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AL B W IR A FH R 7 A A X6 A A e ) i 52
PEOHIST (HAFFEOOHE Y, ABA BRI NCEDI #
NCED?2 i Rk S8 ABA R, i< fLx
M, RN, DIRPESEREE IS
Wi FEL ) B ARAR I S5 ) S B 5 00 A o AH G 72 017
SR, YRR ER R, SR BT A B
ARAA RS BE S 22 B A o /KRG 75 TRURH IE T PR P ik 5
R 2 A G BB IR IR IR B, ANt H Al
V) A 0 R 0 7K e B R A T A 38 v B v A B S Mol
SERIYSANA R/

IKFEE N R RN EE e —, TiE
SRR R ER N — . REZHEEE
159 IR AE LT A, SRR AR 15%
DAL, DVHEHTMR G B E SRR, B
SR ik 200 2700819, TV R & RS A KL
2V, A A B KR AL TR
FEFRR2, SR, B ET MR LIS T Cro xS
KRG A RN TR 25 52 00 (1) A OCHOE o A T VP AL T
Cro 8 PEXT 2 /NIKFE R i A 5] A2 B 2 T8 A5 REAE
SRR, B B SR B oo da PR K g i
& TUE R S5 TS RHESENLE], R 7K
FEEE 4 8 5 G i) A R AR

1 #RERE

1.1 RIas

BEAARE Y 2 AN IK G SR 2268 309 (SJ309)
AJEPRHE 31 (LQD31) , HEBIIITLE KRR EBE
A AR . 2 AN KA PSS JE T ROKFE, B
M AR E, BRAR™ . 29005
EILIE
1.2 R 7sE

I A R R /N A1 R, Tk s
EREEKREFEFTRST, WRFMTE 18h
HeHE/6 h RS, 30 °C/22 °Cy AHXHEE 50%~60%
DA & R AR5 500425 pmol/(m?-s) 3R 85 26 1
THHTAKRE. 2 G, 2AHAEHE 0 (CK)
25 (Cra5) ~ 50 (Crso) A1 100 pmol/L (Crigo)
Créo* ) AR FR AT VA AL 3 2 Rk Kk FE. T2
150 umol/L # il 4bBE 20 d J5 1) LQD31 K#B4 &
BT, DG, S e 1S T 75 R B e A i
7E 0~100 pumol/L . i} HR 41 AN 853k i Ab B 20 245 10047 5
WESRK . 7658 3 AERE S H, & LRMFE &Mt
B 3d HHR 1 RACER, SRAbH 21 d.

1.3 MEERSHE

13.1 % (Cr") &= fehhashs 3 fiE, W
32 AIKFEF BRI T 60°C FH/Ek 24 h J5
HIFE, FREL 0.5 g RRlAE S, {EH 7 mL HNOs #E47
TR, FKERSE 50mL. {£H iCAP™ RQ
ICP-MS FEHE & 45 B TR B i A (FEBR G AHR
FAwD Mg Cro& i, 2HlhrdEdizk, MR
R2=0.999.

132 £A#HREELSAKRL®RASH MHH
CIRAS-3 A E/EHNE R4 (PP Systems,
FED /3 HT CK Ml Crigo LT 2 AN/KAF A
MRFLFE (G « ABBHEE (T KR HZE
(WUE) . HalE] CO¥KE (C) 27 A
i

133 wtAafBEsE 54 KR SLEMEL
HIME, £RT=EH, HHEE - LK — 2K
( formaldehyde-alcohol-acetic acid, FAA) [l & i
F 30 min, ZERIEE K 15 min A 75 LS B0R .
FfAL e (10 pg/mL, BEERERZEMRD X ¥eid i
M geth 15 min, BEE A H . FIH TCS SP8
WOCH# LR ERMAS (k. fEED /£ DMI600
B8 DME (kF, MEED FigfT, B& 63xNAL3
HnR i ES TR, EREEIGEE 1 [E
I8 FH 488 nm UK KR A 98 B - R A Imageld
BAF I e K FE 2 R MIAR S . 2 & o i 3
17 50 R E Z k5

1.3.4 k& eF  HFRELCK 5 Crioo 2B 2
ANKFEF R A RES (25 mg) . A 1.5 mL 80%
(v/v) THEATE 4 °CREYEALFE 48 ho BHJG, WGFESLAE
13000 g N &0 10 min, ¥ EIHEBRFEE 10 554
663 645 F1 480 nm K T MEROLER, (R
SRR PR E: HEE S E= (7.93%Ags+
19.53%Aqss) XfXVIEW, K% N RS E= (Awot
0.114xAgs3—0.638%Agas) xfXVIFWx 112.5, i, f
KRBT, VR MIEAR, Fv &R
IREFIAE S B E (mg)

135 Ak EH5m —# (MDA) 2% X
HABRARE L 2%8 (thiobarbituric acid, TBA) il
E MDA & 8. WREL0.2 g BEHRES, 5 mL &
10% =5 LB 0.25% TBA W RHEATY . 1
95 °C F & ¥ 30 min, ZRJ5/E 10 000 g N &L
10 min, T 532 nm AN E WOGSE, IR G2
£ 600 nm PAAL IS IR EE AR .



SR 230 HH

RIS KR A A 2R B PR AT A RRAIE 5248 Jih a8 R 2 M T 7 145

Z: W Larkindale ¢ 7775, M 100 mg H
FE S P IR EALEE . ] 2 mL 86 1%%E Lang
Ll (PVP) Al 1 mmol/L 2 — %P4 2.8 (EDTA)
f8 100 mmol/L MR #h 22 P (pH=7.0) ¥4 I JFHlt
BEIH FRES . #E4°C. 13000 g NE L 20 min,
IEW IR
KHEAM O EEN E i H AR (CAT)
WM, 0.1 mL BEFEEUI S 1 mL 50 mmol/L R
Bzl (pH=7.0) V&%), HIA 0.1 mL 100 mmol/L
H0, 51 & [ B0, &ERE 30s 035 240 nm AL FIWROE T
Ak, FEEE 2 mine R @ AIARE LRI E I Ak
Vil (POD) &1, % 100 pL BEEE 5 0.9 mL
A 1 mmol/L EDTA K R — &0 8 22 1 il
(pH=7.0)F1 10 mmol/L & AIAM A, 1A 0.1 mL
100 mmol/L H20: 51 KB, ZEiifF F 5 min, T
470 nm AL RPOLEE AR . SR ZE UM (NBT)
J6 I8 v I 5E B SE ALY B AL (SOD) iR, B
0.1 mL EEFRECYI N 189 pL 1 mmol/L Al 3L ¥ U4

AT 39 uL 1 mmol/L FHREZEEH, 5 50 mmol/L
IR Eh Pl (pH=7.8) " %%, M 3.9 uL 1 mmol/L
BWERE, BRMESYE 15 W RGT TG
10 min, § 560 nm AbJI &G . CAT. POD Al
SOD ¥ A N U/(mg protmin).
1.3.6 SF8% k<% PCR (QRT-PCR) ¥ CK Fl
Crioo AL PR 2 AN /KA Wb Bl v FHVR 0 R, IR AE
-80°C f£17# . 18/ RNeasy Plant Mini Kit i
&5 (Qiagen, fH[ED $2HLE RNA. 2T 1 mg & RNA
K H Reverse Transcription Supermix for RT-qPCR 1
B TIRI (Bio-Rad, 26D 3k43 cDNA. XfTHH
Xt KF, {f ] CFX384 Touch™SL I 6l & 4t
(Bio-Rad, 3£ ), % {8}t W] iTaq Universal SYBR
Green HIVR AW (Bio-Rad, ZE[ED , #1T qRT-PCR
()€ B 53 A2, {8 H Primer Quest 3K {1521t qRT-
PCR H i B RIRE e 59 (R D, Bl RV
Y4 384 fL PCR AR EEAT. (EMBIER (WS
FERD B IKFIH—4 . B qRT-PCR k5543

%=1 gRT-PCREI¥EE
Table 1 Information of the primers for gRT-PCR

%45 Code F A Gene IE171 5] ¥ Forward primer (5'—3") JZ 171514 Reverse primer (3'—5")
1 NCEDI GCTCGGTCACTCACTCACTC GCGTTCTTCTTCCTGCCATAG
2 NCED2 CATGCTCCACTCCCTTCTCA GAAGCCAGCGAAGAAGTTTGG

BT 3 AN EE
13.7 BL%B (ABA) #K#HE; (SA) &€ %
2% Vadassery 55201 7715, SR FH 1 500 AH € 1 9%
TR YR (ABA A SA) #EATIINE 54>
#ro #4 CK Al Crioo ALK 2 AN /KA it Fr i K
BIEVR, HTE-80 CCLRAF A& H o i v i 408 H
Tissuelyser-1T ZH 23 BEAX (B35 S0l & R A TR
AFED AT, THRTHR R . B 20 mg
TR 1 mL FFEESE G, FEE A 40 ng/mL
D6-ABA Fll 40 ng/mL D4-SA 1 N b5 K5 55 FE
TEPRBh 28 IR A 30 min, RJE7E 4 °CFLL 13000 g
250 20 mine WSCHE_BIEW,  FRACUM 500 pL HEER
AR IO o B IFSRIBUEAT R R, I E B EE
1500 pL FEEEH EATLAI .
1.4 BUEAIE

K725 (ANOVA) #E4T it ks, {#
H Tukey f 46247 95 5 2 B AL, A Origin 2021
BARBAT S, B EKF P<0.05, B
RS -~ I E AR EROR

2 GFRE57H

2.1 $EAMB TAKFERAM PR EE
IKFEREARAR RIS (Cro) & = e 45
R 2 FroR, 2 AS7KFE IR S AR 2L
11.1~26.6 i, ELF#ES P8 & & &, AR s AR
RE RGBS LR R KRS AR R - (1)
FT 2 AREEIMBIK I 3T K FE R
R Cro S ERENE

Table 2  Effects of different chromium stress levels on Cr*
content in roots and leaves of rice varieties mg/g

fuflt Variety — Ab¥E Treatment #R Root M Leaf

SJ309 CK 0.000+0.000e 0.000+0.000e
Cras 0.238+0.003d 0.012+0.001d

Crso 0.337+0.006¢ 0.013+0.004d

Crioo 0.452+0.009b 0.017+0.003¢

LQD31 CK 0.000+0.000e 0.000+0.000e
Cr2s 0.255+0.004d 0.0234+0.002b

Crso 0.346+0.005¢ 0.025+0.003b

Crioo 0.550+0.011a 0.034+0.005a

ANANGFREREGEEEER (P<0.05) .

Different lowercase letters indicate significant differences (P < 0.05).
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EHEEKIM, LQD31 & &/ 15T SI309, 1
Crioo ZbBE T ZH A K. #A1M, CK ALEER SJ309 A
LQD31 R AN ¥Rk S, U BHES A 2 fE K
FERERAR N ) 2230 A0 6%, H. SJ309 t LQD31
BE B A RS AT AR X TR TR AL 5 5 52
22 EHETKEBYENEKIENR

EHE A5, 2 ANKAE AR 2R AR A

REIIAEAFFEE IR (B 1D o Crioo 262 FK
TR 2K, MKAMREI W ZZ R D, 5
SJ309 #HEL LQD31 FIREIRE K, 5256 it 520 55 B
2o SR, 5 CK ARFEAHEL, Cros T 2 AN KFE
a2 KGR AR, A TE Crio 202 T SI309
FLQD31 MK 28 iagmiie 2, 7n k&
T 24.2%81 22.1%.

O SJ309 @ LQD31

@ 29 ® s, © 35

—_ — 2 L 5

§ E | £ 30

~ 15+ ~ *kk = 251

< * S 10} Hokk B Hkok

5n *k = = g

E) 10 - iy E’ ok Hkk 1:|:l>_’. = 20r

g I} % S 15F ok

= ‘g 51 5 sk ddok

& S5t S 10F e ook
N b E

o B Z 5 l

0 1 1 1 0 L1 1 1 1 0 L1 1 1 1
CK Cr25 Cr5() Cr100 CK Cr25 Cr5() Crlo() CK Cr25 Cr5o Crlo()
Kb Treatment Kb Treatment Kb Treatment

Gk R TRAC PR Z AR K (P<0.001) , FIE.

“#%%” indicates extremely significant difference among treatments at P < 0.001 level, the same below.

1 TEISEEMBIK T XK FE ML B KRS
Fig.1 Effects of different chromium stress levels on seedling growth index of rice varieties
23 #EIETKEBHRMAESAZHREHEMNE  2d) WHEH LT, Crio b3 F SI309 A LQD31 1)
IR L Y IR T 6.3%A1 5.1%, R T
Crioo SLEEN, JKFEREMI G (K 2a) T (B JKFBEHHERAA RS2 [T REZSR (B 2e) - K
2b) M WUE (& 2¢) #IHEPT T, ZUS5ok (B K2 aT&, 8pbaxs G RA —E R, SI309
o SJ309 @ LQD31
(@) 500 - (b 107 o (¢ 10r .
T A0 g = 8 T — Z sl +
S 300t S 6 o < 6f
g 200 |_| Té 4| g 4t ]
£ £ H
G 100+ ﬂ =o2f B2
I cll
0 L L 0 -_|
d 5 (&) ~ 50 (f) 500
= l—l &
=7 *x 5401 600} =
% 5 2 =
S 3r g30f §
g 2 S 400}
r % 2t 5 20} é
= E( G
2l ool 200 |
S =
0 =0 0
CK Crio0 CK Crigo CK Crio0
Ab3% Treatment Qb3 Treatment AP Treatment
ok RINALBEE] ZE R IA R E KT (P<0.01) , FE.

“#%” indicates extremely significant difference among treatments (P < 0.01), the same below.

2 BB ARk FERMAE

SRS BRI MR R0

Fig.2 Effects of chromium stress on photosynthetic gas exchange parameters and physiological traits of different rice varieties
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1) Ci b 4.9%, LQD31 N3G N 19.4%. Crioo ZbHE
T LQD31 ] G IS 2 G M T, FRAK . B 2%
AET S LQD31 K Gov T M WUE .35
R
24 $EAMETKTERM FRVELARS

HH & 3a 7T %1, CK AbEEF SJ309 #1 LQD31
ARSI DA IEETEA, Crio LB R
SJ309 M A F S LR D40 MR 3R B R AS, H

@ /4 “‘”t

LQD31

SJ309

(¢ 400

AL
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[\
(=2
(=)
AR
Stomatal aperture area (um?)
» =

(=]

LQD31 [ R T4u I HILAZTE . m & 3¢ A& 3d
ATEN, SJ309 A1 LQD31 B FLIm A A Frgn, 3
B0 AN 5.0%F0 30.8% . CK AT R 2 AN/KAE & F
I F 0 Crioo LT SI309 M- F IS FLFLAR I NI
HORZS, {H Crioo X3~ LQD31 M H S FLILE X
F1, SJ309 ££ CK 1 Crio AL FE T B ALFLAZ AR
SR HE 3b FE 3e A4, Crioo A FE R SI309
FLQD31 W SFLE FEHA B, HARE.
© e

LQD31

SJ309

Crloo

Q

= LQD3I

—~
J

~
(]

._|_.

AL

Pl
Stomatal
closure .

SALEE (ADN/mm?)
[\ )

Stomatal density (pieces/mm?)
N

S

AbEE Treatment

L 0
CK Crio CK
Kb Treatment

Crigo CK Crigo
AbFE Treatment

B3 BB ARIKFERMH F SFLSHIFNE

Fig.3 Effects of chromium stress on leaf stomatal morphology of different rice varieties

Hi & 4a AT %0, CK A1 Crioo A FE R (/K FE AR #R
M E AT R 2 AR, RURERE (RE,
i AR BRAR (GERRE, EEB) . B 4b
AT, CK 1 Crioo ZbFE R 2 AN/KFE A IR E
MEHERRBZ A i AE, &Iiaxh LQD31 K IRE

A1 SI309 WY FE IR BB N B E, BE0E 7l
80.3%FM1 183.7%. & iriE X AS[A] f P AR B 55 1)
oM 25 A, SI309 (MARIRE% EEIE K, LQD31
(1R IR B 25 5 U R B& 11.9%. SJ309 A1 LQD31 FfiR
BRKEAEA RS A B TG B3 2 5 . fEARIRERAA

(a) s (b) O SJ309- 13 E SJ309-Glandular (c) o SJ309 @ LQD31
: O LQD31-JlE LQD31-Glandular 150 - -
oy N——— B SJ309-3EfRE SI309-Non-glandular —
Qb - : @ LQD31-JEf#E LQD31-Non-glandular o *
1. ' 15 - E 120r ok
o o ok s %
g-‘?ﬁ 12 Hkk L E g 9}
>~ & e wx%k [ ﬁ RS
€3 g 1 = R
N g% mHﬁ g %D 60
J?i‘ 58 6 E 'Elb—‘
E3: TE 30l
= el 1 - ]
\;“J 0 I_l—l 1 0 1
CK Crigo CK Crig0
AbFE Treatment Kb Treatment

B4 BB TRIKIERMH A ERERSHRNE

Fig.4 Effects of chromium stress on leaf trichome morphology of different rice varieties
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K7 TH (B 4e), Crioo K03 T SI309 3401 T 37.2%.

LQD31 Myaksb 1 26.1%.

25 HEHETKEHRAEERSNENEEEN
IKFERIE G R & =2 B e sm (& Sa~

b) , Crioo ZbFE R SJ309 1 LQD31 M- 454

BRI T 22.0%81 65.8%, KHE MRS ED

BT 8.1%F1 65.2%, R LQD31 M 525

EREZI N2 . Crioo 20T, SJ309 /) CAT &
PEREIK T 21.0%, LQD31 N T 16.3% (K 5¢);
SJ309 A1 LQD31 (1] POD %73 Bl 4278 1 3.0%A
34.9% (B 5d) ; SJ309 [) SOD JE K T 9.1%,
LQD31 #2Em T 7.0% (Kl S5e) ; SJ309 F1 LQD31
(1) MDA & &5 a4 s 1 1.0%1 34.2%, LQD31
PEF Crioo 5 CK ACHEAHELH B E 7 (B 50 &

o SJ309 @ LQD31
(@ 025 ) 6 (¢) _ 100
& c)
00 ~ ek =
® 020} s o 5f " g ol o
g g IS] [ —
g — WE | g
i £ *x bn g 41 -, )
w2 0.15F ] .5 #H 2 6ot
4T g #& 2 s
e w30 (oS
B o010} = <5 40f
= £ B ol oZ
2 K2 5
< 0.05¢ =L s 20f
0.00 - 0 “ 9
(d _ 50 (e _10r ® 10
£ 40} " E gl 1 5 8 —
& & E i i
H 2 30l O gL ]ﬂmg6.
= E = E =
g g &=
X 2, [ag=} <Qc g
220 Sz 4r S g 4r
& 2 <
g 10} g ol g 2}
> o
2 3
0 0 0
CK Crigo CK Crigo CK Crigo
Kb FE Treatment Kb PE Treatment Kb FH Treatment

E5 #EpENIARIKERMLSERSMAELEEMTNZm

Fig.5 Effects of chromium stress on photosynthetic pigments and antioxidant enzyme activities in different rice varieties

2.6 HEETKEEYMERMNBIESRIA

FT CK 5 Crioo B Y)W R FIE S5 RIEN
Zraotr (B 6) , WANFIKRESFAFLILA T
ML E M T RIEER o Crio PR, SJ309 Al
LQD31 Mo NCEDI J: R 3R K03 R T
72.3%M FE T 315.1%, NCED2 ¥ )%k K

O SJ309
(@ 10 ® 5 ok
= =
.g stk .%
i g 8 g 2 4r
XK & X g
®E gl w835
< <
SER e’
S 3 S]
= 8 2+ = 6 1+
= =
0 0
CK Crio0 CK Cryo0
AbEE Treatment A # Treatment

(©

ABA &

SRR T 46.2% A1 EI T 280.8% . SJ309 Al
LQD31 ity ABA &40 513N 1 7.2%H1 30.7%,
SA S &N 9D 8.1%AM N 43.0%. % E,
¥ WrE T LQD31 1 ABA K1) NCED1 1 NCED?2
FERKF FE, R ABA A1 SA BRI 8 5,
HFZ 5 KREH v AL G T R .

@ LQD3!
100 . (d 25p Hkok
3 o —
) Bl I
;5 80 o rh :,1 20 1
= =
2 60} i 2 15}
3 4 8
=) <2
g 40r w810
2 QL
2] —_—
g 20} g st
< 3
1 1
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Blo IMEMNTEKERIMEMRRFE SRR

Fig.6 Effects of chromium stress on regulation and expression of plant hormones in different rice varieties
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3 T

HH7KFE LQD31 AR AN % 4 B 3 DA S 7%
TiA: BRI 45 S aT 1, LQD31 [RITCiE X%
BT EA 5 E, MERT SI309 5 R
R Cr, FEZEHAM R . Daud BRI Singh
SERTVER R A6 AN 1 5 B R ATE 90 R8T 2B
BB R 2 AN /KFE S FR SI309 FTLQD31 HIHR
IR R TREIREER Crst, XEHT CrstEE T
RN IR S AR ) % 25 14 1 SR I
TR &2 AR R B AL, AR
& BN BR T 2RI 28290, B A SR T
PERN RN 2 NKFE A A K SHR % . Jabeen
EPIRF R, BERHERIENESRE, SEmRE
VIR AR K AR 2, AR RS H—3. )R
K 4id At TR0 SRR 4t B 2 23], 2K
4850 D) U TR0 P 40 PR PR R R 5 A AR T

EER B %41, LQD31 1 Gs. T, M1 WUE &
FEPEAG, UESE T AR RE iR B P 3 A7 AR5 T
I o Vernay S0 57 & I 2E 22 BEAE MR TE 5 iR L 1)
BbMET, G TH WUE R, FEN C T,
AR RS HAML. e EH S BRK, WThE
T Cro g B S RIS R AT e, B
A, S FUXT 2SR T B G 0 SR LE )RR A
182 5030, X —&5 8 5 AR 45 R .

BEIRE T CO2 FIZE S 7 S R LK
M, XATRES LQD31 fESEA L COKETHR
IS FLAR DAL GG K. SpatiE,
IKFEN B A FLHEAR G K, 3R B S HoAth 55 4 J& 11 A
W SPRST AL TIRE A, s m Bk 1)
G SR S H, X5 Chandra ZEB2 1) 45 ] —
;. HHHE T LQD31 KfR DAMIALETE, Chen &3]
T 2 R L IX AT B8 A2 H 1S L AR 140 A 40 A B 1 25
IKEFHURE BE L, 51 R R R AT E, B 7ei4
g B T RS ILIR TR . %5
P FEUKFEME R 8ok, 51K SJ309 T LQD31
SELEER K, EYEmE S, BRESES R
AL, T BIR AR T RE A 4 U0 R A A X
LQD31 MR EZEIE N, RUZ PR R & MR
T DA B B 2 R VR RN AR 3 R M I AR PR R
P, X LA T AR ) HE A S W R R
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Effects of Chromium Stress on Physiological Traits and
Morphological Characteristics of Rice Leaves
Liu Qing’, Sun Luhong?, Gao Shiwei’, Liu Yugiang', Chang Huilin,
Ma Cheng', Wang Jingze', Wang Cuiling®, Nie Shoujun’

("Suihua Branch of Heilongjiang Academy of Agricultural Sciences, Suihua 152000, Heilongjiang, China;
2Quiality and Nutrition Inspection and Testing Centre for Rice and Processed Products (Huachuan), Ministry of
Agriculture and Rural Affairs, Jiamusi 154000, Heilongjiang, China; Quality and Safety Institute of Agricultural

Products, Heilongjiang Academy of Agricultural Sciences, Harbin 150000, Heilongjiang, China)
Abstract  Using two rice varieties, Suijing 309 (SJ309) and Longgingdao 31 (LQD31), as experimental

materials, the effects of chromium (Cr) stress on the physiological traits and morphological characteristics of rice
leaves were investigated. The results showed that Cr was primarily enriched in the roots of rice, and SJ309 was
more effective than LQD31 in reducing the absorption and translocation of Cr. Under high-concentration Cr
stress (100 umol/L), the physiological characteristics such as stomatal conductance, transpiration rate, water use
efficiency, and photosynthetic pigments decreased in both varieties, while leaf vapor pressure deficit, intercellular
CO: concentration, and malondialdehyde (MDA) content increased. After Cr stress treatment, only LQD31
exhibited an increase in the stomatal area of guard cells and closure of the stomatal aperture, whereas no
significant changes were observed in SJ309. Compared with SJ309, the contents of abscisic acid (ABA) and
salicylic acid (SA) in LQD31 increased significantly, leading to the overexpression of NCEDI and NCED?2 genes
involved in the regulation of stomatal aperture, which indicated that LQD31 was more sensitive to Cr stress.
Furthermore, Cr stress significantly increased the density and length of non-glandular trichomes in SJ309,
suggesting its ability to withstand UV damage and various environmental stresses. In summary, SJ309
demonstrates superior tolerance to Cr stress, and its hyperaccumulation characteristics can be utilized for the
phytoremediation of Cr-contaminated soils.

Key words Chromium stress; Rice; Physiological characteristics; Leaf; Morphological characteristics
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