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2

FEE CAHIE Zn Cu SEEE A WHAXHBEE (Suaeda salsa) B A B 52 R ALER K HC R Pt , LASBAE A A 58 3 52, 2R P K 3%
07 MIE Zn Cu MFRE G040 TR T & 283 9 R SR AL B B W Y & 5185, 4397 1.5 mg/L 1|k
ZBR(TAA) (100 mg/L #RFEE (GA) F1 0.3% HHEREN (KNO, ) A BNt Zn  Cu 5B A W0 404 FRmGEd & 5K AR m, 45
RFEW (1) Zn Cu 5HEE A WA 0 & FEICRIEE T 1 K253, PR RN Zn Cu 5305 A Mo i B 2 ORI F 1
A &SRR, Zn  Cu FNER B A i 300 XoF 28 B 5% 7 1) 1 e A K5 W 2 B M AL 0 o3 100 80 i, 5% Wi 81 V) 7 2 B S 1 I IR0 850 i
(2)Zn Cu FIERE A0 00T Bl £0 06 B2 00 T, S0 3E 407 1 44 PN 2 S0 A &0 ( CAT) i Ak W 1 ( POD ) i A fk 4 B 1k
it (SOD) 3 FhHT S AL B M 2 e TH i 5 B A AR LA, Zn | Cu TS E8 52 & I fol S Rl 40 1 1R P9 T 188 (MDA ) &5 35 e
2.5 %5 (3) 1.5 mg/L IAA ¥R 12 h 7T W E 325 Zn  Cu 5306 a8 SR T 08 EE Fh 1 1 & 2R A8 & 0% | BRI
PELNT MDA i, 35K 5R L POD M CAT T M, NI RN & a3 BiE (19405 (RN AR T2 & TH R 2 & 8 i 52, 3
16 Zn Cu 502 A W0 S0 FBBGE AN RT I 1.5 mg/L IAA IR 12 h, 15 B i A BB 2 50K
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Effects of combined stress of salt and heavy metals on germination and growth of

Suaeda salsa and regulation measures
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2 College of Petroleum and Chemical Engineering, Liaoning Petrochemical University, Fushun 113001, China

Abstract: To explore the influence mechanism and regulation measures of the combined stress of Zn, Cu, and salt for the
germination and growth of Suaeda salsa, Suaeda salsa was taken as the research object of this paper. Taking the method of
hydroponic experiment, the germination percentage, germination rate and osmotic adjustment substance content of Suaeda
salsa seeds under the combined stress of Zn, Cu and salt were determined. The effects of 1.5 mg/L indoleacetic acid
(IAA), 100 mg/L gibberellin (GA) and 0.3% potassium nitrate (KNO,) on the germination and growth of Suaeda salsa
under the combined stress of Zn, Cu and salt were studied. The results showed that; (1) the combined stress of Zn, Cu,
and high concentration salt could significantly reduce the germination percentage of seeds of Suaeda salsa. The combined
stress of Zn, Cu, and salt with the medium and high concentrations could significantly inhibit the germination rate of seeds

of Suaeda salsa. The effect of Zn, Cu and salt combined stress on the germination and growth of Suaeda salsa seeds showed
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the effect of low concentration promotion and high concentration inhibition. There were obviously synergistic effects among
the influencing factors. (2) The activity of catalase ( CAT), peroxidase ( POD) and superoxide dismutase ( SOD) in
Suaeda salsa seedlings increased first and then decreased with the increase of salt concentration under the combined stress
condition of the treatment of Zn, Cu, and salt. The content of malondialdehyde (MDA) in Suaeda salsa seedlings increased
by nearly 2.5 times under the combined stress condition of Zn, Cu, and high concentration salt. (3)The 1.5 mg/L TAA
solution for 12 h could significantly increase the germination percentage and germination rate of seeds under the combined
stress of Zn, Cu, and excess salt, reduce the MDA content and significantly enhance the activity of POD and CAT, thereby
reducing the damage of the combined stress to Suaeda salsa. It is suggested that under the combined stress of Zn, Cu and
high salt, seeds of Suaeda salsa should be soaked in 1.5 mg/L TAA solution for 12 hours before replanting in coastal

degraded wetland to improve the ecological restoration efficiency of Suaeda salsa wetland.

Key Words: Suaeda salsa; combined stress; potassium nitrate; gibberellin; indoleacetic acid

UTAER | A2 g K AR Il TSRS 7K HE A A PR RS i 3 o DX 3 L s e R 2R B 2 %
R BTORI X 38k 2 S B S A 2 A (] L i T e T L DR IR AR Sl A B R b Y R R
(Suaeda salsa) JEEHEFHIMENEHE A S AR , SR A R B 28 SA G0 DXL 2110 e XU R 1 Y 2 2T 3% S i
e A BT B S A TS Y A RR SR (5 A S AR G I R S TR FE AR
VT JUAER , BEAE N ZETE Sl M A | 0T 1 30 1t 5 3 DX sl R R S ol 2 % o R T ARSI 22 4, 5 B0 i i
DIREAN A ) R M T RE R AR 45— ZR 90 T R P b 3 e ) 40 30 % 2 e 8 AR AL 71 15 A 2548 5 0 5 8 ¥
BB IR L GO R PR R AT I 3 B A W38 O R ST S WLAGE , A 7 A W A
AFIAE T IEEIE T AR ER 7 T GE i A vh 2k R 8 D3R AR PRI R DL ORR S S R AR 1A T L
RO IS S K AR S BT T AN R S VR B AR A T KR BT RIS R i XY
EEAE AL G R A PRI A X S B AR K A B R T S T RN < i A2 5 3 X S
HEWT R 5 A K AR IR BT SEAR XD

HNISA) BT T4 R AT A X 3 W BT R N T T U Y R AR A A A R T R
(KNO, ) Mg —Fhgll 5 RIS PR IEORE , AU A AR AR L 5 A BT R  3E X A 3% 7355 7K 70 Wi | 8 - iy
A RIS ol 03 5 AL R A DG BEE TY L KINO, X il L S I S S L R T W Ok B T A A A
FHUTT R R AR 2 X S8 A B R S R A (v A D 0 35 B o AL 0 B e A T e, T 1
LR AR BTIE ™ IREER (GA) FIMINR LR (IAA) JHIZAFAE TAEWI IR N 7R R KR B A W
BAIGTATTTIRE ", GA R TSI 2 38 ik BE TN RE S (L A 113 4, 6 4 i s MR 1y i H AT
BRI TAA RERS AL HE R A A0 A A 43 2L, 1 S A L X S I pe

Foft =5 3 s LA ) A R AR 9 B, XoF PRI AT 1 9 T A P e oz s 270, i A 300 ) 3 5 0 405 T4 R i i
(1 AR 202 AT AT 230 VR Y VT 2 5 A A S0 2 53058 30 () A DRI R 2, AR S 63 o 4R )
KNO, GA F1 TAA Xf Zn  Cu 5 RS G W0 250 T B i A S5 AR R BR2 IR, B 7ESR ST AT 2 Js S B aa 2
T 8 S 5 1085 2 PR SO P i, S T8 A S el 2 1 i A 2B SRR IR S HE

1 #MR57FE

1.1 SEEA RS 2457

TR R TR A R, BT 89-E K S BRBRFE (ZnS0, - TH,0) | /K-S HLER SR ( CuSO, - 5H,0) (5
A4 (NaCl) Fil KNO, [ 25 48 A Ak 22 AT BN 528 77 19 40 B 210850, GA (96% ) Fil TAA (99% ) Sy L ifg 27 o
MR AR A RS F) AR = B A A, 4tk ph S 56 &= 4l K AL 4%
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1.2 LRIk

ARSIy TR, 55— SRR IE Zn  Cu FIER ST G 6 X 320 el o~ 15 & AN v A 4 B4 i, g FH OE 28
W, AR R 5K R 1, RIEE T4 RZ HIEE LSRN 5{E (Zn, Cu 543918 63.5,19.8
mg/kg) , FFASLE T Zn F Cu BYARSFE VR BEE 20 514 60 Fl1 20 mg/L; R4 GB 15618—2018 H k45 F T 1Y
A JF 4, - 575 Y XU 57 V1B ( Zn AT Cu 435128 300,100 mg/kg) KA SIS R Zn 1 Cu B0 5 25 30 1k B2 43 ) i%
4300100 mg/L; FFIRMEAEN Zn I Cu P EERRAMREE . S DARSESCER KR R = A gk Mt v
4331 A 10,20 F130 g/L, FIH NaCl AU IR B 9 £R 43

55 T ERAEIRSE KNO, (GA FITAA 3 25 ab it #1 EXKREESKE
7Zn Cu MELE A k30 544 T 0k 2 fh 185 & Ff4h i A Table 1 Orthogonal experimental factors and levels
KGR, AR S KA A 3 Rl AT 5 ‘Wi C(mg/tL)‘ —
PREAE 43 51 35% E K 0.3% KNO, 100 mg/L GA Fl 1.5 : o " Na‘”m
mg/L TAA 32 Ff 12 h 4 2457 &b 25 (1) 31 Bl 32 i 76 AN ] ) 180 60 20
WY Zn  Cu FIERSE A W8 250 T 1555 3 300 100 30

ARSI SR K B 5 s, DAl KAV Rt B 2t 40 &2
BB B L 2, K 20 K AEE Fh T AR RUZUELCH 90 mm B IR, In A BCHI 1) 52 & W 15 mL,
I B THEY L FR46 (PRX-450A , VLT8R AR A R | ) rh e 7] A 52w, B4 S 3 N, st
SRR 12 b, GER 3000 Ix, HEE (25+1) °C 5 ARG 12 h 5 (20+1) C s MXHR S — 0 75% , B K@ LR~
SEER A RNT R ZEAEL, DA R AP0 KA R R ZERRUE , TSR B8 B 1 & 2R R R, T 7 HllE 3
B3 A B AR

®2 BLBRARENESBRRE

Table 2 The concentration of compound solution set by each experimental group

FE Al Cz/ Ceu” Cract” JH2H Cz/ Ceu/ Cract”
Experimental groups (mg/L) (mg/L) (¢/L) Experimental groups (mg/L) (mg/L) (/L)
CK 0 0 0

ZCe N 60 20 10 Z4Cy Nig 180 100 10
ZgCpNopo 60 60 20 Z5CNy 300 20 30
ZCis Ny 60 100 30 Z45Cp Nig 300 60 10
Zujs CeNog 180 20 20 ZCaNip 300 100 20
Zugs G N 180 60 30

CK. XTH&ZH Control group; & P ATE R ik 5 =4 R 1 =AM e g
1.3 EbsIE
1.3.1  SHBRIE R T 10 K A8 bR
T A

KR = : T X 100%
HERF T3 ’
N,-N, N,-N N, - N,
Wi RHEHE = N, + 22 - 33 2yt
I3

KN ¢ HINBHGER T & 2F 1A 5%,
1.3.2 B 094 BdE bR

AR A I A R 2 T e i ik U T A S e 0 T SR P R L kY R
052 R FH B = EL k> T (MDA) 75 22 B0 SR T B e 22 vk ) e S A AL i (SOD) ) 1% 1
F1R I 5 SR FH R0 DU (NBT) S AR S5 7 ol S Ak &0 ( CAT) 396 1 A i 2 SR I RUR KR 3 Ak 9 il
(POD) &P I SR AL B A B i
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2.1 SEMA XTI W S KRR
2,11 KA AT R R A 5

M 3 FiR, 5XF I (CK) ZAH I, 76 C e Niyg \Zy C g Ny Zps Copo Ny SER L IR BREE T 1 1) K 25 A AU i 2
(P>0.05) , UM Zn Cu SRR G 10 X GE TP 1 & ZF AW 5 2 Cu Ny (Zy, G Ny (Zy C e Ny 259
HFFRE ER DN T T 72.55% 68.62% Kl 54.91% , 7% 5 35 3H 8 /K- (P<0.01) , Uil Zn Cu H5m#:
S5 0 RE ) 0 AR BHE b 19 2 28 5385 2 C e Ny SEIRZH A T A B AR 5 CK AR IO 1 3 28 5,
A LI T R SRR AIG, 25 SR B TR EKOF (P<0.01) BB SR IE Y Zn . Cu FIERE &
AL XS 2 e P T RS 2 R A I

*3 MBI BREMTFHLNZIG
Table 3 Effect of combined stress on seed germination of Suaeda salsa

e KR e i Wy AR W

Germination percentage Germination rate

Experimental groups Significance Significance

CK 85.00%+5.00% — 39.61%+4.08% —
Z4e CeNig 85.00%+13.23% — 45.85%+9.15% —
ZgCpNop 60.00% +13.23% * 22.62%+5.89% ok
ZCu N 23.33%+2.89% * 5.35%+2.74% ok
ZyCeNop 46.67%20.82% * % 15.02%+7.43% ok
ZnCy Ny 26.67%+7.64% * 417%=1.25% *ok
ZyCyNig 86.67%+2.89% — 27.42%+1.41% ok
Z Ce N 38.33%+12.58% * 6.57%+2.31% ok
7 CouNgg 78.33%+11.55% — 26.29%+3.09% ok
ZyCyNip 60.00%+5.00% * 22.67%+6.71% ok

 Fll o SO FROR AL PRAE 53T IR Y 22 Sk B 1935 (P<0.05) IR 3 (P<0.01) K-, —FR AL B 5 %0 iR A 22 5 8 . 35 (P>0.05)

N 4 PR SBBRSE RN T 10 & 28 SRR & R4 %2 NaCl K 3 AT A N &R =N RS T AR
(P<0.05) ; Cu JHlp360 %20 i 3% - 19 & 25 6 R & RS2 AS {2 2 (P>0.05) 5 B — 18 10k X5 Fh 58 & 52 i)
W 535 (P<0.01) 5 Bi— Zn PRiB X7 & ZER B AS B3 (P>0.05) , {H 5 3E 52 Wi Ff 7 0 & % (P<0.05) ;
Zn  Cu FIER = PR F-X 3 i T 1 22 390 BH S ¥ B [ 25500

F4 AEPEETFIBHEMNFHLZIMN T EDH

Table 4 Variance analysis of the effects of different stress factors on the seed germination of Suaeda salsa

kS & 2% Germination percentage i & # %% Germination rate
Factors SS P Ss P
Zn 0.014 0.640 0.038 0.022
Cu 0.002 0.947 0.012 0.265
NaCl 1.307 <0.001 0.349 <0.001
ZnxCu 0.332 <0.001 0.273 <0.001
ZnxNaCl 0.043 0.018 0.069 <0.001
CuxNaCl 0.082 0.007 0.271 <0.001
ZnxCuxNaCl 0.168 <0.001 0.965 <0.001

SS . B 2251 Sum of squares of deviation from mean

2.1.2 G0 X e 4 B A B R S
AT PE S AT AR S A U A E A8 A 5, R AR AN [R5 A% T G e Y =l
TR e A 2 A0 D T 1 A BB 0/ 2 L P K A3 T O, AR IE 2R AR R B Y AT 1 R
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55 CK A, 2 Ce Ny 45 W30 5035 334 1032 3% 403 1 1 PV 1 2 1 3% 4 (P <0.05) L Zyg G Nipy  Zg, G Ny T
7.5 C o N S N300 0 55 394 0 300 0 22 407 15 B0 T VA B B R (P < 0.05) , 43 BN T 124.32% . 122.68% A
123.70% , WG 525 3B R FERE I Wl M A T M S i S 0 TS TR 2. Cy Ny (2, C N, il
7,45 C i Ny 525 3 2 25 SIS s A i 20RR % 1 ( P<0.05) , 73 53 N 1 152.48% (118.27% 1 150.77% , i %
B2 3 R R VA BE T KN I 2R ek SR R

" = R ] —Oo— [ifi &Mk 200
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B4 Experimental group

1 BNECEEAHENBREDYHEERNTYRESENIIT
Fig.1 Effects of salt and heavy metal stress on the content of osmotic regulatory substances in Suaeda salsa seedlings

FW . fif 55 Fresh weight ; AN[R]/NG S8 R3S R & A e A # m) 22 5 2 3% (P<0.05) ;CK; %FHR4 Control group

2.1.3 EEWHAXHELE MDA % & 1500

T B8 25 A T 2 R AR IR 13 AR VR T, R o MDA | 5 ] sz et 40 i I 5 4 A i 38 1T
SR G E R RS2 3t VR FH R B AR B 181 2 7R, 25 52 6 T Rb B 1 3 B 4 1T MDA 75 i
LT CK 0¥ B4 (P<0.05) , i Zn  Cu LI A5 Wran 208 S8 il 32 b A7 W S A 5 AR s b 2
CyNy Z C Ny Z C N 2 MDA 5 EBEIR A K, 43 BI85 265.90% ,249.99% Fll 259.08% , 14 % & 25 = T+
RERSEIA, FiE 525 Wi SR BE R I B MDA 538 SR a3
2.1.4 B WA i 4 A A P A

WA 3 7R, 5 CK AR EE, BR Zy C e Ny S 25 1 B2 52 45 W30 S 46 20 133 e 4 5 SOD 176 1 X 1. 35 48
(P<0.05) , 1 g C Ny Z, Cie Ny il Z,; C o N 211 SOD M43 534 162.89% ,148.02% il 149.94% , 3 i
Fw TR R AL b ARER VR SR A Y CAT 3E PRSI 25 (P<0.05) , i #h v B SE R A1) CAT 115 CK
A TC B 3 25 5 (P>0.05) 5 B8 7, C o N, LI AMYRIE Zn  Cu FIERE A W38 82552 B isE 2 i POD i
PE(P<0.05) , Hoth Zc C Ny \Zy, Ce Ny Bl Zo, € N ZH IR POD 5143 51138 11 99.93% 44.819% 1 49.67% , I Wit &
i T R R SR A U Zn  Cu R ARG RE A9 88 52 5 T30 0 2 B e S R0 4 B 9 SOD | CAT Al POD {4, il
BRI ThE =R AT R N R, Hoh CAT TG T BRI .,
2.2 AL S A i T S S A K SR
221 ARIZGFAE XA A 0 A5 F T s A1 i 2 1 5

WA 4 PR, 2 C N B 2y, C N S 2 S WA 2500 T, 28 0.3%KNO, 100 mg/L GA 1 1.5 mg/L TAA

AbFR AT S 2R G Ak A FRAAR A B 22 53 (P<0.05) , TF Z4 C o Ny ST A A 38 44, 100 mg/L

http ; //www.ecologica.cn



3312 JAE = 43 4

0.06 [ a a

~ 0.05 % % ‘}
= b
B~ be
20,04 [ ~} be
= d cd
F hol| g :
£2 om} d ‘I‘
[ali=|
> 2
8 002} =
<
5
0.01
0 L 1
¥ g o o® 5 ® ¥ m g
Z Z 4 Z Z 4 Z r4 Z
¥ * 1= k<3 * 8 ¥ * 1E
O Q) &) &) |©)] |©] @] @] O
54 = ' + + iz = e
S2B4H Experimental group
B2 #NESEESHEXBAFELE MDA SEMZMN
Fig.2 Effects of salt and heavy metal stress on MDA content of Suaeda salsa seedlings
MDA : T ¥ Malondialdehyde
mmm CATY%: === PODjE#: —o— SODJF]
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E3 H#MESEEAMENBRESERELEEENZIN
Fig.3 Effects of salt and heavy metal stress on antioxidant enzyme activity of Suaeda salsa seedlings

SOD . @A (b ¥ 1 f i Superoxide dismutase ; CAT: oA AL E i Catalase ; POD . i E ALY Peroxidase

GA AbHFhF & 2R IR BE K, N 135.75% 5 4E 7.4, C o N,y LB AR A W0 254 T ,0.3% KNO, Kb BEFH T 4 2
BRI SR, N 57.12% 7% 7., C Ny LB AL 2 A W8 25155 ,0.3% KNO Ab 1 & 2R 3R 58 S R FE e K,
74.99% ;75 7., C Ny 2 A WHA T, 1.5 mg/L TAA KbBEFRF & 27 3842 = e B 45 K, SM69.58% 55 4liK Ab BLZH AH
o, 7F Z Cpe Ny SER 40 5 A B0 38 45 1 T, 0.3% KNO, &b B Fh 7l % 30 38 0 W 4 26.26% 5 #F Zyg iy Noy
24 CuNyy 24 CuNig Zy C Ny LG A WA S F T, 1.5 mg/L TAA A3 1% 30 fidi 32 P 1 2 358 3 348 el 8y o
K530 194.95% 293.05% 31.80% 1 139.42% , M 1.5 mg/L TAA AbHEX} Zn Cu MR G0 400 F
PR R R B AR E T (1 4) .
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S2B5 4 Experimental group

4 AELEWNENESEESE TERMFRFEMHBLEENZIN
Fig.4 Effects of different treatments on the germination percentage and germination rate of Suaeda salsa seeds under combined stress of

salt and heavy metals

ARG Fhy 2R [/ — 5 A W30 4 AN [R) Ab B ) 2 5 5.3 (P <0.05) ; GA : 77552 Gibberellin; IAA ;18| 22 Indoleacetic acid

2.2.2  R[RIZ50) b B 52 0 AT SR 4y v 183 R T 40 T ) 2 )

WE 'S Fi7R,100 mg/L GA AbFEA] i 4R 5 Z,C oy N, SCI A A il 2508 T i vl i Pk 2 (R M &
IR T 18% (P<0.05) ;0.3%KNO, fil 1.5 mg/L TAA AbH 0] B E B 7., C o N, SEI AR A Wit 21 F Y
AT PR ATV MR B (P<0.05) 5100 mg/L GA 1.5 mg/L TAA i1 0.3%KNO, &b F 0] i 3 F#AK Z,,C, Ny,
YL A W3 AT B R i (P<0.05)  BARH 3 A 7R 5 6 52 45 A5 0 T 5 B2 4o 389 0 320 i 40
FRTVA P2 11 RTVA P &t IR AR 2R & 5 EA T8 T | AEp 20 M N 88 11
223 A[EILLEN A MO S0 T M BGE S MDA 5 A2

W 6 iz, M H T4k A ,0.3%KNO, Fl 1.5 mg/L TAA ZbFR 5 E K ZcCou Ny Zy Ce N 1 2, C oy N
SR IO A PF T RGE L) B MDA 4 (P<0.05) , fE4/5 T CK 4, BifH 0.3%KNO, Al 1.5 mg/T TAA 4b
RT3 Zn Cu FIERSE G W0 250 TS M B8GE 4 B BT (BN RESE 2 TH IR 2B WA s
2.2.4  RN[EIALEEXS S5 0 A0 T SR Ay BT A AL B P Y

WA 7 7R, 2y C Ny Zoy, Co Ny SEEH FTERY S G W8 25 F T, 1.5 mg/L TAA AR PRAH LE T 4K b BEAT 2
FARE SOD i (P<0.05) , B sl 41.27% ;2 C iy Ny 2, Cou Ny (Z Cc N SEBS A BT AE AU R A A 41 R,
FHEGF2lK AL 3 3 Fhb 3R] o 25 48 S 8% CAT 6 PE (P<0.05) ; & LA BT I A 544 F,0.3% KNO,
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5 AEAEBMBENMESEESHE TERESHESEFTYREENZIN
Fig.5 Effects of different treatments on the content of osmotic regulatory substances in salt—and—heavy metal combined stress of Suaeda

salsa seedlings

AT b A R M BE ST POD 16 PE (P<0.05) BR Z,C Ny \Zy, C o Ny TEERA S 1.5 mg/L TAA 1100 mg/LL
GA AbBER] 35§ e B 4 i POD {51 (P<0.05) .

3 g
RO RS A Y R A KR AT FEEREZ—  Zn Ml Cu BHEPAERKR AT RLFILE,
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Fig.6 Effects of different treatments on MDA content of Suaeda salsa seedlings under combined stress of salt and heavy metals

T e S T ) A0 P S A A R 92 3 1R Y SR AL, 0005 0 R 5 R RN T B, AT S AR 4 1 AR
K AR ERM, 2 Cou Ny Zy Cp Ny Zo C e Ny SER AT A Wit (i 0 B 0 R ZER TR T 72.55%
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Fig.7 Effects of different treatments on antioxidant enzyme activity of Suaeda salsa seedlings under combined stress of salt and

heavy metals
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