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Abstract: [Objective] This study aims to elucidate the flowering characteristics and breeding system of
Paeonia rockii and reveal its reproductive patterns, thereby providing a scientific basis for germplasm conserva-
tion and parental selection in hybrid breeding. [Method] Using six cultivars of P. rockii as materials, floral mor-
phological traits, flowering dynamics, and pollinator behavior were systematically observed, and pollen viability
and stigma receptivity were determined. The breeding system was preliminarily identified based on the pollen-
ovule ratio (P/O) and outcrossing index (OCD) , and further verified through artificial pollination. [Result] The
six cultivars flowered from early to mid-May, with a flowering period of (7.97+0. 22) d. Stigmas became re-
ceptive on day 2 post-anthesis and remained so for approximately 7 d. Pollen viability increased initially and then
decreased from day 1 to day 7 post-anthesis, peaking at 84. 35% on the third day. The dominant floral visitors
were Apidae (Hymenoptera) and Syrphidae (Diptera) , with Apidae exhibiting the highest visitation frequency.
The P/O values ranged from 139. 98X 10° to 320. 85X 10* with OCI=4, indicating that P. rockii possesses a

predominantly outcrossing system with partial self-compatibility. Artificial pollination revealed that emasculation
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and bagging resulted in no fruit set, and geitonogamy yielded significantly lower average fruit set than xenogamy.

[ Conclusion] Paeonia rockii exhibits a pollinator-dependent mixed mating system that is self-compatible but

predominantly outcrossing , with no apomixis occurring.
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Fig.1 Floral morphology of six P. rockii cultivars
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Table 1 Treatments and purposes of artificial pollination

%> pusil LUSZ HpRFS pOBERENY]
Number Treatment Method Purpose
1 R ER (X1 B G IR TR
[HAREE B (U AT, B 520 K 1 28RS DR AR
1 Natural pollination . Detect pollination status under
Untreated , naturally pollinated S
(control) natural conditions
I HIEER ANEBRMERS BRI AR Rl [ 52 2% Ak
Bagging Bagged with glassine paper without emasculation Detect self-compatibility

m E RN RERMER BRI AR

Emasculation and bagging Emasculated and bagged with glassine paper

EEN A FERAEE LR N 0. 1 mm i By He [ 4%

Bagged with 0. 1 mm mesh insect-proof net without emasculation

Netting

v b 5 4 FMEER RS 2 LU (AR L HALTE A B FE R
Geitonogamy ers on the same plant

M S bk S AL B FMEEBRFRACAE , 52 LUAS R R Bk 19 26 0

Xenogamy

Emasculated, bagged , and pollinated with pollen from different flow-

Emasculated,bagged , and pollinated with pollen from different plants

e I 2 A5 A7 TETC Rl A SR
Detect the occurrence of apomixis
I XA 8 fiE

Detect wind pollination potential
Kl B 2 2R Ak

Detect self-compatibility

A6 ) S 52 SR A

Detect cross-compatibility
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Table 2 Floral morphological indices of P. rockii

pURIIRYINE] B £ A ofe 22 B 5 R H % RRAE /M

Observation item Mean=+SD CcvV Max Min
{645 H 4% /mm Floral diameter 159.48+23.18 14.53 185 104
AL Number of petals 20.23+16.13 79.72 57 10
i KAE#E K /mm Length of the largest petal 89.40+8.81 9.85 105 63
fe/IMEME K /mm Length of the smallest petal 67.43+12.99 19. 27 95 44
e KAEHE 56 /mm Width of the largest petal 78.97+7.24 9.17 95 62
fe/INMERETE /mm Width of the smallest petal 43.25+17.72 40.97 75 13
i 7% Number of bracts 5.03+0. 64 12.65 7 4
# H% Number of sepals 3.67+0.84 22.83 6 2
L 2% Number of carpels 5.8041.95 33.56 14 5
0> J% £ /mm Length of carpels 22.94+2.86 12. 47 29 14
A0 B2 % /mm Width of carpels 5.69+1.20 21.11 8 2
0> J2 )& /mm Thickness of carpels 5.3241.17 22.04 7 2
HEFE % Number of stamens 182.52+61.05 33.45 291 76
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Table 3 Flowering phenological characteristics of six P. rockii cultivars

ey i R
Y Petal ap;iiii?ie period Petal ex%afi%n period Petal f]ﬁigﬂperiod EE]?EZE%H/d
Number 11 H ) FESENT I /d & 1k H 1 P /d 1 H FESERT I /d beriod
Date Time Date Time Date Time

Al 05-07—05-08 2 05-09—05-13 5 05-14—05-15 2 9
A2 05-11—05-12 2 05-13—05-17 5 05-18—05-19 2 9
A3 05-13 1 05-14—05-18 4 05-19 1 6
A4 05-13—05-14 2 05-15—05-20 6 05-21 1 9
A5 05-14 1 05-15—05-19 5 05-20 1 7
B1 05-12—05-13 2 05-14—05-18 5 05-19—05-20 2 9
B2 05-13 1 05-14—05-19 6 05-20—05-21 2 9
B3 05-13—05-14 2 05-15—05-19 5 05-20 1 8
B4 05-15—05-16 2 05-17—05-22 6 05-23—05-24 2 10
B5 05-16 1 05-17—05-23 7 05-24 1 9
Cl 05-12—05-13 2 05-14—05-18 5 05-19—05-20 2 9
C2 05-13—05-14 2 05-15—05-18 4 05-19—05-20 2 8
C3 05-14 1 05-15—05-19 5 05-20 1 7
Cc4 05-16 1 05-17—05-22 6 05-23 1 8
C5 05-16—05-17 2 05-18—05-22 5 05-23 1 8
D1 05-12—05-13 2 05-14—05-19 6 05-20—05-21 2 10
D2 05-13 1 05-14—05-18 5 05-19—05-20 2 8
D3 05-15 1 05-16—05-19 4 05-20—05-21 2 7
D4 05-16—05-17 2 05-18—05-22 5 05-23 1 8
D5 05-18 1 05-19—05-24 6 05-25 1 8
El 05-09—05-11 3 05-12—05-15 4 05-16—05-17 2 9
E2 05-10—05-11 2 05-12—05-16 5 05-17—05-18 2 9
E3 05-11—05-12 2 05-13—05-17 5 05-18 1 8
E4 05-13 1 05-14—05-18 5 05-19—05-20 2 8
E5 05-15 1 05-16—05-19 4 05-20—05-21 2 7
F1 05-11 1 05-12—05-15 4 05-16 1 6
F2 05-12 1 05-13—05-15 3 05-16 1 5
F3 05-14—05-15 2 05-16—05-19 4 05-20 1 7
F4 05-15—05-16 2 05-17—05-20 4 05-21 1 7
F5 05-16 1 05-17—05-20 4 05-21—05-22 2 7

F ) Mean 1.57+0.10 4.90£0.16 1.5040. 09 7.97£0.22

AL FRRE B BRI G C R R LD R E. OO FL R AR, S HCE L~5 KRR 5 EE . T
Note: A. Saimolian; B. Meiguisajin; C. Zaoyuanchunhong; D. Wuzibaifo; E. Jingyouman; F. Dianjingbaiyanwei. The numbers 1—5 following

each cultivar represent five replicates. The same below.

R4 EBHAEBFENNETL

Table 4 Changes in pollen viability of P. rockii during flowering %
TFAE G [l /d AEH3 i 1 TrAL 5 1) /d FERE )
Days after flowering Pollen viability Days after flowering Pollen viability
1 14.1943.81f 5 71.24+4.09 ¢
2 58.43+2.19¢ 6 64.28+5.42d
3 84.35+2.89a 7 10.80+5.97 ¢
4 77.65+3.75b 8 0h

E RSV R AR A RNE F R R0R 2 573 .35 (P <2 0.05),

Note: Different lowercase letters within the same column indicate significant differences (P<Z0. 05).
2.4 EHHEARNELTEERFELFRUAR W o Wh A T AT s AT BOIR A o BE T AR R AR A A

K2R 5 Won , RBEH AL L nl AR T AE 2F A K i PR U 5, I 4B )5 26 2 KA Sk B i i
AR R B R B S R AR AE . T DR R T AR S 3~4 KAE Sk ik E ALY SN R
FERT 1 d RO AR (1 &) A S AR BRIE PRBRAR Je 0 35 6 98 O PR Bl ORI 00 ™ A, B ) Ik 2R 4 S R
BRSSP AR A HLAE Sk SR TR BRI RS R, RN Sk AT B R R B iR AT
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B RrEe 7 d, AT BT B B T TR AR
3~6 K, kP BedE kiR o YW VR R A
BB T B AR A A B AR

HESK B 255 70 W W 3 25 28 AR TR 5 A AT Sk m]

A

A~E. B - A I B A Sk AR AR B R SR (TR — A+ )5
F~J. By W B W i Ol 52— 2+ + 4+
A—E. Benzidine-H:O: test: progressive increase in bubble formation and blue coloration (stigma receptivity from—to +++-+);

F—1. Progressive increase in mucilage secretion (stigma receptivity from—to +—+++).
P2 58 BEAPHME S R Sk AT 2 1 O ) 45 23
Fig.2 Stigma receptivity of pistils in P. rockii
RS> EBMHAMEEELTEENTL

Table 5 Changes in stigma receptivity of P. rockii during flowering

TEJ5 i 1) /d YR R o 4 Al SV R A DM A L B W L Sk AT B2 4
Days after flowering Benzidine-H,0, test Mucilage Secretion Stigma receptivity
JFIERT 1 d L7 A e LR W o
1 day before flowering No blue coloration,no bubbles No Mucilage Secretion
. W 0 PR B S 0 N
Faint blue, few bubbles Slight mucilage secretion
9 OB R FE W i .
Light blue, moderate bubbles Obvious mucilage secretion
oy i 01 K B B P
Distinct blue, abundant bubbles Mucilage droplet formation
e i (601 . B B -
Distinct blue, abundant bubbles Mucilage droplet formation
; ORI 6 R B FLAE T4 N
Faint blue, few bubbles Mucilage decreased and became dry
3 e 7 A B TERW W, B e 2 TR _

No blue coloration, no bubbles

No mucilage secretion, fully dry

2.5 EWMHEANEBTRESN

2.5.1 F#H ez S Cruden ™ $2 i 14 16 5 -
IRER L (P/OD ) 58 A e, Xof 4328 48 B0 A 1 5 b 11 2%
HRGIEMMPAT M. 6K, 64 L B4 F 4 Fh
1 P/O V- ¥ {8 2 139. 98 X 10°~320. 85X 10%, ¥4
Fa TR RN TIRE M2 108. 00, A& 45
s FiER 1T 12 TG T BRSE R (195 525. 00, iz 45 R %
W 58 B 4 P 7E %008 R i R AE bR 5 B T Y
S, A A R AR Ry A HAT AR

WCHAE 45 G 37 HIEA% B A ) 0 R AIE

2.5.2 ZesARac B PHIE T R AR 2 HAROF
Y18 159. 48 mm, i KF 6 mm, WAH K 3; 4k 7E 1L
F TP 1~2 RIF 46 HA T 424 AL 25 TE AL 2 TT
JICER 3 R T 2L HOkY L 2% B0 A SE 2 B 05
2y TAE S, P 2 s ) 4y BIRAS R 1525
o bR 3 WUAE AR, 5 BEAL P OCT{E o 4. K 4R
Dafi "B fEFIWT KB E B RGR TR HA
B4 H ACEAEE ), HOBH o R AR B A
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Table 6 Pollen-ovule ratio of P. rockii

hih B 1B %

Cultivar No. of anthers

RE/ (X 10%)

No. of pollen grains

A 271+4 2765.064153. 22
B 194=+5 2193.23497.96
C 22944 2327.53490. 65
D 160£3 2038.034120. 14
E 158+£5 2264.634178.37
F 85+2 981.69+81.46

IR 2k % R IEER /(X 10°) Pollen-ovule ratio
No. of ovules 72 {4 Individual value X Average
99+2 188. 96~369. 04 282.19£17.41¢
72+1 220.00~383. 34 306.52+16. 80 ab
73+1 256.62~374. 00 320.85+11.72a
74+1 155. 56~338. 99 276.31£16.15¢
78+3 194.03~495. 60 293.70£27.23 be
70+1 90.27~211.01 139.98411.78d

2.5.3 AIfEHHhRrnesR ATE#H 5K
a5 R (R D WoR AR 2K A BT 6 > 28 B4 P i
Pl g RS SR R T g, H AR
FHECTDO R A S P RE 45 90, 450 RN
4.62%~16.59% . EMRAICN)E, ZH0Fh 45
TR AR . RHEEAEAA D, 64 ah Ay
KGR T, 25 RS SR N 0.00% . HIEE
ASAb R BRI BB A M S R 3

R TR N R B ST LN 25 A T L
HEFIORBR T 5% . Mk ERZMABVOT,
A il Bl B 45 SRR R AR T BAROK F B B 2E R
TRtk LA B VD o bk S AE R AL B
- ah B SR R A SRR . BIREE AR
W], S PR P AT S RSB R B R A SR
MRS, R AR N ENET RS, R REH
EELREA

R7 OEBBAATENEHIRER

Table 7 Artificial pollination of P. rockii %
44 57 ZE A
0 wm  HRE N 9 i wm AR 9
Cultivar Treatment F rl;;tl;et Carpel Seed set rate Cultivar Treatment F r?;tl;et Carpel Seed set rate
set rate set rate
1 0.00 20.79 5.46+£1.91a 1 100. 00 44.00 4.624+1.20b
I 0.00 0.00 0.00c I 100. 00 38.00 3.18+£0.74b
A Il 0.00 0.00 0.00c b Il 0.00 0.00 0.00c
v 50. 00 6.19 0.90£0.40 ¢ v 0.00 0.00 0.00c
Vv 30.00 2.94 0.314£0.16 ¢ Vv 100. 00 58.00 5.53£0.89 ab
Vi 84.00 52.97 9.70£1.05b Vi 100. 00 70.00 7.80£0.56 a
1 100. 00 50. 50 10.62+2.49b 1 100. 00 60. 00 15.52+4.35¢
I 0. 00 0.00 0.00c I 70.00 30.00 2.94+1.11d
B i 0. 00 0.00 0.00c E i 0.00 0.00 0.00d
v 30.00 12.00 0.9840.52 ¢ v 100. 00 42.00 5.73£1.27d
V 80. 00 22.00 3.05£1.19¢ V 100. 00 84.00 25.02+£4.28b
Vi 100. 00 97. 60 36.38%t1.11a Vi 98.00 95. 60 39.37+£1.62a
1 100. 00 70.00 16.59+4.39 ¢ 1 100. 00 68.00 14.91+3.74b
Il 100. 00 92.00 27.49£1.69b Il 0.00 0.00 0.00c
c 1l 0. 00 0.00 0.00e e Il 0.00 0.00 0.00c
v 100. 00 54.00 10.46+1.70d v 0.00 0.00 0.00c
V 100. 00 100. 00 19.73+1.41¢ V 100. 00 36.00 2.83£0.43¢
Vi 100. 00 100. 00 50.87£1.05a Jil 100. 00 98. 80 42.334+1.05a
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Rows and columns of the matrix denote female and male parents, respectively. Diagonal cells represent geitonogamous pollination, reflecting self-

compatibility of each cultivar, while off-diagonal cells represent xenogamous pollination, reflecting cross-compatibility between cultivars.
3 64 SRR R 7 225 2 2 R Ak A

Fig. 3 Heatmap of self- and cross-compatibility among six P. rockii cultivars

AT 58 AE H ] WA AL S T 6 4 R BEALSF =K
REFVIHR A, G ERO LI, B H BRI
B TR 4 000 3 0 A2 by SR, o v 48 8 W T 1K B
AR CT16 KD, 7 KR 86 04 1 Bk 7 46 ) i) ) A
K ((150. 264-138.33) s) ; W H £ 1 g Bl 2 55 —
R UL A, LB SR I RO 0 S I e A

S £ A i Sy L TR FL T AR UK 5 4 B [ 4
FAR T B o I Ah AR B e kA R ULk B A
R, = 5 P FR Wk 3 8 5 50 ek 25 (R T4
VA5 B, R WL 31 (A SR 405 417 46 by sl R AT A5 280 19 4
[E1E> 22 IS A SRS G

xS EWHAVEEBHRMERPFEITH

Table 8 Flower-visiting insect species and behavior on P. rockii

- o =
H B ﬁ: TR it TR
Order Family Species OWervisiiing Single visit duration \Stmg
frequency behavior
i 5 i R AL E W Apis cerana 116 96.41485.57 a A
Hymenoptera  Apidae I B W Apis mellifera ligustica 84 150. 26138.33 a A
FhBE SR IF W Melanostoma scalare 35 67.06+52.38b B
Xl.ﬂ H ﬁﬁ%ﬂ SIS G W Phytomia zonata 23 53.00439.93 b B
Diptera Syrphidae
T WG Syrphus torvus 18 40.33+17.80b B
1 ok =R UEE Ebrechtella tricuspidata 1 220.00 C
g A Thomisidae TR Thomisus onustus 1 130.00 C
Araneae
R FF Lycosidae HA 5k Pardosa laura 1 50. 00 C
Y

WA REMR B L% ;C. 12/,
Note:A. Pollen collection; B. Nectar feeding; C. Resting.
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