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Selfing strategy in the mixed mating system of Tulipa sinkiangensis in

unstable pollination environment in early spring
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Abstract [ Objective ] In unstable pollination environments, bisexual flowering plants often possess poten-
tial selfing ability. Given the mating cost of selfing, investigating selfing strategies in different environ-
ments are critical for the understanding of evolution of the mating systems. [ Methods] To explore the sel-

fing strategies of plants in the unstable pollination environments in early spring, we studied the flowering
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habits, pollinator groups, pollen dispersal dynamics, self-pollen transfer patterns, and mating systems in
a natural population of Tulipa sinkiangensis, an early spring ephemeral plant. [Results] (1) T. sinkian-
gensis bloomed in early or mid April, with a single flowering period of 5—6 days. Flowers opened during
the day and closed at night. Pollen dispersal started from the outer and appeared in a zippered order from
bottom to top. (2) The pollinators were mainly bees and syrphids. Visiting frequencies were low, with
great fluctuation among years, but the fruiting rates were generally higher in natural populations. (3) In
the unstable pollination environment in early spring, the population was mainly outbred and partly self-in-
bred, forming a mixed mating system. The autonomous stamens movement during the closing of flowers
in the evening promoted the autonomous self-pollination, and the massive deposition of self-pollen oc-
curred on the 4™ day after flowering, accounting for 50. 22% of the total autonomous self-pollen deposi-
tion. It was a delayed self-pollination pattern, although promoting the occurrence of competing selfing.
[ Conclusion ] Under limited pollination, the competing and delayed selfing promotes pollen deposition in
T. sinkiangensis. This mating strategy that combined outcrossing, competing selfing, and delayed selfing
flexibly responds to the unstable pollination environment in the early spring. It is an adaptation to the un-

stable pollination services under the low temperature condition in the early spring, and also a reproductive

assurance strategy for the early spring ephemeral plants.

Key words
selfing

TEAR W) 0 BT A A 1% s ek b L SE BC A Jm) Al BE 2
Xf 2 WLk AL 52 i fe K 3R . Lande 1 Schemske
SEET A SRR WS B F AR, RIELEE 0 5] 1
X2 Vi a2 B AR S ) SO AR A A SR
BB N ERZ RN KGRI, Sh W& Y =28
AR X L B L XU AL 0 A8 ) 1Y S 58 % i
L2 L 1/2 MR AR R 206 ~800 . XA
[e] 119 4 A1 455 =X ] B8 05 PR T AL Ry A i RS e RS,
DL R T T KU AR 9, A2 ) 1 B B AN R e Pk T e SE A
A TR SRS S AN LR . FEIRA L FR
girp, A AR R AL ZAE AR AL S B R B, sl
F B 35 DR 2 5 HH R 5 T 8 R Y s R
EARMER ., WL, B G ER R S 47 ] BE <338
T AE P 7E %8 R B 5 0 A 32 1B 22 () Al e AR
ML RO R i ok AR R A S I R G ) 2 R
PES & e, i A A8 kAR, R 3E A sc By 5
E

Lloyd 4% 5464 5 A 468 15 B AT Sk 09 A X i
6], ¥ B 2240 T A 28 3 H A8 FAE SR 1 38 3 oy
X, MR TFRIPIE ER AL RF LIS LR
) —Fh 8 2 B AR R R4, LB TE B0 4E A8 10 BKE 25
GRS S 3 S A7 7 AR Ry RN AP P A A, A 2
“Pi4H 367 (best-of-both-worlds , BOBW) [ — Fh i
HARTAGE . HIER [ 58 7 EE K AL 19 7 A i
HEIN GRS A ) TR 2 DLW R T A IRk 32
K, BCE T AEAR A F AR a2 T A Sk AR By
7 FRER FRES SEURBR T . X — s R

Tulipa sinkiangensis; spring ephemeral plant; stamen movement; delayed selfing; competing

A8 A2 BR HRER B 2 09 B 4B R I B9 R A AE %
3 T BE AR TC VR R AIE K & (0 IR BR [R] I 32 4 . ik BB R
AT REAE [ 22 i ARG B A R TR, e
= LR R E (Podophyllum hexandrum) W, H B
e 4~5 d, R TP e b P& e P B aod 72 o i
AE R 2 1) A Sk B SE e DL SE B A B A A2 {H R A
SAER B SR I K A RS 3 KT, AR R IR
% F % (Roscoea nepalensis) W, F7 75 AL Sk W45 L) &
AR e S 5 0 7 A Sk BB O 2 Ao A2k A
280 HAETFAE R 15 2—4 R A B 5] 4%k &
MRE T sk & 4 T Bk A 3 A scAT R . SR,
T — P LA RE I 2 R LA A 227
AT, AR B E AR CEMPTE A SCHE 2
FEALRY ), HE 40k, 78 B E IR A 52 1919 B 5L
(Commelina communis) F & Bk ¢ G 18] 45 8y +
RIS Ra N O = Eali/ S Fa = K W
Had G EEHA,

¥ AR 4 & (Tulipa sinkiangensis) N Fi B
By —Fh R R A A D O B R B BRI AL
HEZ WL T —MATEE LR S, B A A
HUR BRI ARG KA, F LA 1 AR SRR
IR R I A4 0y B BB AT 22 4 WL S B AE 300 A% 3
BRG] B SAR K AH B HE Y 45 9 R LB E %
AR, RAEZEY YR IE RS SR RS HH
IS A 22 A B AR Y S IC 4 G B 22 R A5 O
AVERE . U 2 TE R B SRR 4 A O A I A kAl
B X AR R B T AE 2T AR R SR O B



6 1 T T7 G5 LR TR A0 B P SRR 4 A TR S S IC AR G Y SR NG 989

& A AR AL AR AR A2 BE R 58 A HEAT T SE AR
WENREG AT TP 0 A KM, B RAR 4
BT R A R B R B 2R TR —
ol B L 1 24 PR 0 B AR v UL B A R 28 5
(E . P T VR R AR R T A R 4 I 3 B 4
1 S5 52 S BEAR 4 7 52 3 P i 2R s, H T
W MR . AT ) A B R G RO
A AR AR 4 A A W R R R R A A £
B A B 205
1 AR
1.1 WM R

BB 4 & (Tulipa sinkiangensis) N H & FF
IS 4 75 Jeg 1) — b 22 4 A LA A AL ) L 2 TE BT B R
LA T 10 47 A o, A= R A LU BT D5 B Y R
AEREE T Ry — LT A IR AR Y . IR ) bR
& 10~20 cm, i T 8% 255 O R, K BEE b
GRRPS, BAE 3 AR AT IR BT .4 ARl A
e, 5 A AR S U, 6 ) b g b E R A3 4 R A
FHET . WRGE M AL TR R ST AR X (87737
54"E.43°44"8"NLWEHK 980 m., [&] 1), . #3574
e M A

|

1 SRR < A T I

Fig. 1 The natural population T. sinkiangensis
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Fig. 2 Plants, pollen dispersal, and androecium movement of T. sinkiangensis
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Fig.3 The androecium movement under petal removal and retention conditions in T. sinkiangensis
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Fig. 4 Main pollinators of T. sinkiangensis
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Fig. 6 Stigmatic pollen deposition under different

treatments in T. sinkiangensis (in 2021)
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Fig. 7 Fruit and seed sets under different treatments in T. sinkiangensis (in 2021)

317w

TERL ) S IE R G0 L B B A 0 2 TR 1 X A2 e
7 2t B e 1 AU A 22 b PR 35 TR 3R A <A A
b IR B0 55 23 8 5 5w AR 904 B R R 2R T
B3 M A2 B A AT R R A R IR 55 4 B
FECA SR L TE B R AR AR B R ol
TE TR SR 3 23 1 58 42 [ 5 Tl AL, il
A X BT SRS <5 A ) A ey A 5 % S I 2R 4 A T O A
71+ SR TREAS [R] 45 03 B4 177 AE 900 36 3 3l B . HLAFAE
WS AL TATRE ML IS, I AR
SR e A A S HEIR [ ST I IR A TR &R 48
AR B A R TR WA AL TR
RE R HESS I A MERE T i A ERBEIE T A
FERT Y 7 B HLOR R A BB 9 9% B 8 LR AR T 4B )5 1Y
B4 KON R IER [ A BGE . Tise A 28 Kk A AE
ek FAE LR 5 WE 1) S5 TF & i A b, B SEAR 46
X A w A S ME IR A S AT (19 F A8 S AE X A
i 5E A% By 05 . I B R R R A2 R IR 2R ) A A )
T BT B S IR R T Y 5 C SR R TR A L i
A AR ) 22 AR AL A BB X SRR TR

3.1 BXEARERBZTWEE

TEA AERE | 22 5O ME TR (R B R ) A7 — RE 72
JEM A2 . FES IO K e w2 BRI SR B v e />
Ry BB, 138 23 32 ) e £ LU B Al ot . B
Je o T I AR AAFAE » F S AE K AR I LA R 5 5 58
(L 7 3 L 3 B 22 A I 3 o SR s
AR A T RE AR A 1 IR e R B0 SRR M —
PR A PSS IE AR 48 2R HUSE A S MISE SR [ 2 AR 45
B H R . Heh . e A SR A A AR R T AR
T AL P 45 5 B b ME S 32 2 BT S BOr) A AE By
B, AR [ SSAE I AR IS 4 R AR BT 58
FAZ, GEIR A S AN AETEAE A RV RO 8, B 1R
Fe AR IR O SiE K AE 7 i 23 T AE A 22 BE R e (A R
A2 TC 10 2 22 IR BR A ) B S R Tt B 25 3, %
LW TR 52 A 28 B9 A7 A AT BE R SE R 52 1 — > H 2Ab
F o —J7 WP SRR 4 A A O — Bl R R A A R
A AE I ASELTR AE BT R, 7 EL 2 52 Wi 2R S 00 i i
[ 5 5 — 77 0 - A W A K IR B Ui 2R B A
oy BT AR R ARG AL BT 1~2 d 1Y
HEIR ) SEARME T R KRBk 1 2 A . BT UL A A
B3 A S SRS AT BE 2 A 40 B R BT 2% 1 I DTk 4 1
=R X - BLG AR H A — Se A P L R



6 1 T T7 G5 LR TR A0 B P SRR 4 A TR S S IC AR G Y SR NG 993

H IMTERIAR B T S (R, nepalensis) M Gy BUAL @
MY B I IE (Sabatia angularis) WP &AW 5E H 38
FIER A A e M B 2L (C. communis)
S T SSRIEEIR [ 58 4L A1 4

TEARIR T A 24l & v, A 2207 ) B & AR A
RO Yy s AR A W TR 2R S e T S B Bl A Y AR
P52 Hr AR A A A — R R e A A R
A B BE AR5 RS 2 3 25 5 B U AR A 1 10 2y
A REAE R 5 H A5 IEIR B AE R AR B R
RV AEAT R & AR THER 3 28, 58 H 28 W] REA T
MR IEIR A A K AERBA B2 A EAE, R
Z G HEIR AR S T i 1 R AR, TR i R AT
Sk A AERY T B ORI TR Ky B 1 DT AEA T B AE T &t
TR HESS RS B 5 MRS 1974 S ETF AL 5 AT 3 d JFik
Aol 20 B R AR Oy Bl B AR T S R
11.8%6.22.15%.15. 84 %) , Kk A AL f i B2 (i A 4K
Frvg R 1Y 50. 2290) BVREIR [ 32 19 & 4Bt IRAETF AR
JEREE 4 K. LA, 38 H AC I A AR 5 s R T 2 1
WA TAE Ry BT ARV AEAT T AE M 3, 2B
1T 2 VARSI I A A TS s K, B3 ik
BARE 3, It 72X — 1Ry BB T A [H] 55 H 58
1) A A0 4 AT i B IR T A AR [ A, & DAESR H 48
o ERIVE L SR S
3.2 HEMIEmSBaIBEREN

A 3h B AL 58 1 A R T S FE RE B R 4E £ L ib
T LR E WA ORBC A AR L., 224
P s AR A W R W3l R —Fh [ S s, S %
135 IR 55 AN B 0 M A DG A e T R R L A R i B
B w WS fE A b RS [ A2 B
{EiE A 3l HAE M LT IR A sy kA, RETE—Lk
W) B 5 TR S s AR PR IR B Bl A SS R
AT (B AR R Y T S O AT 25 A6 I Ak B A A
W kARG, R A EB3IFRA %R
e, Sk Vi A A AR Bl A A A U (T 4) 5[]
W AT T LA I A R S5 45 L S AR
Giit, RIS X RO e B R, LR AR A2
Ko Z A E M RIE G b LR EEAE ., B
B AE A ) Foe K — A BB R 2 AR, B AN

£SO R R N BN T N

S 30k
[1] LANDE R, SCHEMSKE D W. The evolution of self-fertiliza-
tion and inbreeding depression in plants: [ . Genetic models

[J]. Evolution, 1985, 39(1); 24-40.

SR A% K9 2 B L0 B A 23 S R AR A I R AR A Y
HEREZHEMREKENET., AR EE(T. -
iensis) [ — T E A R AL NSRS IR BE AR 25 3 °C
Zi AT s FE R AR X — ORI DI Be BE AT LS 12 B &
Vi A6 I 4 8T 38 9 PR B R B L o A T AR R W
KZREGIRRE T . A& KRG 4L S
SRR W E T R s T AR T B AR S TR
RSB sh iAW ZRE L B Z R h BEZ . dnn]
DB iR AR o (0 IR T L B AR R 1 B B K i B
Y A e s o B T IR R A 2 =2 A T
S, HETHERE 3h F8A 3 [ &8 & A Rl 5
A HATAUEE BF 4 PFRHE 52 B8 (Bertolonia) 1Y 2 Fil
FEY A R IE 2 5 e A B S AN Sk 3 AR TR 2 Fh
WART| K EER [ A2, Lloyd J& TR R, 7] —
YIMILFE AR HI 2 M EUL EWBASIAR S
UL ST 4 A e Y A st T 8 g (R B4R
e AR FIIER AR R ARG AT DL, X — %
BRSO HA AN E S TR S B 1 sh 4, ik 3
T 2R AR A IE N A A 3O TR B i I
WARE ARSI 2R B AR R LB X,

445 ik

(DA 4 4 A LA skdh a) FF4E , a1
15~20 d, 5463 5~6 d, 4885 B BTl A 56 T 1
AR 2 E S R

(2) H 90 4 7 DL e 2 TR 2 o0 2Lk & L Ui
AEH 3 s B Ferh, e S ARy R 1 h DR AR R R
0.2040. 12, R MRAEM A 1 h YiESTRIL N 0. 01+
0. 02, 4 {3 Al ARG 2 A& 8y R 555

(3) 9l 4 B (A K FF I, W ol P L 76 LA ik
PR b eSS MESE O i A BB Sh 5 [ AR
M7EEMGE R A R4 HKE AR NEE
RAETETFACSG A 4 KR LR A R H 20 4

(D) FIBA & F AL B Z R 50T, 38 H 28 A
FER [ B AR T A Sk AR R L X R R 5 e A
SEHHER [ 58 A — 14 14 38 Te 5 ek o UG 238 106 o Jo7 X6 17 L
BATE LIS IR T AW B &4,

F 55N B E N RO R, R R T G,

[2] VOGLER D W, KALISZ S. Sex among the flowers: The distribu-
tion of plant mating systems[J]. Ewvolution, 2001, 55(1): 202-204.

[3] CHARLESWORTH D, WILLIS J H. The genetics of inbreeding
depression[ ] |. Nature Reviews Genetics » 2009, 10(11); 783-796.



994 [T | A= N7/ B S 44
[4] LAYMAN N C, FERNANDO M T R, HERLIHY C R, ez al. (18] Vi, S2EEIE, SAREG KIS A S (Roscoea debilis) SEFLRSEM
Costs of selfing prevent the spread of a self-compatibility mutation WRLCT//h E A P 2. B M A B 2E TR R K 22 4E
that causes reproductive assurance[ J|. Ewolution: International (). MR HIRMYRRERTEF AR RSB (). 2022, 48.
Journal of Organic Evolution, 2017, 71(4) . 884-897. [19] SHIVANNA K R. Reproductive assurance through autoga-
[5] #IIEH. MBafh, BHBE. & RE4GESEFZNLERSEM mous self-pollination across diverse sexual and breeding sys-
POARKEL)]. AW ZFEE, 2021, 29(6) . 712-721. tems[J]. Current Science, 2015, 109(7) . 1255.
HUZY, ZHENG QJ, MU Q Y, et al. The mating system and [20] SPIGLER R B, MAGUINA R. Changes in female function
reproductive assurance of Rorippa elata (Brassicaceae) across lati- and autonomous selfing across floral lifespan interact to drive
tude[ J . Biodiversity Science, 2021, 29(6): 712-721. variation in the cost of selfing[ J]. American Journal of Bot-
[6] PAUDEL BR, SHRESTHA M, BURD M, ez al. Dual mech- any, 2022, 109(4): 616-627.
anisms of autonomous selfing in Roscoea nepalensis (Zingiber- [21] WHITEHEAD M R, LANFEAR R, MITCHELL R J, et
aceae)[J]. Ecology, 2021, 102(7); e03337. al. Plant mating systems often vary widely among popula-

[7] XIONG Y Z, FANG Q, HUANG S Q. Pollinator scarcity drives the tions[J|. Frontiers in Ecology and Ewvolution, 2018, 6; 38.

shift to delayed selfing in Himalayan mayapple Podophyllum hexan- [22] ARATHIHS, SMITH T J. Drought and temperature stres-
drum (Berberidaceae)[J]. AoB PLANTS, 2013, 5. plt037. ses impact pollen production and autonomous selfing in a Cal-

[8] LLOYD D G. Some reproductive factors affecting the selection ifornia wildflower, Collinsia heterophylla[]]. Ecology and

of self-fertilization in plants[ J]. The American Naturalist , Evolution, 2023, 13(7): e10324.
1979, 113(1): 67-79. [23] BROZ A K, SIMPSON-VAN DAM A, TOVAR-MENDEZ

[9] GOODWILLIE C, WEBER J J. The best of both worlds? A A, et al. Spread of self-compatibility constrained by an intr-

review of delayed selfing in flowering plants[]]. American apopulation crossing barrier [ J ]. The New Phytologist ,
Journal of Botany, 2018, 105(4): 641-655. 2021, 231(2): 878-891.

[10] HILDESHEIM L S, OPEDAL ® H, ARMBRUSTER W S, [24] HOU QZ, ZHAO X, DUAN M L, et al. Autonomous sel-
et al. Fitness costs of delayed pollination in a mixed-mating fing is altered by pollination in delayed-selfing species Gen-
plant[J]. Annals of Botany, 2019, 124(5): 869-881. tianopsis paludosa (Gentianaceae)[]]. Brazilian Journal of

(110 Wmd EL « B2 7, 2R, KA 0 AL 3R AR B3R 1 52 AL Botany » 2022, 45(4); 1319-1326.

[J]. VEdbhE® 24 . 2012, 32(10): 2009-2015. [25] ABDUSALAM A, TAN D Y. Contribution of temporal flo-
Palidan Sali, LI X R. Floral syndrome and delayed autono- ral closure to reproductive success of the spring-flowering
mous selfing of Hyoscyamus niger[J]. Acta Botanica Borea- Tulipa iliensis[]]. Journal of Systematics and Evolution
li-Occidentalia Sinica, 2012, 32(10): 2009-2015. 2014, 52(2) . 186-194.

[12] MASUDA K. USHIMARU A. Prior selfing occur in larger [26] AEWII. PIPEAERGHESS IS 3. 2P N i LT, M A
flowers in a mixed mating species with delayed selfing[ DB/ B2, 2010, 34(7) . 867-875.

OL]. bioRxiv, 2021, https://www. biorxiv. org/content/ REN M X. Stamen movements in hermaphroditic flowers:
10.1101/2021.12. 08. 471669v1 Diversity and adaptive significance[ J]. Chinese Journal of

[13]  RREWEHE, skoKB . Mp2ike, 5. B A A4 & E 20 Plant Ecology» 2010, 34(7) . 867-875.

RARPFALT]. AR A, 2018, 46(24) ; 39-41. [27] XIAO C L., DENG H, XIANG G J, et al. Sequential stamen
KANG X S, ZHANG Y Z, YANG W K., e al. Ornamental val- maturation and movement in a protandrous herb: Mecha-
ue of wild Tulipa L. resources and protection in Xinjiang[ ] ]. nisms increasing pollination efficiency and reducing sexual in-
Journal of Anhui Agricultural Sciences, 2018, 46(24) . 39-41. terference[ J]. AoB Plants, 2017, 9(3): plx019.

[14] MO FE R, 65 50 0 B AR A 4 3¢ [EB/OL . [28] LIDF, HAN W L, RENNER S S, ¢t al. Touch-sensitive
2021, [2021-09-09 ] http://www. gov. cn/zhengce/zhengceku/ stamens enhance pollen dispersal by scaring away visitors[ ] ].
2021-09/09/content_5636409. htm. elLife, 2022, 11 e81449.

National Forestry and Grassland Administration. List of wild [29] WANG L Y, BAO Y, WANG H X, et al. Slow stamen
plants of national priority protection[ EB/OL]. 2021, [2021- movement in a perennial herb decreases male-male and male-
09-09 ] http://www. gov. cn/zhengce/zhengceku/2021-09/ female interference[J]. AoB Plants, 2017, 9(4): plx018.

09/content_5636409. htm. [30] REN M X, BU Z ]. Is there ‘anther-anther interference’ within

[15] PAHALER, PIRPE « ZF R, VI « FERERT a flower? Evidences from one-by-one stamen movement in an in-
PR, T REMALH IR B BRSO i R Gty (0], P bl sect-pollinated plant[J]. PLoS One, 2014, 9(1): e86581.
W 4R . 2022, 42(6) : 1042-1050. (317 HBL3C, XNEL, B, FFAERY AR [ A8 (M BF T e [T ].
Halibinuer, Reyilamu Maimaitituerxun, Aysajan Abdusalam. Pol- R ARO KR 2 CH SRR RD , 2022, 46(6) . 233-239.
len presentation and mating system of Lycium barbarum[]]. Acta XIAO HW, LIU Q S, TIAN R N. A review of delayed au-
Botanica Boreali-Occidentalia Sinica » 2022, 42(6); 1042-1050. tonomous selfing in flowering plants[ J]. Journal of Nan-

[16] JEZE, =¥, BED. KEEHIINITHREESEET R4 jing Forestry University (Natural Sciences Edition), 2022,
[J]. vadbaid a4, 2021, 41(5) . 782-794. 46(6) : 233-239.

TANG Y, YUAN T, CHEN T Q. Flowering characteristics [32] PASSOS L S, TELLES F J, GOLDENBERG R, et al. “Pollen
and breeding system of Paeonia ludlowii[ ]]. Acta Botanica tube shower” in Bertolonia (Melastomataceae): A new delayed
Boreali-Occidentalia Sinica , 2021, 41(5) . 782-794. selfing mechanism in flowers with poricidal anthers[ J]. Botanical

[17] MAMUT J, HUANG D H, QIU J, et al. Stamen curvature Journal of the Linnean Society, 2022, 198(3): 326-341.

and temporal flower closure assure reproductive success in an [33] LLOYD D G. Self- and cross-fertilization in plants: [[. The

early-spring-flowering perennial in the cold desert of Middle
AsialJ]. Journal of Plant Research, 2023, 136(1); 33-45.

selection of self- fertilization[ J]. International Journal of

Plant Sciences, 1992, 153(3, Part 1) 370-380.



