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Abstract; To investigate the flowering and reproductive characteristics of Michelia sirindhorniae under ex situ
conservation conditions, to clarify the reasons for the low seed setting rate in its natural state, and to promote the
sustainable utilization of germplasm resources, this study conducted systematic observations on floral morphological
characteristics, flowering phenology dynamic, and pollinator behavior of cultivated M. sirindhorniae from 2023 to 2024,
and analyzed the variation patterns of pollen viability and stigma receptivity at different flowering stages, and
systematically evaluated stigma activity and pollination compatibility through controlled pollination experiments. The
results were as follows: (1) The flowering period of M. sirindhorniae mainly concentrated from late April to mid-late
May, with some individuals exhibiting a secondary flowering phenomenon from October to December. (2) The lifespan of
individual flower was 3—4 d, progressing through seven consecutive developmental stages: green bud stage, yellow bud
stage, white bud stage, initial opening stage, full blooming stage, withering stage, and young fruit stage. The tepal
unfolding process exhibited a significant temporal rhythm, primarily completing unfolding between 5:00-7:00 am, with
its posture influenced by environmental factors. (3) The pistil matured before the stamen, with the stigma receptivity
being optimal during the white bud stage. Anthers dehisced during the full blooming stage, and the in wvitro pollen
germination rate was 65.30%. (4) The main flower-visiting insects were Polyrhachis dives, Thysanoptera sp., Apis
mellifera ligustica. However, observations of insect behavior and the fruit set of visited flowers indicated that the
pollination behavior of these insects was ineffective. (5) Paraffin sectioning of flower buds revealed severe abortion
during microspore development: premature disintegration of the tapetum led to a tetrad abortion rate as high as 85.55%
at the unicellular stage, approximately 29.51% of microspores exhibited shrinkage and deformation, indicating abortion
characteristics. (6) Controlled pollination experiments demonstrated strict self-incompatibility of Michelia sirindhorniae ,
absence of apomixis, and varying degrees of interspecific isolation with other Michelia species. In summary, the breeding
system of M. sirindhorniae is obligate outcrossing, and lack of effective pollinators and microspore abortion are the key
factors affecting its low seed setting rate under ex situ conditions. This study reveals the breeding barriers of M.
sirindhorniae in ex situ conditions, provides a scientific basis for its conservation and propagation.
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Fig. 1  Michelia sirindhorniae test materials
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Table 1 Measurement of the breeding system

of Michelia sirindhorniae

BHHE BB
Ay Pollination Number of
Pollination type combination flower
(® xd) pollinations
HAMER - 2 640
Open-pollination 1 260
Jor & A5 ACR) 10
Apomixis
[5 Bk [s) 1€ AC?) x A(F) 20
Hermaphroditic B(?) xB(d) 20
[ B S A€ A(?) x A(S) 20
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Sk S AE A(?) xB(d) 30
Xenogamy B(?) x A(d) 24
J& PP B x R 5% ( Michelia macclurei) 10
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opening stage.
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Table 2 Observation result of flowering phenology of Michelia sirindhorniae
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Year Plant Initial opening stage Full blooming stage Withering stage (d)

2023 A 4 A 26 H April 26th 5 H 6 H May 6th 5 H 14 H May 14th 18

B 4 729 H April 29th 5 H 19 H May 19th 5 H 24 H May 24th 25

2024 A 4 H 21 B April 21th 5 7 4 H May 4th 5 H 15 H May 15th 24

B 4 H 23 H April 23th 5 H 13 H May 13th 5 H 20 H May 20th 27

D
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C. M HERE; D. 4E25; E. EIFIIREE ; F. AE00 w0,

A. Tepal (1, 2, 3 indicates the first, the second and the third

tepal, respectively ); B. Gynoecium ( St. Stigma; Ca. Carpel;

Gh. Gynophore) ; C. Pistils and stamens; D. Anthers; E. Top view

of the full blooming stage; F. View of the flower from the side.

2 TEHE & KL

Fig. 2 Flower characteristics of Michelia sirindhorniae
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L. ZREFRIIN,; M. ZRA53); 0. BOREH0; IV, (HRI0); V. 0JT; VI BETTH; VIL 9N VI 25
I. Greed bud earlier stage; IL Green bud stage; IIl. Yellow bud stage; IV. White bud stage; V. Initial opening stage; VI. Full blooming stage ;
VIL. Withering stage; VII. Young fruit stage.

3 FHMESKHNARFEME

Fig. 3 Different flowering stages of Michelia sirindhorniae

3R

A B. HEEW; C.WIITHL; DE. BITHL; FOG. IS0 H. 40 2R,
A, B. White bud stage; C. Initial opening stage; D, E. Full blooming stage; F, G. Withering stage; H. Young fruit stage.

B4 HHESKBRFHNS

Fig. 4 Flowering dynamics of Michelia sirindhorniae
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A WRIER R HIRFTITIRES ; B. P INRIER A R &
R C R ZUATH I R IRE

A. First opening state of the inner petal; B. Slightly closed state
of middle and inner petal; C. Fading state of middle and inner

petal are opened for the second time.

Bs5 kR AEERE
Fig. 5 Secondary opening and closing of petal

A. BEREHIFF R ; B W RIS HI; C. WS KA B,
D. WA,

A. Initial opening stage on sunny days; B. Initial opening stage on

rainy days; C. Full blooming stage on sunny days; D. Full

blooming stage on rainy days.

6 BHEBEBSKAEWAEFCRXRSTHARARES
Fig. 6 Different postures of Michelia sirindhorniae

petals in different weather conditions
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A, DU HICE s B, PRI BISREE 2 i C. B/ ME 7288 (TAP R 0HIZ  MSP IR/ T) .
A. Tetrad abortion; B. The tapetum disintegrating at the tetrad stage; C. Microspore deformation in mononuclear sidelining stage ( TAP indicates

tapetum, and MSP indicates microspore ).

B7 HWMESKARAXETHNLENE

Fig. 7 Pollen sacs of Michelia sirindhorniae at different stages of development

BRI MTT e @520 R 003 B IR i ke 45

The upper part is the MTT staining results; the lower part is the in vitro germination results.

8 TFHE KM ENE

Fig. 8 Determination of pollen activity of Michelia sirindhorniae

Wyl )R bl 5 26 DA S AR Bl 5 ( Nooteboom &

3 543 Chalermglin, 2000) f9FFAEH) o A X — B, X AR 4R
H AU B R ) A R A N ] BE P9 e R AR 5|
3.1 REREMH TR ik, AT 388 5 508 D AR 30 4 KT 4 A Y

WG A 22 B HL 9 10 A6 o M T 355 52 ) HL e AR 2ZERFRZE i HE K % (Lirianthe championii)
FESE K PR A R (AR AR 2022) . REAR FARZE (L. coco) . B A E ( Manglietia ventii) , 23
=Tl SR AL e 4—5 A, 5AEmA JEERAE B M B e AR (E I3, 2006 ; 9 1%,
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A FEW; B, AW, C AW D.wIIE; B RIT; F 4RI,

A. Green bud stage; B. Yellow bud stage; C. White bud stage; D. Initial opening stage; E. Full blooming stage; F. Young fruit stage.

B9 @S XARF LR ERNEE
Fig. 9 Morphology of pistils and stamens of Michelia sirindhorniae at different flowering stages

2023) , 1 = k38 5 TF 4B B R ) 4R AR N R
5:00—7:00, IXFPETF H ] & 0 TR AT o0 & 34
5 AEL ) T e TR v T BRI 9 B A BB 0L AL A
73X b T A6 IsF [] - 114 2 53 AT R R[] 9 o < 30 3
A3 1 AN [R) A= 285 50 F0 A% A S 1) 235 SR (RO
2008) .

FBAGH B A B A AE B IS R A A [ i R 2
S, EHBESE, ] E X WM E 2 (Oyama
sinensis ) 55 () FF AL R IR AL, X FPAT Ry AT 3k Ao WY
IR Sk 0 ) GRAIEAE R 76 B Sk 1 IR B & (o
T4 2011, 25245, 2017; SEFTIR, 2021 ) , 76 3E I
IRBE AR A Ty T R s MURE L 3 (RIS BT A A B A
FERCY ) = B, AR S R AR 5 £
B ARvife, AR T AREE L,

32 EURTHESKBESIHMAPHE

5 A% A8 K SE (Manglietia decidua)
R SE ( M. conifera) LA ) A N O = ( Oyama
sieboldii ) W' EH RGAHIR] , 7 il & 50 L5328

FA (A SC, 20195 B g, 20195 B AN 3C A,
2024a) , o HROE 5 SEANOHEAE S 07 58 4 S 2 T
H ABE5E AR, e R b ke 1 A Sk 42l
H BB o AR Tk O e 2 (T R ) R
TSRS (25 1) B 8 ) 1) B SR, AR ot I 2 A AT
H22 ARt sg, gEmdedris e ZRevE . H A2 AR
(U RE R 5 IR AT RE BT o v A Bl o, e ) )
TFE S R AL BF S a5, AT S 30 5% 150 TC ) e Ak
wE H B 18 X 7 32 W)+ #E (Cardoso et al.,
2018) , fHZ, #ordife A = BHEY B A A K
PSS ST A MBS S, AT R 97 b
[ & A= i B T R N U R N A S R 3 e
BR(EZEB—TTMER) I HHEGREHE 55
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Table 3 Pistil and stamen characteristics and stigma acceptability determinations
of Michelia sirindhorniae at different flowering stages
B R gy ey AR R
PaRiaing i Sk R A AR it S Fruit setting ~ Seed setting
- . - - Stigma
Flowering stage  Stigma characteristic Stamen characteristic Bubbles and colors tabilit rate rate
around stigma acceptabiitty (%) (%)
LRI RESG B M SR, O SRR OGS, s 0, DRI IRE + 30 3.57+2.29ab
Green bud stage R ,ﬁ@ 2RI 2 A few bubbles,
Stigma  are  closely  Stamens are closely attached  light blue
attached to gynoecium,  to gynophore, green, anthers
no mucous, green undehiscent
WA FESG BN E SR, 0 MESE ISR, s 0, D ERE R + 20 0.24+0.18b
Yellow bud stage Fhk ,éi%@, T2k 2 A few bubbles,
Stigma  are  closely  Stamens are closely attached light blue
attached to gynoecium, to gynophore, green, anthers
no mucous, green undehiscent
7 0 FESk WA RO, ARG HESS SR MERE RN, S, DO, i + 50 5.48+2.21a
White bud stage ¥, 4% AT A few bubbles, blue
Stigma turned outward,  Stamens are closely attached
mucous, green to gynophore, green, anthers
undehiscent
1391 RSk m Ah 3 S, ESSRIGMESE RN, A, KRERR, e ++ 15 1.70+1.21ab
Initial opening stage 4 Zik , &k AT A lots of bubbles,
Stigma marked outward ~ Stamens are closely attached  blue
reversal, mucous, green to gynophore, yellow, anthers
undehiscent
T HEk 1k MESSHOF 25T, thiw A0, e X - 0 0b
Full blooming stage Stigma dark brown {0 57 gl 6, 54k,
Stamens spread, the anthers A few bubbles, no
crack and change from yellow  change in color
to brown
B kR 1L MEEE (L fs Tk RSO, BB - 0 0b

Young fruit stage

Stigma dark brown

Stamen drops brown

A
A few bubbles, no

change in color

1 FFVER R AR 71 Rom 257 B3 (P<0.05) , TR, ++ 3RSk TIPS, +Fon ik B ATk - R ok Sk Byl

Note: Different letters in the same column indicate significant differences ( P<0.05), the same below. ++ indicates strong stigma

acceptability; + indicates the stigma is available;

FMMEEFEHNZ — (ELH,2006) , A=2FHHE

Wy R Sk 38 B AE AR R 58 A R T & 1 AT R
FELETFAE S5 32 W G T, 3k B SR AL By B He 4 201 7F I
AEHT R A AL N 58 AL By (3810 55, 19985 BTN 3L
55,2024a) , BRI, 26 W JO TR 76 T R & AL A
Sk TFRTSE BT AL, WAL BE RO U RSk B e A
S B, AT (2022) I B g HETE £ 48
B A 2 T 5 ORI MR AT U AR, R 2
BT RN A AL B, 78 [l M, i #kod 5 5
TR Sk V6 4 5 e B (A ) S U A6 ) K B R T
TR T B B B AR Y T R AR T OB B B O
A8 5 1 i A L 5 A6k E AR — 2 b TR IF
WAL N, SR TR AE U7 A6 8] 5 B T R B 4K, 9t

- indicates that no stigma is available.

VifEae ot S o DAL B A BRF B AK[E] 12 m
14 B R e ] 1 5 2l 3 L R T B A TR
[ kAT, TRk it S ik IR AT R A8 Wy . PRI, AT 7
WEPE B B atE AR, DL SB35 K I g i R [ 3
ShRE ), A MG By B Bl 28 R T
3.4 MBS K EMALHERE

R T b 1 A PR B 5 T B B S A i A B AR
Ll ELIFAE ) M B AR — B0, HEBR 7 3 5 Ak A2
IR HA 5 K B B TERZ W, AWK
B, REHRE S R AN TR BB B I T R
WER S, TR & % D, T e 25
S, [RIREHL, 7 VE & 2E ( Michelia guangxiensis) | 7
WA 22 ST/ N T R o AR B TR AR R R B



160 I G

46 ¥

RV EERVesE S Ny INEE IR PI RN SRR S

From left to right are green bud stage, yellow bud stage, white bud stage, initial opening stage, full blooming stage, and young fruit stage.

B 10 AR FFIERHAFHIE & KA LTS

Fig. 10 Stigma acceptability of Michelia sirindhorniae at different flowering stages
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B 11 RBEMFMESKXFEER

Flower-visiting insects of Michelia sirindhorniae

A

Fig. 11

ST AR GG SR (X B RAF 20135 £ 3k S,
2015) , WEHIE & 5 A9 N T 55 58 B2 2 45 kR
N 2.87% , W AKX T 7 J& £ B 5 51 22.93%
(LM SCAE,2024a) , R & & BARF 5 &
MIICE o BAh, ™A B BSOS 25 Y AR P 5 i E
TR Ay B U S A TR B A R ok, &
g 11 A SR VR R o N Y = 7 RN K 3 PO
SRR, 5 5Pl #E AT A A7 32 2 (A1 F
55,2019, TR A BAF 2022)

ZE LA AT, PRkl SR N = A
B Ky B AL AE /N T RN IR g R R, 3O
SERFREAR, 7R ORI SL B D AT 38 B XA R S5 A
AMARIEAT N T %0 B #5245 ok B2 155 45 k7 2% 52 3 A
B R,

SE .
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Table 4 Results of control pollination
e A R B A LR
P l?fi *ﬁi% T Pollinati &*ﬁfﬂ? (9x &) Number of flower Fruit setting rate Seed selting rate
ollination type ollination combination pollinations (%) (%)
SRS 2 A 2 640 0.0 0b
Open-pollination B 1260
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