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Abstract: Helianthus tuberosus is well-known Asteraceae plant for its high environmental adaptation ability. It is easy to
cultivate, which tempts gardeners to simply leave them completely alone to grow. However, growth and development of this
plant is also sensitive to cadmium. In order to evaluate the regulation effects of brassinosteroid on plant cadmium resistance
of H. tuberosus, this experiment studied the regulation effect of exogenous foliar spraying 24-brassinosteroid (24-EBL) on
seedling dry weight, root shoot ratio ( R/S), photosynthetic pigment content, leaf gas exchange parameters, water use
efficiency (WUE) , cadmium (Cd) content of two H. tuberosus varieties (NY2 and NY5) under 100 pmol/L cadmium
(Cd) stress. The results showed that: (1) Compared with control, the plant dry weight, R/S ratio, photosynthetic pigment
content, net photosynthetic rate ( Pn), stomatal conductance ( Gs) , transpiration rate ( Tr) and WUE were decreased,
while the values of intercellular CO, concentration (Ci) were increased in NY2 and NY5 seedlings under Cd stress. (2)
Compared to only Cd treatment, the plant dry weight and R/S ratio were increased to varying degrees with exogenous
spraying different 24-EBL concentrations (10", 10, 107, 107 mol/L) under Cd stress. 10~ mol/L 24-EBL ( EBL2)
and 10™ mol/L 24-EBL (EBL3) treatments made the dry weight of NY2 and NY5 peaked, and 50% and 64% higher than
the values of only Cd stress treatment, respectively. (3) Compared to only Cd treatment, 24-EBL application increased the
contents of both chlorophyll (Chl) and carotenoid ( Car) in two H. tuberosus seedlings under Cd stress, and also increased
their Pn, Gs, Tr in NY2. However, 24-EBL decreased the values of Ci in both H. tuberosus seedlings, and Ci decrease of
NY5 showed more significantly than that of NY2. (4) Under Cd stress, 24-EBL increased the WUE values of NY2 and
NYS5 in varing degrees, respectively, and WUE increase of NYS showed greater than that of NY2. (5) Under Cd stress, Cd
accumulation in new expanded leaves of NY5 was much higher than that of NY2, and EBL2 reduced its Cd content of NY2,
but EBL3 enhanced its Cd content of NY5. (6) Under Cd stress, foliar spraying 24-EBL significantly decreased Cd content
in all of organs of NY2 and in root of NY5, but did not markedly affect Cd content in the other organs of NY5. Generally,
the suitable concentration of 24-EBL could significantly improve cadmium resistance of H. tuberosus, and it was mainly due
to improvement of photosynthesis and water use caused by 24-EBL. Furthermore, compared with NY2, the better
amelioration of non-stomatal restrictions on the NY5 plant applied with 24-EBL leads to its better improvement of
photosynthesis and WUE, and its higher growth stimulation under cadmium stress. The results that NY5 plants has much
larger biomass, more Cd accumulation and better biomass increase applied with 24-EBL under cadmium stress than NY2

also implied that NY5 can be considered as an excellent candidate for phytoremediation of metal-contaminated soils.

Key Words: Helianthus tuberosus L. ; seedlings; brassinosteroid; cadmium stress; growth; photosynthesis;

cadmium content
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R T 1 2 SCHARGE BRs 25 T iR ARIR 7 TR SRR E SR S aa
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PR RMAR UL, A AR A SCIRAR D Bl Z R AR (RGEPEMITSE, PRI ABFGE LA F€ T 5 T 229 it
ok )z HAYE AR K258 ( Asteraceae ) FEY) 24 ( Helianthus tuberosus L. ) FYAN[E) A= 25700 i R pE 4 2
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PR MR R RIS 2 5 (NY2) FIF S 5 (NYS) , R A B ROl KA 7L K <8637 ik
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PEHCE A ZFIR (3G "F HEE | Uk T 5 VIR B8 3 55 T2 0 s ib i J e v, R e A e A — e IR
FEMVE SR, TIAIGFEAR D RRRE I ZF 7 d K AU A AR 226 h 20 B A Smb i) SR ek B T 300
HET R 1/2 Hoagland IR GEHE , ASRGCIERE SR 10 d, SRIGFEARFEAC A, AAFRAE BT . (1)1/2
Hoagland 2 FR ¥ +W1 i 25 2 F /K (X1 & Control ) 5 (2) 1/2 Hoagland & F##+100 pmol/L CdCl, - 2. 5H,0+Mijifi
BT K(Cd AEFE) 5 (3) 1/2 Hoagland # 37 +100 wmol/L CdCl, - 2. 5H,0+MHEjifi 107" mol/L 24-EBL( Cd+
EBLI Zb3) ; (4)1/2 Hoagland & #£# +100 pmol/L CdCl, - 2. 5H,0+M{jifi 10~ mol/L 24-EBL( Cd+EBIL2 4b
FH);(5)1/2 Hoagland & 3£ ¥ +100 pmol/L CdCl, - 2. 5H,0+M§jifi 10™ mol/L 24-EBL ( Cd+EBL3 4L B ) ;
(6)1/2 Hoagland & FEM+100 pmol/L CdCL, + 2. 5H,0+M%jifi 107 mol/L 24-EBL( Cd+EBLA Ab¥f) , AR~ AabF
6 7, Th4E 2tk ACPII R R 1 d SEAR A B, TR R A G T A R 1Y) 25 B K BOAS [R] R BE 1Y) 24-EBL,
DA T W58 2 F TR bR, 2 A B (S X BB 295 0.5% (IRFR0%0) Tween-20 (1 FH 3€ [ Sigma fL2F A
AN AENJRFEF, AR AR B LR B, AR PR 21 d J5 REESEATHE AR 2, A5 7R R R R (25. 0+
4.0)C (1K), (22.02.0)°C (K] ,AAXREE (55.2£10.3) % (K ) 2 (58.1+6.2) % (1&H]) .
1.3 WESstaArik
1.3.1 HERAY RN MR L (R/S) BTHAE

PG E L NS TR IGH | Se F F R K 248 v AR A b kL, 75 20 mmol/L Na,-EDTA 2846t 15 min DABR
FARR A Cd™ T TR 2B ok Vi, B Jn G IR 4R T, 20 ks b 1 3B RN R A B4
22 110°CATE 15 min J5 T 70°C Mt TR IEE  FROH T JH5E L FA 53T #8915 A3 R/S,
1.3.2 DA @RS L AT E F A

SR T 2A 4TS g A T s AT 58 2 R AP AT 4R a(Chl a) (4K b(Chl b) (4 (Chl)
FIZEEAE MR (Car) LA AR S, IFHTREHLIEBRIM AR a Fa/MHEER b 55 (Chl a/Chl b) M4t
it/ R MR E &8 (Chl/Car)
1.3.3 SRS E

K ZEE LI-COR A w4 LI-6400 XT {45 2O6A A0 % RS, FEALFAEE 20 K (H5KX)9:00—11:00 1]
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oA 2 R Sk T E K L R 51% F152% T NY2 M9t Lk T SR L NYS B8 0 2% AR Gt
[V B 1Y EBL $4RE$E = Cd Wi T A9AMERE T8, Cd W , ZME®SE 107'° 1107 107 1077 mol/L EBL( RIKIX
& EBL1 \EBL2 \EBL3 Fl EBL4) , NY2 A# #k T 5 43 5l & 55 29% .50% ,30% F1 18% ; NY5 AH bk T 5 43 il £ /&
45% 48% 64% M133% , SHHM Cd Mrid FAHEL , B EBL2 1 EBL3 54T, NY2 AR5 kb 43 345 55 101 9% Al
74% ,NY5 Hiet He oy I =5 25% F146% (K1)
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2 Hy RS
T a
Hﬂmi 2 3 3
RS
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a
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? T b = =
@ T ¢
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B . e,
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0 ) ) . 0 | L L
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Kb Treatments Ab ¥ Treatments

El1 AFEREHN24-EBL XEMBTHFHE TEMRELAZM
Fig.1 Effects of different concentrations of 24-EBL on dry weight and R/S of H. tuberosus seedlings under cadmium stress

FREA R) FR A R Ak B 22 57 1. 3 (P<0.05)

2.2 R[EMEEERY EBL XFHAMNA T 452 48T 58 2 B F 6 A0 5 12 AR AL 52 1
XA, Cd A R, 263 NY2 5 NYS Mg 2 (Chl) &0 BIFEAR 52% F149% KT8 MR
(Car) Erit 439 B 48% Fl 44% . TiAMIE EBL Y942 555 Chl F1 Car &1, SMrA R, #ME EBL2 \EBL3,NY2
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£ Chl & AR YIE N 50% F139% , Car S HEARYKIE N 66% 1 43% ;1 NY5 1) Chl & AR IE N 8% 1 37%
Car S HAKIKIEIN 16% F145% (K 2) .

EixtREAH G, Cd B R, 353 NY2 A9 Chl a/Chl b 5 Chl/Car NY5 Y Chl/Car ¥ 2 F &, NYS ) Chl a/
Chl b FREARE, WAMNE EBL B4 5 NY2 5 NYS #9 Chl a/Chl b HAH, i Chl/Car W & F 4 3 ( ]
2),

800 120 ¢
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™ 400 | £ 60
® g RE
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8 LT &S
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Fig.2 Effects of different concentrations of 24-EBL on photosynthetic pigment contents and their ratios of H. tuberosus seedlings under

cadmium stress

[l —F% () N, RS [R) 375 A [R) fh B 6] 28 5+ 1235 (P<0.05)

2.3 R[AIVKEER) EBL XH4RMME T 45-E 40 1B 56 2 RIS A Rt S 85 i

EXFIRAH 100 pmol/L Cd AbFHR | W45 i R M G A 3R (Pn) SALREE (Gs) FIZE I %
(Tr) ¥ 5 R R, NY2 3% 3 AMEARIY IR 525 KT NYS 19 i 4MNEE EBL2 #1 EBL3 2514 R, Pn . Gs \Tr Y9153
ANEFREER ETE, Cd HA TS, 2525 R4 M — LBk i (Ci) ¥ B3 EFF, #MF EBL2 (EBL3 &b
T, M352ER ¢ ¥TRE, NYS 1 Ci FREE B (8 3) .
2.4 AFEHEER EBL XHRMME T 25358 58 4 R /K 43R AR (WUE) R4 (Cd) 5 (1 520

Cd i~ B FEAC T NY2 F1NYS 19t B WUE, 2051 TR 23% F159% ;14N EBL2 F1 EBL3 /EHI 1
ANTE R R AR 5 T A i WUE  NY2 205380 239% #115% ,NY5 5351350 75% #180% (&1 4) . 4
JBE T NYS R Cd & AR BB RS T NY2, 50 Cd 2 3#AH E, EBL 23T NY2 #9it A Cd &% &
TR H, Horp EBL2 AL PR R Mk ) K, R I 36% ;1 EBL ZbFE R NY5 MM A Cd & A B,
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Effects of different concentrations of 24-EBL on photosynthetic characteristic parameters of H.
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2.5 24-EBL XT#Mr8F NY2 A1 NYS ANEZE Cd & & 520
FRE TS Wit 24-EBL(EBL2 5{ EBL3) ,NY2 (AR [RIEE NYS #RAY Cd &m0 3 R, M NYS 25 i
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Fig.5 Effects of different concentrations of EBL on Cd content in different organs of NY2 and NY5 seedlings under cadmium stress

3 g
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HW & R BEPRD BL v B2 38 hnini 55 ; 9 A0 BL 3468 i & 42 = Cd Wi T3 MM AR R HIAE 3.0
wmol/L BL & B N B MR ok B2 7R R 2 R |, 28 -HBL 2 75 41 A2 K A R0 B 5 T 24-EBL'®' . Hayat
SRS VE TR bt & BB, {H 107 mol/L /K- ,24-EBL [ 28-HBL 43 ¥ i H) 28 fi# Cd 755 HORCR
AWK, 100 wmol/L CA* A T ,NY2 Fll NYS5 (R KK T T 5350 T B 51% F1 52% , WAt Ui, 76 %)) i 1
AR Cd e I MNAED SR FoRBEZEAZ  (HIMNEAS R B 24-EBL X HA K8 15 800w A 4k,
FHZES IR 107 1107 107 107 mol/L 24-EBL X} Cd il T B9 5 2 28 1 A8 KA (R R0, 1 25 5%
TET 5% Cd B30 B e e B A —HE  NY2 FINYS (1) 24-EBL Wit % e B 43 5102 107 F1107° mol/L( Hlig
YRR EBL2 Fl EBL3) , AWFST A SR , /M 24-EBL %F NY2 A4 HE 500 sk b S AN an Xt NYS B9 i
i

Cd Jihit S Z REAAE D O C A VE R BB LG4 T HI R & M RuBP R ALEGIE 1 52 A Rk [5] 7 | 4%
R Hill 5uiF1 PSLA PS I I 3 MAR G KA Rt Fr b B SFL S BE R S B b o, MRl , T4k
SALB RN TR A AR K 2 F 2 Hasan 25UV BFST & BR, 76 38 it A ] 4R B Cd, ] 38 AR
AN Y Chl & & i T W 107° M 28-HBL 5% 24-EBL RE W W 28 fift 455 E 2508 . 7 12 mg/kg Cd 4L 3
T, B/ Pn Tr Ci Gs YW F K, 1 AME Wi 28-HBL 5 24-EBL 41T B B Z8/# T Cd XG4 Ay 3 il 1
H ., Anuradha 1 Rao ? #F58E M 1 mmol/L Cd WMl F, % M) Chl, Car & & & Pn @& F#%,24-EBL &b
RIS UR T X A, ot 1.0 wmol/L 24-EBL 43 5 Chl #1 Car &N T 43% M131% ,Pn 25 T
67% ;2.0 wmol/L 24-EBL 43 5f# Chl F Car 8301 T 115% F162% ,Pn #2785 T 122% , Farquhar %A K
2 Ci 5 P ABAET5 AR TR, 2 #0/ NS AT I R S R A T R S R AL T B A B AR S A Y, 5 D)2 1)
MG A T PERRAR, BUAESALIN Z S8, kel LK Cd Wl F R4 e A i PR 28Rk 1AL
BRI, 1M 24-EBL TF 238 1 2 i ix — AL BR 48 & HOG AR T, AT 5 30 i it Cd P, ASBF IR 45 SRR
Cd Jilh3f ] G RRAR T 352 5 R AN Y Pr Tr Gs B Ci ETF, JEHE NYS S & ¢ BTHR W3, £0 cd i
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Ci TR UL 24-EBL A58 52 27 i 38 = 4l AE AL IR, s HOL S/, iX W AR T i J2& 24-EBL Xf
NYS @8 H MM EHE R EMEZE R Z —,

YR Z Cd Wil 5 2 HoaE K 2T AR, R At s A — R SRR od 32 L], ) an i
Y IRAHE Cd; BT Cd HEHARSE ;80T LK Cd X BEALBHAE T3 ih 451200 A5 B 55 26 WA A W ik ]
DU 228 G B AN E B A 1 (MT) MY S IK(PCs) AMEH K (GSH) | f—Seifi b5 8 1 (A HeE
F hsp) S0 BEMERY Cd FE A8 N ToiedE I A2 Arasimowicz-Jelonek 25145 ,Cd e AN 55
F NO ZLFREEZEf# Cd XHAE A EED | [FIIT NO fRHFAEMIA N Cd & &AL AT RS FH T NO RE4E o 40 i R R
FRLF e Z 55 i Cd YURE AN I BE 57 ; 5l 2 NO 2 54 K (TAA) SF-#r i I 47 ; thn] fE 2 NO AbHE R fifi
HIMRIAR P 28 R4 A R (PCs) S dihn, DMEE A A A Cd, ZEM 5 IS R BN /3 R YT 6-7F
GHEENS (6-BA) FINM BN 2 (KT) REXE AR 215 ), 38 S i 28 s VE FHFDOE A 1R A, AR SEAR % Cd i
W, Gao %5 HEFFAGERR T T 25 5 W20 A 18 1 3580 1y AR 5 Pt TR, A A R o 5 B v R 3 T e 2R Y Bt R AL
B 77, NI A 4 5 RIS AR IR S B iR Ak, TR 28 AR NG s 4R I 3 3G hn . AR R TEAR I e T
NY5 B85 2RI Cd & 520 NY2 (19 1.9 £%, R4S A ek 3 24-EBL /EFH T NY2 (KN Cd & & 0]
R, NYS WE—A 0 B4R 5 NY2 M E, NYS B9ShREM F B 2R Cd 45 7R AT R HAA Y AR AT
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