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Effects of cadmium on seed germination and seedling growth of Xanthium

strumarium , X. sibiricum , and their hybrids
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Abstract; Hybridization of invasive plants with native plants may alter their traits and enhance their tolerance to some heavy
metals by affecting their physiological and biochemical processes. Cadmium (Cd) is one of the main heavy metal elements
currently causing soil pollution. To investigate whether hybridization can enhance the tolerance of plants to cadmium, we
used a filter paper to compare germination and seedling growth of Xanthium strumarium, X. sibiricum, and their hybrids
(X. strumarium @ X X. sibiricum & and X. sibiricum @ X X. strumarium & ) under different concentrations of Cd (0, 10,
40, 80, and 120 mg/L). The results showed that; 1) hybrids of X. strumarium and X. sibiricum exist in nature; 2) Cd
promotes the germination of seeds of X. strumarium @ X X. sibiricum & ; when the Cd concentration was 80 mg/L, the
germination rate, germination potential, and germination index of X. strumarium @ X X. sibiricum & were the highest; 3)
the root length and chlorophyll content of X. strumarium ? X X. stbiricum & were lower than those of X. strumarium under

80 mg/L and 120 mg/L Cd, but the oxidative stress of cotyledons of X. strumarium @ X X. sibiricum & was less than in
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346 JAE = 40 %

X. strumarium. These results show that hybridization may increase the transport ability of Cd in X. strumarium under high
concentration of Cd. The roots of the seedlings absorb a large amount of Cd and transport it up to the cotyledons, which
leads to inhibition of root growth and decreased chlorophyll content of cotyledons. The antioxidant enzyme system may play

an important role in reducing the degree of cotyledon oxidation.

Key Words: Xanthium strumarium; Xanthium sibiricum; hybridization; cadmium stress
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1 #MRERFE

1.1 FREH B RS E AR5 H 5 Ik SE g
1.1.1  SERbR

WA RFEARRREEMEEFF2 9T 2012 4F 11 AR FILTH BT A TR/ N R (121934 E,
41°04" N) KU R V) B SR AR . 2017 AEAE DL BHAR Y 27 38502 BT Il 43 1) 146 A 798 28 4 B A B
H 28 M 24380, FRATIR 28 B H 2R 1000 FE (R A 5 #RAFERE) , 7 H H 3SR T 1000 K (R H 5 BREEHE) ,
HRER(X. strumarium @ x X. sibiricum & , I FRAZSCIE2E ) FhF 591 RL(CR A 5 ¥RAEAR) , 22 B K (X, sibiricum @
x X. strumarium & | fRIFRZSCEH) FhF 935 R (R A 5 BRAEER) . F T UEE A SR T 098 R 6 B S BE 46
W BE R R (AL T A T AR AL I 17 1E 32 B T A A B 98 5845 B S B A T S PR st | Rt sk &2
BRI SO A NI T 1 82 LiAs B RE 2845 BRI , B2 5 1AE P B4% MM B . et s 255k A
AN AEAS R S F AR BUAE | HetkoR 2 | i T30 KUk LA BT, IR IR 2

HFANEEAL A A AN T 2017 4F 11 H R FAL T4 wA BT #F BV B ( 119°277 E,41°29" N) | #ibk R4,
i g 55 ¥k
1.1.2 SRRk

2:7% Oshome ™ ¥R (AT AY 2K KR FE I KIEEA EENA) EEA (BREA) FAEA (R
EAMBSEN), BUBRER GH A MIREGERIT 2—4 KL (£10.15 g) , T -20°C B4 BIBHER, N A 0.1
g Si0, , fIMA 9 mL & 7K Tok& EBFEE, BiJa 5 A 10 mL 204, 8000 r/min fIKIE B5.0> 4 min, B3 200
L, A 1.5 mL 8045 3% 08 121 L@l A S e & 4 0 8 A PR 0GR (0.15% SDS) 200 wL, JR 1R AT, A
25°CHEIREEFRAR H P2 30 min J5 , BiC°F-, 8000 r/min {RIEES5.0> 4 min, B 200 pL, # A 1.5 mL .08
4CARAE NE N K IR R AR BOR ; SR80 4 E3EW A 9 mL £ B 1K IRIGIRAS 78 25°C Y6 A RS F7 48 rh HE L
30 min, At F-,8000 r/min IR E 0> 4 min, £ B3, FFEE —K, L LI, A 9 mL 1 mol/L NaCl %, ¥k %%
TRAT, A 25°C 6 IR E5 35 48 32 B 30 min, it “F-, 8000 r/min IR ESL> 4 min, B 15 200pL, A 1.5 mL B0
B ACIRAT MRV R R B ; P45 45 L35V, N 9 mL 1mol/L NaCl ¥, IR A 1R E) , 7F 25°CEIE R 5
A HPAREL 30 min, BLF-,8000 r/min AR ES 0> 4 min, 25 1IE, FREE —IK, A 9 mL 8 (HERBORA 25°CHEHR
B4 rP 4RI 30 min, BCF, 8000 r/min UGS L 4 min, BT 200 wL, B A 1.5 mL B0 0 4C A2 1N
Tl A B IR IO

K FH 10.2% B R R 25 58 TR M B RIC R IS VA TR R IS , 2% VK 2 R R LR 28 i (A°CARAT ), KU his RIAYER
SRR 12.5.5 wL, Bal B R 52 100V T 4 /N,

IR FURBI A R A et 12 b FhI B I e 5 by 7KV 8 ORI B ISR I A 6,3 (50%
AL, 79 W DK IS R /K R) VB8 1 min {8145 B4 3 W, Bl DA €6 3%, F1E R 25CHRIR 45 min; $RI 8 F1IE
AR 1 min, B2 BT, A LB F/KEER 1 min, R BIK, BEEINA LB 7K, THE 25°C #%
R 45 min, PR B TR AT FIFIEAR T Sea sl ikt 4 IREE

B AR RIS ARFR T AN 55 R R BEALERE 11 Bk 5k R
1.2 @baxE R e B R H A R0 & R SL 5
1.2.1  SEKRE

PR H B H A SR A 4% 450 R (Ftk-F- X BEALIEFE 90 A% ) | HY T8 58 4 H- A4 H-Fil
FHA I ST, EORFARAR TR R A 74 5—7 472, S T I BR B R AR AR, AR S
IR RE N LR TR S IR AR
1.2.2  SEH5 ik

B 5% NaClO IERGZ AT 10 min, 2B F/K bk 5—6 WK, ARG F i 5 Fh T A A 2 J2 08
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ARARE IR (AR 9 om (P FT Y 0 I R 2895 120°C ,30 min KB ) , BRI 30 Kifh 1, BEJS ¥ 5
FEMLE TR G IRE A8 P 76 25°C ,12 h LI/ 12h BBES A4 F kAT % . RHA CdCL, - 2.5H,0( 2 #r4l)
BEHE 0(CK) .10 40, 80,120 mg/L 5 MMM, BEANACBE 3 WRE R, AUk 1R FHZR B KA A S mlii, ot
TR LAZRIBRK o SR DR R R B 1 2, BB 24 h B4 1 (A BRI R E AR

1.2.3  dEhnillE

REH =4 d WIEHF K ZER PR HRFF50x 100% (1)
WY AR =7 d WIEH & 28 iR 750 iR 180 100% (2)
KRB (GD) = Y, (Gt/Dr) (3)

X, G AT ¢ H IR R T8 De R ZFRE
1.3 f@ihbaxbE R e B R HAA R A K sL 5
1.3.1 Lkl

FEFp 78 &SR0T 7 d 5 P R A BRI B8 B Fp 1 85 2 MR B 2 A2 15 em B5 3R 1L, it LAAR R
W B AR AL PRV FNZR IR RS 1G 3% 3 K, B 24 h ¥k 1 A PRI FITEAR,
1.3.2 SRR

5510 K, FHIERR R R CHEBE 0.01 mm ) W5 AN ) vk B b 38R R 28 45 B A4S B B 2R B AR &)y it 4 R
R BJE 120°C A 15 min, 60°CHUFT UL SRR, DU e B350+ 8 & T B A B8 R
B L b 22 R (TBA ) Hb vk 0 e M - I D9
PR AL A B k0 S R A ) K B ARk
YTt (GPX) T 2R FH 809% A B 45 U ) 1 - i
R, IR 6 E B T E 470,646,663 nm I
KNSR AR YE Lichtenthaler A1 Wellburn™**' AR 3H5E
YRR R, DL EFRPRYIBENLERE 3 BRYI .
1.4 HdEabi

KA Z 5 225007 (two-way ANOVA) 43 #1452
TR T I B A8 HAE A A B A Rl & A4
BRI BES , 78 XUH 2 05 2550 M B 6 Ak kAT
ZHE LB (LSD) . KA SPSS 22.0 #4748 11504, Origin
9.0 fEK,

2 HREHH
20 B BT R S B A R
ATk

RERCHSEREEEA TR EZER (E
REEk) R CH KR ER RIRE
H B SRR HAGEH I W22 5 (RITA) . 4458
@%%ﬂ%&ﬁ%ﬁié@%ﬁ{%% A 18] Hﬁﬁ_ﬁ%z{g@ =G H A E1 AIZEEMFEAMFHERAEORNEEERAEKE
jéf H: 3@.7513/‘] % El %% ( Igl 141 @ﬁﬁ % ) ’ w\éﬁﬁ % % M:ﬁ: Fig.1 Salt-protein polyacrylamide gel electrophoresis diagram of

artificial hybrids and parental seeds
TSR HANE AR ME?IE%U(%@%%H X. strumarium , 25T RX. strumarium

FEIZ A VRRN T 2 P R 7 AR 1 T A R 2 @ x X. sibiricum & , Z%ZEEH- X. sibiricum @ % X. strumarium & , T
PR TR BRI S AR TR R AT S NI E 1 X sibiricum
PRIBLEMRL( AT 2 21 ik ) , HoK i & A AR AR & H
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ToH R 225 ORI U E B AR PO R G B
HZ A4 .
2.2 fRAMEXE R H A R R R R

v A A B e

FeAE XTI A HA B R 3 AR M A
SEEE M AT E BT HE AN B S A D E
(P < 0.05, 3R 1), vk B WX BR & 2R 48 %, 7t
o b b ER i EE S T E AN R AR bR A B TR
(P <005, £1), “HXEAERNEEREENEEK A
T SR G RATERERM(P <0.05, 1), 4
B O NIIEILS NI R NI L 32 = 9 TR el N L/ S u= N
Pl iE v AR S A R (P < 0.05, & 1),
R BRI M b MR SR N R
i AR B A A B PR SRR S A W
(P < 0.05, &1), “HELHEAEMNEHMREK A
PO o A AT Ak AR Ak P B | SR R AR AE
FRW (P <0.05, 1),

B2 ITHHMETEFEDBERUEEGAMTFEREAR
i
Fig.2  Salt-soluble protein electrophoresis map of suspected

hybrids in Shahai Town, Jianping County, Chaoyang City,
Liaoning Province

IZEAEATHT 2 AN 2% . A5 PRI Ra . BERIAAERh; Bm 2 5%
4. 98 R H The first two strip from left to right: X. sibiricum;

Middle strip; Suspected hybrid; Last two strip: X. strumarium

F1 FENESERWEREE BEMFHEAMYHERNTN
Table 1 Effects of hybridization and Cd on germination and growth of X. strumarium and X. sibiricum
Z%AZ Hybridization (H) e Cd ZHAEHH x Cd
F P F P F P
SR EHX. strumarium
W %R Germination rate 12.281 0.002* 5.467 0.004 * 2.550 0.071
K 2EH Germination energy 0.007 0.933 4.037 0.015* 1.839 0.161
K SEFEH Germination index 2.071 0.166 1.532 0.231 2.619 0.066
#K Root length 29.944 0.000 * 601.079 0.000* 28.464 0.000 *
F K Cotyledon length 2.481 0.117 96.081 0.000 * 1.941 0.105
o b F#BEETE Aboveground fresh weight 3.621 0.065 14.489 0.000 * 1.582 0.201
R H#BEEE Underground fresh weight 5.817 0.021* 37.530 0.000 * 1.259 0.304
JMEEEE Total fresh weight 4.685 0.037" 21.750 0.000 * 1.170 0.341
i BT E Aboveground dry weight 12.210 0.001* 4.054 0.009 * 1.092 0.378
T Underground dry weight 0.040 0.843 22.743 0.000 * 0.348 0.843
BT Total dry weight 10.273 0.003 * 1.073 0.386 0.909 0.471
N ¥ MDA, Malondialdehyde 35.476 0.000 * 19.564 0.000 * 12.493 0.000 "
AR EAPIEE GPX, Guaiacol Peroxidase 1.301 0.267 4.087 0.014* 0.416 0.795
2R 2 & 5 Chlorophyll content 0.026 0.874 41.854 0.000* 3.029 0.042*
TH X. sibiricum
B % % Germination rate 0.079 0.782 0.062 0.992 0.667 0.622
K 2E# Germination energy 1.472 0.239 0.305 0.871 1.144 0.365
K HEFEH Germination index 1.239 0.279 0.041 0.997 1.246 0.324
MR Root length 11.395 0.001 * 73.053 0.000 * 14.042 0.000*
F K Cotyledon length 5.287 0.024* 9.061 0.000 * 1.248 0.297
Ho_b BT Aboveground fresh weight 1.760 0.196 4.993 0.004 * 0.909 0.473
1R 4% 8 Underground fresh weight 0.609 0.442 9.856 0.000 * 0.965 0.443
JMBETE Total fresh weight 0.565 0.459 6.653 0.001 * 0.965 0.443
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748 Hybridization (H) R B Cd LHAEMH x Cd
F P F P F P
M1 B Aboveground dry weight 2.263 0.145 1.234 0.322 1.220 0.327
T Underground dry weight 4.099 0.054 1.210 0.331 1.036 0.408
ST Total dry weight 2.788 0.107 1.420 0.256 1.436 0.251
N "B MDA, Malondialdehyde 11.709 0.003 * 5.175 0.005 * 6.118 0.002 *
RIS LY GPX, Guaiacol Peroxidase 47.807 0.000* 7.920 0.001* 10.895 0.000 *
M4 % i Chlorophyll content 76.117 0.000* 234.660 0.000* 29.720 0.000*
* . P <0.05

EH R BN IR AR R G HA T 2 R B Cd WeBE I i in . 76 5 4 Cd W T R G HA
TR HF T R BE R T EHMELEH (P < 0.05) , 45 H M58 45 HAh - & R 00 3% 25 5%
(P >0.05) ;7F 80 mg/L Cd AbFE T, 225890 28 45 R 71 & % i 25 3 IR o8 - LA 3 0 g 5 k22
(P<0.05), FESANCAWRE T BMREHMELHMAECHM T EERAHN B ES TEHMAELEE(P <
0.05) ;7 80 mg/L Cd AbH T, 245890 28 45 HAh 7 & ZF PR 40 2 3 TR 28 46 B LA A 3 D G 3k 25 5
(P >0.05);7F 120 mg/L Cd Zb3E T, 2438 B BT & 3 B T H (P < 0.05) , HA b #F 0 JC 5 2
225 (P > 0.05) , BH FEEH NG EMF & FHRRINM 5 R FREB— B,
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LA HA MK AE Cd MR 40 mg/L AFE T 730 i K TR R B H A H (P < 0.05) ; 2258 R G HARKAE CK
10 mg/L BT B E TRREH (P <0.05), 18 40—120 mg/L AbF T B E M THMREH (P < 0.05) 1
80 1120 mg/L N RFEHTEH(P < 0.05) ;2258 EHMRKAE 40 mg/L ALHF B ELTEH(P < 0.05),

[ ¥ X sibiricum FAIFR X, strumariumQ X X. sibiricumd
Wl R GE X strumarium N 2R B H X sibiricum @ X X. strumariumd
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Fig.4 Root length and cotyledon length of X. strumarium , X. sibiricum and their hybrids under different Cd concentration ( means+SE)

JER A H A H MO AR i E b B DB A N T E R Cd v EE A R A
T EMATENREE Cd RSNG4 s86 B b |- i FOR G EE 8 (AR E Y 120 me/L B i
FEMTEH(P <0.05) M b T REEREE CK FS5EHLEEZER(P > 0.05) HEAREEH &R
THEH(P < 0.05), UtHITE CK AL BT, Z4 32 (i 15 45 H-ff 5138 fin 5 4206 B s b+ F RS T8 FE CK i 80
mg/L I SEHILREEF (P > 0.05) , HAAWKEL I B EMRTEE (P < 0.05) ; 2450 5= & B4 b &
AR AR R 10 me/L Bf B TR R EH (P < 0.05) b LT EAE T EIEMEE R 40 F1 120
mg/L B R TIERGH-(P < 0.05) , M N T HE7E 120 mg/L BB Z R TR EEH (P < 0.05)

B H R N H LA R TN U AR B i A A P TR B A Cd VR BE R 1 i 1
s R A AR (B 6) , XTHRAIH 223 R o 24 2w Ho b 4 R B i i o i e 2 | TR R B
MEH(P < 0.05) ,7F 80 mg/L AL FWIAHR (P < 0.05) ;7 10,40 .80 mg/L AL T IR 5845 BN 1 % &
2R T AR R (P < 0.05) ,{UAE 80 mg/L AbFE T, 225845 BT i & i W 3 3 T H-(P < 0.05) 4858
968 94 H- AN 22 28 45 B 10 A B AR B 2o S A0 0 RGP A0 0 B AR B R 4300 d 2 TR R B HAAE H- (P < 0.05) 57
10.80.120 mg/L AP | 22588 H- I AL B B o SE AL Py v MR 2 R T & B (P < 0.05) ,,

3 it

T35 BT UK S 0 25 R s, G H AR R B 2 8 e AU A R A B R Eh s R 1 X 4 52
fifi 5 =38 BE PR 2 ) e A e P E A i P LI 3R 22 43 W 26 W 2% 58 S35 1) 1 978 28 46 B A HE A R Se iRk
HIC B AR P PR A5 A 3 T AR B SR AR I 32 1, AT BRI AT IR UE . T 4B SR AR 1 L AR
WIXE 2258 R AR AT E 2P Bz F AL 2P T e 45 DR 22 i T4 1 388 o o 8 2 DA B 3 ) F 9 R 44
H AR A 5 i AR AR 5 A M 2 SR A TR e AR A ) B 07 28 , (ERE ) 0T o 46 T ) AR SR 32 45 TR N e
ARFFEE, AN Lin 5 M@l By R K Cd IR TIFSE , AR = KR AY ATP
3 KK (SpHMA3) HAA Cd & —iz i v, 76 AR FR A0 5 0K v 1 92 58 AT M0 JEC G 40 1y s 44 RN R R4k
WA 24 A R R I BB R AE X EAR R AT A7 25
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Fig.6 Chlorophyll content, malondialdehyde (MDA ) and Guaiacol peroxidase activity (POD) of X. strumarium, X. sibiricum and their

hybrids under different Cd concentration ( means+SE)
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