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& J& (Manglietia) WU T B E . Hilan, £
AL &R (Michelia crassipes) 5 F 7% (M. yunnan-
ensis) . BMEE (M. foveolata) 5 5L &R EHE
B3R 22 5 Ja AR, 2B HH A [R) R B2 1) 23
52 LA, 3ok BRI A R Bl R] 2 52 Y SR A
BLA PR s AT FUEE S 2 A O S5 P AR T 2
2%,

FEIRIE &2 (M. sirindhorniae) 2 R =Bl & 58
JE I HE SRR, LB AR o A T A E A A R
HIRAK IR BERRAR T, A SRR fR T o0 X8
AT B A 28 7 IR, i P Fh gt B B AR AR
IR B (TUCN) PTG (END SR ek 35
FHEAAERKME BOBILE . A BT R,
SR LA A i A 5 RE T 7K T8 9 AR == B AR b, i AR
R, TR E R SERAM R, AR SR (M.
shiluensis )VE R 15w A Flr, BT A= R o341 SR B,
PP A HEARAY 258 BRC, PR R B | A R,
WIE R i 3e, WEE M (E &, LIk Mg, 75 fel Ak
SR R R b B W . SR SE X 6
PR 2B fEAE YD GG R PE R B SE R TR, Trsk
HE RN A AR R, Hgot G R ()
6.69 pmol-m*-s™) FI[E G AE ST (4F1 11.20 gm™>d ™)
TEF A SR Y rh 1 JE 15 07, [ e LA v (R 25 1
R (AEH 3.02 mmol-m2-s™) L 3¢ B H B £ Wi
WY 7K iz b 5 A A DI g A RS R BARTE Bk
3 Wi s A TRl & 5, HGRE R AR 1 E S
BAEY HER S, HAESOUARIE T BA T R
W SEFI R XX PR R T IE R 444,
B EEE A REHE & R A O R AR, X
A AR E SRR ERIE Y 58 AL /A

H A ARl oY E B h e A AR SR
FEVE T I, 18 0 OC T 2% 28 2 R B 2 i e AR AR
FIHETE, B = X VAR 88 1% LA TN 2 38 4]
FHVE 10 AT T A o g N T 238 n] SEBAL R 35t
TR AN, FAFTEOCEVERE | B K H R R
T AR TNL T RGE I 2228 S AR, % SE i e )
) A RRSL R AR ] B B 208 X TERG A
JEBETE Y, T E RS EM (L. chinense) 5t IR
Wk (L. tulipifera) W25 38 Ja ARG G RUR I A i 2
e,

KNI /STRUNAR ST S IPEY T e SN
&Y IE [ AE T, RSG5 A 2 BRI

FIGA R, BRI PRk A ) 1E S 2 58 e AR A R
TR MZRASEMEZE o BFTE N AT B IE
PRAC SR ARAT A FORN T, B AR S A L
HARAIRRZE 52, I 2P s ARHDL S 28 e
PHIZR . AWFFE R GUIT R ioE &5 5 5 A k% 5%
2 328, O BUR AR R B 50 5 R 25 5 o
BIFSE R X i 1 P b 1 AL B DY ] 55 )
FHRA 2R B E RS S

1 #MREFE

11 iRBEHh A U0 7R U A N R R 24 [
TR 132 ~ 148 m, J&#oir Z= RS, H 5 2, 4
Vi 30 G, AR SRR 23 °C, AEF A RE
1 815 mm, W ZEFEAE 5—10 H .

) DR v o S S o W o I & 57, S s e A )

2 KR S 5 5 (AR R B AR ), 2 BR A7 ik 7 58
(CH AN DA ). W8 104, £ K R4 (&
D)o 4y R 5E KOG i Ukl s — AR
AL Fy AR, RIRL O AR TR E R
Ak S A

: - -
E1 #HHMESX(ABMARSIK(C.D)&%EBH(HE
Bt 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)

1.3 REHE

131 X3 78 2023 4EF1 2024 4F 4—5 %
TEHITF RN TAE, SR A 3 1. N T M,
SR MTT Y vk X A6 83 0 1 E 474G 0, 356 FH 7
THEANMETF 60% WL T 5 S22k 5250 .
9—10 H WS T A G RS2, Giat A %
SERTR, S B LARFIH 5 SRR A T 5 R AR B Y
A SR BERPRAE N IE R A3 SR AR IR (R 1) .
132 #AFHAHH T 20234 9—10 H, R4
BCATT R SE R NIRRT o B F A TK 5
BRIELTE I 25 JE A7, VB VRS L B RE A, 36 P 3
Vicye 1 Visgen_1:1o 30 60 d J5, BERGHFTHY
R, HE KM,
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Tab. 1

Hybrid treatment combinations

BRAE(@x3)

Pollination combination (2x&)

Source of pollen

[GZERE T

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

133 FIRABAR SHUEEBREL¥EE
(Royal Horticultural Society of the United Kingdom,
RHS) H 2R (920 €)1 s, . W90 s 4258
Ja 5 A 22 (Teaf apex, LA) | I3 (leaf base,
LB) . "% (leaf margin, LM) , Z5#%E(stem indumen-
tum, SI) . TR Z£#¢ = (terminal bud indumentum, TBI),
DARHAG | B RS
134 FIRAASZAERFBHAZ 20264 1/
g, A RS T BRI RO SE P i (0.01 em) 5
M2 (0.01 mm); fi il FF53X SPAD -2 A &
AR 4828 B s il LI-6800 #5206 A 4, T
T 25 1 8:00—11:00 I 5 4> 6 IR A5 4 T R bk
W AR SR ILIE R AE F ARG (45 3 1K)
ARG IR IS T2 o I E TGS AR B 0. 20, 50, 100,
200, 400, 600, 800, 1 000, 1 200, 1 500, 2 000
pmol-m s I HU -G G 7 i 2 AR IBOE Mz
(light compensation point, LCP), Y& #1 & (light
saturation point, LSP) | fiz Ki§+ 4 4 K (maximum
net photosynthetic rate, P,..). 7 W & F 3 X
(apparent quantum yield, AQY ) A I -1 34 K (rate
of dark respiration, Rd) %28, MER}, &M H
TR 20°C, I BE CO, ¥ 400 umol-mol !, 25 it
500 pmol-s™, FX 2SR 70%.
14 %4 % it K A Excel 2019 fl SPSS

v26.0 B PFEAT R B B S G AT
2 HBRE5HW

21 BZELEMMFHEE FHESES
AN B2 (R 528 A > FRIGE 528 B) i A IR
TN 26.67%., ZERFRN 5.48%. B KT N 25.0%;
ATk A 5 A IR (A5 28 C x AR5 D)
1Y AR SRRl 100% ., S5 FF RN 22.93%. B K F N
86.67%. TG, IEACHIA (RFHRIE 55 A %
ATREEE C) BYAEFRAL 15%, Z5FFFH 2.92%, Hi
B 0.51%; R A (AIREE Cx REHkil
A AR SR IE 100%, S5FF5RN 18.69%, Bk
Ko 23.89%(NE 2, K 2), BIKKE, RAZHE
() 3 WG bR R T IEAS 4 A5 IEAS A i Ak SRR
oL Y (i 5 7 ST S vab W 4 BT ko |
B IR | Gk R S A RS R AN R AR ;
RS 2258 21 A I R & ) B SR AT AH N B
AR P SR8 B2, FeBH IF I S A7 — E FEE 1Y
FAC PR

22 EXERREBELTE HEWEERN, BARF
Wil SR 2R HAB (G E . TZEREE, iR B3k
T 4% 5, (RAL6025) . TR MLk 4 (RAL6011), I
ORI, MR, Mk, MR SR, R
YRy AR ) 2/3; A B S SR 4 T 25 5 T2

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 25.00
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
ATREECTEHE A M. shiluensis C x M. sirindhorniae A 20 100 18.69+5.01 23.90
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AGFHRE 5 AxB; BATR G CxD; C. Rk &5 Q<A ik & 5
33 D. AfRE R HRE AT .
A. M. sirindhorniae AxB; B. M. shiluensis CxD; C. M.
sirindhorniaeQ* M. shiluensis3; D. M. shiluensisQx M. sirindhorniaed.
B2 WHESXREAREETFRARTESETER
Fig.2 Seed set in different cross combinations of M.
sirindhorniae and M. shiluensis

TE, A FREHES O (RAL6002) . KA K4k
1 (RAL6021), MR EITRARKEIE, 808, 12
PRk, QIR TCHEMHR

TS B EE R (3 3) R B, kil & % Q<A

BRI FARFEZE  TZEREE . rHE L i3k, ot
NI 25 35 FIT A WP PR 247 5 R AR R 3k 75 2%
AL AR Q< HGE F RS F e
Koo M _E S RIRERGE &5, IR iR A
e 5T B MR ISBUCA (ki 5 2,
HM i B F#FEmr 2, (RAL6002, RAL6021) HEEA
(AR ER)—2 (K 3, & 4, & 5),

23 EXERERFEMEEEE He.
AR S A R I 5 2R R, TE AR R B A1 T,
TARAE S A G TRk R A T B AR @ xR
TR 3(146.62 cm) > = B3l 1% & Q< ik & K
3(112.63 cm) > £ i 75 5 (85.08 em) > T-p Hfil 7
2(81.67 cm) o WL AR B 19 7 2 b A% A fisk 15 26
QX IR E5E3(25.19 mm) > W BRI 558 Q< £ ik
TR 3(20.52 mm) > FEHfE 55 (18.36 mm) > f1
fik 5 (18.06 mm) o AR % 28 5 . A i &
S QXI55 3(58.07) > B £ 4 Q< A g
T A(56.77) > PR Bk % 5 (52.77) > A ik & 4
(49.10) . HPIER A3 G4l b Ky F A0k

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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AFFHRNE 5 AxB; BAT IR A CxD; CLRFHRIE & 56 Q< A ik &4
3 DATRE R < RHHRE F %D,

A. M. sirindhorniae A x B; B. M. shiluensis C x D; C. M.
sirindhorniae @ x M. shiluensis 3; D. M. shiluensis Q x M. sirindhorniae 3.
B3 HZEREXERERITLE
Fig. 3 Comparison of hybrid offspring with their

parental plants

ATFHRE 55 AxB; B i 375 CxD; CHFHIE 55 Q< f1 ik 5%
3 DA SR <Rkl &2,

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.
B4 ZRFRREERMEIRTLE
Fig. 4 Comparison of leaf shapes of hybrid offspring and

their parents

AFFHRE 5 AxB; BAT IR A CxD; CLRFHRIE &5 Q< A ik £ 4%
3 DATRE R < RHHRE 7R
A. M. sirindhorniae A x B; B. M. shiluensis C x D; C. M.
sirindhorniae @ x M. shiluensis 3; D. M. shiluensis Q x M. sirindhorniae 3.
Bs5 ZREREBARMFILL
Fig. 5 Comparison of terminal buds between F1 hybrids
and their parents

A 4), R IR

FH% 4 TTN, REBH SR AMEE LCP (16.75
pmol-m2-s) ., I MWL # K Rd(1.24 umol-m>s™)
¥ R de e T A iR B AR Y LCP(5.97 pmolms™)
1 RA(0.48 pmol-m s ) e flK; 2 24234 A (R ik
WEROAREES AR E T ED)
# LCP(6.96 F1 7.26 pumol-m>s™)5 Rd(0.77 Fl
0.75 pmol-m™-s ) ¥4 T 2RA Z ], Rt v ] 7Y
FHiE. 55—, 2 NS A D ERAN T LSP >
2000 pmol-m™s™", B = AR CARREEE 1106.58
pumol-m2-s™', REHKIE &% 1 519.04 umol'm2-s™),
Wk B 2 22 S5 AR iR (0 T 52 58y, HoA
B A GIE N . LR FRCR (AQY) Itk 22 5+
AK(0.03 ~0.05), MREFALBORE NI . K
e A A (Pome) 1, B 5 5 & 5 (9.71
umol-m2-s™), T LATRFHGHE & 5 A BEAR M 2428 41 &
Pomax A (4.76 pmol-m™2s™), £ ik 5 5 Ry BEA
ZeSEH A Pomag(7.10 pmol-m s~ ) HEVT A7 i 5 555
A(6.73 pmol'm2-s7!)

3 % it

AR ZZFHE Y TE R AP ] 2 28 o i R B AR
FGERE, BRI Hir2 e, &
KBTI T I 20 A, e &5
(M. crassipes) @xz F % % (M. yunnanensis) 3",
P R QK BB (M. fulva) 3™ BRAE S R
(M. sphaerantha) @ x = F 5= 3 =M &R Q<R
W55 28 (M. doltsopa) 3, ¥ 7% % (M. platypetala
‘Xin Hanxiao’) 9] A& M. guangdongensis ) 31",

MR 5 52 ZRPEAN 2% 28 2 TR I 485 SR 534, 3
I3 HAT A TR TE S AE I 3R B b 35 1 o5 RN 22
o WA M (M. foveolata) Q54L& S Ak
FERNTIE 80%, ML TR <G &I,
ifF 52 3 BT, A 8 P9 E G B ok AR B SR (ML figo)
Qx4 I R v B R R 2 A8 B, TSR AR 56
Qx5 5 O SR RN 2 FT RS2 0 I Bk BT o | i
BY, A, SR B (M. chapensis) 5551 AL
W AT 2258 R o, RIUH F R QIR B &%
QMM E & TR B EROERI, Rehil
TR AR R IE AW RIS L e 2
S, SO A (B 5 QRp B 75 5 ) A 2R
5 100%. Z5HF3 18.69%. B &K% 23.89%, MM IEAC
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Tab. 4 Photosynthetic response parameters of hybrid seedlings of M. sirindhorniae and M. shiluensis
RN . oo MDA
e EMER bR gems wersik SR e BT
. LCP/ LSP/ TR Rd/ ES /. . Relative
Species - - D P imax/ height/ diameter/
(pmol'm™-s™") (umol'm™>s") AQY (umol'm?*s™) (umol-m™s™) r om mm chlorophyll
content
> A
Liffﬁ@afé . 16.75 1519.04 0.05 1.24 9.71 099 81.67 18.36 52.77
M. sirindhorniae
A/
A é = . 5.97 1106.58 0.04 0.48 6.73 0.98 85.08 18.06 49.10
M. shiluensis
FPHRE A (Q)
ATREHR(D)
M. sirindhorniae 6.96 >2000 0.03 0.75 4.76a 0.98 112.63 20.52 56.77
(9) M.
shiluensis (3)
REHRE AR (S)
*ARRER(Q)
M. sirindhorniae 7.26 >2000 0.04 0.77 7.10a 097 146.62  25.19 58.07
(@) x M.
shiluensis (Q)

TE: a FR EHEAE (A, HA AT A

Note: Values marked with "a" were directly measured; all other values were calculated by fitting.

2H A (RF Bk 3E 75 58 Qoo B 37 58 ) A L 48 A A Ry
15%. 2.92%. 0.51%, % & F 7 3ad 5 5 1 B 5758
T AEHFHR 5.48%, BVRFRRGE & 50 E I REA I AE7E
JUE R A FERERS . FEAR S BHEY) IE R 245 25 S
e, ST B A G DL 2 AR AR B B
A G A K BRI BRI A, [ i 7 22
X 24 S8 AW R A TIRSE , A ReLR G VA IE
W ERPEZE S . BN, R4 KRBT R AR
3% (Manglietia conifera)5 & 3 K 5% (M. maguan-
ica) 1E 28 W 2258 B 1 i 2 20 AR T ACREA
SRR, BA BRI REEIESE
MR B EAEZE ST, DL 12 AR ARG A P
] 24 28 ARG XT 42, K BRI AC L G 2 A) 3% 4
KFEZRWERE, L5 KE, R SR 5 Ak
TRET A ASERCRZ IR B A, A A
FIEF s IR 5 AR & S8R0 T B, T 58 ) A5 xf 3
_ARE.

AR IRAE Fy AEVR R L AR S5 A K AR R
IR B R ARLE, JU O RS e A
P o s (B, 7RG A AR e hn—x
RGN AR (P ) b 2585 AR R B I
P WEMTROLA BRI 54, IEZ R RH
BT 456 225 UG AL >2 000

umol-m2-s™', HEM 4222 J5 A T BETH #E B Z I BE
FAGESCAR Y 8. T LA 32 B ik o . 5 — 7 T,
TEVEAT 2438 B AR, AN KK P PR E—
P E AR R . — N TE Pomax LA LI 22
R, A B AT E 450 5 AR e A, T
IR R S € | B 5 AR R SR AR HLRE ) ol
PP, 5] BB AR A K B A R AR

EN AN RN AV 24§ 2 e /e R (RSN
T8 AR, I ph FCAE DG A7 S S TR | SRR
P = PR AU B FEMHR /AR LR
SRR SE A — 2, AR MR RE 28 40 i st A5 AP,
XPERTEA ARG R T A e SEHIFE

4 & ik

ABIFSE 1 UCER BT R 17 ol 35 58 5 A Bk i 5K
TS AR A2, I 1 LA iR & SO REAS | Rk
TR LA WU HA B R R A SR E, 23R
AR AR AT AR o 2SR AR AR R R |
VAN A5 5 T R B B B A AL, AR
AR HBORA, (HARARAE RYEREIL TR, £ W]
HEE A8 R A0 NP 55 T T o IR nl Akt
G IE LSS R B T A3 BORRPE, 42 4 24 28 5 AR
AR M
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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,Hainan 571600, China; 2. Hainan Institute of National Park/Key
Laboratory for National Park Protection and Development of Hainan Province, Haikou,Hainan 570203, China; 3. School of

Tropical Agriculture and Forestry, Hainan University, Haikou, Hainan 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 umol'm*s™") and growth metrics (height and ground diameter). The maximum net photosynthetic rate (Pnmax) was
highest in M. sirindhorniae (9.71 pmol-m?:s™"), followed by the reciprocal cross (7.10 umol-m™s™), M. shiluensis (6.73
umol-m2-s™"), and the direct cross (4.76 pmol'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 Q x M. sirindhorniae 3') 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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