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Alleviative Effects of Exogenous H,0O, on Growth and Physiological

Characteristics of Zizyphus jujuba Seedlings Under Cadmium Stress
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Abstract: Through a pot soil-culture experiment in greenhouse, the effects of exogenous H, O, treatment
with different concentrations (0, 0.02, 0.04, 0.06, 0.08, 0.1, 0.3 mmol/L) on the growth, photosynthetic
system, and fluorescence characteristics of Z. jujube seedlings under the stress of 0.05 mmol/L. Cd were
studied. The results showed that: (1) Under Cd stress, the growth of Z. jujube seedlings was inhibited.
After H, O, treatment, the Cd resistance coefficient, photosynthetic chlorophyll content, net photosynthetic
rate (P, ), transpiration rate (T,), and stomatal conductance (G,) of Z. jujube seedlings increased, while
H, 0, , malondialdehyde (MDA) content, and intercellular CO, concentration (C;) decreased with different
degrees. (2) The activities of antioxidases (Peroxidase (POD), superoxide dismutase (SOD), and catalase
(CAT)) in the leaves and roots of Z. jujube enhanced after treatment with low concentration of H, O, (<0.08
mmol/L), and the activities of ribulose—1,5—bisphosphate carboxylase/oxygenase (Rubisco) , sedoheptulose—
1,1—bisphosphatase (SBPase), and fructose 1,6—diphosphate aldolase (SBPase) in the leaves increased
significantly by 38.24 %, 42.15%, and 84.08%, respectively. However, there was no significant change for
the activity of transketolase (TKase). (3) The maximal photochemistry efficiency (F,/F, ), actual
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photochemistry efficiency (®PS 1l ), photochemical quenching coefficient (¢gP ), and the share of absorbed
light energy for photochemical reactions (P) in the leaves of Z. jujube increased by 37.52%, 135.95%,
53.10%, and 98.36% respectively under the treatment of H,O,. The PS Il non-photochemical quenching
coefficient (NPQ) ., regulatory energy dissipation Y (NPQ), non-regulatory energy dissipation Y (NO), the
proportion of absorbed light energy used for antenna heat dissipation (D), the proportion of non-photochemical
dissipation of PS II reaction center (E,), and the unbalanced deviation coefficient of excitation energy
distribution between two optical systems (8/a —1) decreased by 34.13%, 35.15%, 30.26%, 35.52, 32.30%,
and 53.43% . respectively. The mitigate effect was significant, but the mitigation effect tended to decline
with the increase of exogenous concentration of H,0,. Comprehensive analysis showed that the mitigate
effect of H;O; on cadmium toxicity of Z. jujube was related to many physiological processes, such as improving
photosynthesis of Z. jujube , maintaining the high activity of antioxidant system and improving photochemical
efficiency of PS II. Among them, 0.08 mmol/L H, O, was the best way to improve the repair efficiency of Z.
jujube , which could be used as a strengthening measure of phytoremediation.

Keywords: Zizyphus jujuba; exogenous H,,; cadmium stress; physiological characteristics; mitigation
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B4 SME H,0, Xt Cd BB T B & 4h & 51 8 4k B 5 M 1 2 00
2.6 SME H,O, 3t CABME TEEHHMHRFH R E
RS IR
22 Al JLCd i TREY MR F,/F...
OPSII Al P At CK K k43 5l i 2 B AL 31.38%,
69.52% F1 39.92% . NPQ.Y (NPQ) Al Y (NO) 4} 5

P 62.9690.,79.44 %6 F1 46.62 % (p<0.05) ., 5
M Cd A FEAH . Cd+ H, O, 40 BRI 6 T W A 4
WMH F,/F,.®PS Il 1 ¢P M F % K& NPQ.Y
(NPQ) I Y(NO) ¥y F+ i, Horp 78 T5 &b 31 F 20K &%
M E.F,/F, OPSIA qP 435 8 F & 37.52%,
135.95%,53.10 %, NPQ.Y(NPQ) 1Y (NO) 4 1] &t
AR 34.13%,35.15 % F1 30.26 % (p<<0.05) . Ffid
HMIR H, O, WM, F,/F, .@PSIl f1 P £
T J5 AR A B4 NPQLY (NPQ) AT Y (NO) T & B
Ry SE AR R TR AR S e BRI I H, O, gl i
R PSIT R R o0 36 PO el AR 8 R L L T A%
128 YT P /0 R BB A R 5 AR AR 1Y R TR AT 4 A A B
HH ) 3 I
2.7 5NEH,0, 3 CAByE TEREHHEMHRAXRS

B8] % 42 gEF0 PS I MR WL ¥ BE 43 BE B9 22 i

H13 3 AT, Cd B3 N IR RRAK N B/ a— 1,
D M E, 5 CK W N & F 5, 5 e s 31.12%.,
292.39%,71.65% F1 45.31% , 1fj o« F1 P 0 52 B 5¢
NEA S H £ A FEAIK 60.40%6,73.59 %0 (p<<
0.05), fE4MitE H,O, MALEETF,B8.(8/a—1).D Fl
E 1€ Cd i F i K o F1 P IREARE A E
F IR E M AE TS AbFE R AR MR8, (B/a— 1)y
D FE, 5 T1 A ks 3 T K 12.37%,53.43%.
35.52,32.30 %, Hirp g R 3K I 8 3 25 S5Ok HiAb 45
PR 813K B 1 35 22 5 K F (p<<0.05) o F P 435l 1 3
Th7r 82.91%,98.36 % (p<C0.05), @it LI F 38 bR 78
16 AT RARB] Cd e il 7R R4 RO RS
JGRERE AL 3, T H, O, 8 i %R A 4h i Ot &
S [a) 3k e A PS I W YOt BE 43 e 1 1% 346 38 I P K
F R %, T 22 A Cd W8 T 350 L 4h i 7= 2B o
L ETEE
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x2 SNEHO, X CdMETEESEMHFMHERRAESHNZIME

NPQ

Y(NPQ)

Y(NO)

0.89940.005d
1.465+0.003a
1.2444+0.013b
1.1174£0.005¢
1.101£0.015¢
0.96540.012d
1.23940.018b
1.42540.019a

0.28740.009d
0.515+0.011a
0.436+0.010b
0.400=£0.015¢
0.378+0.002c
0.334+0.012d
0.411+0.013b
0.4994+0.010a

0.3114-0.003d
0.456+0.006a
0.42140.004b
0.40540.004¢
0.36640.002¢
0.318240.008d
0.36940.016b
0.414+0.012a

®3 SMNEH,O0, X CdMETEREGHEMEXRF AL PSI RIS EESE KM

P

D

E,

Ak 3 F,/F, oPS || qP
CK 0.905+0.0021a 0.50240.005a 0.72440.001a
T1 0.621+0.0019d 0.153+0.003d 0.4357+0.007d
T2 0.755+0.0013¢ 0.224+0.001c 0.520+0.008c
T3 0.792+0.0016¢ 0.28740.006¢ 0.5834-0.004c
T4 0.827+0.0012¢ 0.303+0.016¢ 0.621+0.011c
TS 0.854+0.0029b 0.361+0.012b 0.666=+0.002b
T6 0.767+0.0011c¢ 0.320+0.022c 0.5894-0.014c
T7 0.610+0.0014d 0.212+0.021d 0.4434+0.012d
Ak 3 a B B/a—1
CK 0.39940.009a 0.574=+0.003d 0.539+0.024d
T1 0.158+0.005d 0.7527+0.008a 2.115+0.014a
T2 0.177+0.003c 0.748+0.016b 1.98240.019b
T3 0.240+0.011b 0.72140.013b 1.66140.023b
T4 0.289+0.013ab 0.686+0.003c 1.3804-0.020c¢
T5 0.332£0.017a 0.6594-0.004cd 0.9854-0.026¢cd
T6 0.269+0.013ab 0.699+0.002c 1.60040.023c¢
T7 0.164+0.006d 0.795+0.007a 2.581+0.026a

0.462740.005a
0.12240.005d
0.17940.013c
0.21140.017b
0.24240.024ab
0.28840.032a
0.2354:0.013ab
0.16540.018d

0.3284-0.004d
0.56340.006a
0.4894-0.004b
0.4444-0.002b
0.4024-0.003c
0.3634-0.002cd
0.4124-0.001c
0.49240.005a

0.24540.007d
0.35640.006a
0.331£0.005b
0.303£0.003b
0.28840.001c¢
0.24140.004cd
0.29240.004¢
0.34540.008a

2.8 HNE H,O0, X Cd BB TER RS EM F X &k

BRI fir g e k-1

M2 4 Al AL Cd BEEXTR AL 7 4 Fok s
e 1) Ak 5 B il 3% R O B T IR T, 5 CK A L,
— Cd 43 F B9 Rubisco. SBPase, FBAase #1 Tkase
T2 9 R B 43.87%,55.16 %, 57.80% 5, 33.33% (p <<
0.05) . KE&ESME H, O, BRI, it 7 56 & fik 7]
A O S il I 1 2 2 B S IS B AR Y L 7E TS Ab
N 8 B & K MH, B A% T CK, Rubisco, SBPase.
FBAase 5 T1 M #2755 38.24%.42.15%,84.08% ,
E R FE(p<0.05), Tkase W75 T T1,{HIf RKIE &
BEZES, UL Cd W B RE AR T MR A BRI MO &
B TR) A 6 e il 3% L ANV HL, O, BEA 28003 bt X
B Ttk [7) b O Bk 0 P 7 70 T 28800

F4 SNEHO, X CdBE TRES &M XAHEL

KBTI B{r:U/g FW

B Rubisco &M SBPaseifitk  FBAase {&fk Tkase i 1
CK  3.51£0.157a 8.52+0.256a 3.7240.086a  12.21+0.149a
Tl 1.9740,087d  3.82£0.152d  1.5740,072d 8.14£0.131b
T2 2.23£0.034c 4,18£0.076¢ 1.980.138¢ 9.2140.154be
T3 2.63+0.052¢ 4.35+0.182¢ 2.260.281c 9.7240.241bc
T4 2.96+0.041b  4.7840.284b  2.45%0.111b  10.0240.018bc
T5 3.1940.152a 5.43%0.100ab  2.8940.213ab  10.1140.219bc
T6 2.8440.021b 4.87+0.154b  2.324+0.032bc  9.2940.242bc
T7 2.32£0.231c 4,03£0.143¢ 1.85=0.212¢ 7.78%0.172¢

3w

HYIE K YRR S RIS R s
SRR R LA T S R B W B A T L T
AR E AR XY T E R . AR DRI Rk

WY, Cd k38 5 25 BRI T AR AR A W i, TR A K 32
P A X R A D X A A AR A X
SR IT A AR mNS SR R UE B B
AN H, O, X HERE 9 A4 B & & HLAE A7 7 2
R RN, L an AT DL R R ZE R R R
[vi) AL 400 ol %) T S L AR A ML . S vt o A v
Ji (0.02~0.08 mmol/L)H, O, 4bFi R [7] F B 45 &5
ALY AR R BR L o BE ORI B R B R
(0.1~0.3 mmol/L)H, O, W Cd Jii8 X} {2 2 4
AR B9, 3X 5 Andre’ Dias 2507 i BF 5% 45 S 4
— 5, UL BRI A HL, O, 7T 4R g b 9 %o Ak 5L B0 55 iy
TE NG B4 R S DR T R e A A 4 A
F 3 1) fig

A AR S R MO AR Y AR bR . 5
AL Cd i AR B2AEY) B 5% (Solanum nig-
rum) VAR G R BR, Cd o BT
EMAAEEEN R, BREYDH T RE T EE Cd
Wit J5 2R R e N AN IR H, O, 7] UAT U IE R
ALK FE R B R4y T R 1) 38 e e LR AT
REM AN H, O, R38R Y 58 38 M IRl 1o
RE L Tz Sl R, I ifF — 2B R E T 0k R BE Rk
ARG ISR . S, Cd han TR A
P, .G AT, B3 FEAL AR C, MR B B0, i e iiE B 6
A RE R AR Y DG B R AR AL IR R DO A AT
K RuBP BRAIL A EHWHI 4T CO, 05, B
T s B ) B HE AR, IS EOWRE R H, O, W] D
P,.G M T HWHE LT C BRI, XMW H,0, fEH
RO Cd 8 F T IR 44 R 1 PR 40 i P9 o' A sk (] 1k
AR R B E R L RIE CO, 1Y Fa E M 548 B I v
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PEBE B HR I CO, Bl A7 5 T i i A2, X 5 ¢
HaFS AR KRG A T A5 AR TR . HH AT A R
BN, fE Cd B % F XL R IF (Arabidopsis
thaliana )M H, O, Ji C.ENER N EEH AT
(18 2% A, DR UE AP PR 7 33 855 vh 14 35 IO 1 L 3 A 3 56 2
R Sl NN = R N N P 1 = N P 7 7 - N N
138 SR 858 AN R 56 X G R AR B A S [ Ak 3y X
S G R FER 5 R M 5 S0 o AL R 22

R FE AR I T 5 V5 G | 5 R 5 S B
T BE I b A ik AU A AR R A R AT R I M U AR
VA B IR RS A RN T BE . AWESE L Cd haa T R
A H, O, M MDA & &2 38n, $i 8 Cd Wrid i
T TR R AR (HE I — W Y
SN H, O, Al ffi H,O, Fl MDA & & 3 — & f2 )
9T B 4% 12 0.08 mmol/L H,O, &3 T, H,0,
MDA & it T s 3% Ui W AMNE H, O, fe &
B R AL v v S B L s 4 P
R RE F B, RIEA M w ., X5
Wahid % {238 1Y 25 F A — 20 B H, O, Wb B/
T o B AR o 0k S ke 4 = /N A T R L TR
A A IR B 25 SR 22 8 ,0.08 mmol/L H, O, A4bF IR fE
R R R A M R B A B T P (SOD L POD
1 CAT) BRI & H, O, I915 SR DI BE s T 4t
SAALBFEAL T B 4> F % S 4E 15 S ROS 3 bR B G P Y
P AR SR FE— B R A 30k — 4w Tl
W , 56 T K (Hordeum vulgare )Y . T K (Zea
mays)" IR — SRR T RS,

2 22258 A% Ak g S AR 0 % A DL 1) 38 2 MR
Bl WRREDIIAR ORI H, O, BT L
JE A REF R (Nitraria tangutorum) #11 @PSIL.gP LT,
NPQ 1 YINPQ) TR, AL R i H, O, 1
ATLMESE Cd 5 TR EML MY F,/F,, . OPSIIA
qP Tt NPQ.Y (NPQ) Hl Y (NO) K I FE [ AR, i3 1
H, O, fEMAT SR IERR 2 PSIH F 7 Cd 853 v 1y 7= A=
S AGRE R RE . TR R A0 R T SR R R
PSURI PSIDGAAR F W C & 25 6L 7R in H, O, T HO6 A
BT B 5 B/a—1 JFIR R RE T o WU H BRGNS 34,
JESZ H, O, 1] LLHG 3 Cd 30685 T Wl S8 A7 A 4 25 1 %
REal%., CdiilE FRAEMMKIL 4B mE P
FHEERHEZEN HO, WRMHEs T A N RS
PERE M) &5 . P (E 3 K2 FEAR PS T A J6 4 Ot B 14 HE
AR, AT il K 28 €0 R AR NPQ FE BN 8 & BEAY %7 D
EI /N . T PSR A 453495 B2 i b1 3850k Ay 2% %8 J
L TPy B UK BB R 15 A B 45 Ak 2= R R A, HUn] 42
BB H O FERL B E |, 0 T R 175 5 0 R AU LE TR A
JfL PN e e AR B, L RB T AR N T I 3R P

BEMEM TR, 5 % oPST T &, M H H,0,
MIALFEXT Cd PR L E,. 0 b ™4 T 2%
14 28 fif 2% 07, iE Bt HL, O, BE% SR FH 4% E, 3% —
IRAR R/ Cd 3535 25 6 L R e ok 1) 57 T8 A0
x5 Tang %" %t K F 1 (Catharanthus roseus) TE
Jilr e BREE Rl H, O, ARHRXT E 18 % 552 5= M4 B
136045 BE T B 25 Ve AL . AR SRS X &
¥ (Zoysia japonica) IR B~ 7 T 2 Wi i3 f2
FE R Y Rubisco I PEARIT N R, Cd 45 N IR A 4 i
Rubisco 7 P & £F 20T k0 A0 [R] 34, I I 22—
AT RE A Cd 338 5% ot Rz 19 4 8 /0N A A5t 410 1 T IS
N, WA RERE K R Cd* B T HAb " T C R &+ 5
5T Rubisco M iE L W #F#2. H H,O, B 1 i &%
TR/ Rubisco & /) F [% SBPase .FBAase i
PET B S AL 450k 28 L 1 Tkase 16 M {8 B9 77 3h
BRI/ .l G IE B B H, O, RE W8 th 14 n 6 & 5% [7)
A 6 S TG T M R T 4 TF Cd 3 BE o R A AR O A R
NI R RGE . 2R AR RS AUE I L BN 2,4— 3R
Th3E 2 PR (EBR) #M 5 9 0] 3 o I8 2 ¢ [7) £k A+ ¢ il
TG A DR ) R 3R KO SR A i vk e . £ BT
i L 3 W R AL 4 v A i HL O, J5 L MR SR R e
JESH R O6 R S ROk AT PS I WO BE 43 il
Rt R ' B ik ) £k 6 B G 3% 4 T & 4% B W) 1 O 42
R RR AT Cd 30 B8 BTk - 1AMt H, O, X 4 fuf i sig
Cd 3% 55 N H AR AL RE I 14 A (7] Ak 5C 5 B 0% 14 19 43
TIPS T — L5 A
4 45

(1 Cd 38 fff 2 2 G 1 A o bk L BESUY
S REAR 30.26 %6,34.21 %0 F1 48.76 %6 P 2R BN B Ik
(0.70) » Ui B Cd W6 X R 48 Ay A A i B i) VB FH e
H, O, FIRAEM Nt R S =P, T, MG Fti,
H, O, MDA &M C, #H BUA [FFRBE FE.

OfERHE H,0, (<<0.08 mmol/L) &b 3 j5 , it
AR 2R A P E L (POD, SOD, CAT) i P 184
i, I /N TKase 3% 14 6 . 3 28 16 , Rubisco . SBPase
M FBAase I M i 2 52 &, 43 il e s b F 38,2404,
42.15%.84.08% .,

HREM W F,/F, @PSll.qP il P #£ H,0,
AFR R fe K4y B4R R 37.52%, 135.95%, 53.10% FI
98.36% . NPQ.Y(NPQ) .Y(NO).D.E, Fl B/a—1 434
FAAIR 34.13%0,35.15%.30.26 %%, 35.52,32.30 % Fil 53.43% ,

25 B RTR AT AR, Cd Bal XA i A K e A T —
SE B B ROV TE N AR R e B A AR HL O, L A
P AR B E AN R R AR 8 T — 2 . B
H, O, fF7E 35 B 2 i 500 00, H il 56 o i 4 45/ 1
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FEPRLEE 43 HT,0.08 mmol/L HYSME H, O, %} 3 &

G0 Cd B0 T PR 4 v 00 22 i ROCR fe i, AR UG

SUBESE TR 4 A Cd 38 T A AR 2548 bR XA

U8 H, O, B0 R T A 53 1 HIL R AURE L A4 Sk A AR

AR BT I — LR RS .
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