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Responses of seed germination of the invasive plant Xanthium italicum to

environmental factors

HE Ying, MA Miao”
College of Life Sciences, Shihezi University, Shihezi 832003, China

Abstract; We studied the responses of Xanthium italicum seed germination to the environmental factors temperature , light,
soil moisture, soil salinity, and soil pH. Our results showed that X. italicum seeds were highly tolerant to environmental
fluctuations. The seeds germinated at 10°C to 35°C with 25°C being the optimal temperature. The germination percentage
was higher than 93% under both light and dark conditions, suggesting that light was not strictly required at the germination
stage of X. italicum. Many seeds germinated at 30—100% relative soil humidity, suggesting that X. italicum seeds also had
a strong tolerance to soil moisture. The germination percentage decreased with the increase of soil salinity. However, even
with a high salinity of 280mmol/L NaCl, one-third of the seeds still germinated. Most seeds were able to germinate in a wide
range of soil pH values, and the germination percentage was above 90% with soil pH 4—10. These results showed that X.
italicum had strong adaptability to temperature, light, soil moisture, soil salinity and soil pH in the germination stage. Our
results suggested that X. italicum seeds can germinate energetically in a wide variety of drastically different habitats such as
frigid high-altitude mountains, hot basin desert, open terrain, forest canopy, arid desert, humid river valley, saline-neutral
soil and alkali soil. Considering this species is a serious ecological hazard and the universality of its suitable habitats, we

recommend strict monitoring for X. italicum in all habitat types and eradicating this alien plant immediately when it is found.
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HERMEH (Xanthium italicum ) J& 5 FHE g — 4R LR FARLY) , J507 T BRI 3t e s X, B0 04
AR PEFERIGR LRI, ol TR RS AR 0l LM 5t , 7RI Al 5y T B — L ol , 3 AR B A
BV 2R R T EAE TR E B EAE 1997 A HE R AB A R AR B RS
S PR U R 3 AR SR A3 AT 10 SCHRAR DL T 2012 451 A TRUBIZH 2015 AEEFAME A4S
R BTz A TACSE AP RLR B% 58 1A RIS RSt A M BSO8R X
B3 U5 AL SRS, i 155 | T BRG LUSTIR A B K 2 R T oK X AR 22 Fh A B S
H SR ) ) PR 2 S 2 A T LAY DA A A 35 1] S A R A B 47 5K A A A, T TR A A s ) N A2 S R
GEii s LA,

XF AR AR PRI AAR T1 5 358 0] ARPERIBIFFE &SR Tl AAR A= 255 WA B S A OIF 50 400, 1T o1~
S Wy BORAR ) AR 6 S rpoR PR AR 25 DR 1 SR i R U IR 2 — | S Aol AMRAE A5 ) L 2 s A 8 S B )
] AR BOS AN E K Sy e R pH DAROG IR 2 M R AR AR KR B T
IR RO, DR, 2R GRS N RAR b1 B 24 X PR35 DR 3 1) 5 SRR, KA B T o it
DNV ) i AR XS, X ARAR ) B B Y 0 2 A 25 R G A BT A o BRI A

SIS RS H B 7T A PR AL BT 1 B 2 BE M ITAN T PR AR Y 524 S Ak
SN S AR E Y T, BN BRI B AR IE LS T 1992 4E A DR A FE AR T e AN IR
A WMGERAE S A DR A IR AR BRI IE AR T AR AU, T X
Foft 5~ B3 2 B Bow] A 25 DR L B WFFE AR WA o TSI A 2% AR R A e Ll S A A ] i S
BIEAT I HA KRB EE e 5 R, A PRABHDCR U N M S2 4 R SE i 5 5 ik R GERT SRR A 5
B 7B 0 THNIEE DEIR | K I R o UK 58 pH R S, DU DR i Wy b s A oo A DR T
75 42 Tl A A 2 R G A0 A PR AR AR

1 #MRERFE

1.1 SEEp R

HERARL A 2014 4F 10 H R A BriEZs i i (84°53'E,44°27 N, Fh 7 RAEHAY + 3 pH (-8 7.84, L S5 0h
202ds/m ) A4 58 4= BUA Y B RORIAE B S | SR AR e W AR S Retias [l S e % B T4 F . IR /IN— 350 Ui
PR A B SR S (AR S SR S S BB 2 A B OR A B HL BRI SR )T B R o — R —/ NP 2R
BN R P H—R A7) IR T ET/KIIRN 24h, RERH S BRI p HAT 2 Hfh 7 H A7 BA4A —F
P AEMIFI SR AE T, LA AT B R ), 8 R 4 A7 5—7d" ), Bt Aok TIEBR LR i fh 7
B B AN [R]85 X S B0 25 SR A5 ), BYBR T R RIS BB R T 1) 2 SR, 2 SR &0, i & A
SVEL EBTER AR S BT /L RS 3 RS R AR B R 0 AR —JF TR A, ARTHERR T B ALRR Y
& T, L & SR et h AR R S R T 1 MORh 7 i i &R
1.2 LRIk

TERSH B F7 1 (3% pH B R 7.3) WG 60355 W SRR & &5 (20emXx 12ecmXSem) kAT BE & 2256, R85 &
B X5 KAER 30 KRS MU IRFE N 1em OCRRALBRLABRAN ) , SRAbFI T & 3 Wk, Sehid frp 4 H e R
FHFR RIS INZEIR K LA FE 28 R AR B 7K 4y , AR 3R B TE 70% HY7KT- (B 3K b FRAL ) | SE 5 v il &
S E THEEC TR D EEE SR R 20°C KB 15°C (BRIR AN FRAIS1 ) 5 H 45T 12h B HR JE R
K 450pmol m™* 7',
1.2.1 LB B R RIS HRh 8 R AT 5 e

P TR RS FE 4 19 IR EE B R 10°C L 15°C ,20°C . 25°C (30°C . 35°C 25 6 NIR AR R  HEAT A T &
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SRS
1.2.2  JEF B KA HRh 1 & AT N 1 52

WE 3 NAFEG AN SEI0 il A G rh 351 KA 30 R S, SR ST T 2R 5 T ST E AR+
BT DR RL (4 0h) I & S gl Xt IR A0 T5 B R T R b 1 SRS IR s 4k (05 I 2R
R &, DBTIURRRH T 5l )& & S0 AR5 AR RS L W R &, DIBTIIpE o8 2 38/ H e A
WICHIFRES , A TR & S0
1.2.3 3K X BRI HAh 8 AT A 5 R

B8 7 4 B A XHZEE A 30% .40% 50% .60% 70% 80% 90% K 100%% 8 /K43 KAFE #4711

&R
124 RS R 2 AT AT 0 B
fithl 0(CK) 80,160,200 ,240mmol/L Al 280mmol/L 4 6 Ik i BB J4 ) NaCl W, 4 S5 i 5 78 57 &

FEOTIRA HEF T IEARXIIRIE Ry 0% W 7KF- R R 58 T H A I e A S5
1.2.5 43 pH {E A4S HAD 7107 & AT 0 520

JH HCI 3¢ NaOH FCiil pH 4y 2 .4 .67 8,10 12 55 7 DR K5 IR 5B IR TR G 4
TIEARIRIR R 70% 197K R RS2 8 T Hrh b AT & 928
1.2.6 ETTIE

SEGG DLF i A R S W R T R AR, B 24h WSS IF I SR B & Bl T A ANE, 5 RS TE] 15d
(FERERF UG AT ) A TR BT R A R TR 8, BT TR R (GP) = W KM 18U 32 iR 1
SBGBRIRE( G = 2 (Gt/Dr) (Gt 7 ¢ RFWF8 A8, De iR KE .
1.3 Hdlakbae

JH SPSS 19.0 BAHAT SR R SE T3 B, X RRIAE HAp FAEAR AL PR AESS 5 5K 5 10 R 15
KA A8 A BRI A A AT i A I 5 22 430 PR T 15 RV A 48 BOR 2R A R BE AT A
F 72253871 (One-way ANOVA) , H] Duncan Z 8 H%¢ ( Duncan’s multiple range test ) fa il A [7] 4b B [a] ) 22 53 2
VTR FH Origin 9.0 X ARG E T2 14,

2 EREHSH

2.1 NIRRT B RIS B AR 8 & 14 5

FEAR TRV 2 R BN B & B BEA) (56 5 R 56 10 RIER 15 K, BIREi Z 1R BGA J& BT & R
FETEM B 3 25 5 (36 1 RNER 2) , T FL i A& s ] S5 9L R 22 [0 A7 e e B 35 I 28 AR T (P<0.001) 78 KR 45 B
FAEAR BT EESE I (10—35°C) Wi & (& 1,18 2) o YN 10°C I, Rl & 485k (1.07) Fif &
H(22.2% ) BIBAR 76 15°CH 20°C AT S 10 0 00 i & o B 45 2% (. 15d Z )5 i & R4 RE A 2 90%
DA b5 25 B2 Sy 25°C B, HoAh A A A 4841 (19.07) T A& 38 (100% ) 34138 3 e RAR ; 1 FE T+ 28 30°C B, K
I ELFR Tl &R BRI & T 1R B35 T RE(P<0.05) 5 IR B 5 ) 35°C i, A7 (1 i & SRRk v] DL 4ER5 15
60% [ 7K BRI, 25°C S 38 KR 4 BEFR 71 2 i il B . BB &R (1B 2) nT LA 78 35°C IR 4%
T B RRIE HAp R 46 8 & KA EHA R A T, oA 3 R B OR [R) R B i i R IR B 42, JF
HAE10—=20CF , FMFif LR AR (KR T 3—8d) U 35X R, & il 2 0 A T 8 R A4S B b7 4 L
W&, AR A5 0 P17 2 3240, 9 FL O 225 e Yok B Bz, W = 2 1) A 3R 80 st s I 4
2.2 R[ESEFOE R A BT & 175 00

JE T B RIS EFh 10 & ELA R B e i (38 3 R 4)  RRI B R BB (268 5 R 36 10 RS 15
K [N AR S SRR &R S A7 A B 3 1 22 5% W ke i () 5 06 B 22 () A7 AR A B 2 1 38 HAE FH (P<
0.001) ., HIE 3 FIE 4 ATLIE Y BRRIE A AWK LW, R 3 Fot B3 T & R Hfh -+
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BB A HEE, e BRAE SR AL BT A 1 i e ol B o 2 R T HA PRI AP AL B ( P<0.05) o HAPF1E RIS 2601
FEg AR T I R 25 32 96% 93% 69% , A AL TR s A5 b Bl i 8 7 T i) b 1 498 2% T 1) 2 KR 4
HAhF S HA B s r g & 5 T H DL SR PR rh i 1 i R R R W R R R, T T BRI 2 R
(BRICIRBT) W Fh 1 & R A1

F1 1—15 XAREBEELETEXFEEM FHAIEHAZSINE

Table 1 Variance analysis of accumulative germination index of X. italicum under different temperature in 15 days

§ HLIRSE- 5 JE ML ZR Epsilon

75 R o 5 = P
Sl#* R HHEE df Type Il sum M 91 F Sig.

ource 0[ squares ean square G-Gc H-Fe
5l Time 2 534.070 267.035 4441.739 <0. 0001 <0. 0001 <0. 0001
YL Temperature 5 769.454 153.891 155.873 <0. 0001

BB x Y& O Time

T I B K Time 10 159.053 15.905 264.562 <0. 0001 <0. 0001 <0. 0001

X Temperature

Mauchly’s ERPEREH: . X = 0. 420, X*= 9.545, Sig.= 0.008, G-Ge = 0. 633, H-Fe = 0.968

®2 1—15 RAEEEAETEAFNBEMFRRBLEFENTE

Table 2 Variance analysis of accumulative germination percentage of X. ifalicum under different temperature in 15 days

7R A 8 F R TS5 A ¥ P Sig
Source df Type Il sum of squares Mean square ’
Ff 18] Time 2 26079.012 13039.506 576.109 <0. 0001
IR Temperature 5 289.444 28.944 1.854 <0. 0001
s [ x5 BE Time x Temperature 10 8785.185 878.519 38.815 <0. 0001

Mauchly’s BREERES . X = 0. 832, X*= 2.022, Sig.= 0. 364.

—*— 10°C =<— 15°C —=&—20°C
20 | a o0 L~ 25°C —-30°C —-35°C o
_I_ Ab
b
»
< 80|
£ 15 > c
5 i E
E %5 00| d
— 4% o
E ol o 88
g be c ¢ o
S Es 4
R 5
E= O 920 | e
d
0 0 e X 1
10 15 20 25 30 35 0o 1 2 3 4 6 7 8 9 10 1112 13 14 15
i Ji§ Temperature/°C Fif i) Time/d
H 1 REMEARSERTFOHEE EROHN B2 REMEANBEHTHRRHZENEMN

Fig.1 Effect of temperature on germination index of X. italicum Fig. 2 Effect of temperature on accumulative germination

&l rh 25 2 HE TR - BEANR] , 3R A5 X R R A B E] ZE 55 15 RAFAY percentage of X. italicum
255k B 5K (P<0.05)

R3I 1—15 XRARXERTEXAETEMFHEIELFTESNE

Table 3 Variance analysis of accumulative germination index of X. ifalicum under different light in 15 days

AR SR H B2 AT 0 5 P Sig,
Source df Type Il sum of squares Mean square

A [] Time 2 263.687 131.843 4302.361 <0. 0001
G Light 2 50.538 25.269 120.527 <0. 0001
s ] X YG T Time X Light 4 21.750 5.438 177.440 <0. 0001

Mauchly’s ERPERESE . N = 0. 700, X*>= 1.785, Sig.= 0. 41
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R4 1—15 RARABRTERMNEEMFRRBFLEAENTE
Table 4 Variance analysis of accumulative germination percentage of X. italicum under different light in 15 days

AR AU F HASE- 7R W5 B

Source df Type I sum of squares Mean square Sig.

A [E] Time 2 29277.366 14638.683 468.053 <0. 0001
e Light 2 4190.947 2095.473 127.3 <0. 0001
s ] X YG T Time X Light 4 1547.325 386.831 12.368 <0. 0001

Mauchly’s BREERGS: . X = 0. 457, X*= 3.915, Sig.= 0. 141

a
-
10 °
> b T)
: + 2
B = =
£ 52
£ c 8
S 5| -
° =
= 5
& )
=
0 1 1 “ 1 1 1 1 1 1 1 1 1
53 N s 1234567‘?910“12131415
B} [E] Time/d
Y6 Light

B4 ABNEAFEEMHTFHRRBFLENZMW

Fig.4 Effect of light on accumulative germination percentage of

B3 gBMEXRAEEMFHRIEHHNZM

Fig.3 Effect of light on germination index of X. italicum
X. italicum

2.3 R[A 5K 5% R RS B & 1 2

R X R RS B R T & B A AR (K 5, 6) , ARFIBT R B (55 5 K 5B 10 R
15 K) [6] ) i & 48 $0 % SRR K R A7 7E B 35 25 57, W7 R I ) 5 3K oy e oA A B B S8 BAEFE (P<
0.001) , FARFAE HFFAEARR EHK 5 T & (B 5,8 6) o 4 H AR 30% F140%11)
TR A & P8 50(10.63—11.26) FIH &% (71% ) SEE IR E] T HA R 17K s AR R 70%

x5 1—15 RARLEASAEBETEXRHNEEM FHRIERAESTR

Table 5 Variance analysis of accumulative germination index of X. ifalicum under different soil moisture in 15 days

. ; . gﬂ‘ﬂ”ﬁ%ﬂ ik R Epsil
A2 S R B F ¥y . PHREREAR Epsilon
S d Type Il sum M - F Sig.
ource If of squares ean square G-Ge HoFe
[ [f] Time 2 1225.002 612.501 20057.342 <0. 0001 <0. 0001 <0. 0001
+HE7K 4> Soil moisture 7 108.721 15.532 52.455 <0. 0001
5[] x 1 3E 7K 43 Time X Soil moisture 14 30.958 2.211 72.413 <0. 0001 <0. 0001 <0. 0001

Mauchly’s BRPEREEE . N = 0. 515, X*= 9.940, Sig. = 0. 007, G-Ge = 0. 647, H-Fe = 1.000

F6 1—15 RARLEASRETEAFNEEMFRRBLEFTESNE

Table 6 Variance analysis of accumulative germination percentage of X. ifalicum under different soil moisture in 15 days

A5 5 R A ﬂﬂfﬂ%ﬁ%ﬂ ¥y F Sie.
Source df Type Il sum of squares Mean square

At 5] Time 2 48318.393 24159.197 745.558 <0. 0001
+37K 4> Soil moisture 7 5656.965 808.138 16.163 <0. 0001
Bt 1] x £ € 7K 43 Time X Soil moisture 14 2583.533 184.538 5.695 <0. 0001

Mauchly’s BRPERES: . X = 0. 708, X*= 5.170, Sig. = 0. 075
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A, HERD T B85 &850 (14.72) G &R (100% ) 34 B de KA ; 76 FRHEEE IR E] 100% K85 4 F T, V& 7
B & 3 I B AR 2% (P<0.05) {5 15d 2 )5 OB & RARIR AT LG 3] 75% L) b, R, 2 KA & HAp i & 1Y
Bl B A AR 2 70% , B IGISTE T 502 /K 37 i s 3K a3 2, oAb Pl K &

a 100 + a
15 | I Ta
5 b S g0 gb
< . . be - < %0 be
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g ol % 5
g &8 60
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Fig.5 Effect of soil moisture on germination index of X.italicum Fig. 6 Effect of soil moisture on accumulative germination

percentage of X. italicum

2.4 AN[E] IR o R R HR T 2 S TR

- 358 NaCl ¥ B2 X 2 KRS B0 R A A IR & 52 (R 7,38 8) AN A M B (55 5 K 55 10 K
FA 15 K) BFpFi &35 80 BRI R AP e g 25 5%, < IRl R R 7 (AP 7 W5 S HAE R (P<
0.001), ME 7 FIE 8 1l LLE . B KA HFp 70 & Wy BEEL A AR 98 1) 1= 3830 431 32 1 ( NaCl ¥ By 0—
280mmol/L) o 443 NaCl ¥k FE 4 80mmol/L I, 5 CK AH L, B R A4 B 7~ 09 i & 5 80T BE2Y 50% (P<
0.05) fHJ& — F &l & R H B 2 5 (P>0.05) ;24 NaCl ¥ JF 1E 80—200mmol/L I, R Fh 1 (18 &
HE RS (H & FARIRTTIRF] 75% LA L ; 124 NaCl ¥ N 280mmol/L I, BSR B & F5 508 kR 5 CK
ALY 25 TR (P<0.05) |, (H RS R0 T 1B 2 R AT v 4R 7E 33% (WK F-, DL 25 R0, BAR ik I Bl
TR B TR ORI B A2 B W R A (B AE NaCl ¥R B2 R 280mmol/L [ & #h 55 F 5 A 1/3
BT RT LB &

®7 1—15 RARLTEE SR ETEAFNBEEM FHEAERATESNR

Table 7 Variance analysis of accumulative germination index of X. italicum under different soil salinity in 15 days

8 S R IR A e A5 0 ¥175 » i
Source df Type Il sum of squares Mean square Sl
5] [E] Time 2 590.532 295.266 3387.874 <0. 0001
+ e 43 Soil salinity 5 1088.680 217.736 285.552 <0. 0001
Aisf 6] x £ €35 43 Time x Soil salinity 10 189.403 18.940 217.320 <0. 0001

Mauchly’s EREEAEM . X = 0. 634, X*= 5.005, Sig.= 0. 082.

®8 1—15 RAELESE N NETEXFBEMFRRBLEFENTE

Table 8 Variance analysis of accumulative germination percentage of X. italicum under different soil salinity in 15 days

AR AR A WIS 7R ¥y F Sie
Source df Type Il sum of squares Mean square e
H5J B8] Time 2 18579.424 9289.712 442.627 <0. 0001
+ 343 Soil salinity 5 36362.140 7272.428 368.167 <0. 0001
B 7] x £ €35 53 Time X Soil salinity 10 5272.428 527.243 25.122 <0. 0001

Mauchly’s ERPERE . N = 0. 982, X*= 0.205, Sig.= 0. 903
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NaClk i/ (mmol/L)
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Fig.8 Effect of NaCl concentrations on accumulative germination

B7 tTEHESWMEBEANEENFHHELZERHZMN

Fig.7 Effect of NaCl concentrations on germination index of X.

percentage of X. italicum

italicum

2.5 N[ 3 pH (B 3 KRS BRh 7 1 & 14 52

- PR Ko R EE A RD i & LA W R e (9, 10) AN Z M BE(ER S K B 10 KX
59515 R) R T B R HE 8% B R R Z MAAFETE B 2 25 55, W R I Ia) 5 1 SRR B 32 =2 () A7 A b 5 1Y)
ZHAER (P<0.001) , B ARFIAE R0 19 & 6 398 8 06l Bt [R) e 2L AR s i it 52 (181 9, &1 10) . M+
5 pH BN 2 I, 3 KRS B R T 19 & ST ik 82% 5 24 T pH {8y 4—8 I, FHOFh T4 & R F i &
RIBE -5 pH (AT TH R Fh T8 R 95% LA b 78 pH (2 8 Y H3ERREE v Hl Rk B T A
KAE(100% ) ; 2Z 5 B HE pH (E ARSI N, BRI HFp 1 A9 B A& 15 BRI & R TF 4R TR, 24 148 pH {Hik
) 12 i, HApF A & 2R IR T LGRS 75% LA I, 28 BA5 R80T, 3 pH (E 0 8 2R KA & BM T8 &1
il B IERR IR A, HL 2 45 pH SRR (pH =2) SR AK (pH = 12) IR, KA HAAE Hid 75% 1)
Pl Al LB %

£9 1—15 RAELE pH ETEXHNEEM FHEABRAESNR

Table 9 Variance analysis of accumulative germination index of X. italicum under different soil pH value in 15 days

HAISE 7 Al JE 2 Fpsil
25 SRR 1 e 7 ' JHRERE Epsilon
Soure p Type Il sum Mean saus F Sig.
ouree y of squares ean square G-Ge H-Fe
B Time 2 1800.105 900.053 22782.939  <0. 0001 <0. 0001 <0. 0001
3% pH (& Soil pH value 6 404.493 67.415 166.684  <0. 0001
At ) x 4= 338 pH {H Time x Soil pH value 12 34.247 2.854 72.241  <0. 0001 <0. 0001 <0. 0001

Mauchly’s EREEAG . X = 0. 324, X*= 14.659, Sig. = 0. 001, G-Ge = 0. 597, H-Fe = 0.900

F£10 1—15 XAFTFEpH ETEXMNEEMFERBERFTENTE

Table 10 Variance analysis of accumulative germination percentage of X. italicum under different soil pH value in 15 days

5 SR IR A ISP J5 0 ¥y P Sig.
Source df Type Il sum of squares Mean square

At H] Time 2 13821.517 6910.758 435.378 <0. 0001
133 pH {H Soil pH value 6 11683.951 1947.325 102.235 <0. 0001
I ] x 438 pH {E Time x Soil pH value 12 4311.817 359.318 22.637 <0. 0001

Mauchly’s BREERN . A = 0. 959, X2= 0.551, Sig. = 0. 759
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Fig.9 Effect of soil pH value on germination index of X. italicum Fig.10  Effect of soil pH value on accumulative germination

percentage of X. italicum
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Do RS R i S SR e 14 e 25 TE BSR4 FEBURT 2R 55 AR VZ SR TR (R ) A

B RAE FR AT A AE TR E Y B R A SR AR 2 — | TR R E R A B i By s
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