisls ‘u’..uL‘ufa Sy 05;—\


mailto:k.mahdavian@pnu.ac.ir

Human and Environment, No. 64, Spring 2023

Accumulation of lead and zinc concentrations in harmal plant and
its effect on plant growth
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AbstractBackground and Objectives: Toxic amounts of lead in the environment of plants cause
physiological changes and can decrease the growth potential of the plant and in a more severe manner
cause the plant to die. Zinc is also an essential nutrient for plants, but excessive accumulation of zinc in
plant tissues can alter plant growth stages. In such conditions, susceptible plants are damaged and killed
while resistant plants continue to grow and reproduce in these conditions. The aim of this study was to
investigate the effect of high concentrations of Pb and Zn on growth, amount of chlorophyll and
carotenoid, accumulation and tolerance parameters of harmal.

Material and Methodology: Harmal plants were treated with concentrations of 0, 5, 10, 25, 50, 100
and 200 mg/l for 14 days and concentrations of 0, 1, 5, 10, 20, 40 and 80 mg/l Zn.

Findings: The results showed that increasing lead and zinc concentration decreased shoot length, root
length, shoot dry weight and root but increased lead and zinc accumulation in shoot and root.
Chlorophyll a, b, total and carotenoid contents also decreased significantly under different
concentrations of Pb and Zn compared to the control.

Discussion and Conclusion: Therefore, it can be concluded from this study that harmal has high ability
to accumulate and tolerate lead and zinc and can be used for phytoremediation of lead and zinc.

Key words: Harmal, Growth parameters, Lead and Zinc accumulation.

1- Department of Biology, Faculty of Science, Payame Noor University, Tehran, Iran.* (Corresponding Author)


mailto:k.mahdavian@pnu.ac.ir

74

- 9 gl olS 50 (59 9w sLredale roxxd

G9, eaids x5 i ViOla calaminaria 4 alpestre

(V) s
ely ol o s 53 s Sl o sl 7
Oy ol cge Wi oo g od Suigled Sl Slm
gl olS 38, w5l Gel pasad cdle o g olS al)
Wgyi0 e 3l 9 o el (uld ez e ol JlalS
5 2y 4 plizes Lyl cul o pslie plals a5 J> o
ol ol 10 s Corons @de i oo dalol 095 e adgs
ilige dday e (D ol g 59,5 0l ) (6T sl
@l o 5 4ty a8, 5l gl o5 slacdile 10 oy
sl cely ol (o s Corons yuized (A) 355 0 oLS
Slaad I8l aS 39k 0 5l 5 g olisS cones ¢py5te slaads
M) o oo lis 1) aty, Jsb wxly o gl sleady,
2y lgee JIAT @Dk e s S s ol 2 ol S
) oy Slog sl Jloe 5oaiiSil g Sz sS ieS oS b
G azg b o Caew Sl pegdle () dips o lis
OABS xasS e (ST M sl Wigliie 2L slaaisS
b GlalS @ Cad 1) (65 Cpm Caon b ok 4
My le Saare yae S lpe 46y, WS (e Joo
Dyl sn Aoy e W) e 393 Gl clile o plals
WS e e |y ady, ad, ol @V gbedle 5 Jb e
Jisb 5l rSslr 5 ade, So S5y ity (0d gk
I e TR N L i R
» o YL slacbale (V1) wies baaty; » 59, S
czge S 09l oo JWb 5eST SladisS wg cege OlalS
| 4 i Coles 50 45 S (s LiE 4 o]
sy slagially 5 i lS st slasslp 4 b,
ool a5 ailesls las ladsee 3 g ks g o oLS
g g o5l laJlesl; adss ol Jolas pas ey guilapas]
a4 olls (V) 0sdce ol jiuem slp lglas] sl
gl @ 3l Jlast Gl bl e wiile it slaoged

@ loglost BT Gl g Joko o)lgss 4 518 Jlas! ey,

doddlo

5 S G wlii nio sla Togl 1 o i ik
oolatl Jolis (55,58 sla Sl sl wsd slaal)d
Gt oSl 5 o Gl 5 b S oyt
590 g K, (g Slge jo eFiw 3B 51 eolinul Jol>
90 5l ooliinl b lalS (Y ) anb oo ialpdl S s dlge
S Slaon e plp e Jed g olizl el gy
Cdo L ) calize laaigS S Conl (gudy A0S oo Canglie
azrg bl ol 5 s e sln g Wl gl Koasy L5l
Jooti 4y ol HlalS 5l oS slaw ool Sglite ] g5 @
oAb S S ol YU slaclile
o 2lgn slaplail o YU slackile jo 1, o3l a5 Slals
MBS g8 gaS Coom oDE 4g5 10 592 gy g 093 Ada) 4
AT) Wgd oo 00l 00idd pozd Liow LS

«$9) IS 2 S oo Voo Sl G iy &5 SlalS
o Vet ipe)S 5 SIS e 25 EkS e S (e Y
£35S ke V oxE sl gty 5 SIS St 0 T5LS 05
g 293 gl slapll o |y Sas s 0 pS6lS
(F) Wigd oo Cgmme 8 ] 00l gaz i (laie s e
5ol o 00isS Jgere (lalS slp lacbile ) aSIl> o
o7 b 455 D dpam sl bl glaaiss IS
@sy@oalybjl@TMﬁom‘S{uu}boma
Sl (0) a3l o Thlaspi 3 Alyssum > 5l o5
Fyore S oudy, pllS ST S 0 ope cbile
S8 g i el 056l 5 )5 (e Ve 5l S
SlaS 5 o8 > 5l ab AT asb e 5,06 sy Oy
55 Slind 5 Silges gy G @y L3y eizeed g oy
0didd mezt i (2LS ladisS (F) cunl aln; e
Polycarpaea  Armeria maritima Lls o
omizen (0) s Thlaspi caerulescen 4 synandra
Cardaminopsis Arenaria patula alS slaays

Thlaspi .Haumaniasturm katangense .halleri



Ol gges

VoY s FF 0 louds caumn § Lrazeo g 5! "W

ST s Glals g WS ol o)l slaJslne b atia y2
(o) ol F gl az 0 YOIV ol slos L cuss
2 09598 Jyeg,Ses FO Ho Dol (98 el 1P) (5 98 ool
Loy Gl Geizmen (1) win )8 wd; &l @ye e
Sl 48,5 & g0 Al8laz & g0 4 paic o

oS L sl eolisal b s g adle Jsb (om0 ke (LG o
Jsb 5 a8l slgl oo b aly 5l aBls Jobo ol (g puFojll
¥ olesd o sly ol a8 3 i o ady, bl b ady 5l ady,
S G55 el el polie g ol 48,5 A s 1SS
sgb 4 olS Aty g (e plul (S (9 RS eslul sl
o Kl a0 Yo gleo b y9] o cel FA o 4 ailSlos
S 59 dddiges JolS ol Sis 5l s g 0l ool l,8
A 65 o3l LT

ol 2 olS Ak g (2lgp A 50 b e (liae eens
a4 .(10) w55 ojlul (1239) K 5 Reeves g,
oi o Al pexd b8 e (655 ojll g (sl slate
S plalS Gl S VLD G olS s 5 (2lea
DA By, Gladad Giolejl slaalgl (9,8 g ol 8,5 odd
T, YV sl Sl 5000 i e ¥ aiged 5o s
SlS n ) e VO oy FO Sy del i e
digos (s o a8LS] 59,000 STy i Lo VD ol
a2y Voo B0 gl o (b ple> b ilecn 5o
al>ye ol jo el eols 8 cele ¥ ooos 4 of 5 il
YE Gae a4 ldiges o] 5l e 09 co S5 DlS Jgloe
g b by b Joloe (s 0D (IS5 098 25 50 el
0+ & Hhaiie Ol S8 @ Jglore o 5 00 Blo o Slo i2lS
2 99290 0, 9 (59 wpyw polis jlade ol onilu; i e
e e b s by Ledige
28,5 8 6 wSesluil 5,50 (Shimadzu 6200 AAS)

D @ Jds)ls Jols (s5imgd sloopSs) lade (g xSosll
ohgy Gl el b byl g JS glS
(18) <dpds el (VAAY) Lichtenthaler

4 yaie o Glel Sl 4 axg big)lel s g 4325

g ol 50 glel JIUT el a8 5 & g0 ailflas & jg0

Sl e gyl wams o Gl Hefiw 5B o S
it (NP-SH) (o555, 2 U5 Jod 5l laglans]
Ot (5T slam 5l g Gadom el SoysSal (53518
JSLE GlarsTyy @byl Glbgemss sl pgw Jod
O a5 005 3929 LS9, ebslS 9 VLI STy
Jo ol b aies gl i 5 4 gl b plals el
wzlye Lulyd g b clale (alS Gloaiss 4 an 25Ty
S50 Lo jo X Gl jeax (YY) oy drles Siglate
Se S e e Gl el lsie 4y e clale
chile @S J 50 0sh0e olS o baadeSg)lS i ji
Sl (Kdu; o 9 w5 Gk 5l Sl ! YL
29l ol sl aalS o LS 0 o] e 5l laaSsiss IS
» & el Zygophylaceae o5 5 LL L ale aix
oSl 5 Ladeisdl 58 5l 9,Kee o olse oyl
2B e G Gl plml Gl Gae OF) wile
e iy byl g9, 2 63y 9 2 YL slacdale
Sl (29l oL Jexd 5 mexd dsis)lS g Jedg S

il e

g, 9 dlgo

V4 (S slaghls wnell S cis s

2RSS A Sy g )y Sl (bslke sl el
o LSS Y 5 a4l sl oS0 sae £ slaw lals e
b slel 59, 0 iS5l ad i3S a5 5o e 5l cale
38 Jsbra b 33, B e sy Sl slaealS bk
Froocndd 5l om aas 4l lSse cdale </ al s
o Gabale) oy Jled (Byme 50 59, VT Do 4 kS s,
5 (PBD(NO3) 2 sd ppS lo¥er g)ee De YO N
A S A 5 ¥ DT 00 e clile) s,
olol Jolome Cpm e 3590 50 auxs S 15 (ZNSO4
5l 6 xSsl> s & Fe(Na)-EDTA 3 NH4H2PO4 50,
5 o6 PD-EDTA WSLaS LS5 g 0y Slind g,
38 sl 5 36 Jslons PH 000 5 5 021 Kol

‘:‘J.C LSLQJ9L7‘° W) p...la.u &/&—f’/' obju\m )Q D 691}



"y e 9 Ml LS 50 (59 9 0w SLDELALE roxxd

O gh 33 Jogine al Sl Gy et ) S8 Bb s LS5 Y e a sl g el (Bolas S )b el
el 0wl 4y S oLF iy 5 alsp il Jsb wos SPSS 58l o 5l esliial b lapSilee aslin os a5 L
£k Ao o jlesd )3 ala; g 2lon el Job (n it 35 el o )3 A8 Gliebl po L (Sl (5051 5
Voo oy sled o atn; g (2len el Job (n teS g i 5o

S0 odelie i )0 0,5 e Pl

-
=

25 ‘ i 12 a
' 20 b B 10 b
s S ] : ! ;
3= 55 d - 8 & d
Bo e . 4 B e -
o =2 i 1T 6 f
‘] = 10 o 3, K"
- ‘ - R, Jwy 1 g
S ‘ g
g s I 3 i
‘ ]
0 0
(4] 5 10 25 50 100 200 0 5 10 25 50 100 200
e SALE (PN ETF)
Pb concentration (ppm) Pb concentration (ppm)

1S5 Y il yy3Uin kipasl oL (D) 4y J5b 5 () (sls oIl Jsbo 2 o oo ilisio slocdilé 51 - S

] (5SSl OS‘“)T Hleoliiwl b Hlo S ©iglas 0ussS )Ly oS pllo juf B9y Cowl jlro Il il

Figure 1. Effect of different concentrations of lead on shoot length (a) and root length (b) of the harmal plant.
The values are the mean of 3 replicates + standard deviation. Non-common letters indicate a significant
difference using Duncan's test.

Sl 5o ey 5 2lov el Job S g i o 05 e 3 g el el 9y jled VIS Gk s
Al odsline yid 088 Lo Ar g9, dald 4 Cowd olS aty; g 2lep plail Jsb asys O gl

)Mds))w)om)B@‘%r:‘m‘J}bw)ww‘o.\.w

b a
25 12 i a
- 2 g wo1pg ®
g 20 - b 3 S ‘
3 = c g ol 8 | c
5 £ 15 e 3 ® o d
o ED f foi = ‘
4 = 10 g s o J—
b — 1=} g
3 Y2 ‘ g
= 5 wn 2 | i
0 0 -
0O 1 5 10 20 40 80 0 1 5 10 20 40 80
&gy Al S9y dald
Zn concentration (ppm) Zn concentration (ppm)

£ 1S5 ¥ Silao ¢ ol ka6l (D) iy Jobo 5 (8) (s2ls plal J5b (59, cilivhs slocilé 51 -Y S

el SIS g3 31 ooliim] b 410 Sxe oglti suinS” ¢yl oS o pué B9y el jlaro Bl il
Figure 2. Effect of different concentrations of zinc on shoot length (a) and root length (b) of the harmal plant.
The values are the mean of 3 replicates + standard deviation. Non-common letters indicate a significant
difference using Duncan's test.
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Figure 3. Effect of different concentrations of lead on shoot dry weight (a) and root dry weight (b) of the harmal
plant. The values are the mean of 3 replicates + standard deviation. Non-common letters indicate a significant
difference using Duncan's test.

2ol 4y Cuwd 69y S o Sk A cbile o Sas 32 69 e a5 Sl aie ¥ OSS 4 azgi b (eizren
o oanlice 5 len il Sis e o sine LialS el okl ol

553 S el 0a anlh & ezl oL 53 4ty

IJIJJli

5 10 20 40 80

b a

f
| g

10 20 40 80

15

10

Al ) SLS )9
Root dry weight (mg per plant)
o w
© |
c
v
— .
I
‘;:I,.h ,.kul KL O39
Shoot dry weight (mg per plant)
L IS I " VR Y
O O O O O © O

Sy ol Sy als

Zn concentration (ppm) Zn concentration (ppm)

¥ eSilae 0lie ol obS (D) aidy ) i (39 9 (8) (lsp ol SiS (59 1 g3y hlico glacdale JI-F JSo

| SS1S 09‘°5T 3l ool b Hlo Lo @glas 0uilS” ()lo oSyl sl Bg iy el Hlro Bl il 41,55
Figure 4. Effect of different concentrations of zinc on shoot dry weight (a) and root dry weight (b) of the harmal
plant. The values are the mean of 3 replicates + standard deviation. Non-common letters indicate a significant
difference using Duncan's test.
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the harmal plant. The values are the mean of 3 replicates + standard deviation. Non-common letters indicate a
significant difference using Duncan's test.
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Figure 6. Effect of different concentrations of zinc on shoot Pb concentration (a) and root Pb concentration (b) of
the harmal plant. The values are the mean of 3 replicates + standard deviation. Non-common letters indicate a
significant difference using Duncan's test.
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Figure 7. Effect of different concentrations of lead on concentration of chlorophyll a (a), chlorophyll b (b), total

chlorophyll (c) and carotenoid (d) of the harmal plant. The values are the mean of 3 replicates + standard
deviation. Non-common letters indicate a significant difference using Duncan's test.
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Figure 8. Effect of different concentrations of zinc on concentration of chlorophyll a (a), chlorophyll b (b), total

chlorophyll (c) and carotenoid (d) of the harmal plant. The values are the mean of 3 replicates + standard
deviation. Non-common letters indicate a significant difference using Duncan's test.
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