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Effect of cadmium on seed germination characteristics and seeding

growth of Cyphomandra betacea from different seed sources
JIN Youfan, LI Shimin, LI Shupin, ZHANG Mei, DONG Qiong

(Key Laboratory of Biodiversity Resources Conservation in Southwest China, National Forestry and Grassland Administration/South-
west Forestry University, Kunming 650224, Yunnan, China)

Abstract: We investigated the response of seed germination and seedling growth of Cyphomandra betacea from different
seed sources to cadmium addition, and explored the cadmium tolerance of C. betacea from different seed sources, in order
to screen out good seed sources with better cadmium tolerance. The seeds of five C. betacea seeds XS, PE, DH, BS, and
LC were used as test materials, and five Cd concentrations (soil Cd content: 0, 5, 10, 20, and 50 mg - kg'') were set in a
one-way completely randomized experimental design to observe the seed germination and seedling growth of different
seeds of C. betacea. The results show that: Seed germination indexes were promoted at 5 mg-kg" for XS seed source, ger-
mination potential, germination index and vigor index for BS seed source, and germination potential, germination index
and vigor index for LC seed source, all at 5 mg-kg"'. With increasing Cd** concentration, root length, seedling height and
fresh weight of seedlings of XS, PE, BS and LC species were inhibited. 5 mg-kg"' of Cd treatment promoted leaf length of
various sources, and 10-50 mg - kg™ significantly inhibited root length of PR and DH, seedling height of XS and BS, and
leaf length and fresh weight of PR. C. beracea from five different seed sources differed in their tolerance to Cd*’, and the
affiliation function resulted in the best tolerance of LC to Cd™.
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T AR SR 2 e A A A AR o DRI, A R A
b~ 1 & A4 AR 1) s i B A B R S S

¥ 75 7t ( Cyphomandra beracea) N7 F}(Solana-
ceae) W 7 i J& (Cyphomandra) % 4F- 1 Sk /N e R
BRE A, 75 R [ 7 B2 M I A R s, R S XU R
B2 R S A R C A
A M ES. w5, 3 E 575 J IR R
o RS KR T, B 7 388 (1R 48 75 G 1a) @G 5%
W, fE— B R B RR I T R 5 AR I A R R
H BT, B2 A0 A 7T S B e ] MRk 2 R
LA TR AN & SRR 4 Jo ARONT 4y W R AR B8 ) 5 )
ST o - Agerh BR AR 2 AR B R A i AR
S M ANTE R . ik, B3 B FLak AN (R 58 A 2
AR BR S5 AR A% B AT, BRI AR X 5 SRR
THAR M K g, Ik — A L B0 4 1 T
2 He 7T, U e TR BE ) B 5 1R b U

1 MRS TR
11 RB DR

WIS HAL T 25 B 44 B BA T 7 R MO K 27 bk
M, AR BT AR AL, A7 TR L 1891 m, 4°F 1)
RILZ 15 °C, FFFM & 1031 mm, A B & 1T 2
PiZE,5—10 HAMZE, BFKE 5 2ER) 85% k1,
JE& T AL # SR
1.2 ##

PR RE A 5 A A [ ol st 4 2 S SR S (A7
FEADT 2kg) (£ 1), T 2020 4 11 A A%
SN2 B A RS XL I T RS B R
2390103 = PR E TR TN TR A 7 = N
PRI EA M et T 45 5 AN 2 4 23 AT XSRS
iSRS, R ST S R A AT YD R, 2
W M T2 R ANV P A 7, o TR [ 4 3
AL, R fa A7 2 H o

PR T A = g AR B I T P AR R A AR
A bl b AL 25 Bt v R b B, o g R A B AR
N :pH fH 5.45 B 1.26 g-cm™ B B S & (w,
JalD1.44 g kg B & 0.83 g - kg M R
8.82 g-kg' T EE 0.56 g kg VEEEE 0.12¢g - kg' L

F1 HRAMERMEERER

AR S RARFEg  SRIE gt R R

XS 38.43 VXU iR af MR ok e R C O R B RS & R
Skl

PE 35.97 WETEFIX gt JEREE S e YR C E R AW S R A & B

DH 54.59 RS Sl at MK ki LT R LSRR IR AR O, AR R E T A
EREP RNl ALY R LA IR b P A

BS 48.49 R R & at KRB e L8 )1 847 R G 11 R ok 5 N SR G T L7 == a

AL VE R R LR AR b P i
LC 40.45 I ik S & gt IEEE S R T E B R

B 4110 g-kg!, ARAIN H AR,
1.3 A

R T 2021 4F 4 A 16 H7E T E MRl K24 4%
IR = AT BL S S A A XS\ PE.DH.BS.
LC 1 ik, K H B e 2R 58 e Bl Se Bt , &
BSAMWRKREIEESHEE wid: B 0,510,
20,50 mg kg DKo BARMEA T « F LR R 5
LT REBRFREL 450 g T 125 T 8.5 cmx17.5 cm
(B HA MR A . AR 150 mL
(p N 0.15.30.60.150 mg- LW, P £ 55 i 4 H
TRAT A8 AR IR BE 4 51 0.5+.10.20.50 mg kg
B HAEREMAE 30d, NEMB LIRS, i+
BASIREHHAS. 1A G W ERR T
FEAAEA R AR IR BE I 3 L, R 4 20 i Fh 7, ¥ 3
NEE, [ 60 KA1, LAEH 1500 FiFp ¥ 2
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K FH 3R i B 032 06 AS [ Fof 8 140 4 25 o b - i
CIHATLRE VY . P A AN UXD=(X- X))/
(X o X)) 70 BT BR R 26 R SF 3 R CFFR AT
FIHE B AR T A B R AN ] CdY IR
THISRERBMEUCXO]. Xt , X &S
AR EUE s X e 1 X i 70 51 A e KA AN B /IMEL 42
T—fRbrEAE Ca R E T 1R & 2k -F1y
1B, B¢ S 35 T Fa b SR bR BB BUNSRT3548 , P
ARLARR A, T AR5 5 P S50 MR0 R/ , i P
1.6 B

K Excel 2016 % 2 4% , K A SPSS26.0 4t

T B B X B PR AR REAT B IR 2 U7 22 20 T A LSD
% BB, 45 R DT B {E AR ME W 22 (Mean=SD) (]
RN,

2 SR

2.1 AECEREXMAEMEMEMPFLFER.
EEFH AFIRERENIEHR G

HEE 2 AT, ANE Cd™ iR FE AL 5 AN FhJsb
TP T R ZERN 28.17%~66.83%. HXTHEAMLL,
B AL HE ) PELDH.BS Ml LC FhJf ) & 2F %, DH
A1 BS FhJR B K 2 ZAE 20,50 mg - kg ) Cd* AbHE
N EFER, LC PRI K ZFFAE 50 mg kg 1Y Cd™
AEER S E BRI . PE R R ZFRAEAF Cd b3
Z T REZE R T XS Fhs b S 6 IR R 38 b
LSRN 5 BRI S, 1E 5 mg - kg ik B OKE
FORZERAE 50 mg-kg' 1) CA™ Ab 3T &3 BEAK , Ut
B 5 mg-kg' (1) Cd™ REA BRI XS Fl 71K, %
B IR P AR AL FR 2T T XS BT HIR 2835, Tl s ik

R2 AE CeREMARMEMERMTFRAFR AFE AFERFFENIEHNEM

T w(Cd)/(mg-kg")  KIFZH/% FEEH Y% BEFAREL W 1RE
XS 0(CK> 55.00£1.29 a 28.17+£3.25a 0.44+0.01 a 1.28+0.12 a
5 56.83£3.25a 25.00+1.29 a 0.45+0.02 a 1.41+£0.17 a
10 55.00£1.29 a 23.17+2.69 a 0.46+0.01 a 1.22+0.19 a
20 55.00+6.71 a 23.17+1.29 a 0.44+0.05 a 1.16+0.24 ab
50 41.8343.25b 21.8343.25a 0.33+0.02 b 0.68+0.08 b
PE 0(CK> 66.83£0.75 a 28.1740.75 a 0.59+0.01 a 2.95+0.31 a
5 65.00£3.42 a 25.00+2.24 ab 0.55+0.04 ab 2.66+0.22 a
10 61.83£2.69 a 25.00+2.58 ab 0.51+0.02 ab 1.95+0.11 b
20 60.00+£2.24 a 21.83+0.75 b 0.51+0.02 ab 1.70+0.12 b
50 56.83+£5.38 a 15.00+£2.24 ¢ 0.47+0.04 b 0.72+0.08 ¢
DH 0(CKD 48.17£0.75 a 23.17+1.49 a 0.40+0.01 a 1.75£0.16 a
5 45.00+1.29 ab 16.83+£1.97 b 0.38+0.01 a 1.26+0.14 b
10 43.17+3.94 ab 15.00£1.29 b 0.37+0.03 a 1.03+0.13 b
20 40.00+£2.24 b 15.00£2.24 b 0.35+0.02 a 0.95+0.16 b
50 28.17£1.97 ¢ 13.17+1.49b 0.24+0.02 b 0.56+0.08 ¢
BS 0(CKD 65.00+0.75 a 20.00+2.24 ¢ 0.51+0.01 a 1.39+0.29 a
5 61.83+£0.75 a 23.17+1.49 be 0.52+0.01 a 1.69+0.11 a
10 60.00+1.29 a 31.83+0.75 ab 0.51+0.01 a 1.4240.10 a
20 51.83+2.69 b 35.00+£5.92 a 0.41+0.02 b 0.88+0.09 b
50 45.00£2.24 ¢ 18.17£2.69 ¢ 0.37+0.01 ¢ 0.71+0.09 b
LC 0(CK) 50.00£1.29 a 26.83+0.75 ab 0.41+0.01 a 1.30+0.15 a
5 46.83t4.15a 30.00+4.65 a 0.39+0.04 ab 1.31£0.25a
10 46.83£0.75 a 25.00+4.65 ab 0.38+0.00 ab 1.07+0.14 ab
20 43.17+1.49 ab 18.17+3.73 be 0.37+0.01 ab 0.98+0.12 ab
50 38.17£3.94 b 13.1741.49 ¢ 0.32+0.03 b 0.65+0.10 b

T /NG R R AR R REAS R R L AR 0.05 KPR B3,

T
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JEE 4 3 b BR U] 1A R M R R . ATH
Cd* IR FE AL BRI 5 AN FhoUR A% 2 Al Fil 7 R 2F 358
13.17%~35.00%. 55Xt HEAH LG, 55 40 B4 ] XS\ PE
1 DH PR R S, HBERIR MR FHET
B3 . PE FREAE 20,50 mg-kg' () Cd* Ab 3R
32 2 BEAR s 0T DH MR S 5 AR Cd™ W FE R 2 3
P390 35 PAAIG 5 JU) XS Pl R ZF A AEANR] Cd™ Ab B2
(M35 TC 35 22 5. 10 BS R R 23 BEE Cd ik
P3G 0 ST R BRI AR A 34, 7F 5.10.20 mg kg
) Cd 4b B R $2 T+ 7 BS BhUE B R ZE O, IR AE
10,20 mg-kg' WRE FEZm X R, T LC
P ST 5, B AR R I 0 5 O S BRI AR L
o, 5 mg - kg (1) CAd X R ZEAA — e e
FE I EVE L IEAE 50 mg- kg AAL TR N & 2 FRMK .

FER 2 BT 51, 5 ANFREAS R Cd™ A< B A 34 1 4%
TR R ZFFEHN 0.24~0.59. SxFIEM L, 84k
FEHNH| PEDH H1 LC MIE I A& 25 0 4, H B8R E
WM ZEFa B AE 50 mg - kg B2 3 R %51 5.
10 mg-kg' ] Cd™ Ab LA $2 =1 XS AR & SE 44,
£ 50 mg-kg' B 235 NFE, H 5 mg-kg' ) Cd™ ab 2

Al 42 = BS FhE IR ZFFR 0, W BS AR AE 20
50 mg-kg' I R E R BE. S ANFREASE Cd ik B Ab
(A% At B0 TR ECN 0.56~2.95. 5 Xt HEAH
Eb, BEE Cd* W BRI 3 In , PE A1 DH R 35 146
HOZWTFEAS, DH MELERT A Cd™ A B R ¥ 2 35 %
i, 1 PE #JE7E 10.20.50 mg-kg' ] Cd* AbHE T i
F A, HLBHE SR BE 3 4 hn & . XF XS.BS
ALC PS5 W 3 A e BbE Cd* ik B 1 1
T2 ST JE AR I AR A e 34, XS FREAT LC FhiE
£ 5 mg-kg' i) Cd™ b BLR X Fovd 148 806 — &
FEPE M HEAE L IR 7E 50 mg - kg I 4 25 FAIC, 115
BS FYETE 5,10 mg- kg B AN [FIFE E i Xt L,
1E 20.50 mg-kg' I & 3 N %o
22 ARCEREMAEMEMEBEMMNEERKD
=AU

H 3 AT, ANE] CA™ iR E ALY 5 AN PhIE b
T E N 2.77~4.42 cm. 50T IEAH EL , Cd> b B
] XS A1 PE Bl i) B ey, BEAE UL )3 0 XS Fib
P59 T S E 10220450 mg - kg N % 35 T % PE A
P = TE 50 mg - kg I 2 3 R B i DH.BS 1

K3 AE CaREMARMEMERSEES S RKMERENF I

st w(Cd")/(mg-kg" T /em H/om RE/em i )i /g
XS 0(CK) 3.93+0.13 a 2.90+0.33 a 2.91+0.31 ab 0.15+0.01 a
5 3.704+0.13 ab 3.07+0.31 a 3.20+0.40 a 0.14+0.02 a
10 3.43+0.19b 2.87+0.27 a 2.66+0.37 ab 0.13+£0.01 a
20 3.33+0.12 b 2.77+0.22 a 2.46+0.33 ab 0.12+0.01 a
50 2.89+0.08 ¢ 2.42+0.12 a 2.07+0.19 b 0.07+0.01 b
PE 0(CK) 4.42+0.17 a 3.89+0.21 ab 4.97+0.54 a 0.27+0.02 a
5 4.37+0.19 a 4.24+0.20 a 4.84+0.35a 0.26+£0.06 a
10 4.27+0.22 a 3.73£0.11 ab 3.84+0.19b 0.15+£0.01 b
20 4.11+0.15a 3.55+0.21 b 3.38+0.26 b 0.14+0.01 b
50 3.48+0.12 b 2.77+£0.22 ¢ 1.54+0.14 ¢ 0.13+£0.01 b
DH 0(CK) 3.35+0.15b 3.60+0.24 ab 4.40+0.40 a 0.11+0.02 be
5 3.84+0.20 a 3.96+0.21 a 3.13+0.34 b 0.13+0.01 ab
10 3.29+0.18 b 3.53+0.19 ab 2.73+0.29 b 0.16+0.01 a
20 3.27+0.16 b 3.28+0.20 ab 2.48+0.25b 0.10+0.01 be
50 2.77+0.17 ¢ 3.03+0.27 b 2.23+0.23 b 0.08+0.01 ¢
BS 0(CK) 3.78+0.14 ab 3.60+0.24 ab 2.66+0.55 ab 0.15+0.01 a
5 3.93+0.13 a 4.08+0.19 a 3.26+0.23 a 0.14+0.01 a
10 3.52+0.08 be 3.21+0.14 be 2.81+0.19 ab 0.13+0.01 a
20 3.40+0.12 ¢ 2.88+0.20 cd 2.18+0.24 b 0.12+0.01 a
50 2.99+0.07 d 2.53+0.25d 1.88+0.19 b 0.08+0.01 b
LC 0(CK) 3.70+0.17 a 3.29+0.26 a 3.18+0.43 a 0.17+0.01 a
5 4.03+0.16 a 3.46+0.25a 3.08+0.41 a 0.18+0.01 a
10 3.89+0.26 a 3.03+0.25a 2.834+0.38 ab 0.16+0.01 a
20 3.85+0.17 a 2.81+0.17 a 2.68+0.33 ab 0.15+0.02 a
50 2.87+0.22 a 1.97+0.18 b 1.93+£0.20 b 0.09+0.01 b
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AL B8 < GRS AN [RD AR SRS 26 5t R 5 S &I i R S

X ISR 5T

LC 5 2 38 5 J5 BRI #a %5, BS MR V) & & 72
5 mg-kg' m TR, 7E 5 mg-kg  IARIHRNAE, T
BEZEF, MFE 20,50 mg kg IHHEE TR, %1 DH
PRI 5 mg-kg' {) CA b B H v A e L 3
o 5 mg-kg 1) Cd* MBS 1 H 11 50 mg kg
Cd* b2 55 2 AR 12 P R 09 1 = o X LC IR T

5, 1E 5.10.20 mg - kg' [ Cd* KbEERS 35 A [ 72 )&
T XTI A, £ 5 mg- kg X B &ORE, N LR
50 mg-kg"' FHIE T X R4, (I TE B % % 57

AN CA R FE AR R 5 AN PR 7 756 K 4331
N 2.42~3.07 cm+2.77~4.24 cm.3.03~3.96 cm.2.53~
4.08 cm+ 1.97~3.46 cm. KK J (1) 5% b B2 AT {2 10 i

R4 FRMIERERFFHLAX CITEMRERBERZSITMNE

T REFR R KT JCERAE (= R B < 5 B R1 4
XS 0.727 0.384 0.741 0.642 0.522 0.543 0.593 0.632 0.598 2
PE 0.527 0.640 0.463 0.573 0.634 0.691 0.589 0.432 0.569 3
DH 0.637 0.346 0.680 0.461 0.353 0.499 0.485 0.442 0.488 5
BS 0.626 0.444 0.624 0.513 0.491 0.565 0.470 0.635 0.546 4
LC 0.577 0.562 0.595 0.624 0.651 0.691 0.633 0.695 0.629 1

TE:R1 R A AT 55 e iR U

KA K AR SR B ). 50T REAELE , Bl Cd™
WEER I K 2% TH 5 B R & %, B
5 mg - kg I 2 B2 2 AE A, PE Al LC i £E
50 mg-kg' B3 T %, 1 BS FJRLE 20,50 mg - kg’
BE TR XS B r K AEA [ Cd™ ib #E 2 [i]
BIELREZET . A CEWELIN S AP
TN 1.54~4.97 cm. 55 BEAH LL , 45 4b 3 40
il DH.PE 1 LC [P HR K , DH i i #2454 vk
FE 3 m ¥ %% RN BE L M PE M £E 10,20 .
50 mg - kg’ Cd™ Ak ¥ N & AL 1 LC Fp U
AR & 7E 50 mg-kg' I &3 F %, XS F1 BS F
BHERKEMNHEMER I &S E TR &
#e, B 5 mg - kg iR B OKAE s H XS FEAR
KA1E 10.20 mg-kg' CA*" Ab PR & 2% 2 7, M
BS P 5 MR K AE 5. 10 mg - kg WK FEE I 45 AS R A
TR 7E 20050 mg - kg ISR TR IR AL . A
[F) Cd™ I 52 A B Xof AN [ b Yl 2 ki 6 Joid A7 AN [R]
VECWE . 50 A EL , 48 AL B4 XS L PE AT BS
Fofr 98 1) 5 J5i & , XS Al BS P TE 50 mg-kg' I i
Z FF&, 1 PE MJRLE 10.20.50 mg kg i & & T
B . LC B & (0 6 5§ & B Cd™ 9 B (1 39 n 2
Ft )5 %, 5 mg - kg' CA& ALFE 8 in T LC Y &
Jii & , 7€ 50 mg-kg' 23 FFE. 5.10 mg-kg' &b
BRI N 7 DH 5t &, Ho 10 mg - kg 4b#EH DH
FR B o 1 TR 52 4 2 v T X TR
2.3 AEMIEHMER CAHEESIEN
B3 4 WA, SR F SR8 R 2502, X IR 5 FloAs
[ A YRS 2 50 A1 R R B R AR R
JIFRHC ARG Vi R 5T S AT T SRR e A

(ELTHSE SR 5 368 Pl A7 46 e 10 3% J pR 200 SR P 24
AL R, 45 AN R A Cd* 10 LC>XS>
PE>BS>DH,

3 iS4

3.1 Cd XA REFEREAnfhF 5 LB RS20
Cd i =5 1 3, o 1A R e ol ek
R ) VT A A2 e 1 LA A i T 1 ) B A 0
EFH IV TLAE R, UERIKE A 5 mg kg B, XS
Tl R 5 B 38R0 LC i (1) R 2 3508 B B vy » 11T 358
IR BE I 4R 60 PE A1 DH 185 & TC R0, Bl AR K
FEE 1R 386 0, 490 ) 4 F 0% 7 3 5% , PE A1 DH R
MR 2F R 5 R ZFH B FEMK. C& K E XL F
20 mg - kg, B EIR T BS FHEIIR G IX R
P BA M. KRS TR B MR T
TG IIMNLEETRbR , BRI BRI R ZF M & . AHFA
g5 IR W, BS Al XS Ak ZFFEEUAE 510 mg - kg
R, Hodt LC Bl A S PR E M s /), Ul BH AR
WM RS . HEIREN 5 mg-kg' BF XS.BS
K LC (136 7148808 K, 1 PE Al DH Mg K& 28 45
ORI 136 BOB B PR . 38 A 40 B0 5 1 5
s T RE SRR VR E Cd™ 8 i R 1) A2 VS 1, {1 3E
R M EE C X IR FEa T E0E, e
WREE CA &AM ve M B B 1 BTG 1 , 33k 1T 400 ot o
PR TR IO RHE K 23 A AT 5 10 1 15 T 5
BWIRARE 7, AR5 A 52 B H
3.2 Cd XA EFHE R ZE D40 B £ KRR R 0
HER Cd REMHRIEL TR ILER, 2 C&K
FEIR B — 2 R 52 B A KN, £
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WFIE S, ANTR] Cd? i B2 A B 6T AN [R] o 524 2 i A
KR AN E] B, XS A1 BS P B AR B 1 T
2T A B Es, f PELDH K LC FhiFRE Rk
FE TG B2 T B S, I AR =47 i)
LG, W] R A TR BE AR IO A 5 AR &R
SR AEAE R IR FE AR A ORIV . 1 AT ST
U], EE RV AN E  SHEYIAN A
YR oy 745 &, RER 0 B AE A AR &, (b i
[t . HALEEXT XS A1 PE AR T
e AR AT A S 5 AR 52 1K) T v T A9 471 1
B o 17 A A 2 ) 3 n 52 5 BT R T B
DH.BS & LC FJ§7E 5 mg-kg' 2 22 HEAEH , W
LC F§TE 10.20 mg- kg I K T34 18 , i B B A
—E N 32V . & BRI EE I 39 I XS PE 1 BS
Tt Ay A o B 52 LR T R S AR
1M LC A1 DH A 5t B 48 A< 39 00 52 5 1 ) B
#,LC FYRTE 5 mg- kg R HEAEH , ) DH i
£ 10 mg-kg' W IE 2 KfH . BH WG REY,
AN [R5 7 At P B RN 40 AR K HR AR AE =
FE Cd™ 2252 BN HM T B o o 303 Fof 5 100 1) J5 A
AJ e S o VR B (8RR O IR L 2R AR R A T A E AR
F B BEAR T AR BRI 1 v R g A0 2 1
T 5 B Ao P D ) 3 A B B 0
MTISEHE 1 b7~ 1 K B 5 B 08 SR b, S BOR 1
B R S A3 v AE AR A R 4 i 2 52 B BOE M
HVE TR AR R DI RESZ A2

AN TFJIR BE O 5% % 7 i b 1 W A S g v AR
T AR S 07 IR s e /A A KK E
B BRI S mg-kg'e AR R IR B Ah X
Cd' I i 52 & 71 AN [, BS U 19 3& 77 48 20 1
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