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RECHEES X AYEN T ZHAEEENZN

1 1 : 2 3 21,3 > 13*
Aegm B 2 KFAN EEHET B OB
SHE RS BRI, BRI 430062; AL R B A dr Rk RS, BRI 430062; X I K-S BT R IL A H A 9cse s, I 430062

B WA AT SRR O, REA SR T MR R E SR R, AR AR . RAKIRE
ZAEVERT AL RS FF AL GAR E SE B 2, (H E T R R P B 0 B AR AR, At BRI . BT
B TEIR T KA BF 260 (Sagittaria trifolia) /& f 710 H A B A IR, DA EE N H B E B IF0 . JBiE AT
FEPery, WE AR I RAE (<50 km). PR E 532 (>200 km) SR A BCER B DA K B . XU SRR SR, FhiT SRR Ab i
LB 2 4t A AR . B R TR AP T TR B K 2R (2018F120194F) . 41 21K (2018 F120194F ) I 7 e #R . 45 R Eas: R
I P 5 PR A O B 2R Gt ) A TR 2R . IR PP P AR Fh IR, TR I 4SRRI R, B R L B R
PRI FIRIMGR o SCAECR 3G s BF 28l i 45 S (A SR . B M o . P IAR) B, HEs SEm s /i,
AL A AL B () b7 B R RS 2 T B AR A B . 27 R FTI, ASHCEE B85 S A K R ot B 2 A (1) B R IR /D, 1T g S AT
F BT 7 RS ) R A DA K e FEAR A K AR BB A o0 RIS, B U3 T- 204 A EARFIRF A 2 [N 28, wF 90 45 R
R T B R RR KT T B A R AR E

XHEE MR, KAYE; BRER; mREIR; B

W, WR4z, KA, VEIERE, 8% (2020). AZHCRE RS 5 A I R A VE AR, AR, 44, 895-904. DOI: 10.17521/cjpe.2020.0197

Effects of mating distance and number of pollen donors on sexual reproduction of Sagittaria
trifolia

ZHOU Pan-Pan', CHEN Quan', ZHANG Yu-Jie?, WANG Zheng-Xiang"®, and DAl Can**

!School of Resources and Environmental Science, Hubei University, Wuhan 430062, China; *School of Life Sciences, Hubei University, Wuhan 430062, China;
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Abstract

Aims Sexual reproduction is the core of plant life history and evolution. Besides the influence of maternal gen-
otype and environment, the contribution of paternal parts on reproduction should not be ignored. In particular, the
distance and diversity of pollen donor have significant impacts on fruit setting and offspring quality, which often
show digtinctive patterns due to specific reproductive characteristics and evolutionary processes of different
species or populations. Our objective was to study the effects of mating distance and number of pollen donors on
reproductive performance of Sagittaria trifolia.

Methods Three mating distances including selfing, outcrossing of short distance (<50 km), and outcrossing of
long distance (>200 km) and two types of pollen donors (single- and double-donor) were investigated in S. trifolia
using hand-pollination. Besides selfing, the remaining factors formed a factorial design, resulting in atotal of five
pollination treatments. We analyzed the differences in fruiting probability, seed number per fruit, seed size, ger-
mination rate of F; seed (year 2018 and 2019) and their seedling length (year 2018 and 2019).

Important findings Different mating distances had no significant effects on fruiting probability, seed number per
fruit, seed size, germination rate or seedling length of S. #ifolia, implying that there was no inbreeding or out-
breeding depression in this species. The increase from single to double pollen donors had no effect on seed pro-
duction of S. #rifolia, but seed germination rate in double-donor treatment was dightly higher than that of single-
donor. All together, mating distance and number of donors had little influence on reproductive performance of S.
trifolia, which might be related to frequent selfing history, long-distance gene dispersal and high similarity in
aguatic habitats of this species. Meanwhile, this study was based on mutual mating designs between genotypes
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from over 20 natural populations. Such results al'so imply high and stable reproductive output of S. trifolia at spe-

cieslevel.

Key words mating distance; number of donors; inbreeding depression; outbreeding depression; Sagittaria trifolia

Zhou PP, Chen Q, Zhang Y J, Wang ZX, Dai C (2020). Effects of mating distance and number of pollen donors on sexual reproduc-
tion of Sagittaria trifolia. Chinese Journal of Plant Ecology, 44, 895-904. DOI: 10.17521/cjpe.2020.0197

P &P ARy BENHEAE R S A2 Bk B T 58
B T S A AE ) — R AR # (Minnaar e
al., 2019). TEAER R R, (k52472
B BB AL b () 1 P A A 2 s M R A 1 S B SR
JeJE AR i (Rhode & Emmett Duffy, 2004). L,
KIFR LA B BAEAZFIRI G . EERT
2 e A &5 for L PR 1) 4l PSR T NI S EUE AARIE &
FERRAR ML SRR N H 22 1B (Trame et al., 1995). M
WAL LR EEE W A AR R
ik (Charlesworth & Charlesworth, 1987)F1%%2: 1 %
Be 4 17 R B e 1A R AL U 2% & AR (heterozygote
advantage at viability loci)(Charlesworth & Charl-
esworth, 1987; Ziehe & Roberds, 1989; Agren & Sch-
emske, 1993). HIXII 5, LA FEIR TR AL ARG
BOR I [E— AR B, EAGE A BT R
(KI5 (Waser & Price, 1994). i BUX FhEL 4 (KIHLH]
Al REEL G 42 A T % % (heterozygote disadvantage) . J
I8 N 35 K 2 A W fid 25 (breaking up of coadapted
gene complexes). =54 % [l (1] [ A7 208 (epistatic
interactions between alleles) DA % J& #5 3& M. Al 21
(disruption of local adaptations)=5 4% (Price & Waser,
1979; Edmands, 2002, 2007; Hufford & Mazer, 2003;
Frankham et al., 2011). AN [A] (F)3804L #E 25 55 H L fE
BAFAEAEAE IEAH IS 9% £ (Schiemann et al., 2000; Al-
berto ez al., 2010), P26 7 8L % B AR
A2 B B SR P o 1) B A2 Bzt 52 % IR AR 4 (Waser
& Price, 1994; Trame et al., 1995; Volis et al., 2011).

A O PR B S A P B IR A ik, H A
MFPRIA—, FEH T 4P () B
IR S5 iR A e, BRI v] Re A fod Y 7 A8 B
= W NE & (Gentianella) fEY)G. germanicatfl b
10 mAMAR 8] 3 52 = AR A e b B, o
RN T B AR R . BAE 1 mAag K25 kmak
[ R ENR] 548 (Fischer & Matthies, 1997). fEAEFE
J& (Stvlidium) 12 Y) S. hispidum B, A1 Xt T 54 #5555
(3-10 km) 528, FREEN FIACHC L T H A 3R,
T BE 29(111-124 km) ) 5 A8 MR L T8 IR,
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B A BOE 1 H A 5 A2 R B (Hufford et al.,
2012). (2fF(EH R HIR, (I 2 IR R A &,
BB REE . B, Polylepis australisi) H
SRRy EH N30 kmAZAH L, X B A AT K
R BHIK(Seltmann et al., 2009). Silene vulgaris H
TESZRE = AR 0 F A 3L IR I G AR Bk, (H 2 AN [F)
T 18] %) 22 B 20 2 3 2% & 11 %5 (Bailey & Mcca
uley, 2006). (A)fFEIEAZFIR, (HIILAZ IR, 10,
Bl FEHY K32 (Hordeum spontaneum) () F X A8 Fh -1
5B, 37 8 EK(Volis et al.,
2011) . (4)A2 L PR B S5 A AR sz A B« 491,
#1407 JE (Geum) WY G. urbanumBIMELEAR /N Fh 7
HHHOR I E AR IR, B T2 R (20 km) 58
PRI A 2R AR AL, A R Bz 28 AR & FE 1 B
B2 (Vandepitte et al., 2010). DL EAFRPEHIAE H
SR ARG T B AFAE, IX W VFARIL T 0 Fh /b 1)
ANEV AT I LA R . AR A AR AR
VIFhAS 2= BRALK B A T 548 (5K K 55 0 2258 4,
2001; Vandepitte et al., 2010), K yF FL {7 F K 1E
GRS T 2 HERR, WM 17 LB A N
HIkE A ) B 22 3E 1R (Lande & Schemske, 1985;
Johnston & Schoen, 1996; Byers & Waller, 1999;
Crnokrak & Barrett, 2002). #& 11, ] REFERIES
TSR L R B T30 458 s AN R G2t i B i 2
% (Charlesworth et al., 1990; Glémin, 2003), [AitnA]
RE2AE H SRR EE R RAIEMEE Mok, XM
BUN, SRR RASECAE B, BRI ) A A T
Redm TARIE G R o ] A PO 1] 1) B Bl ()
BB AR R, SEIERBIFFR, MIE RN 1 AH
B AE TS 5, T4 3 B A% 204 R P 8 ) 7 22 T
2= DAy 3 AT 2 1) AN AH 25 4 B8 4k 3 Y (disrupting
adaptation) ) 32 1M - BB 5 /K1 Az 52 Ja AR )i
& R M (Hufford & Mazer, 2003; Edmands, 2007).
bR 7R, {6k 2R KRR B
S ETH AR . Z O He H, BEE AR Z R
e E, RSP = 'SR T AR T
(Karron et al., 2006, Koffi et al., 2013; J& KA,
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2014), XWVFREA: (D2 RXARA IR, Rk
RAFEL = A AR B2 B, A # v SR s
SAG R ER R, b B SLER T [ MCE (Paschke
et al., 2002; J& PR, 2014) . (2)5 HLACA 1) 4 [ i AH
EE, 22 A AR 1) 2 [ 0 B A B2 U5 1) 58 4+ 58 I 2y
(Kress, 1981), Hi#ZIM s~ EHAE IR G
fR(Marshal et al., 2007). {HAXAEE I IMFHEAZ
XA MR A (R E a0 R I ASCAR Y
ZFEEN BEIE R I A W2 520 (Sork & Schemske,
1992; Holland ez al., 2009; P&abon et al., 2015). 1X 1]
ReSE KA Sk B I & B R R AR 5 4 Al BEA
AR, SEBAE SR BRI, I RRAE CRAIE 78
53455 (Bertin, 1986) . AW FLHE H, M NSLEG
AR B 5E 4R 1 R H 5 REARMR I FHEA 1 1%
AR ZERE, BHAKVSEARRB AT 5
MR AIAI A (Sork & Schemske, 1992; Péabon et
al., 2015, 2016).

B} 280t (Sagittaria trifolia) NEETER 2L 8 2 4
AR EARKEY), EXITEE N Z 040, & LT
Y KFEH . KIREEM, BT D Se AR W AT Bk =R
ITATERITCIE S . 4 R AR (YR 5K %8, 1989). Chen
24(2008) % 4 [ J Bl P 420 BT 26 ik A B () BT 9 &5
FBH, B ARGl DX ) R (R B4 S AR, T
INATAE A P B P 2 DR A A () B PR A i o X T
R A2 DR BT 260k i A1 /N L Tk, ik
K Z B AN SRR I % 2K KB EH, S8
HEcmE K. FR, BT /KAEED YA A
Ao, AR 8] H BB 1% % (disruptive selection)
Bl J5E MM (local adaptation) YT BEYEAN K, FTLA
3R PR B RZO0 BE PR 2H 2 1A B AR TS N .
Ab, BIRGEAETEF 2R A 1) A8 FAE20% 7 44 (Dai- et
al., 2018a), XK H 2 K Y 7] REAAAE — &
()35 A% S AT (9K K B3 AN 2258 4, 2001); At S
RN — B 24l AR PR 1) AT R R AWK (R
TR EE, 2015). [RIULFRATTHED, B 240k 1 A8 R
MEA KL, MAAEHZERME . AT
AN R AR AR, B AR A
FEES(E A /M50 kmilfz 25 552 F1 K F-200 kmit)
TG PR B R AT), TR AT EF R Al 1) B A0 SR B AT IR
FREE. TR, i R B 2Rl ) BT K Pt 2
W8 520 SCARHUR (B A AL BE 5 XA A AL 3 (142
T AH R4 15 o

1 #MRA7GE

11 IEMRERRMS

Y 2602 2 AR KR A, B AT DR I R Bk
KT EFRETE, TR OB e, iR R
Bk se A YA E, HEZZEM(Dal et al., 2018a,
2018b). Bf AR GLMELE FIMR AL, SARTET, BEFE3ac
1, FoF 350 oNMELE, T kAL, B2 2 TR IR
TR, WEAE—RRAE L2 R W TBE R, ETE R T Ik
410K, MERELE BAE 11 91K (5:30-15:00) - 7E 1L
BHLIX, BFREUEIE 610 « BIAERER JF20 R A
A, A R SE By K, R oM, RIOKES

S0 T 2018478 H 7 [ R} A7 B iU ) [
(114.42° E, 30.54° N)WA B Z& b 1 [\ 5 el idk A7 (% S
NG, 2018). 7)) [l AR PR SR T T 28 4 1 AR
20134 KA BR 2L JE AR(Z 45 55, 2015), & H AP BT
R 1) 5 ] e R AT B AT o
1.2 SEIWiT
121 M

SIS FEE N TR R,
Uity e A A2 T R A8 R 1 SR TR DA R SLA 1) 22 R A,
DLAR 9T B 26t 2 A7 AE 3 A28 IR B A IR M A,
DA S SLAR 22 FE A 0 B0 K Ja AR I P AR B 5

R FUHY 20k 2 T AEAE H R BT AL IR IR
ARSI T B 1A T I S A Az P R A 3N IKF,
WL BE B e RO S, ¥ A2 AR
R B R SR AR G AT A . FEASRIGH, A
T K R AR R B ) AT RE 4 il
(7 54k BAm, R R 2 ) B 2R R RSN T
50 kmJ 22 AL & SONIE R R A8, KT200 kmif =2
e XONIEE S R AL . BARITIE ALV E— RN
sy, B HE S AR R (8] () R A R R R
/NF50 kmffE A T R B A, KF200 kmif)
VE AT PR B A (D). N THEHIS, kA6 2
W2 Rl — RPN, B AR AR SRSk 5 T[] —
B (B AR, U EE B S AR R AR Sk ok
PE T TR — BB A [ 25 R 28 1% JFC A ol e (B 40 o o AL
(22 BCKE R (Dal et al., 2018a), 1LHH S T2 IR
PEPRAIL o e R BE B8 Sz A B

IR FUACA Z BT B A S SR AR IR ), AR si
B R SRR AR N TR i
WETE XL P SR E B2k, JFL v B AL A Kb 3 1R 1 2y
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E1 FFRRGEPREERIE . SeO6 i A E R B sOE Y1 .
EZA-EZD, FBIHNA-D; IMA, FII]A; JZA-JZD, 3#|MA-D;
QCA-QCB, ##HA-B. WHA-WHF, RRIXA-F; WXA, R/X
A; XSA, i7KA; YXA-YXC, FHHTA-C; & B ARFEEINVELH
R 025 4545 (2015) .

Fig. 1 Source populations of Sagittaria trifolia. The experi-
mental site is Wuhan Botanical Garden, Chinese Academy of
Sciences. EZA-EZD, A-D of Ezhou; JMA, A of Jingmen;
JZA-JZD, A-D of Jingzhou; QCA-QCB, A-B of Qichun.
WHA-WHF, A—F of Wuhan; WXA, A of Wuxue; XSA, A of
Xishui; YXA-YXC, A—C of Yangxin; See Li et al. (2015) for
specific information of each natural population.

TEANE T [F]— AR, RS AR b B () PR 2 HEAE 53
ISR BRI BN R P A LR . SO SR S AC LR
ERH TR, (HEHT B R A RE R AR,
MILTFERI R b AT FRAAAIT PR B A8 W
AR RS A8 BRALARIZE PR 55 5748 DA S WAL AR iz
FEES S AC (R Xl iR EAS . Bl X, HiE
XL o

N L8 LM R E R T, SRR
25 5 MELE O Je BRI 7V, g 2 A6 P 2
8k, HENRE O ERTemnBsimm, AT
AN R 22 (R L PR BEAR RS, SAN AL BEHR S IE PRTE R
—/NEFE EEEAT, AR AL R S A B BE L,
DL o7 B 2N (Dal et al., 20188) . 15 /0 HUHEF N I
MEFEHEOR D, WAL 2 (AR AR WA 22 70 (ESK
ot R, Dk At Ry B ER 2, X RKE A
JSE N THH AP AT BT . £ N T
JEMEE R EL, Dl G 8RR E .
BR#AE T 201848 H BE AL 34T, 5 K8:00-12:00
AT N LH Ky, mARARNHEASL, $iT53, M
1152, H.7E50, XizE54.
122 #3EKFE

AN[FI B2 R b HE T BT 2R 4t 1 S 7K ST F B2 A
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(AL SEMESR L PSR SR AR TR (A Jea
ARFEF R PEITAR, B KANRFERR) AIEA FE R .
TERMERAEIOR 5, FIESIE LA R &1
RSHTELE, Bk RSB RE . W 520
RIFAR, % 564 B RS2 (R S AN SE AR B AA |
Pl 2HEBUEIRE) AT RE, BAMEHT6 cm x
10 e Bz 4848 b, FEGeiH Ak S Bl (A R il
N1, RMOLAN0), MHIEE, HEH RS RET
J o SR SR 0] S 56 = S B R R AR AT S
BAREAE R B RS A M1 N TP T —
KAIELR b, RERIFF T2 MEAES, HEE
7 B RN EE R () 5 i B A AL (J8 J3E D7000) % I 4 B
SR F | magedi A1t B8 dE A7 Rokr 1H 555 oK/ M,
73 W B SRR TR SR TR THA . OA T FE AL
TR AL, K1 emif) B 60 1E 7 TR bR B ik
B AU AR, @RS ZIE TR
PG BTN, AT AR B 4 RS A R mm?P
1.2.3 BAASEH

T-2018F120194F 73 7 34T PR X P 8 K S5
20184:8-9H, RAEMRM R LG M THES,
SERAE A F IO K AT B R (L SRR AS) -
AR S BT PR EL 100K Fl -, AN 2 100K i I 43 ik
B, 4 0 M ] JE AR 34T HE (50 °C, 12 h), BA
HIEEAE A . BRI R RTINS H
SRIK T EERLAR B, ZEMGC-350HP-2 N T 5 %44 (_F
g EREA AR AT, R TR, AL
30V e N TAGEFE IR A 30 °C, AR
20%, Yt HER 4K 18 h, IR 5 A I B AL B ok
fE20 000 Ix. #EFRI0KJE, Fh7 i KB A E T Tl
(KT 10K W B 72 B 3G 0 A /b, HAR N 5 A s
FEEMREEMY), IR R FANE, FHIE KM
K. HTRLBERZ, A M FRESHEREHL
FC 2] T 3R AT R 7%

2019410 H X} el A2 (b HEAT 1 28 I 5k
5o BT AT T T AR, PRI AE IR R
RZHO B AT T A A R (XS,
2015), HAx I K AR R 251 5 R — R R s
B AR o
1.3 Sitoth

ARSI AL RSP AL EE, 7R & AL RN R
FiF3cE . M, B Ak % (2018 F120194F)
DL 411 25K (2018 F120194E) . B AL AR (0. 111
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oA, WA AR R BT T IR A, b
T AR B K R (A i . BRI T HES
WIFF I 4 B R BRI T 5 M IR IE 52 7
IEAMEA PG, gt R E 8. &
W48 I R (v.3.6.1, Team, 2016) 4 #r, 1 H
packagefifficar (Fox & Weisberg, 2019), Ime4 (Bates
et al., 2015), ImerTest (Kuznetsova et al., 2017), Ism-
eans (Lenth, 2016), psych (Revelle, 2018).

N TR TUET Bl e AR H RO IR BUE AR,

K 3FP SRR AL BR(E AT BRI B ) ZH BT
R T ASREBEAT T 220 T o AR SRR, SR R 22
BT AT )T LB AR Sy M S S R AL SR K
SO, AR PESRRIAE A E R 3R, Sede H IR 9 BE AL
PIE o X HAS MR, SRR A LR R M 52
Pe B 0 X 8 SR T AR AR IR, A PR SRR A D ] 5 A
=, SR HIENBENLIN R, H 20184 1 A R
S F RN T IR NRENLE K .

N T IRFERSCANE BT UL B S 5 1 B S BT
DX, R XI55 Uz 79 i Ak B 4 s T e £ 20 A
B

A, N TR TS A B SR A R
B, B, L. XUZAMALBEE A, DL AOAK
HeEr ey e R, AN HAM R A L, A
AT T T

LA £ 34N J5 i ) Pe A BB e B R A K He, (B
P 2 (8] 22 9 IEAZ R AR, WA 75 20 2 35 K1 it
ATREIE, KIHRHa=0.05. FrA Ltk ot i 5 2
[l B A I B 2 . BEAN, B RE BN K7
%, XA B R R AN v AT T O
oI o 45 SR A A P I R e (ROR T S R A v

REE).

R R RSB R NI R AR LB (P E AR IR )

2 #R

21 AERECEBEXETEGHEENF M

BQAEET, BAEZ. EESRA. T
SRR B R bR AT LA R R IR, AL EE N 1)
F IR PRI 22 5 (3RL), MR B 264 1 W .
1 H BB AT RIS .

SR, XUAXAKCHE R, 378 BF 28 1) 5 A8 00T B 25
(1 57 22 B HR T T AL B2 (AR LU A 56 (LRT) =
5.63,p =0.018; KI2A). Ak, WFPAZHECEE B8 i) LR
P74 (F1g70 = 0.004, p = 0.95; E2B). F¥ I
(Frgr2 = 058, p = 0.45; E2C). K *(20184F:
Fi1gs7=0.78, p = 0.38; 20194F: F g3 = 0.30, p = 0.59;
KI3A. 3B) LA K 47 2F K (20184 Figoo = 0.25, p =
0.62; 20194F: Fy 483 =0.21, p = 0.65; [K3C. 3D)#A
I E X .
22 FRIRAH =TI 2 EENE M

ARG ARFZ AN, BF R 45 521G
LTI 2 (A SRR LRT = 0.69, p = 0.4; HIR
T4 Frizses = 0.05, p = 082 T 1HIA: Frizazs=
1.13, p = 0.29; E2). (HAEFNFHIARITIH, HAAIA
20184E ¥ A R H 22 i 3 (Frazese = 3.30, p =
0.07; E3A), WAAZEH G AR A K 20 ;R
20194 1 2 IR R IF R 2 35 X 3 (Friss =
0.33, p = 057; KI3B). TEAHIZKITMH, XA
20184 55 20194 1141 5K 34 JE i 3 X Jill (20184
Fi14026 = 0.98, p = 0.32; 20194F: Fy 1054 = 0.94, p =
0.34; KI3C. 3D), HMF I AAZR JF AR M4
FR LRI E ARG s DL R4
F B AOA B B AE A SIS Th R R BT 2R 1) 25 SR =
BAEJEABTE b, XUCARAT T 1 R A 5

Tablel Comparison of reproductive indexes of Sagittaria trifolia at different mating distances (mean + SE)

k3L B2 PR R A PR 5y b4
Reproductive indices Selfing Outcrossing of short distance Outcrossing of long distance Comparison
A Fruiting probability (%) 90.38 +4.13 88.46 + 4.47 90.00 + 4.29 LRT=0.136,p =0.93
HILAF4 Seed number per fruit 236.96 + 21.78 237.49 + 25.02 253.98 + 24.00 F1250=0.22, p=0.81
AT Seed size (mm?) 5.50 + 0.20 5.90 + 0.24 5.68 + 0.20 Fr1238=0.84, p =044
2018415 /X % Germination rate of year 2018 (%) 5.82+0.95 4,64+ 1.05 4.47 +£0.70 F21260=0.07,p=0.93
2019415 /X% Germination rate of year 2019 (%) 8.48+1.38 7.62+1.23 9.16 + 1.63 F1040=0.14,p =0.87
2018441 2F K Seedling length of year 2018 (cm) 3.24+0.28 3.09+0.21 3.36+0.24 Fr933=0.67, p =0.52
2019415 %K Seedling length of year 2019 (cm) 2.13+0.17 2.33+0.20 2.23+0.20 Fagso=0.26, p =0.77

LRT, AR LRSS .
LRT, likelihood ratio test.
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Fig. 2 Fruiting status of Sagittaria trifolia under different mating treatments (mean + SE). Short, outcrossing of short distance; Long,
outcrossing of long distance. ns, not significant (» > 0.05); *, p < 0.05.
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Fig. 3 Seed germination status of Sagittaria trifolia under different mating treatments (mean + SE). Short, outcrossing of short dis-
tance; Long, outcrossing of long distance. ns, not significant (p > 0.05).

23 AEBEFEANERIEER

ARSI TR A R X AR ILAE, 20184 KR
R R SR BT R, T 20194 K T3 HL i
17 T — R0 H G BT R STk
P, 20194 M1 K A W E T (o ekl =
6.28, df = 189, p < 0.001; KI3A. 3B), {HJE20194E ]
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T EERKHN B (e = 7.06, df = 126, p < 0.001;
K{3C. 3D).

3 Wig
WA RAEL, B Rl W 1 H 2SR B
R(RY), EAFERIIN LR — By, +
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7K B 28 BB D A7 AE — 38 1 18 A% 47 g7 (5K K 55 A
ZFAE, 2001), W Fida T 2 1 E A8 % 920.9%—
22.7% (Dai et al., 2018b), J& T UL A ERER
Be&4t, e N THRE, HEEEIMER5R
EIFRHBILTFE . SRR R I B I DL A N 3
H KB I0H (Geum rivale) 1 70+ (Ruhsam et al.,
2010). Mz, —LEEHARREHIEY), WKiEESE)S
(Begonia) Y8 W) B. hirsuta M1 B. semiovata 5 2 )&
(Sophora)fE¥)S. microphylla. &1 J& (Baillonella)
THYIB. toxisperma®s, I NAF/EMEHE I HAZFIRISR
(Agren & Schemske et al., 1993; van Etten et al., 2015;
Duminil e al., 2016). HILT] WL, ANFEFRAEDIFPHLEY
B HZERAERETHIEZZRIER . BN
AR IR SRYM . HIRELZ I ZE R A
Fir AR (04, 2003), RPE 2 [F—40Fh, tosBRAS
[F) R P PR B BORH K S A2 BT 4 JR3 T 2522 (Husband
& Schemske, 1997; Kittelson & Maron, 2000; Hull-
Sanders et al., 2005) . A< S i B 284 R R DL B AL
FIRILR, HATH—A B AFEER B 22 5550 T S0F
TR T (EIEREE, 2015), XA eSS B— H AR
TR R U S SO T SR 9K o ARSI 1) B 28
FRAEARIE 32, AL B ME B A2 52 Bk B A
FH AP B B R R A KR A e oA R RS
PUERR, BAEARE G R E, A BT
FREER HZ HH, 13- B KRR E -
BN, 5% A1) BRI, [R5 b i A 5T 2%
AN AR E, XLl R PR S5 T REAE — e PR
B T B AZ SR A A (T M AT 4, 2003;
Armbruster & Reed, 2005),

Sy —J7 T, B ARG ORI AR AR (R D),
XS HTEAR TR RF o B 2 Ak K BE B R R A S
A, FRAC T A S A s AL A, [F
K AE BRI AR ACA AR A A5 A [R) b 18] 1 B Ak 1k 2 5 R
HIE AN . 5 A R IX — WP E S DY 20K )|
OR J5 AW 1m) b ZE A, 43 A Y B A R PR T B —
e [X 35 (Santamaria, 2002), FITLAASES:200 km
) S AEDGT B 2Rt 32 ) AT Y R PT e RUBE 5
AKRK, FHOEZFERRRAY ., HEERRZ,
RALAAE BN, 78752 () A8 MR 2B A W e Tt
(KI2A). FIRER RIS | 58 2 AL {15
PEHC ¥ 5 5 VU HC 1 1 4 BiC 1 45 & (Marshall, 1988);
B HAN A ) 48R BT R I R H (Lankinen et al.,

W WA SZCEE 5 SO KR T B R A R AR 901

2009), 7E A A AL FE el 4 FH o £, H k5
PEAF LRI, —Seit e 3, R EMA ML 5%
AR (38 4% 2 5 % E L (Bast, 1936), a2 2%
el N0l N P SN Ui o SR R ]
(Kaeppler, 2012; Marcon et al., 2019). 115 8] 4% 7>
A AR BT 28 4 (Chen et al., 2008)/& FAEEZ &1
PR AT IR, I 7 B AE K S50 U B[R] (Waser
& Price, 1994; Quilichini et al., 2001) B4 /N3 2 ]
MAZRCEE S, WREA A R E IR,

RSB, 5 AL A AL ERA b, XA AR b B
B 20k f R T AR R R E A R (K2, B
3). XA E A (D& L E 2 ZILE T
SEFEE IAERY B K52 (Hil desheim et al., 2019), H.
RAELM BRI T, 2K M5 25 T
725 B (Bertin, 1986). 1 As S8 LA ZHEAE BT
A NMETER Ry, Tom E LR e 1A, g
FAALAR IR 2 A A HB e PRIE 78 /R (R 45520 (A
[F) S AR 7= A T R S 4 35 R UR K e JIAH ZE L, BB
KRR B E BN R LT, B2 ARG
JERTIG RAAAGRTIAML Lo, 7545 1w
2 J&(Chamaecrista)fEY)C. fasciculata’Z 2 NS4
RAEEN G, HARE, Re5Mrrg, firE
AR F A BE 52 T (Sork & Schemske,
1992) . A HE 1 3E % 35 AL J& (Dalechampia)
HHID. scandens)Fh— 5 & tH G i 3 5211 (Pél abon
et al., 2015) . AHF 7T 1, 20184 WA A Ab B () B A -
EC B AQAC [FI g 1 (BIBAY), MR A B (I 2 1E —
EREE FIRTH TR R, HIEATEE IR K
HFIEREIL. VPRI 2 KA EA RGBT
RYETEABITREAER, M 78 7 Bos Hoor EhE A7
5 & i BB 5% i (Marshall &  Ellstrand, 1986;
Paschke et al., 2002; Karron et al., 2006; X278 FliE
24, 2007; Koffi et al., 2013).

AR AT B B B A A KB U ey i3, BB AR A A
TR R I E B RO B (£, E3),
Ut B A R TR T o AR e M, R 2R
(1) S SR 22 I S 2 BN P T B 3R A Ak 2 A A i
W71, AT R AR AR A I 1 R S s T () 4
BTN (Dal et al., 2018b). X —45 R IR R4 5
FACAIP) S0 0L B p Oy Y A A Al S & SR T AR
SMAE . Ak, FATRIAF 8 & AL X} B
ZEGEFh T R R A W A 520184 55— K
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WY R ACFRA B, 20194F [ A 2 25 3R T, M4
TR AT R (EI3). AL M R AL EEE N TR
EFE P SE K, P IKH R BB A EAR R, i — AN [
) 1 PR B R 2 5 L Ab T 2018444 i o1
HERKEA R, DRI E IR, Bl R 75T
BHA#AE T —5, T 20194128 k2 A Ja i K
20194F ¥ A R 22 BT 15t B R0 — 48 (R A7 i SR 0T B
Y/ ANY R & S A RliT -2 M e
1R BV R A a8 (B 85, 2007; TR0 A,
2014). BT TR, v BESE B 920194 i) Fil
FAMEFBE T — /NN K, T %K
K, GH R EFTE

gE bRTIR, LSRR N EME RS N T HAS
JG, FIE G EEFF R IR FEAC, 200 kmih & 1 Fh
R A2 B R R I 22 B I %, B M A
Sz P P R DR ORI R A B AR 15 T e A
TEREBENEH. N, STHEWLZ 05 m
Ta ], BETESRA R T TR, S M T RSB ER
2 EHE O B, DR N PRI A8 L B 2 5o B 1)
S, Ab, AHEIUSE T 2 U 204N HARFH L)
B, MR TR, SCIRAEAR R
BRI Z R . WSEIS T b, RSP R A
RHA B E RN 2AE R XA EEAR S 550, &
T UL — B E R A BEAR A FL A AR T SR
(Vandepitte et al., 2010)5k B} A3 ¥ (Galloway & Et-
terson, 2007), Rk, A SCHILE EINDIFKF E1E
N T R T BT AR e AR E v, SERULIR T

B RS KFRRIREZEIH, £ LA A
SInitfE PR, THHA. FTT. BEH.
TS5t I FAS AT e L,
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