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5.48% Fll 25.0%; A1 Tk 7 52 5 28 % HR 41 (9 A6 I 46 45 43 51 1 100%. 22.93% Fil 86.67%. [ 38 4 A& A1 T
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(M. foveolata) 53248 % K554 G B U 347 2 58
Ja A, RN R AR BE A R MR 5 4R e, X
SERIF A PRI R 22 58 SR FRL . PR sAE R
AR AR R T RS

R 5 5 (M. sirindhorniae) J& AR 2 BF 55
J& B BRI, FLRF A RO A T2 B AT R
IR TR BERRAR T, A SRR R T 0 A XA
LA B 28 A7 IR, i P Fh gt B B AR IR
B (TUCN) PEA A e (END S 1 s 5
FHA KM, WIS b B B R,
TR LA A W 2D B RE TS A T8 0 A 22 b A% o, e AR
R, TR E R SERAM R, AR SR (M.
shiluensis)VE R FA P, LY AL RIVEE S0 A1 R PR,
BP A FERAN 258 BRI, RPN REVER 2 | R
R BB 36, W F AN, LI ko, 75 Fel Ak
AL AN R P A R T . VRO XT 6
PR Z R fEAE YOG A R BT 45 R IR, FrEk
HE RN A AR IR, Hgot G R (R
6.69 pmol-m*-s™) F[EGKAE S) (4F1 11.20 gm™>d ™)
TEFT A S A Y b 2 m 7, [ i A e Y 75 1
R (414 3.02 mmol-m 2-s ™)t 3 B H HL & T i
17K iz b 5 AR A TR A ik 5K BARTE ik
3 Wi s A TRl & 5, EOGRE R RE I ES:
AP ThHEA 5 =, HAESSUIEE N B 3 %
AR AR . XX AN A R AT IE R 24 AL,
T EEE A REHE & W AU R AR, X
A AR RBEEMIEN 58258 5

H AT P AP Rl R i B e A AR S
FEME DT, 1 0 OC T 4428 26 Atk S 2 s AR AR
FILA DT, e = X PR35 12 A R 2 22 f 34 )
FHVE 04T T i o o N T 288 n] SEEAL R 35t
TRFEPER B AN, SFRAFFE A MERE | AR R sl PR IR
T P T THL T RGE 9 24 28 I AR, 0 S0 BI E
) AT PSPPI R T B 2 S TERG M
@, hE RS EMK (L. chinense) 5L IEIEE
Wk (L. tulipifera) W25 58 Ja ARG G R A i 2
Pt

AHIFFEAUNIE Ao TRf HE S SR A R RN T
&Y IE S AE 25, RSG5 AQ ) R BRI
FOEE R, BRI AAE Y 1E I 2458 T AR R
TR FGAC R 2 5. PR NA TS TR IE
F AE SR AR AT e AP R 5 B e ph S A BT

IR AIPEARZE S35 M e AR G 280 Ot
Wi L 2R . ASBIESE B AR ST R VF Il 5 5K 5
B S 2 S, PR AR R B O A
ZE5t o WFTE RS Tl 2 W Aof b £ A ¢ ) T
FRE A B S BN (A S B L

1 #MBR5AEE

1.1 RIEHh s I A A R AR 24 [,
MK 132 ~ 148 m, J& VP R UM%, H B 2, 48
F i 30 G, AEE BRI 23 ¢, AR R
1 815 mm, I ZEFEAE 5—10 H

1.2 GRIEFEE 2 s I0 b A IO K 198 b )
2 A5 F TR S (AR A B ), 2 A Tk A AR
(CH N DM ). & 10 4, 4K R4 (F
1) o WA E KA g i Rl 4R 4R
F2 Fy ACSEAR 1, X IR AOh AR AR R GE AR
Atk S RS E A

A

g

E1 #FESXR(ABMAREE(C.D) KR H(HER
At iE] 2023.3.14)
Fig. 1 Photos of trees of M. sirindhorniae (A and B), M.
shiluensis (C and D) (Photographed on March 14, 2023)

13 K H*E

131 2l 1 2023 4EM 2024 4F 4—5 UK
FEIATT A TAE, BEMp2H G 03 1. N THEHT,
K MTT B¢ 4036 X0 268 16 1 kA7 A 0, 3k FH %
THEAMET 60% HYALETAERY T T )5 SL82 8 52 40 .
9O—10 A WA by 4 & A R 58, Geit A 2R =
BEFFR, 2300 AT I 2 S Bk 5 S S AR Y
AR GERFRNE N IE SRS SER IR IR (R 1) 6
132 AFHLHEK T 2023 4 9—10 H, RE
BT R E SR NIRRT o B AK 5
BRELFE R 2 E AT, TE UE S S RIE R . 1L
Visye 1 Vpgeon_1:1o #5060 d J5, BRGEHHFP 1Y
R, ERRKE,

133 FIREABAE SHREERRN Le
(Royal Horticultural Society of the United Kingdom,
RHS) H 8K (920 ()0 M0, . W0 458
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Tab. 1

Hybrid treatment combinations

BRAE(@x3)

Pollination combination (2x&)

Source of pollen

[GZERE FERBU

Number of pollinations

R B AXB M. sirindhorniae A x B KA A 2% Tianxiang Magnolia Garden 20
FBEEECXD M. shiluensis C x D KA A 2% Tianxiang Magnolia Garden 20
RO SR A TR ETARC ] e .
= T M lia Gard
M. sirindhorniae A x M. shiluensis C KA A Tianxiang Magnolia Garden 20
2 Ak S ph s A
AR ERORTIE A KA A 4] Tianxiang Magnolia Garden 20

M. shiluensis C x M. sirindhorniae A

TG EA R 2 (leaf apex, LA) | % (leaf base,
LB) . M (leaf margin, LM ) . Z5#%-E (stem indumen-
tum, SI) . TR Z£8EF (terminal bud indumentum, TBI),
DRGSR

134 F1RESAERAFMRARZ 20264 1 /]
Ay, (A RS bR R RO E AR =5 (0.01 em) 5
H4%(0.01 mm); fif i F4530 SPAD 4 3= A &
HAXE I 3R 5 L ] L1-6 800 fE #5200 AX, F
i B JC 2 149 8:00 ~ 11:00 5 I 72 400 B R4 N i
WhiE &5 bR R RHOE s B AR (4%
3 BEm R . G  0. 20, 50,
100, 200, 400, 600, 800, 1 000, 1 200, 1 500,
2 000 pmol-m s, i 33 48L& S 7 £k 2k B
M 22 15 (light compensation point, LCP) . Jt /1y
4. (light saturation point, LSP) |, & K5 6 & 3 &K
(maximum net photosynthetic rate, P,,..) . 7 W &
F3 K (apparent quantum yield, AQY ) I I N i
K (rate of dark respiration, Rd) S8, I ERT, 1%
FEM RRE 20°C, 55 CO, ¥ 400 umol-mol ',
2 RIE 500 pmol-s™!, AR A IR 70%.

14 & % it K J Excel 2019 Al SPSS
v26.0 FAFHA TR I S5 GE 1o b .

2 HERESH

21 BRELEMMFHLELEE FHESES
2R PRZH (RF I A58 A x HEBHOE 525 B) By AL IR
RN 26.67%., KRN 5.48%. B KA 25.0%;
ATk A R AT IR (AT 4 C x AIRE % D)
1AL S E R 100%., 2540 22.93%. W kKN
86.67%. TEZCA A, IEACALA (RFBkil 528 A x
AR C) B RN 15%, Z5FFRN 2.92%, B
KA 0.51%; R A (AR EE C x REHkil
B A AR SR IE 100%, 55N 18.69%, Bk
Ko 23.89%(NE 2, K 2), BIKKE, RAZHE
() 3 WG bR R T IEAS 4 A5 IEAS 4 A i Ak R
5 SRR AR B E 2 A IR, T R AE A
BRI SR RS R S X B AR AT 5
RS2 58 21 A I R 1 & 3 B R AT AH N B
AR () S 28 06 HR A, 3 W AE RS A7 — RS 1Y
FAL B

22 ZEXERRBLTE HEWEERY, EAF
WAl S L 2E B 9 E . DUEFHE, M B3R
2R {8 (RAL6025) . T T 4k (4 (RAL6011), it
TEORIE, IR LI, Mk, MR AR, R
LR AR ) 2/3; TR S S 4 i 25 S T2
ToE, M B RERS A (RAL6002) . T Rl K4k
. (RAL6021), MR BRI FIE, i LB0E, 2
ik, BRI, TEFEMR

R2 FHBESKNABRAKARAEAXZHEEGELISHFHLER

Tab. 2 Fruiting and seed germination of different hybrid combinations of Michelia sirindhorniae and M. shiluensis

Bk s Bkt MR % BFFRI% TR %
Pollination combination Number of flowers  Fruit set Seed set  Germination
HFE S 5EAXB M. sirindhorniae A x B 20 26.67 5.48+2.21 25.0
AT FECXD M. shiluensis C x D 20 100 22.93 86.67
FFGE ST AR S 5EC M. sirindhorniae A x M. shiluensis C 20 15 2.92+1.63 0.51

AR SECFWIEFEEA M. shiluensis C x M. sirindhorniae A

20 100 18.69+5.01 23.9
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B2 WHESXREAREETRARTESETER
Fig.2 Seed set in different cross combinations of M.
sirindhorniae and M. shiluensis
s ATFHRE & 58 AxB; BATREEE CxD; C. kil &5 Q<A ik
R D AR RFHGE SR,
Note: A. M. sirindhorniae AXB; B. M. shiluensis CxD; C. M.
sirindhorniaeQ* M. shiluensis3; D. M. shiluensisQx M. sirindhorniaed.

A B AE R (3R 3) 3R W Wkl 5 52 Q<61
BRE RS FATEZE | TR B, i3k i
ORI Z 25 T WL L 249 5 REAS R 3 5 5%
AL AR5 QI S S Fy AU

SNIL A Ry (VR E 57 S TR S SN 2 33 /NN A
3. 2K 5T B AR IRZERIACA (RFpll 5 %),
Ht A | R #E M6 (RAL6002, RAL6021) HEEA
(AR &) —3(E 3, K 4, F 5).
23 EXEROERKFEFELEESE K.
A A5 AR A T 5 R R, AR A R AR 8 A
T, AR S AR BT R R AR R Q< RERE
B (146,62 om) > REHRIE & 5 Qxofg ok 75 22
3(112.63 cm) > A % % % (85.08 cm) > F HfiH %
% (81.67 cm) o MLIMIAR A )7 Y ML AR . A Tk 5 2R
QXTI 522 3 (25.19 mm) > HFHHH 558 Q< f7 fige
TR 2(20.52 mm) > RFHGE 2R (18.36 mm) > f1
Tk &5 (18.06 mm) o M AHXT IH4R 3 & it AR
5 QxR & 52 3(58.07) > T Rl & 45 Qx 7 ik
B 3(56.77) > VR HKE & 4 (52.77) > A ik & €
(49.10) . RPIE A & 4l A K 34 150 bk
AW 4), LI LR 3

2 4 AT TRRE SR EAME S LCP(16.75
pumol-m2-s') W IEIL 33 K Rd(1.24 umol-m *>s™)

R3 HMEBESKMARAERALEHSLEFRNESFHELR

Tab.3 Comparison of morphological characteristics between hybrid seedlings and their parents of M. sirindhorniae and M.

shiluensis
A RFIAIE 55 (Q) % ARG (Q)x
Mo/Jl:‘olo cal 2 SlikEE ARG R AR ER(E) R (D)
chal;rz)lcteriftics M. sirindhorniae M. shiluensis M. sirindhorniae (Q) x M. shiluensis () *
M. shiluensis (3) M. sirindhorniae (3)
= i}
R +é RAL6025 RAL6002 RAL6002 RAL6002
Leaf adaxial colour
fr
PR fé RAL6011 RAL6021 RAL6011 RAL6021
leaf abaxial colour
b [ELERNNSEIZ R YRIE
-7 Leaf-blade sh:
t cal-blade shape Ovate Obovate-oblong Ovate Ovate
kg 4%
b % 25 25 29 25
Vein number
it Leaf length/cm 21.8(18.5~24.3) 18.3(15.4 ~22.6) 25.5(21.9 ~28.2) 25.7(17.0 ~ 33.5)
%% Leaf width/cm 8.3(6.3~16.0) 6.7(6.0 ~7.1) 10.6(8.6 ~ 12.4) 11.6(9.4 ~ 14.4)
FErHR /MR R
Ratio of stipular scar 1/3 1/3 -
to petiole length
Al /mm
Internode length 19.7 8.2 15.47 25.02
42 Leaf apex 2R acute JR42 apiculate 24k acute 242 acute
3 Leaf base FE#2JE broadly cuneate HUE cuneate [E42JE broadly cuneate [H#2JE broadly cuneate
M2 Leaf margin Btk slightly undulate Toif -tk none R slightly undulate LR slightly undulate

Pubescence of stems
and terminal buds

#5165 brown

JC absent or very sparse

#5{4F brown

#6567 brown
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B3 #RXEKSXEARERSTE

Fig. 3 Comparison of hybrid offspring with their
parental plants
TE: ATRFIIE 55K AxB; BATRREEE CxD; CRFIGE S5 Q< ATk &
%3 DATREEGHRE 5%,
Note: A. M. sirindhorniae A x B; B. M. shiluensis C x D; C. M.
sirindhorniae @ x M. shiluensis 3; D. M. shiluensis @ x M. sirindhorniae

B4 ZRFRRREEARMEIRTLE
Fig. 4 Comparison of leaf shapes of hybrid offspring and
their parents
T AFFHRE 5K AxB; BATERE S CxD; CRFHRE 5 5 @< A1 ik 75
K DATRR KA 555
Note: A. M. sirindhorniae A % B; B.M. shiluensis C x D; C. M.
sirindhorniae @ x M. shiluensis 3; D. M. shiluensis Q x M. sirindhorniae 3.

5 HXFERKRZEFARZXTEE

Fig. 5 Comparison of terminal buds between F1 hybrids
and their parents
T ARFHIGE &2 AxB; BATRSZE CxD; C.RpHkE & QA Tk &
K DATRRE S Q<RI 55K 3
Note: A. M. sirindhorniae A x B; B. M. shiluensis C x D; C. M.
sirindhorniae Q@ x M. shiluensis 3; D. M. shiluensis @ x M. sirindhorniae

4.

P41 by fe e 5 A B 22 Y LCP(5.97 pmol'm?-s™")
F1 RA(0.48 pmol-m s ™) e fi; A4 22 4l & (3F
HRIE B R QA TR E R D AR R Q< REHGE K
3y LCP(6.96 F1 7.26 pmol-m2-s™')1 Rd(0.77
F10.75umol - m s ) ¥ T A Z 1], R rh ]
RURFAE o O3 — 7 TH, P22 38 406 1 D610 A A
LSP ¥ >2000 umol-m™s™', B & = T X% (f i
51 106.58 pmol-m-s™!, Ik 552 1 519.04
pmol-m>s™"), B W42 f5 A i YR A i A2 fiE
s, EA T SE OGS N . RO R0OR
(AQY) I 2 F AN K (0.03 ~ 0.05), YRR
BN . e REOGA AR (Po) b, R Bkl & 58
55 (9.71 pmol-m-s™), T RF B IE 15 58 A B A Y
22T A Pn 82K (4.76 pmol-m s7™"), AR H
REAR A4 Pn(7.10 pmol-m™2-s™ )3T A7 g &
SEA(6.73 umol'm>s7!)

3 3t i

K 22 B Y TE 8 Pl ] % 52 v o R0 48
R CERE, BRTC IR B 2R, &
KIBFIA A T2 EE F VP 28, i &5
(M. crassipes) @xz F 7 5% (M. yunnanensis) 3!,
R OIE R (M. fulva) 3™, BRAE & 2
(M. sphaerantha) @x =B &R, m R &R QxFg
W5 58 (M. doltsopa) 3", #i & % (M. platypetala
‘XinHanxiao’) Q%] AE5 M. guangdongensis ) 3™,

WA 25 5 ZE VAN A58 SR A I 25 51 o0 i, 3
A G AE IR ST RIS 0 B SR AR 22 7
W5 (M. foveolata) @ x5 AL B AR S AL LR
Al 3K 80%, ML TR xax M E 5 A B, A
TR, A 1E N DRI BT HE AR 5 5 (M. figo) Q%42
& RS i EE R A AT, 548 TR Q<
5 5 3 SR R 25 ] 82 A2 K i B o 5 RS )
AN, 5B &4 (M. chapensis) 5 & 5 1F 2 H
AR M, R ERQIRE FRI%
FVE R 3 TAR B &R Q<& AN, Wikl &5
50055 1E 38t B0 H ALY 5 Rl 22 5
AE A A (i 5 22 Qi il 15 28 3 Al SRR 3k
100%. 45FF4 18.69%. B A R 23.89%, 1fij IE2C4H
A (RF 3k 08 25 58 Q<A ik &5 58 8 )M L 48 AR A
15%. 2.92%. 0.51%, % JE 335 ol 3% 5K [ B 5758
BERY SRR 5.48%, IV RFHRIE & 220 A REACI A7 7R
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Tab. 4 Photosynthetic response parameters of hybrid seedlings of M. sirindhorniae and M. shiluensis

. AHXT 25
L1 s \ - . SINELY \ = A o
ok et bR ek mepms R e I Ty
s LCP/ LSP/  THeE Rd/ ST R . Relative
Species - - , ., Pnmax/ height/ diameter/
pmol'm™>-s™'umol-m™=-s AQY  pmol'm™?s I chlorophyll
pmol-m™-s cm mm
content
Vo SURE
fffﬂi.x._afé . 16.75 1519.04 0.05 1.24 9.71 0.99 81.67 18.36 52.77
M. sirindhorniae
FilkS
iéﬁ . 597 1106.58 0.04 0.48 6.73 0.98 85.08 18.06 49.10
M. shiluensis
R E SR ()% £
(ESREACCY
2000
M. sirindhorniae (9) 6.96 > 0.03 0.75 4.76a 098 112.63  20.52 56.77
x M. shiluensis (3)
AR <R
HEHR(S)
2000
M. shiluensis (9) < M. 7.26 > 0.04 0.77 7.10a 097 146.62  25.19 58.07
sirindhorniae (&)

TE: a FR EHEAE (A, HA AT A

JUE R A TR RERS . TER = BHEY) IE R 245 2% T
GE, ST B A B DL 2 A R R A | B
MY A G A K BRI AR B A, [ i i 75 22
X ZAS T W R R ATIRSY , A L B WA IE R
W EREZE S . BN, EZ O RBGT BRI AR
3% (Manglietia conifera)5 &K% (M. maguanica)
1E R AE B A5 WA A 3R AR T ACBE AR 57 58
PAFFF, BA DR LIRS T
WA ZEAET U, DL 12 AR ARG SR b ) 2
LFRNTEXS G, LA G Z AT AR
ZRWREY, ERE, MR SR S AR E R
J& TP 225 RORZ R A A, AT R
o S IR e A & AR Y [a] &, 1F 28 I A wfE AR A5 A
YTV

ARWFFE T IRAE Fy AER L AR A K AR
¥R W R e A, U R s e AR
Pode R o s B, TE B OL G A BRAE bR
R EOEE R (Ppy) by 2255 AN AR R
F, W R T LG AR Il 55, IR
RERMT IR 4564585 G A S >
2000 pmol-m s, H#EM 422 5 A AT REVHAE B 2 119
e 1 AR RE ) LA 2 s . 5 — T
1], TEVFH 24 28 B R0 LT, AN RKE Poay LK
ME— W POE PR BRFE AR . — DTE Poax BN AL
WY A AT, 5 H B4 AR 0 7 2 465 4 5 T AR
B BEARAY PR IEAE . M AR T SR A SR AR EUE T R

SSR B HTIE, AT AT RETE R AR A K RS
AR

ABIEFEIE S AE TN BT A R 1 160 5 34
A 5, SR Py AR S A0 3 R PR B o | R
S R B S AR | SRR/ MR R LE(E
SRR SE S — B, A7 A SRR 2R A0 s AR AL,
X R ARTE A 22 B 70 246 2 b A1 D AR R 2
FFIE

4 & it

ARWTFE B R R G RV I 5 545 A ik 5 2K
FIE A S0, WA T LIRS SO BEA | ik
A 75 R SO (0 L FAT R IR AR S R A,
ARAF R E AN AT AT iR A o 28 S R AR A
R OGRS DT I W] 2R AR O, AL
F R BORA, (AR A R PEREIL TR0, %
AL o RS AR P 5 I T ) o S T 4k sk
IFE 1E 2 SSAH PR B A 3 BORRPE, S22 5 e
FREIE AN E

S 3Lk

(1] BERSC, A5, RAv0R, 5. BRIF AR SR %
5%E FRE (7). $GHF WA FE 4 2F 4, 2024, 32(4):
540—-548. https://doi.org/10.11926/jtsb.4771

[2] Rivers M, Beech E, Murphy L, Oldfield S. The Red list of
Magnoliaceae revised and extended[M]. Richmond, Sur-

rey, UK: Botanic Gardens Conservation International,
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Phenotypic and photosynthetic characteristics of progenies of
a reciprocal cross between endangered Michelia

sirindhorniae and M. shiluensis

Guo Zhaobin', Wang Wanshuang>’, Wei Jianxing', Rong Xiaojie*>, Wang Yaling**"
(1. Hainan Fengmu Experimental Forest Farm, Tunchang 571600, China; 2. Hainan Institute of National Park/Key Laboratory for
National Park Protection and Development of Hainan Province, Haikou 570203, China; 3. School of Tropical Agriculture and

Forestry, Hainan University, Haikou 570228, China)

Abstract: An attempt was made to investigate the cross-compatibility of reciprocal crosses between Michelia sirindhorniae and
M. shiluensis, and to evaluate the phenotypic and photosynthetic physiological characteristics of the F; hybrid progeny. Artificial
controlled pollination was conducted during the full flowering period to assess fruit set rate and seed set rate of the crosses. Seed
germination tests were carried out for the progeny of the crosses. Phenotypic traits of the progeny were observed, and light
response curves were measured. The outcrossed control of M. sirindhorniae showed a fruit set rate of 26.67%, a seed set rate of
5.48%, and a germination rate of 25.0%. The corresponding values for the M. shiluensis outcrossed control were 100%, 22.93%,
and 86.67%, respectively. The reciprocal cross combination (M. shiluensis @ x M. sirindhorniae 3) achieved a fruit set rate of
100%, a seed set rate of 18.69%, and a seed germination rate of 23.89%, all of which were significantly higher than those of the
direct cross combination (M. sirindhorniae @ x M. shiluensis 3) (15%, 2.92%, and 0.51%, respectively). Although the fruit and
seed set rates of the reciprocal cross were close to those of its maternal outcrossed control (M. shiluensis), the germination rates of
both hybrid combinations were significantly lower than those of their respective maternal controls. Morphological observations
revealed that the offspring of both reciprocal crosses closely resembled M. sirindhorniae. Photosynthetic analysis indicated
that at the two-year-old seedling stage, both hybrid progenies exhibited hybrid vigor in terms of high light saturation point (>
2 000 pmol-m+s™") and growth metrics (height and ground diameter). The maximum net photosynthetic rate (Pnmax) was highest
in M. sirindhorniae (9.71 pmol-m2-s™"), followed by the reciprocal cross (7.10 umol-m™2-s™), M. shiluensis (6.73 umol-m2-s™),
and the direct cross (4.76 umol-m-s™'). Reproductive isolation exists in the reciprocal crosses between M. sirindhorniae and M.
shiluensis. The hybrid progeny exhibited hybrid advantages such as rapid growth and tolerance to high light intensity, with the
reciprocal cross (M. shiluensis @ *x M. sirindhorniae &) showing higher cross-compatibility. All these findings provide important
technical guidance for germplasm innovation and efficient utilization of endangered Magnoliaceae plants.

Keywords: Michelia sirindhorniae; M. shiluensis; hybrid progeny; morphological identification; photosynthetic characteristics
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