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1- Chlorophyll a (chla) = 13.364664 — 5.194648

2- Chloophyll b(Chlb) = 27.43a648 — 81.12A664

3- Carotenoides (C X + C)10004470 — 2.13 Chla — 97.46 Chlb/209
4- Total Chloophylls (Chlt) = hla + Chlb
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Haft rang cultivar
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In each column, means with the same letters are not significantly different using DMRT (P< 0.05).
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Table 2- Effect of chromium concentration and cultivar on chromium accumulation in soil and different
organs of three rose cultivars
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In each column, means with the same letters are not significantly different using DMRT (P< 0.05).
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Oryza sativa -\+ Leersia hexandra -4

\FY

W= QW 9 S


http://dx.doi.org/10.61186/flowerjournal.8.1.141
https://flowerjournal.ir/article-1-266-en.html

[ Downloaded from flowerjournal.ir on 2025-12-07 ]

[ DOI: 10.61186/flowerjournal .8.1.141 ]

V0E-18) (DA (V80 Y) s OlS 5 S

oS e e b B s)ls olS s (Sundaramoorthy., 2010) Sl Il e e S ke 51
S A 1S 6 Ks anlllas 45 uames (Huang et al., 2018) ui 518 S s pans s bade) > oS wps S
o 3550 > (Nojabaii et al., 2017) Ll o ol se sla i i T (a5 als LS iy o P35 peas
i D3 a3 53 Calg 5 Bl s 4y 3 Ml e ) e A3 sdalie B3 olS Ciline slapltl 53 a8
ShAlg e Dl 5 Slind b bl cald s 4 (V) o5 S o8 cosl ol asiis (Anjum et al,, 2016) 5 5
de Oliveira et al., 2016) 345 Clor (6551 @ atealy Jd Al 3 SO s 5 Sl pn 5 Sland glaodias Jlisl 3 b
355 ol 53 s Cde Gl cel T Y gla oSS LS5 L iy, s s <(Sundaramoorthy., 2010
S adyy heyi edd Sl ey S 2505 S Bl S 5l s ol e LS ,» (Srivastava et al., 2021)
L ety 35,5 L (VD) o5 5 (Sinha et al., 2018) 555 o 3,05 oS & ol (S s 5 old ol Sl
U5 Gl o)l 4 Jlasl b e (Zou et al,, 1998) 555 o (D) o5 S 4 bt oal SUS 35 slag 5T Ibss
Sl Sas 2xs «(Usman et al., 2019 ¢ Shanker et al., 2009) tas o s 5l oS glacil 4 JWsl gl o 1y 555
S5l sy s (Guptaatal, 2020) Asl Sla 4 aly; 5l e, oS Il B> ades sla 55515 55 ps,S Okd a3l
‘Ct@lfﬁtg}rﬁ); Wl Gl s S s e e ps S e oS cale 1L edige 5 A o35 3
Ronyasi ) 13 5 4y 5 d3lo 0 o 05 5 51 g 5V0 clale glls w 3550 DS S oS U sdaline 53V 5 5
Rafati ) ool i J2,158 S 5 3 e &5 57l 53 Ko ol o2 on b (& Parvizi Mosaed., 2016
IS 4 JEl el Lol el 350 oS 58 Slacand & a2y ) ps 8 JUSl & ol 0 asiie (etal, 2012
Srivastava ) <3, lsa lacand 4 pal wile Kos obe DML baw s e S 51 dny 53 3503 (Ko 055 olacs
(Liuetal., 2009) Lol o moxs S 5 sty 55 5 (etal., 2021

55 ¢85 A plberdsn 5 5P Slho S p n s S S

Lo oS 53 s s bl b co Jploms Slacidon g S (Slyme 45 315 OLES Sk gy S Slgime 3550 3 S
S oS 315 OLES i ol SIUT Jsdor il sdaliie s pme OVl 035 4 o 3 gy S ke 215
B ol pme SEF 035 5 5 035 o Jebs NS atle oS el pps S Bl 5 05

Johoee ol yhn 5 S

Sl VL dals & Cand (gdo ;3 YW 151 L w5 oo g S pfjlcs 53 cﬁuj.,a Yoo cLhle s
£35S 4 5y Ol Vleis Liy sl pliay jold o e p S S aalllan (F i) Codls |y Jsloms glacl s S
L dslos slalydun o S (glgmms el 55 (Prado et al., 2010) s o il33l 1) Jgloes ol sy S (gl yims

S 5 (Pandaetal, 2020) ol ialS a0 O CBlE 215l L e 5 0L 5031 clale 21l

Zeamays L -¢ . Petroselinum crispum-r Lepidium sativum-y  Coptis chinensis Franch -
Populus alba - Allium cepa -v Spinacia oleracea -1 Lactuca sativa -o
Zinnia elegans -1\ Salvinia minima -\ - Morus alba -4

\FA

W= QW 9 S


http://dx.doi.org/10.61186/flowerjournal.8.1.141
https://flowerjournal.ir/article-1-266-en.html

[ Downloaded from flowerjournal.ir on 2025-12-07 ]

[ DOI: 10.61186/flowerjournal .8.1.141 ]

V0E-18) (DA (V80 Y) s OlS 5 S

Slsme O 1 esdle (Khan et al, 2020) ol (Sioml o ol Jole Jslos laclidoas S lsme OlalS
Condy 53 olS aly Slapd e g1 1y B Dbt 5 S 0,05 lyden sy S 5 GBI L J sl el idn 5 S
Verma et al., ) kel cows 4 50 Tor Sao MR 0> et .(Dubeya & singh., 1999) uils; o Sl & i3
5 LS e Sl Jisl 2als 3k 5l Wl e geslS K 16 oS sls 0LES (0434) Shah & Dubey <latas (2001
oS s, ecile S gl (Sls s S o Tl i 5 ()l 55 Sl sl (585 s e 1A
Sl K 5B 25 5 e 53 QLALS 55 sloee slaclsdn g1 S (sl s o (O JUESH 2l L s 0SS e U
(Vermaetal., 2001) 55 o0 55 Jayl 15 Cod Cgllas (g el il B (5l (655l ilSs sl

S, o

SRS s L 5y (85 50 Sl Sl o i Ll s S mlan S8 Csl s S CBlE LIS, des s
O Joder) dol s & o pl Bli Sl 4 el A TAMA L ey S S SULS 36 S L Vo
odalin p S Lol sled QLS 15 S o ISl o 2eS 5 ol QLS 5 S IS hae o i o 2 (S50 s U2
235 (Sundaramoorthy., 2010) =il alS m i S JS v ps S 1 5o e S e Yo clile LI5IL A
PIroz &) ui oS cpl )3 Sl (2l Eel Sdda o3 S (VL glaclale oS sl OLE Vols Kkl oS g,
L3S sdalis oy S Chle IBIL 1 Sy e 2alS Ol olS s 01 K3 (Manouchehri Kalantari., 2011
(Tashkorizadeh & Saeedenjad., 2017)

spde Hime alsn Glaplll a4 OML L 5 edd Ol St lams Sl adyy by oS A S S boles
g 53 F5e oS S ol 5 S50 Jsb Jold &S 1, S mha Wlg s G2 b cnl Sl 5 «Srivastava et al., 2021)
Sl & 015 o 1 VL glac e 53 S mlaw 2alS am 53 das i3 G o (Sundaramoorthy., 2010) <ol
Piroz : Sundaramoorthy., 2010) 51> Cowd (XS o i) 03 S (S5l Jaes 55 &S LS 5 slad she slaws 5 J ks o101
(& Manouchehri Kalantari., 2012

JBa S pasls

s 055 45 313 0L 5 Sile tglie (slaenls 3L EAIS gy S Sale SBIBIL 035 ke 3 e LIS oS s
35 03 Jbo S jasls hals i bl acls 1) 805 w35 53 4 S W sl 30e b Cidos pl s (S
(1 J5d) 35 O el & s 2alS A3 OV L p S5kS 3 p S ke V0 e 55 kg

e b L S ol (Mahmoodi etal., 2015) 4s 5 1S jastls (el Celipy S 5 (5l T sacka 5
SBLes dd Sy el =0 5T b 5 (ALA) del Syl =0 e o8 351 s el 5 405

&j}f@:ﬁ@)) J}.&L;c al..:f).) J.;JL.LSJ:.M)\ CLA had e ft’”l b Qj)ﬂlaﬁjﬁcu(ALA) J.:.\.J «S (ALAD)

Plantago ovate -v Chenopodium album L. -¥ Heliantus annuus -\

1¥4

W= QW 9 S


http://dx.doi.org/10.61186/flowerjournal.8.1.141
https://flowerjournal.ir/article-1-266-en.html

[ Downloaded from flowerjournal.ir on 2025-12-07 ]

[ DOI: 10.61186/flowerjournal .8.1.141 ]

V0E-18) (DA (V80 Y) s OlS 5 S

e falS ol bele 35 IS 5m s 53 I (nl oS 58 Ol 850l Ol 0 Has e S oS S 5o
(Fatahi et al., 2020) |} IS

83 55 S

Ly el cp i dals b acglie )3 Lo )3 AVY 2alS LSS 55 0 S e V00 Clale s SSocida o35 s 5 035
Gl s basles ol banglie 55 o3 AV JalS L i o35 55 St U5y AalS o 2y (7 Jor) ol 0L
osﬁgﬁ;)\@p;gm;&@\u,s;\muzgwumw\.(vdj,\?)mg;wwp;ﬁﬁjgsﬁr;dxﬁa\o.
55 035 O KT Ol e 8 3 andllae 53 odls cills O SKiass plo Sladlas b 4t ol 45 b o 28l
3, 5> (Piroz & Manouchehri Kalantari., 2012) <3l 2alS o5 5 clile Ll501 L slas cou OblS s Six
dlie 53 slias S GBI L FW) 5 055 65 ol ol 3018 o5kl o3 53 a5 5 (VD) o358 e 36
oS i 5 5 03y (Kunduetal, 2018) 5 S JWs |y Ly e 50 (DW) it 055 .2l ialS dals Jlg L
(Piroz etal., 2012) ai dals= oS it 5 5 055 53 eitd Sl iy 5 30 Julye 5 ol olS iy 5 Shas sl
ASM)K;\Wﬂ;”Lng&;}};o;,ﬂx)l;\f&}:wp}uwasdjg’up&;wﬂucsb);
5 A3l oS lea Sy a U 5 4l s O Qo Bl &S poS Caa Jsas Ll 0 035 55 a8 )
Ll 353 M5 5 e BT (sla s Jlge 5 olS S ke ladul b 4 S sa0s B3 4 Ll e oomes
Gilletal., ) lae slge ol 53 05 S e Sl s &0 Ll oo (pizman 055 28 ) .(Sundaramoorthy., 2010)
OLS b g 5 5 5w 53 Dl 5 Sl S 05580 e slie (288 3155 55 5 «(Singh et al., 2016: 2015

.(Chidambaram et al., 2006) L

S50 85 s Shes szl ppg S FY dgue

Table 6- Effect of chromium on yield component of three rose cultivars.
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Abstract

Chromium is one of the most important heavy metals, that has been excessively added to the
environment in recent years due to extensive uses in industry, agricultural toxins and the release of
industrial wastes into the water. To evaluate the impact of stress at different levels of chromium (0,
75, and 150 mg/kg soil) on three cultivars of rose (White, Mohandesi, and Haft rang) a greenhouse
factorial experiment was conducted in a completely randomized design (CRD) with three replications
in pots at the Faculty of Agriculture, Ferdowsi University of Mashhad in 2018. Four months after
planting, morphological and biochemical traits were evaluated. According to the results, it was found
that the greatest decrease in chlorophyll a and the ratio of chlorophyll a/b was in Haft rang cultivar
with a decrease of 53.3 and 80.3%, respectively. Amount of carotenoids in the White cultivar was
85.6%, amount of chlorophyll b in the Mohandesi cultivar showed 5.1% decrease in comparison to
the control at a concentration of 150 mg/kg of soil chromium. The highest amount of chromium
accumulation at a concentration of 150 mg/kg was in the roots of the Haft rang rose cultivar and the
leaves of the Mohandesi rose cultivar, with a ratio of 610 and 3915 times respectively, compared to
the control of these cultivars. The highest accumulation of chromium in the leaves was in the
Mohandesi cultivar with an average of 3915 ppm, in the root of Haft rang cultivar with an average of
10988 ppm, and the soil in the white variety with an average of 597 ppm at the concentration of 150
mg/kg of chromium. With the increase in chromium concentration, the content of soluble
carbohydrates increased, and this increase was higher in the Mohandesi cultivar than in the other
cultivars. Leaf area, chlorophyll index, and wet and dry weight of aerial parts increased in all cultivars
with increasing chromium concentration. Also, the results showed that Haft rang cultivar was more
resistant to the increase of chromium than the other cultivars.

Keywords: Heavy Elements, Mohandesi Cultivar, Haft rang, White.
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