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Effect of cadmium stress on dimorphic seedlings growth and stress-res

istance physiology of Suaeda salsa
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Abstract: To explore the adaptation strategy and response mechanism of Suaeda salsa dimorphic seedlings
under Cd stress, and to select the seed type with potential to repair Cd polluted saline soil. The seedlings growth,
Cd accumulation in different organs, antioxidant enzyme specific activity and osmotic regulator contents were
examined by soil culturing Suaeda salsa in Liaohe Estuary wetland with 0. 0.04. 0.2. 0.4 and 0.8 mg'kg! Cd
stress. The results showed that: (1) the plant height and fresh weight of black seed seedlings were more inhibited

than that of brown seed seedlings under Cd stress. The root, stem and leaf biomass of brown seed seedlings were

higher than that of black seed seedlings under Cd stress. (2) The antioxidative responses of SOD, POD and CAT in
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brown seed seedlings were stronger than those in black seed seedlings. The contents of osmotic regulator increased
significantly, and the contents of soluble sugar and proline in brown seed seedlings were significantly higher than
those in black seed seedlings. (3) The Cd accumulation of brown seed seedlings was higher than that of black seed
seedlings, and the distribution of Cd accumulation in different organs was root > leaf > stem. (4) Cd accumulation
and osmotic regulator contents had a positive correlation (P<0.01), as well as between plant growth and antioxidant
enzyme activity(P<0.05). In conclusion, under different conditions of Cd pollution, brown seed seedlings had
stronger Cd tolerance than black seed seedlings, and brown seed seedlings had better ability to repair Cd polluted
saline soil.
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~2500) MEFFEE R AT, BRI PR
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Tablel Morphological characteristics of dimorphic seeds in Suaeda salsa population

il ¥ Se H 4 Diameter (mm J& JZ Thickness (mm T ¥iHE Thousand kernel weight (g
eds % F Coat ) ) )

ajckéBl £ J5 cutin 1.762 + 0.224b 1.110 + 0.0992 1.02 £ 0.19

b5 &b B B membrana 2.272 + 0.253 0.939 = 0.244 2.49 £ 0.65

own ceous

ANFANGFRERIRTE P < 0.01 7K LAEZ TR
Different letters represented the significant differences at the level of P < 0.01.

E | #amEiEshhRER e F (A) REE (B) MEEMT (O RHEKE (D). RREKEH 250 pm.
Figurel Brown seed (A) and its embryo (B); black seed and its embryo of Suaeda salsa in the intertidal habitat. Bar
in each graph indicates 250 pm.

1.2 It

R E — R R T4 Cd B A FR 3L 04 0.04. 0.2, 0.4, 0.8 mgkg!Cd BFTKE, HMKERE
3ER, AR R A S HIEEE S BT 0.01 mgkg)1:1 LLEIFES], HEEA 3% pH N
71~7.20 A7 IR TAE 5% AR IN(NaCIO)EM H KB 3 min, SRJ5 HIZRIR/K et 1 =K, BT /54%
TP 7B AL A U2 I B IR AR E RS R IL(ELAR 12 em) FRHTRZE, ikt 1~2 FEME, K4
SRR REEEAT 0.5 kg IR A TR (BER 12 em, 12 cm), 573 ¥Rahli. b5, JFURRAERE HmE
75 20 mL AR EER CACL ¥R (1. 5+ 10 F1 20 mg L") #E4T Cd Mg kb, xR -3 Cd RE 5 hleE
0. 0.04. 0.2. 0.4. 0.8 mgkg!, FF&sLhrili D@5 H Cd IRETEE (0.04 £ 0.78 mgkg!).
30 MER(S A CdCLx3 A H R <2 B BAERE TR A P (R 20~25°C, AR 75~85%, 14 h oG
/10 h ), SFEENERILZENAE, 2N Hoagland & R ARIE A K . 5595 40 d J5, EH 3
HRAE, MERZENT Cd F&. DA A PrE s E RSB R S . IR RS
o157 1 i1 o e

1.3 MEERSFHE

170



St TUE T E ML E AR S S8 7y 231
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A S (C AT 4 2K FH 58 RSl s 210,

1.3.2 BF AT MR 2w BERMER T, e T, BT 0 A1 2R AT I FrisaE i
YR S B S o R T R (I SR R L ek, A MR A S B D M i etk T
20 B 10 7 SR FH R P B = R 2 €y 220,

1.3.3 ¢ FEllw W EhMBCEL WG ve %, FIEAIL TR K 273 Hh N () &8 7 it B (2L )
gy, PRELE RS, MESRHBEER L, R T Sih E e E A LU E . REE 1050
%A N AT 20 min, FFET SOUMAFMEIHE, 2 RIXI AN F3oTE, MR T HE T
5o

1.3.4 ZEFT Cd S=0lle Hhw HEEFKEER T, HIELET, REHT(1050, 30 min)fR
H, AP 1 g BETEA SIS 10 mLIBRRFORISER: mSERR: IRIIR=8: 1: 1), RJEZIZ A
WAk, SRR EEEL ORI, €5 25 mL, A U-5100 4566 HHHITACHD) E £5 Huhk;Z 4 1
Cd &,

1.4 BT

8 H Excel2019 THEE IR IE bR #EZ . SRR JT % 5 HT(One-way ANOVA) WA Cd 4bBEXT4))
AR AR BRRAE I 5200 o PEREAT GE T4 M 2 BT, A SPSS22.0 1 Kolmogorov-Smirnov £ 46 il Levene i
IS AT EE I IE SR G 255 . W R EASENE, WEEE AT S B e, RE T Z I IES M. 24
05 Z T B R AL B E) 2 57 35 25 I (P<0.05), A Duncan #H1T£ & Eb#. {#i ] Origin2021 {EAH2RE .

2 R0

2.1 $RAE XF 2R R E = BV R F 4 A KRR

EXTHRLLER, BEE CAIRBERIE M, shihhiz — AR T4 s bk s A if 830 2 N ey, K9 Cd han]
A A £ oz I AR K (B 2 AB)o FR R AR AR T A bR S 7E Cd K 0.8 mgkg ! I ik B i 25 22
S, PEIESS A 18.33% 1 25.75%; AL, MHRIKEIAH] 0.8 mgkg ' B, AR EFPTH1 2 Fh 74 1 R PR
FHEON IS I T 36.18% 1 45.09%,  H& (UM -4y B Ak e M 2 BRI 2 W SR R T AR (o Fh 4l s, 1
B B OB T4 AR AR B R R T AR R T A (P < 0.05).

Rk LU S B T AR R R 5kl B A A L, BE R T4l TR T LU B Cd R BT AR
AR R 4 B AR e LE U B B S R R 2 ©). BA Cd WREERISE N, EhHhis s e fh 1 41
Ry 2 AR CdIKERN 0.2 mgkg! INIAFIE(E, FJE/E Cd IKEN 0.8 mgkg ! AR HAUE, 5
Cd WK 0.2 mgkg VAL, 20 HIFRMKT 44.44%. 29.41%K1 36.00%; +hithfilsZ B O T4 HEZ ] Cd frid
W, HAR. 2. MY E R M RN ES, HERMERE, &K Cd BHE F(0.8 mgkg )RR
K 518 62.5% 35.71%- 45.83% (K] 2 D~F), BEFPT-4) 80k s A 5 B RMa fE B K FAR A 174
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e (. TENEFERFERMTFARREENEREE (P < 0.05.
Figure 2 Plant height (A), fresh weight (B), root-shoot ratio (C), root biomass (D), stem biomass(E) and leaf biomass
(F) of Suaeda salsa dimorphic seedling under cadmium stress. Different letters represented significant differences among di
fferent concentrations (P < 0.05)

2.2 $RAHIB X Eh AR E — BYRF Ah i A IR M RS
FREMTHIE M R AT ERE . RIS E AR R S E TR 0.24 mg g 0.93 mg-g ! F10.085
mg-g ! BEAINA Cd K FE 0.8 mgkg! KA 0.86 mg-g!. 5.62 mg-g! F10.208 mg-g!, HEFFLHETH I

FVETERE. ArE PR A AR R S BAE & Cd WK EE(0.8 mgkg DI B IREE N T 0.95 mg-g!. 1.90 mg-g!
10132 mg-g! (K3 A~C). EhHLHIEL)ET AT E YR & =IHFE Cd Wk BERGINmsGm, HAR R 74
A B R S T RO A, &AL HR AR 2 ik BB 2 KCE(P < 0.05).

EhhpsE — AR F-4 I SOD. POD Al CAT Lhid 7JBE Cd e ik FE I i) R AR a5 (& 3
D~F). SxtEEAHLL, ShbigsE — RFp74h i i SOD. POD I CAT LhiG I7E Cd Bhia Tk 883 % R
KPP < 0.05). 7E Cd BHEWREHN 0.8 mgkg ! I, FFEFFLIH A SOD. POD Al CAT LLig 714y Lt
HRZH AR 77.38% - 65.69%H1 78.47%, T R& (b1~ &)y B it v 0 S A Blg EL Vs T BEAICIE B2 4 29.59%  31.33% A1
35.12%.
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& 3 fRpME Tt E LB R AR MNE (A, AIAMED (B) MERE (O S2URBENEKKE (D).
SHYEs (B) MZEHEE (F) WEH. FRNEFERRFTERREEREREE (P < 0.05).
Fig. 3 Contents of soluble sugar (A), soluble protein (B), proline (C) and the specific activity of superoxide dismutas
e (SOD) (D), peroxidase (POD) (E), catalase (CAT) (F) in leaves of Suaeda salsa seedling under cadmium stress. Differen
t letters represented significant differences among different concentrations (P < 0.05).

2.3 {RIMB TEAMRE S RE Cd AR DA

wiE 4 s, BEE Cd a R EERsgn, hmEr 4. 2, i Cd SE L2 EAEH, H&a
A 2 Fak B R KF . 7R 0.8 mgkg 'Cd /HERS, HZERh Cd &AM, FREM LR Cd &
BRI EIEIN T 105.34%F1 25.51%; RBEFFLERE Cd F 2o EEEIN T 103.47%F8 10.51%((P<
0.05), KW A EEHHE Cd EEMEERE, XE—ERE LATRUg/bH i Cd & &. fEA4F Cd ik
FEALBRN, FREF LI M cd RES S T REM T, £ 0.8 mgke'Cd LR, AREFh
THFEM. R Cd & BT BEM-F 45 mEm T 23.33%. 22.10%F1 8.56%:
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#HFE Cd concentration (mg-kg™") #HHFE Cd concentration (mg-kg™")

E 4 RApB TRMHEREMTYE (A) MEEMTYE (B) R, £ H &8, FRNEFERRERRETR
FIREREREZE (P < 0.05.
Fig. 4 Root, stem and leaf Cd accumulation in brown seedling (A) and black seedling (B) of Suaeda salsa under cad
mium stress. Different letters represented significant differences among different concentrations (P < 0.05).
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B 5 RRR. EMEKSEILE. SERATEREXMEST. 7 7 AR P<0.001. P<0.01. P<0.05 HIREF
KFo
Fig. 5 Correlation analy51s among cadmium accumulation, plant growth, specific enzyme activity and osmotic regulator
s. ™, 7, 7 represent P<0.001, P<0.01, P<0.05 significance levels respectively.

3 ik

AT, RIERAFEI 1. 5. 10 f120 mg L-1 Cd IKFERREE, ZALFEAAE T 46 &P st N 20ml ) C
FESHN 002, 0.1, 0.2, 0.4 mg, XN 13 CdIREERZ 0.04. 0.2, 0.4, 0.8 mgkg!, Bl SEFRILM
W ) 3% Cd IR FESE ] 0.04 3] 0.78 mgkg e AEA T RFAE & e B PR A0 ) B 248 hr, BAK
SHR ) BBURR PR A AT B3], ARHF TR, Cd s 2R b4 i R v R B SR € T 4 i PR D B R (R
2 A~B). Y Ik AR P B AR X DR AR S & B SRR 4 Bl CAIREE TR, SRR
FHEMR . ZE HAEMEMR TR T TR E N EEE 2 D~F), HrEwE>Z2EyE>
RAEYE . APFR, RO TN MRS S T R e 4w, HEEE Cd BTk Bt
JERRESE 2 ). EEBIE T, MYy R KRB RICE IR o=, Fik, Cd WHa T
TGERR R T2 R R KA K FE T SR . B 58N LR B2 B (Lolium) 2O & VSR AR (Alnus
ormosana)? NP 5L AR I T SA 5 — B4 R

57 4 S AT, RN B AR S I PR AR B ) A M A S A T B AL B (SOD
POD Hl CAT)IL [Fl 2 B 4238 M 0P M PUABE R Gt b i S A 8 A I A V7 ok Jod i v P 2L 3 —
Bk, R AR AR S B T RO S R S T A AR S, B R R R
B, I AT o A S T g — P I E A S R oK, TR I B P AR R P A 281 2
M B A R4 R A B . SR S A S LS I TE R IR Cd B IR T X
M 3 D~F), SHIM(Black Locust)%1 T F 4 4 2 A0 B AR A0 45 SR —5502%), 1 B h M Bt a2 407 i 4 P B 4
FAES T B A A S K T S BB ITE R EE T, i Fr 4B i B A TR B, ] T Bt
ANEER S R, FEOEME TR, RN, SRR 72l it AL BE R LS JE T R A T4, AT RE A BRIt
BRI B BRI Cd . ZRE AR A A BT s 4 R, EEEEPNE T, HEYhiEll
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Al LL3E DI A — € M BIE TS L, ST TR RE I A R, e R E ARSI 2 5 Hd .

PRI e e a i, FAN & B B T R (PR RS AL M A B IR, T AR
BIE, RPN IR 0 AR B A A0 30, RIVEPERE R AR E ) EER A, EMEIEE S R
TR FEHFERE AR &, 2 h B &) i N AR A Y S AR PR L — o AT FURIN, BEE C
dIREERING N, EhHhHCERE R A eI ERE S B B HoSs T R e, 5UR 05 RIS A B2 5T Eh i i
24 N B < i PP 0B 5 SR — 3. Cd B T R R A T4 v R R B S RO BN, 2% B el
EMTELRESENTTEEEASEMRYEH S 2l Cd e FEE, ST KM (Populus scanescen)%)1 11 7]
YRR S AR A R — 3033, P AR e N R] DA — S R BRI Cd mEEEAE R . ArE s e B )
LSHEH S r a8 B GTERESY), Nk =R 5185 H 4B 351, cd TRlg-amnliEttEE
BHHMHEIK(GSH). HEY%E A IR (PCs) A4 & i 85 1 (MTs) 5530 301, jhak, 2 Fb ik HumlszE Fo 7 2 s F il 2 iR
(1 BRSPS, (EERRIETE A B RS RS T EEAEHPT, — @R R T Cd e s AL
%o F+3E(Brassica juncea)PTaXT Cd i i i S B U 45 R, (B T I 2 RAR R Re /)
Fe A BRGS0, Cd B T 2R R R 4 T i R & B> BAS T RGBT 2, Ui
KR4 v A & 5 AR B3 AR RE

AT, EhibiE YRR Cd S ERm(E 4), Hoogrtiz, 5E&ES AW
ALt (Monochoria hastata)*O) S FK M (Salix variegate)* V2K AEFEWI K 0 A A — 5. Cd HEAAEPIAR A
Ja, MEVIH R RE M B, SRR Cd AR HELFH R, MMIENKA L5 R # e & A
FHRCETE, W2 HE SR ST R, Mg Cd X e EEM . BT LI e 8 scskn vl B
Bl SRR AT SE R AL B, — DT A SR s AR UF ARG, — T T AR AL B S K EE R Cd K .
IR B A AR S R M A A FRAR AR ] (A S i (8] 5), SRHbBRCES) HIAR . R S E S i Ay
ATVAPERE . PR R AR R R & B (A AE A 2 IEAH O PR (P<0.01),  Eh Bz ) i pk ey AUAR A2 49 5
R A ARG i S A Bl R SR S T T TR A R TR A SO ME(P<0.05), R BE L P R
ficf B AR AR P 5 R AT B B S R A 3 U SR 1 (P<0.05) .

4 45k

Cd fipie st 2 60 55 Hh B &) e ik o 5 BRI 7 LU R4k 1 T K T AR (o fh 74l v, 3hah i 4 3t ok
et AR, Cd il FARER FAIER . X HAEYESAE T REOM YN . b mEEss Ry 5
J7 SOD. POD F CAT X Cd Jilt BI4T A A me 5 o T SR EFh 4, A5 ERh 140 nl v M B R0 25 i 24
Rt Cd W ie e SR FE 5T SR AR 2 i, VI AT PSR HE R P 982 T 4 S ot 40 G 11 B T AL
R BREAR BRI TR ZX, b Cd S EWE T RO T, BR A NEBME cd BEMEEN
fr. BRI ESR RA 5IBIE TR & & IEAHG(P<0.01), M)A Ui ARG VS 14 2 7] IEAH 55 (P<0.
05). L, FREFIFHL Cd gt /A e T REM T, ShHMBEESR M 74 A BTN Cd V5 3k 1E
HRETT.
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