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Chlorophyll a (chla) = 13.364664 — 5.194648

Chloophyll b(Chlb) = 27.43a648 — 81.124A664

Carotenoides (C X + C)10004470 — 2.13 Chla — 97.46 Chlb/209
Total Chloophylls (Chlt) = hla + Chlb
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Table 1- Source of variance (means square) of photosynthetic pigments
Mean Square e o - Ske

S J2a alb J35 bads 535018 b Jis s a s s w3 s e
Total Chlorophyll Carotenoids ~ Chlorophyll ~ Chlorophyll df SHOAY)
Chlorophylls alb b a
0.353** 3.446** 0.103** 0.863** 0.77** 2 Chromium, s
0.850** 1.582** 0.019** 0.808** 0.453** 2 Cultivar 3,
0.353** 0.216** 0.007* 0.269** 0.101** 4 o5 e S
Cultivar
chromiums
0.047 0.053 0.002 0.01 0.021 18 Errortas

ko3 ey Il c]d—w 23 b g™ s S Jlez! C]d—w 03 s gme®*

** * Significant at probability levels of 1 and 5%, respectively,
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Table 2- Effect of chromium concentration and cultivar on pigments content
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O3z OsesS 2 WseS n OiseS n
(e)'U (e)'U (e)'U (e)'U
Total Chlorop  Caroten  Chlorop  Chlorop Chromium cultivar
Chloroph  hyll a/b oids hyll b hyll a concentration(mg/kg)
ylls (mg/gfw  (mg/gfw  (mg/gfw
(mg/gfw) ) ) )
2432 2.392 0.332 0.72« 1.712 0 Mohandesi . o3,
cultivar
1.82d° 1.59 0.13bcd 0.70¢ 1.12° 75 Mohandesi ..xgs o3,
cultivar
1.71 1.52% 0.08¢¢e 0.68¢de 1.03% 150 Mohandesi .xgs o3,
cultivar
1.45% 1.87%¢ 0.15 0.51¢ 0.94bcd 0 A o35
White cultivar
1.40¢ 1.47° 0.13bd  Q57d% 0.84¢ 75 s 3,
White cultivar
2.02 0.624 0.02¢ 1.05° 0.77« 150 A o35
White cultivar
2.23% 1.91° 0.322 0.77¢ 1.472 0 Sy o3,
Haft rang cultivar
1.94b¢ 0.71¢ 0.17° 1.15° 0.79¢ 75 Sopsida o3,

Haft rang cultivar
2.532 0.38¢ 0.05¢% 1.842 0.68¢ 150 i ycis o8,

Haft rang cultivar r
SISl me D] (Ao s o Jlez| clzw 03 Kl glawls Lo Osa3) bl S rie Gy o slols olary Sl i o 3

In each column, means with the same letters are not significantly different using DMRT (P< 0.05).

))&)M&M&QW))(&};MJ,JL)UQfﬁ@\b:j)ijuwudur‘-ﬁ‘jdu)bfj;&rj
J))Av.;)Mﬁ)bgﬂ)uﬁ)nﬁt}r};wjar);jv.;)Wﬂﬁ)\b&&ﬂbwb)bembﬁaﬁ)ﬂ
L'n.lgm.h.Cﬁ.i':\.l.;Cj;wﬁ&)\éwdwléb):rﬁjjr};uuiwﬁ.sﬁ)\bwsz\ c]au).}«z.maﬂ

.(VJ}J;.-)J){)\:L;I:AM)D\ Cl:.u)bgf]:_}ébc@.)cdb-)bf_};j‘é.lﬁzunQL';JU.NQJUQfﬁcﬂ.’b

35 At il (ataand 53 5 S oo (Dl o 5Rile) iy 428 Y Jsr

Table 3- Source of variance (mean square) metal accumulation in different parts of three rose cultivars
Mean Square <l e .Sl

SressS Slopy S sy psS Sy S ar) Sl s g
Chromium Chromium Chromium Chromium df S.0.v
1.78x107** 93.391** 8.899x107** 1.96x10%** 2 Chromium,; s
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4.9x105+* 2.596™ 2.377x107** 8.677x10%** 2 Cultivar 3,
9.291** 1.88™ 1.612x10™* 4.585x10%** 4 Cultivar .3, s s
446209.16 5.219 1371807 5483.141 18 Errori.s

S5 Jls sme M;:@da“);ns g.,\.;;:u_iidu}\da,w):)\:u;u**

** na: Significant at probability levels of 1 non-significant, respectively,

VAVY S A odalie o5 S 0 ST5hS 55 p S Joo 100 Cale s b 055 4 Glate S 3 slile 3L ps S i cp i
Rt o3l 5 laaty s 53 5l ) mead pg S ke 513G (Y i) 3ls DL dald 4 Cod 1B 2
APV s ol dald 4 G S 3 Soscis glandn) 3 0SS 3 p S ke V00 Clile 5 ey S e lulis
d el 3 Bl 53 pg S e s o teS S 3l OLE Sle e S0ke o el (F Jsd) cdls il
23 eedige 035 53 LS 3 e S dr (F Jui) 35 ps S 0 SRS 5o 0 S Jee 100 e s e o i 5 03,
e Sl Rl ey S e (IG5, (035 5ol ol Cdie (St e S SV s g o Ll S
)-)v,f,dmfﬁpp;@?aw;,:ﬁ.mudﬁuN;g;\z&)mj,gjéugﬂulmeMmujﬁjg
o35 e ) 53 ity G TN (35 nl dald 4 ol 4 g p SIS 3 o S A V0 ke 3 g

(F ) 350 WS 5 03 058 ez il op 2eS shols dald 4 ond (I3 21 V) L S5

30 5 A s glapllil 5 S 5 09,8 mead Ol 2 035 5 g S Shale 1Y Jgas

Table 2- Effect of chromium concentration and cultivar on chromium accumulation in soil and different
organs of three rose cultivars

“iiyesS Sk oy 05550 Bl o5 S SpesS oS k) o5 S s .3
05 2 eSS 2 eSS (e Osse S 2 08 eSS (oS 5hs s
(e 055 (e 05505 (S 055
Root chrome Chromium Chromium of Chrome leaf Chromium Cultivar
(ng/g.d) soil (ng/g.d) stem (ug/g.d) (mg/g.d) concentration
(mg/kg)
10.514 27.21¢ 8.36" 2.85P 0 s o3
Mohandesi
cultivar
1103.4¢ 151.85% 11.082bc 284.38b 75 s 03
Mohandesi
cultivar
3020.6¢ 171.36% 14.352 3915.28 150 s o3
Mohandesi
cultivar
18.98¢ 31.96bcd 7.25°¢ 3.350 0 Lo 03

White cultivar
1673.5¢« 235.42bcd 9.59bc 298.62° 75 L 03
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White cultivar
4315.84 597.87b¢ 14.412 3548.42 150 L 03

White cultivar

18b° 33.20° 7.91° 12.61° 0 Sy o3,

Haft rang
cultivar
2353.6° 118.36° 12.25% 36.° 75 Kyia o3,

Haft rang
cultivar
109882 208.23? 14.082 144.42° 150 Sycda o3,

Haft rang
cultivar r
I s e D (A3 gy ezl e 3) (Ul (slanels i Oo3l bl 5 S mie Gg o glyls oS oo Sle «giw a2
In each column, means with the same letters are not significantly different using DMRT (P< 0.05).
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sdalin olsm ol s (g i (VD) o5 S mazs S1a~ (Lycopersicum esculentum) S e S olS iy o
Lsd xS olen Glaplll 53 ps 8w Jllie &S AS 318 3 ey S s (Gupta at al., 2020) s
(Tiwari etal., 2011) .l lsa fl.ul B (.,LS s (Hibiscus esculentus) «.l (Peucedanum graveolens)
Laaly ) 3 pg S ez 5ls 0L el s 43 48 lams (Lolium perenne L) & oo olS (555 2 oS> hasi U3
S glaads, 53 A3 ey Sos Sialesl s aemen (Vernay et al., 2007) sg WS 5 b acolis 3 ol Ve
& poS =l L aslis s (Sorghum bicolor) rjij s (Avena sativa) ,. s> s> (Triticum aestivum)
Gl Olgee o S clale L1531 L (Ocimum basilicum L.) Ol oLS 5 .(Lopez-Luna et al., 2009) —.ils (g i
(Khavarinejad et al., 2008) sl 2133l (g,ls pme jsbas alny 5 olsa eIl Lo 5 05 S

2 sl ezl es S oLS opl S A edalis (Leersia hexandra) 1, 0lsis Lu J cpas olS 5 0 el s o
aiuy 3 ps S meors 553 lasdlas 55 (Liuetal, 2009) LS s 0,53 S 5 sla BIsSTy 55 s 5 4y Jshos o)l
LS > .(Sundaramoorthy., 2010) il il 53l geoia ps S chle LI (Oryza sativa) o=, ol ol s
SIS S sesns s bad, s wesS =25 on e ( Coptis chinensis Franch) o oMb &= 55515
(Lepidium  ali OLaLS wiu) 53 psS mexs & A2 318 503 andllas 5 pemen (Huang et al., 2018) .
o 250 2 .(Nojabaii et al., 2017) ail o olsa sla isw 51 2l (Petroselinum crispum) (s a5 sativum)
2 olgnn 5 Bl e w3 Ml jaie ) mead LS edalis (Zeamays L) o) LS il slaplll 53 05 S
Sl 5 Dland b bl calis s 4 (VD) o5 8 45 cosl ol 2l (Anjumeetal., 2016) 55 2l )3 4l

de Oliveira et ) s 55 ol (6551 4 anls Jlad Aol 3 3 5 Sl 5 Slid laodins JUl 3 b 51 Ll 5 e
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55 ol st Ol sl cel JT UK ls WSlaS LS5 L aky, 3 5 «(Sundaramoorthy., 2010¢ al., 2016
o w adyy by edd ol 0 S 305 5l Bl S 5k s ol LS ,s (Srivastava et al., 2021)
L ety 3555 L (VD) o5 5 (Sinhaetal., 2018) 555 0 5,05 olS 4 ol o 208 amstins 5 old ol Sl
357 Ul Ik oslps & Ll b s (Zouetal., 1998) 5 5i o (D) o5 S 0 LS ool S s, duﬁ)j cJlss
iUl ol Sas oas «(Usman etal., 2019 ¢ Shanker et al., 2009) das o s 5115 olS slacil & Il gl 5 1
55 0 pol Siass s (Guptaatal., 2020) il aile 4y ety Sl ps S oS Il s aiy; la B5STs 55 ps S 0o
(Brassica oIS ; (slanllas 55 .l oo ol 33l on LaS 53 0 Jame o5 S lie o5 S ale (2l 5l L g 5 Ak
OlalS WS, aS L sdalive 5o (Allium cepa) sk s (Spinacia oleracea) thw\ Lactuca sativa)) ;alS ©leracea)
.(Ronyasi and Parvizi Mosaed., 2016) L4 ais, 5 Gle 4 Cund r}; S sNL chle lls pws 5550
Rafati ) ol sas 5,155 WS s (Morus alba) i < 55 (Populus alba) i 55 S ol oS e
JS 4 Ul ol Ll el s5dome oS lsa (slacand 4 iy Sl ps S JUil 8 ol ol el (etal, 2012
Srivastava ) <3, lsa lacand 4 pal wile Koo obe OWL Low s e S 51 dny 53 3503 (Ko 055 olacs
(Liuetal., 2009) dsly o oz S 1 5515 5 5 (etah., 2021

55 0 d plandisn 5 S5 P s g0 Do F g 5 ps S 3

Clale 5B o Jlone Gl ydin s S slye o 315 DL Slpdia s S Slgme 3550 03 lils HIUT Ul
Lol IUT st s L0 Jsdar) A sdalie Sl sme OVl 035 4w ps S e IBIL 5 <38 S5 ey S
Do pme S 035 5 5 055 s NS patli oS phae prps S hle 1 035 (iSes oS ol 0L roes
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Table 5- Source of variance (mean square) of morphological and chemical characteristics
Mean Square ol » Sl

Sis O3 503 by IS Laxls e Sy S &35 am s e
Dry Wet Chlorophyll Leaf area Carbohydrate df S.0.Vv
weight weight index
13.264**  81.824** 835.223** 2.326x10%** 1.051** 2 Chromium,.; s
7 : .
0.573%* 3.716** 226.901** 8.351x10™ 0.349** 2 Cultivar .,
2.173** 20.684** 16120000** 1.26x108** 0.325** 4 o35 #ps S
Cultivar
Chromiums:
0.082 0.513 2.073 2.07x107 0.008 18 Erroruas

s S Jlaxs g 2 Slaas®*
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(Fatahi etal., 2020) .l L35 )5 axls fals

83 45 o)
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Table 6- Effect of chromium on yield component of three rose cultivars

Sexo5 (S g0 el Srghe 2SSk Shkans ¢Sk s Sl o
5 Jebs S (@r Ao G osses A AS
Dry weight Fresh Chlorophyll Leaf area Carbohydrate Chromium Cultivar
(9) weight (g) index (mm?) (mg.gfw) concentration
(mg/kg)
1.70b 4,12° 47.6% 22023 0.440¢ 0 VRt
Mohandesi cultivar
0.190¢ 0.460% 35.4¢ 3599¢ 1.020° 75 eiga o3

Mohandesi cultivar
D)
Mohandesi cultivar
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0.160¢ 0.430 23.0° 1656°¢ 1.4102 150
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2.622 6.312 34.6b° 418062 0.350% 0 Lk 3
White cultivar
0.264 0.70d 23.8¢ 3186°¢ 0.470¢cd 75 Lk 3
White cultivar
0.080¢ 0.34 17.6f 459¢ 0.610¢<d 150 Lk 3,
White cultivar
2,712 7.032 38.50 0.770¢ 0.2408 0 K ycin 5
Haft rang cultivar
0.760¢ 1.61¢ 32.44 1.15° 0.3709% 75 K ycin 5
Haft rang cultivar
0.080¢ 0.1904 22.3¢ 1.842 1.1400 150

&;)wrs)

Haft rang cultivar

I s e S (A3 gy ezl e 3) (Ul (slanels i Oo3l sl 5 S mie Gg i lyls oS ola Sle «giw a2
In each column, means with the same letters are not significantly different using DMRT (P< 0.05).
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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 waters. To evaluate the amount of stress of different levels of chromium (0,
75, and 150 mg/kg soil) on three varieties of rose (White, Mohandesi, and Haft rang) a greenhouse
factorial experiment was conducted in a completely randomized design (CRD) with three replications
in pots, it was done at Faculty of Agriculture Ferdowsi University of Mashhad in 2018. 120 days 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 percent, respectively. amount of carotenoids in the White cultivar
was 85.6 percent, amount of chlorophyll b in the Mohandesi cultivar with 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 a 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 two
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 two cultivars.

Keywords: Heavy Elements, Mohandesi Cultivar, Seven Colors, White.



