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FEE : ARSI LT R (Ce) REE(Zn) M8 T /N2 4 i A K W G2 R 000, 5 K B B0, DL 4R 307 Sl a i sk, W 5E SR Ce XF

500 pmol- L Zn Fpitt F/NAZ 4l A 4G | Zn B BARUAE BARME (952 . 25 3R PT,500 meol-L’ VAN SERTE 21 KN SN R
(M4 E a, MPEER b RLERT S E) LA FIAA Yy it (0 B (AT 4 B AR R A0 S A K L AR sl />, [ B AR 7 8 AL T 1B A

E’@(SOD) 1t E AL S (CAT) | HUIR LR o 480 F6 W i CAPXO) I MR AT v M 2 1 3 &, 3850 T 79 RS (MDA) I BUER . AN Ce BEAIR

TARZ X Zn B WOBOR G 32 B A T Zon T 30060 /N 22 ) 1 0 2 A8 , BRSNS 3 & W RDE A R S B0 T s e T A

AT A R AT VP 2 1 e DT IR MDA JBT 4 PR JR VA B2 5 AR AT I3 S ke 48 6L B P 5 0 , e 28 0 LA /N 22 40 v AR R R 25 1)

TS 3G . SR Ce AT 38 2o 32 5 Zn W30 R /N2 D1 OG- REAE | BT R0 B MRS 0 T W B Y Ty 2 A A RS B 5T Y ik

AACTREE G2 Zn Wi X /NG AE K B AR .
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Mitigative Effect of Rare Earth Element Cerium on the Growth of ch-stre,sssd’ W_heat

¥ n
( Triticum aestivum L. ) Seedlings "”f

ZHANG Jing-jing', XU Zheng-yang', JIAO Qiu-juan’, FAN Lpna LIU Fang', ZHAO Ying', ,SOIQ-G Jld i liA Dang-ling', LI Ge 7.1 L H'm tdg
(1. College of Resources and Environment, Henan Agrl(’uhural Univ ersm Zhengzhou 450046, China; 2. Nanonal Englneeﬂlng esearch Center for Wheat fenan A}g,l" )ural

University, Zhengzhou 45004.6 China) .'I. :'" ( ". o~ I-II H-" F o~

ed rare earth element (‘drlu’[ﬂ (Ce) ,DH the growth, zgnc (Zn) accumulation, an(fI pb'sqmloglcal
chapacterlsh(’% of whedl Q.i" nucun; aestivum L. ) seedlings und,t‘r Zn stm vheal variety studied was Balnoﬂg3ﬁ7 (BN 307) ?ld Hiktress was achieved by grow mg ieedhng%" in j
thi'ﬂ'pOle culturd. ea'(pP'rlmen'r “with 500 pmol+ L Zn# add’ﬂ"‘ o e srl'rtrme iO!_u_[lOH It was found that Zn sl‘res% at 500 pmol*. L significantly inhibited the chlorophyll coufc’?‘

photosy nthesm an,d blomaii;cvumulanon of wheat s %ef-dhn%ﬁ Se’ecﬂlng roots be‘,(lﬁ'rge shorter and thicker, anf the uwffral toots dec:rehsed under Zn stress. The Zi stress also ingteased

Abstl‘g};‘ﬁtL This reiear(’h almed '10 clarify the mltlgame efﬁect of exogenpu'glv

F

MDA __,ﬂcvumulatldn and the degree of cell membrane lipid p@lox.fdatlon a#_‘l ﬂﬁduced soluble protein contents anﬂ the actl\ ities of antioxidant enzymes such as superoxide/ fifsmutase
fSOD cal‘a,lalse CAT) ,jand ascorbate peroxidase (A!PX) 'i()m'the Q()ntrafy exogengus Ce decreased the ads_d;ptlon arfd transport of Zn by the root system and alleviated the damage
of. M tress_,fo Wwheat srg_edhngs Spepl‘ffcallv, the increase in c,hfowphwl], ontent gg.h-l'or illa, chlorophyll b, and total chlorophyll) and pTlotosthenc parameters, the enhancement
of & dnd0x1dan|t;nzym' s acuvltles and soluble protein levels and the re Ltl@Mem and the damage of lipid peroxidation to the cell membrane were all driven by exogenous
Ce, which, 'ulumalely led®'the increase in dry matter biomass of the root system and shoot. In summary, these results provide basic data for the application of exogenous Ce to
allev ldIEJZH toxicity to plants.

Key words: cerium (Ce); zinc (Zn) stress; wheat seedlings; physiological characteristics ; mitigative effect
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P . Zhou S5 W 5T K B, AN Ce BE 05 5 5 7K R X 6
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5 e 1) 090 7 595 2 6T S A
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L SR

1A ﬁbﬂaiﬁ% 'thi ¢
) it /15 60 0 7 K 307 zn{,cevﬁmn%
ZnS_D4 71,01 CHENO,) - 61,0, ﬂitﬁ%f’}\ﬂ%‘:{ﬁ%
Pt Lo, G A A A A 13
mmlﬁﬁzt%%ymﬁ’{qnmﬁ@ e 25 P
gw% R 2 1 om 22 4756 AR DL TS 32
%a Lt — )5 K KB R E S A 2 L
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JE 1 Hoagland & F2 4785 7% . 390 IR 4 3 d T e
— UK FRI T )V 0 B X LR AT A
AR SC W E A Zn K OF (0 wmol- L™ AT 500
pmol - L") AT 4~ Ce 7KF- (0 mg- L' F1 30 mg- L") AY 7K
Ko, d 4 A0 pmol - L7 Zn + 0 mg- L™ Ce (X
WA, RN E F2W0) | 500 pmol L7 Zn + 0 mg- L™
Ce. 0 pmol*L™" Zn + 30 mg* L' Ce, 500 wmol*L™" Zn +
30 mg: L™ Ce, 20 9liCAE CK | Zn. Ce fl Zn + Ce, B4k
PRI EE . AN Zo E RS Ce VA IR B A
FHRW . N TR E NI BT S B0 B M XHE
60%~65% , )= ¢ I} 6] 16 h/ 8 h, & ¢ I B (25+2)°C /
(20+2)°C, 6 FE 38 B ok 400 wmol+ (m?+s) ™. £ 4bH 5
FIEE 14 d BURE I3 25 401 P R AR 1Y) 25 i FIAR 38 . U
T, ) A 4% 3O A X (LI-6400, 35 ) I & 64 2
B B AR R A Na,-EDTA %3 (20 mmol - L) iR i1

15 min, JH 25 8 F/K I ¥E 3~5 K, i b 3870 25 55 7oKk i
Ue T e R AE Boh A B R (105°C L 30
min) , ZJ5 B0 70°CEE T AR AR P i O
HUGE BERE SOR E T BT Bk B 5 D) — B 4 A
TR BT A7 AE -80°CUKAE 1 , Bl T A= Wtk 2 48 A
(4 5347
1.2 A FEA AL A8 bRl

SRR, A AE 3 O A AL (L1-6400, SE ) Xf /)

22 R BR T A9 58— A o8 A SR O 47 i R S 8
G 0 5« A A B R 3 Bk I P Ol R 5 A R A

1 000 pmol* (m*-s)™" | ik & 4% il 75 25°C , M % 45 b £
1515 5t A K (net photosynthetic rate, P,) . 7% i # K
Mg ] co, FBE R 4 #K
(intercellular CO, concentration, C,) Fl 55 FE
(stomatal conductance, G.). & FH 95% £ 4 B2 2
2 38 BT AR 2 T 0T Sl e 0 ) E T i ﬁ
#H H  (soluble pr@tein) - *’ﬁ r--
(mdlondlaldehyde MDA ) & &l ;E{E‘EFH@F’T{E ez
b 3 SR Y i (NBT) i 50 Eaam
7053 ﬂﬁ@@{%’ﬁ(supﬁm)ﬂde dismutase, éO o0l }%'HE
Aebi E’Jj‘fiffmﬁ;kﬂfh T@ﬁ(catalase CAT)’?E ;
2 W Nallago% 2069 J7 o 5 595 1 2 i m% g
(ascorbate peroxlddse APX){E e P
L3 Znfgiig | Y
b 1 b < 31 (B
| M I 5 KOG 54X (PinA Acle 900T, s
EZn/ETE. Ry R TR 55 B 108 T SE P AR Zn
M ok A A AT S b E R W A D GBW07604
(GSV-1)#EAT Ji 42 il , inds [l i 5 24 75 88%~114%
Z ).

1.4 Hdianbr

ey AUCFIALH TR

A = et T

MO = #5573 BT

s 74 = 2B Zn BB G /R Zn LR x 100%
Fir A5 Zc 3340 F Microsoft Office Excel 2016 £ SPSS

16. 0 BRAF AT GETTH o0 BT . R /N 1 38 A 22 5 (least
significant difference, LSD, P < 0.05) #1777 2 2 #r
(analysis of variance, ANOVA) L IFR Origin Pro 2018
TER .

2 HBR5SH

2.1 HhIE CeXt Zn it F/NEZ G AW R

it 52 1 4 5% i)
LA, 5 CKAEL , Zn 8 T /NEE 2h AR

FOMZEM B BE | T E A R TR AR BE 0 IR (R &R R

(transpiration rate, T,) .

e

\1:\_

x 100%
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25 Y K B 23 51 AR 29. 299% F1 13, 12% , T T 43 5]
F#AK 9. 09% il 44. 74%) , HLBR IR & T HE4h, AT HY A
F 2K P (P <0.05), %W Zn it 2 BUNE G
MK AR S | H b A R /DN | R AR 2R K A7 B B
Hl . [, 5% B CK AR FE , Zn 030 R 28 22 M Bk AR i
Pl fb 25380, 2 WY Zn X5 /N 22 40 i b A 0 o
KT HAREB . T 527 6 50 WA i A 3 45 ol 2 B 8 vh A
TR R B 2 LT, Zn AR S 2R

2 1A, AR Ce 1R S 0 AT £F — 72 1 42
ENEGHRAMETHAK BRRRATERE
AN AR B AR IR B W 2E K L A TR — Zn i
8, [A]EFARIN Zn RN Ce {2 3F T /N 22 41 1 AR 8 R ZE (1)

B RN AE Py FUER Ll T A2 8 0T A, 5 0 IR CK
FH G, Zn T Ce [ BF 8 I B X5F /708 22 AR 28 00025 i %) 97 41
5 K —13.96% F1 10. 57% , v T 84— #Y Zn 4b B4
(16.24% F127.12%) Fl B — 1 Ce ib B (-44. 77% il

BT 52 48 RO AR 2R AR, R Z2 XS Zn e i 2246 -33.61%) Z 18] , R W HMIR Ce l 75— T2 L b S fift id
B I Zn XN 4y i AR A LR
F1SNECext ZnBhi8 T/NES B LW BT FHMOHN
Table 1  Effect of exogenous cerium on the biomass and tolerance index of winter wheat seedlings under zinc stress
K - K ZT& 2 Z it 2457 W T A e R

CK 42.00+2.29a 37.33+0.92ab 0.11+0.01b 0.38+0.03a 0.29+0.01¢ 100.00+7.80b 100.00+5.80ab

Ce 44.17+5.80a 38.67+1.82a 0.16+0.03a 0.44+0.05a 0.36+0.07bc 144.77+26.27a 133.61+27.93a

Zn 29.70+1.54¢ 32.43+0.83¢ 0.10+0.01b 0.21+0.01b 0.49+0.03a 83.76+22.32b 72.88+14.03b

Zn + Ce 35.83+0.76b 35.67+1.61b 0.15+0.01a 0.37+0.06a 0.40+0.04b 113.96+13.99ab 89.. 43+-1—§ 88h

DU [N 5 B e A BRI 22 5% 5.3 (P < 0.05) , F I #_.H '8

2.2 SN Ce X Zn 38 T /0 i%ﬁaﬂﬁ%’{fr oif)
A

ZnHjJ‘l_Jk%‘im]fﬁ'JT/ %Zﬁaﬂ#ﬁ%’*é’]é&k?’iﬁ,
Jiiﬁﬁaﬁ’ﬁﬁfx *E%%EI Jfﬁﬁﬂf‘%ﬂ 'fwﬁ_ﬁ’%
%Vﬁﬁa)ﬁﬁ%wmwﬁﬂ%ﬁT ﬁfa
8.47%. 27. qx%ﬂns 39% (P <. 055‘?'{ FAYTSTES
ﬁqzigﬁé He BF 1R CK % 42 }hT L6 2%%(13 <
0. 05) ﬁiﬁbﬁéﬁ:‘i‘%%ngnﬁﬂﬁ% /ﬁﬁiﬁ»ﬁz’é‘?ﬂ%i
K ;raﬁeﬂﬁnﬁmmw mezm. o (g

ﬁxrrﬂé‘fcmﬁtl: AN Ce fy B — LIET*’~

KR R AR BT W-ﬂ@:@z
By ik 5 K T(R2). Zn #1 Ce ALY 5
H— Zn 31 tb"'d\ﬁzhmﬂ%ﬁk *ﬁ%mﬂﬁa
UNGA *ﬂ‘f’ffﬁﬁég&iﬁﬁ’ﬁaﬁm(%@ﬂ fEIWB&-TEﬁ—
&4 Ceiﬁ Zn;Fﬁ Ce[ﬁ‘ﬁf%ﬁ[lﬂ]‘/\aﬁﬂﬂﬁﬂ‘ﬁﬁﬂ
MEJU&% b %F BB CK [ 1K 6. 61% ?FD9 99% 'ﬁ'?‘f
AT LRI R RS R s ok bl
Ceﬂuﬁ;x‘ﬂ)"‘%ﬂﬁ%ﬁﬁ\ 14 AR RoRe i AR

P 2 K A T S 9 U, DA T H4 R 0 5 Zn 381 £

AE T, e — 5 T2 1 2 % Zn W38 X /N R R 1

*ifrtﬁ INEMEMBANRT N LDEE %,
®2 SMECeXt Zn B TIZRAFSHF M
Table2 Effect of exogenous cerium on the root morphological indexes of wheat seedlings under zinc stress
Ak 7 K /em R 2 1 B /em? P2 AR /mm AR em? SR EL
CK 978.65+20.20a 117.10+3.43a 0.37+0.01bc 1.12+0.02a 1 804.67+33.08a
Ce 987.68+33.61a 117.84+1.65a 0.40+0.03ab 1.27+0.14a 1 867.67+151.16a
Zn 849.01+24.36¢ 107.30+5.73b 0.43+0.03a 0.81+0.10b 1 527.00+124.83b
Zn + Ce 913.98+26.01b 117.27+1.35a 0.35+0.01c 1.1420.13a 1 624.33+157.89ab

2.3 %/J? CeXTZnHj} TN YOG TR R R
HEEE R M

EE%%:&T%H 5 CKAH L, Zn B3 F /N 22 2 1)
PG CH T Y EREA, 75 FEAR T 20.46%.
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Table 3 Effect of exogenous cerium on the photosynthetic performance and chlorophyll content of winter wheat seedlings under zinc stress
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Fig. 1  Effect of exogenous cerium on the content of MDA and soluble protein of winter wheat seedlings under zinc stress
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Fig. 2 Effect of exogenous cerium on the antioxidant enzyme activities
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