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Variation in style length and the effect on reproductive success in Chinese
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Abstract: Style length might affect gametophyte competition during pollen germination and pollen tube
elongation if pollen quality and quantity deposited on stigmas differs with style length. However, it is
unknown whether pollen donors from flowers with different style lengths affect sexual reproduction. Field
observation noted that style length of Armeniaca mume varied within individuals including those with
long-style type, short-style type and male-flower type. Corolla diameters, pistil length, style length, pollen
number and pollen volume of long-style type were significantly higher than those of short-style type. Flower
longevity and female phase of long-style type were significantly longer than those of short-style type. Pollen
germination rates among long-style, short-style and male-flower types were not significantly different. Pollen
tube length of the male-flower type was significantly longer than that of long-style and short-style types.
Pollen germination rates and pollen tube length of long-style type as pollen recipient were significantly
higher than those of short-style type as pollen recipient. Fruit sets did not significantly differ between flowers
pollinated by pollen from long-style, short-style and male-flower types with open-pollinated individuals.
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Fruit sets of long-style type as pollen recipient were significantly higher than those of short-style type as

pollen recipient.

Key words: Armeniaca mume; variation in style length; intraplant floral variation; pollen germination rates;

pollen tube length; fruit set; pollen siring success

] — PR AR A B[RRI S FITE B
B Fh - FE 042 55 (Bell, 1985; Barrett & Harder, 2005;
Barrett & Hough, 2013). Ui & (Ficus) A W [F
PRE SRR DTN, TEATE A RS (1) 20 S A A 70 M e [
b LA R R B A (Ma et al, 2009); 4> i 75 75 i
JR R 1 /NE X B % (Saussurea parviflora), 764 5
FobE: 3k XK FE Rt A8 AR 0 T i B 35 3G K (. — 0%
&, 2008); 1 fi AL i % (Commelina communis)
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(Ushimaru et al, 2003). X 224 [F]— Mk L (A [H
eI T VT 4k, B PEPEACRE D) A Ee A B
THETE, XA R G0 i P AL IR # (andromon-
oecy) IR L G TR P EII1.7% (B XA FN T
KUF, 2000). I HA%S KR B % (Senecio vulgaris)
VR R TEAE K AR A e, 7 KA
A FE 2 (Love et al, 2016).
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2 (Plitmann, 1993; Johnson et al, 2010; Ramesha et al,

2011; Taylor & Williams, 2012). Cresswell (2000)H
Y £k 2 =i (Brassica napus) I EE 7 MERS, il T
TERE KR LA, SEIR 25 R WITEAE K A
MAAE MAEZ RS, (ARKAEHVEE TR 2 14t
¥, oKk KERW TR EENHEE.
LankinenflSkogsmyr (2001)3# i #5554 /3 41 & FUAEAE
FHK FE 2 s A R AR K AR . Johnson%5(2010)
X M3 £l Oenothera J& A1 Calylophus )& 70 A
YR Ty ETCPERE Y o AR W], A TR AR
TR EE RGN, FEARIRA TR (TEAT) Ao
PE(TEIE . 0 ) ThRe M Bt . X Sehff iR B {4
K B R R 2 1 A6 ) MERE I M D e
PEREK AR S LRI 98 A VF 2 HEWT, AHXT
TR, KRR RE: )Mk
B AR R TRl R 2 B AR, R Sk ARk I
7% E (Bernasconi et al, 2007). (2)#2 =18 74 B E =,

S INAE Ky W R AN AE K AR K R A ) S S
(Mulcahy, 1979; Erbar, 2003; Stephenson et al, 2003),
P2 BATEHE AN b5 B8R 0 B R o &, 42 = 78
JSZ A R VR BR (¥ B [R5 & . Zhang %5 (2010) B 75 1L
EHRIAL R VP AL (Pyrus pyrifolia) bk R RIS B E X
e PEm T AR i R, e E B KER ., 7
(P77 SRS AR g e | AL B D) R SRS ) il &
SR, HINAE Sk BEAek vk BEE A —E RSP
THIBCE S AR E . MazerZs (2016) % 1€ 2R 7,
7 1€ J& Clarkia unguiculata #1 C. xantiana subsp.
xantiana ) BIF 75 % B . FEA B, Sk ik B 68
Bk, Hk Bfem e S LR Rk
TR HERAL . DO BIFEATEEER . ALK
BITEAEFE SR ZE WO L) 2 3 B AR DG . JEfEK
JE a0 s A S B 2E BUAE B 2 18] R RH B AR T 3 i 4E
WML . Q) E KA B i ferE s, 16
BT B /N B 22 R s S 3 R JE A T R T
(Mazer et al, 2010; Ramesha et al, 2011). H Fi/>AHt
Tt AR A — M A A [R) AT (10 A6 2 T I 9 12
DIRE )0 o

PATAE B AN R AR B, R — bR 0
(Armeniaca mume, t25 Prunus mume) ([¥f& fii Al
R, 1992), KB RE S, G R
ST G SO KRS, long-style type), feAE Rk
K JLF—#(EAER, short-style type), LAKAE
HEEAR. WEHALERE, AR R
1£74, male-flower type) 3FpEHY . TEMKEAR 7 M
TR TR IO 5 X 5r, BN AE 2L )
MAE, FACAEETEE Wt O e SR (1), 7 (3R
TRIWTAER . /T A B R IR AR N AR 1) A
TS S AT, M SEE IR AR S R R S M
PERIZhAE (Lankinen & Skogsmyr, 2001; Bernasconi et
al, 2007), AT REME ALK (1) 52 AR 5 M R PR D e
N T FERE AR N A e K B 18 77 AR IR A
Koy F2 75 50 PR 1 B B D, A S DA AR N E TRt
R, UL A (1) AN [F) 6 B WE L A8 AR AiE A7 A
ZE 5?2 T KR S A PR TR IR R o7 ()4
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Fig. 1 Flowers of Armeniaca mume showing different style lengths. (A) Buds of long-style type and short-style type (different type
can be distinguished during the bud phase); (B) Long-style type; (C) Short-style type; (D) Male-flower type. L, Long-style type; S,

Short-style type; M, Male-flower type.
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alcohol, 7AFRHE N5 15 Q0)H 0V HL . AE SR =8,
HE T ACE LA AT H 00T, AT
OB, XTRARIG . BT 78 70 W BE AL 2 3 e 5 3
2 mL, FOEAIEH20 pLi ik T8I R, fAE
HU3W20 puLAER I, 72065 st T St 1ek 1
= (al, a2, a3), e ek et & v@l + a2 +

B ok B R BE LR B LR AE Ry, H BIHR 20 B BfF

RS



ks

162 4 ¥ % B 1 Biodiversity Science

27 %

(Digimizer Version 4.6.0)ill & L BL12(d) . MFAEHIZER
BRI, RR(V) = 4r x (d/2)*/3. 76 Al S s~
RICE TR, FaitdE.
1.2 HEBEAREEE R

NIRRT KA 7 5T b 1)K & B B

PARANRIFE A AE IR 15 A 5%, BEATLE $E20ME AR,

FEAMERBE NG AR, AR, MR &1
HEATARE, EEFTFbRIC LSS LR, TR M
SAWIRE, BERAESE, 1. BIERHE
W NACEE TR 4R, B 2ITE 2585 2 0 74 1 R %
WA [FTIS) B A Sk, R SRR AR I Fe g v . 2R
AIENE, HEKE B2 A I (WA, 2006). A Sk
PESEEG R, MEAEAERE k2K e A B e, AR
) EEPSYIN = N NESIL VE SES AP ¢
1.3 HERAEERETEHIALZUREMENEK
9 LA [R] () 76 BY S 73 5 e 164 R 70 Fl e
&AL, T20184E1H, 40l B K AE R A
KR BRI 324, KA RAE B RN AR
RTER VE N A AT SR S0 . LG $E30M
Pk, BAMEARBEH AR L6 MR (K FAE R AR #5325,
S AWENBEAR, DIARIBUE R B e Zebric X 7)), i3
ITEEESLE, BER ML E TR . 253
ITRAERL FAE BRI AL BT E A 20 A B . MBE S
TeKn S AR TR 222030 mir)E Pk b Bl ATL %k 5658 i T
REtesy, WELEH IHREE TR IR . L5 B
IR NEBEFAT N, MR S B3R
ek (2 /DH1008L), RfEHEFEN, RIE\EARKE
A PHAA S H A B PR i o BEAME AR EILeRP AL (1)
KAEROAREAR, BEKERER, QKA NEEAR
PR, Q)KAAUNEEAR, UL, (4)
FAERUAREAR, BRI, G)FHF R N REA
BTN, ()R BN BEA, SHETERLTEH -
BEMALEELSEAE. 6 hIaWCIRIERS, A ER A FAA
[ E L5 mLES O . RIS =, AbEEMERS
JeAE MWK R IE¥E3 R, T =R F1E8 mol/L K
NaOHE W H k4 ho 88 5 B T 728 1B /K HiZEse3 min,
FEAE R W VR (0. 1% 5 Sk ) 4 3 he YR 6
TSRk, Gtk BAER I E s DL
K EIAE R BUE (Wang et al, 2012) . 16 8 26 FH 52l i
W B IR R, A BB B A (Digim-
izer Version 4.6.0)Wl 55488 & #O K & (Wang et al
2018).

1.4 AL seis

NT A RIAA (Te ) KA B L A
L MRk R S I E R, DU KRR
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e, 3N AR IEE LRSS, BEEMALE AN
BER, SRS A AT AR L A AR R AT E B AE R
B AEE, TR LA KA B LN A B
H AR REAL . — AR b ALe P ab B (1)K AEHY R
BEAR, EHARXHR, Q) KABUNREAR, KA 80,
@) KA BEAR, #ZHAE TR (@) KRN BREAR,
FRIEAC ALK, G)AEBUNREAR, HARXTHR; (6)%
FEROABREA, KRR, ()TN REAR, %
FIAERUAE A, (8)MAEAUNREAR, IEILEE . B
FhAbHRLZAE . B0 G ET B DR 4Lk . 2018
AR TR, W BT R R AR A B M AR SR S
TESESS 2 LT & P BB A ) AL B L
15 #HiESHh

R T X2k 14 45 7Y (generalized linear model,
GLM) (1) 1E 25 73 A A 28 -4 72 R B LG e 20 BT 3 AE
RURTEAFAE . TORMRR. BTEHA. WA i,
HATEERAE . TEMARR. BT MEHA. REMALE
NEA R, MU E AR . RHIERA AR AL -
X} B2V R U A B AR 3R AR B IR A A i LA S IR Bk
%, H e ol BB B &, 3FERIE
AR E . R T 5 A -Logistic SE I F £ 3 A
ANFEAERAE S AR Ry B 26, Hopoi sk B R e
e N E AR, HELVEE MBI EUE N — ks
WA, AR R A FEREAR DR
TEML HAERE R E R IES S AR-EE R
LB T A R TER KL, B B KR
ER B, AR R A FE PR DL & =
HMAZ EAERE AR AR R 52040 fi-Log-
istic IR R £ 23 BT LU I [F) 352 0 A 2R (Mg AR AL S 26
REMBEENALE, B EE R —kE
WA, ARIEERAALE . AREREA DL K
ZHEMNAZ AR AR AR & .

FT A B AT 7ESPSS 20.0 (IBM Inc., New
York, NY)$1 47 .
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7R MRS (GLM) X KA R AE AR R R
RUPEHBERAE T A R R B KA IE B B .
B e RARRIAE B LR AR AR
TR DL R IR R (P < 0.05, 1), AR
M5 K P B KT KR B AN AE R (Wald o =
33.193, df = 2, P < 0.001), ifikfEfE 2 (S E H B
i T KA R AR (Wald o = 8.460, df = 2, P =
0.015). HAMAEERFAE I LLE A BT 4 L 1. Kbt
T HAEAECEAE TS JARD 58 Y AR ES 1, RESEANTE .
TERER R AEAE EAE 3 R S  E A — 5, FF
FRai BN MR RN AEE It CMESS I . K
HERVRUMEE R I R BB E R, (HIRE
B T4 AR (Wald ? = 6.620, df = 2, P = 0.037). K
TR K R (T 3T AT 5535 2 57 (Wald o = 0.140,
df =2, P =0.079). A3 24 FMEAE A B 25 K T A
(Wald y° = 4.670, df = 2, P = 0.031)(#1).

BAK b, ANFEE R, AR, R,

T A6 B 10 16 K 1E 35 1R A Sk 19 B R % (44.35% +
5.08%, 59.81% + 4.66%, 51.42% + 5.39%)¥% A 3%
P22 5 (Wald ° = 1.010, df = 2, P = 0.604)(%2,
2). KAERUNREAR (BPAEH: 132 2 KAE AL A k) e
W R % (56.41% + 4.43%) %0 3% TR AR BEA
(K1 4 %(46.50% + 3.51%)(Wald * = 4.110, df = 1,
P = 0.043), HACKHIEARFILER 32 A K HELE 1K)
1 R IR S AT 38 HAE B (Wald o = 3.860, df = 2,
P = 0.145)(%2), AIRI{ER Akt fE1e R i K %
(I REIA LEAS [R) AR 52 Ak ()2 — B . KA, J
FERL ., MELERIAE R 42 B B Sk, M 11 K
#(36.19% =+ 7.80%, 72.08% + 5.97%, 59.31% + 7.89)
A B 7 R (Wald = 2.828, df = 2, P = 0.243).
KAAL, JAER. MR 2 B A A 3k, 16
¥ I R % (53.62% + 5.84%, 43.46% + 5.84%,
41.34% + 6.54%)5AT 311 22 5(Wald o = 3.570, df =
2, P =0.168).

F1 KR, R, SEREBIEETHECENE + BRI EMHEDR) ., RPBFMEARTIKEENERE
ERX TR BIMETERIAE N RVIEHR . TEEPFHEREANE 7930, TEHAREARE 120, T REINE FRRATE LI AL SRFES
BEMER.

Table 1 Comparisons of floral traits (mean + SE) among long-style, short-style and male-flower types within individuals of
Armeniaca mume using generalized linear model (GLM). Floral traits of long-style type significantly larger than those of short-style
and male-flower types are in bold. The sample size of floral characters and floral phase was 30 and 20, respectively. Different letters
indicate significant differences in flower traits among three types in the same row.

TEHASAE KA ks iz Waldy®  df P
Flower character Long-style type Short-style type Male-flower type

2K Spur length (mm) 5.30 + 0.09% 5.38 + 0.08° 4.99 +0.10° 8.970 2 0.011
TEH %5 Spur width (mm) 3.62 £ 0.05% 3.78 £ 0.07° 3.76 £ 0.12° 2.755 2 0.252
Tem B % Corolla diameter (mm) 24.42 +0.44° 23431023 21.64 +0.41° 27.656 2 <0.001
1EM K Petal length (mm) 10.44 +0.18* 10.030.16* 9.17 +0.18° 22.160 2 <0.001
TEMSE Petal width (mm) 9.70 + 0.20° 9.31+0.16° 8.05 + 0.25° 32.449 2 <0.001
%L Stamen Number 53.71+0.71° 53.56 + 0.79" 56.93 + 1.10° 8.460 2 0.015
MK Stamen length (mm) 9.25+0.21° 10.39 £ 0.18° 8.82 +0.22° 33.193 2 <0.001
125K Anther length (mm) 1.01 +0.02* 1.02 +0.01° 1.01 +0.02* 0.500 2 0.779
MEES K Pistil length (mm) 14.46 + 0.20° 12.34 +0.21° 3.42 £0.16° 8.460 2 0.015
TerEK Style length (mm) 12.20 £ 0.19° 10.18 +0.18° / 58.394 1 <0.001
1e¥ % Pollen Number 37,522.22 +1,305.85* 30,386.67 £ 1,412.62°  32,000.00 +2,003.29" 15.133 2 0.001
TERAFL Pollen volume (mm?) 1,213.07 + 28.87° 1,102.47 +31.08° 1,067.13 + 49.45° 10.226 2 0.006
JAER% Ovule Number 2.00 +0.00° 2.00 £ 0.00% 0.90 +0.35° 46.620 2 <0.001
HAEW Flower longevity (days) 10.43 £ 0.24° 9.29 + 0.56" 10.70 £ 0.30° 6.620 2 0.037
HEFEH Male phase (days) 5.46 +0.35°7 523 +0.52° / 0.140 1 0.079
WEFEH] Female phase (days) 4.96 + 0.30° 4.06 +0.30° / 4.670 1 0.031

==
=

il

'/' <

fift



ks

164 4 ¥ % B 1 Biodiversity Science

27 %

F2 MR, @A RURNLETE BYANTE D) I TE I 32
FRERMERR S AGR)REZEERXEHEEL
ML R, IERERKERNZMI XEMHRE)

Table 2 Effect of pollination treatments (long-style, short-style
and male-flower types) and pollen recipient type (long-style vs
short-style), and their interaction on pollen germination rates
and pollen tube length in Armeniaca mume (generalized linear
model)

A3 Source of variation Waldy?  df P
B K% Germination rates
PN AFE Pollination treatments  1.010 2 0.604
e 24K Pollen recipient type 4.110 1 0.043
22 HAEH Interaction 3.860 2 0.145
EMEKE Pollen tube length
I 4LEE Pollination treatments 147178 2 <0.001
1Eky 324K Pollen recipient type 26.615 1 <0.001
ZHAEH Interaction 19.526 2 <0.001
AEMILA Pollen donor
80 B AT Long-styletype A

| A m 45HER Short-style type
O 4% Male-flower type

S o))
(= [=]
T T

#§ & 3 Pollen germination (%)
®)
S

(=]

1200 f

1000 f

800 [

600 -

400 |

200
30

EME K ¥ Pollen tube length (um)

FHERY KAER
Short-style type Long-style type
AEH# 324k Pollen recipient type

E2 AEALLIBEMLATER AL ZEA) ML EKE(B)M
EER (R ELREIR) . KBRS AR, #HER
R AT, BERAKEREE S HEATEH
2. HEFHRTLEERBEZER . FHERITHEK
FRINLEBREARE.

Fig. 2 Comparisons of in vivo pollen germination rates (A)
and pollen tube length (mean £ SE) (B) of pollen donors from
long-style, short-style and male-flower types, with the long-
style and short-style types in Armeniaca mume as pollen reci-
pients. The same letters indicate no significant difference within
the flower type. Numbers of sample size are shown in the bars.

ST KNS, M N HAR ek &
K #(1,041.43 + 87.37 um) & & K T4 7%4(386.70 +
31.03 um)A%EAERY(345.37 £ 23.71 um), KA:HLFN
TR R O AR 1R 04 K B A Yl 3 M 22 (Wl
v’ = 147.178, df = 2, P < 0.001)(%2, [&2). KF:AN
BEA AR KB (559.78 + 31.39 pm) & 2 T4 A
TG REAS RIAE R 25 K 5 (344.35 + 29.98 pm)(Wald 3 =
26.615, df = 1, P < 0.001)(%2, K2). TeMitRFte
i 5% VR 5 L5 W A AR (0 26 B K (Wald o =
19.526, df = 1, P < 0.001)(3£2), ASFIALR AR
AR B A K M LE AN [8] (AR 5244 EANIR]
2.3 ALIEHIR#M L

XoF A [F) A A 1 452 6 A 3 P Mg A A SRR T
KA 41(8.33% + 3.43%). i A1(12.56% + 4.31%)-
HETE 7 (16.29% + 5.70%) F1 [ 4R X} 1§ (20.97% +
7.16%) %A & Z 1k 7 F(Wald x> = 0.704, df = 3, P =
0.872). KAEAAREA AL HL4(20.45% + 4.57%) &
Z 5T (Wald = 3.914, df = 1, P = 0.048) 57 K171 Ky
FEAC A B 42.(10.31% + 2.93%)(#%3, [E3), H AR
()95 K Ak B 5 AN [R] (1) 16K 52 A 0 Mg A8 A8 R 20 0
B2 B AR R (Wald % = 5.920, df = 3, P = 0.116),
2B b B M A A SR 5 R TR A [F) B A8 R 52 1k
[ — 3 (ER3) . KAERU NN 2R, 82 LKA
%1(14.58% +7.28%), HitE%Y(19.44% + 7.53%), HETE
RUAE K (26.43% +11.27%) F1 [ 4R XF R (22.73% =
11.90%) (I HEAE (i A 5 R A 525 25 57 (Wald o =
3.005, df = 3, P = 0.391)., fHAERUNTEN 2R, %
PAKAE Y (4.17% + 2.88%). %5417 (9.38% + 5.24%).
HERE A6 H53(9.52% + 5.58%) A1 [ SR % (20.00% +
9.18%) I HFAE 1 A4 BE R P A B 25 72 5 (Wald
2.920, df = 3, P = 0.404).

+

3 IEMLIE(B AR, KA, IR RS B RTER)
FIEM Z AR CHEREMEER 23 ASER) REZEERRT
T A SREASIM (I L AR EY)

Table 3 Effect of pollination treatments (control, long-style
type, short-style type, male-flower type) and pollen recipient
type (long-style vs short-style), and their interaction on fruit set
of Armeniaca mume (generalized linear model)

A5 Source of variation Wald?  df P
AR Fruit set

Bk 4bFE Pollination treatments  0.704 3 0.872
TEX 324K Pollen recipient type 3.914 1 0.048
22 HAEH Interaction 5.920 3 0.116
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AEHHt/A Pollen donor
B K A5 Long-style type
40  WEAER! Short-style type A
O #E4E Male-flower type

- O H4R Control
< 30t
E
H
Bk
EY

0}

30 30 30 30

AR KAER
Short-style type Long-style type
AEH 324 Pollen recipient type

E3 TR RELE. EHRERKESR, 8t
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Fig. 3 Comparison of fruit set between pollen donors from
long-style, short-style and male-flower types, with the
long-style and short-style types in Armeniaca mume as pollen
recipients. Bars with the same letters are not significantly
different. Numbers of sample size are shown in the bars.
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4  Appendix 1 Measurements of floral traits in Armeniaca mume. a, Spur length; b, Spur width; c,
Corolla opening diameter; d, Petal length; e, Petal width; f, Stamen length; g, Anther length; h, Pistil

6 length; i, Style length.
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