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Branching and flowering regularity of Michelia maudiae
Dunn with systematic and evolutionary evidence
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( Co-Innovation Center for Sustainable Forestry in Southern China, College of Biology and the Environment,
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Abstract. We investigated the annual growth and development rhythms, bud types, mixed
bud differentiation, branching pattern, and flowering regularity of 10-year-old Michelia
maudiae Dunn trees. Results showed that: (1) M. maudiae had undifferentiated and
differentiated buds. The differentiated buds included vegetative, mixed, and flower buds. (2)
The annual growth cycle was successively divided into vegetative bud growth, mixed bud
differentiation, mixed bud rapid expansion, mixed bud/flower bud development retardation,
flowering initiation, and flowering periods. (3) The branching pattern was mixed sylleptic and
proleptic type. Sylleptic branches generated mixed buds that developed into annual axillary
brachyblasts, where the flower initiated. Proleptic branches did not differentiate to form mixed
buds in the same year. (4) The flower-bud formation probability of the different types of
branches differed significantly. The terminal bud of the sylleptic branches had the highest
flower-bud formation probability, while the axillary bud of the proleptic branches had the
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lowest. Thus, in M. maudiae, buds in different differentiation states developed into different
types of branches. The sylleptic-proleptic branching characteristics and flower-forming laws
have reference value and systematic evolutionary significance for the cultivation of ornamental

traits.

Key words . Michelia maudiae; Bud; Branching traits; Flowering regularity; Systematic evolu-

tionary evidence.
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Fig. 1 Changes in mixed/flower bud length and width during annual growth cycle in Michelia maudiae
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A. Annual branch, showing terminal vegetative bud; B. Annual branch, showing terminal vegetative bud, axillary vegeta-
tive bud, axillary mixed bud, and undifferentiated bud; C. Annual reproductive branch, showing flower bud; D: Longitu-
dinal section of branch, showing meristematic cells in axil of leaves; E. Longitudinal section of vegetative bud, showing
anatomical structure of bud; F: Longitudinal section of axillary mixed bud, showing anatomical structure of flower bud;
G Flower bud dissection, showing morphological structure of flower bud. tvb; Terminal vegetative bud; avb. Axillary
vegetative bud; amb. Axillary mixed bud; ub: Undifferentiated bud; fb. Flower bud; MC: Meristematic cell; SAM. Apical
meristem; FM. Floral meristem.
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Fig. 2 Types of buds in Michelia maudiae
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A - C. Annual branch, showing axillary mixed bud form in different developmental stages; D — F: Annual branch, showing axillary
short branch form; G - K. Longitudinal section of axillary mixed bud, showing changes in bud characteristic structure in different
development stages; L. Short branch form. amb. Axillary mixed bud; si: Short internode; 1st-si: First short internode; 2nd-si.
Second short internode; 3rd-si: Third short internode; 4th-si: Fourth short internode; 2nd-as: Second annular stipule; 3rd-as: Third
annular stipule; 4th-as: Fourth annular stipule; SAM. Apical meristem; TP. Tepal primordium; SP: Stamen primordium; PP. Pistil

primordium; Gh: Gynoecium handle.
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Fig. 3 Formation of axillary short branches in Michelia maudiae
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Fig. 4 Branching traits of Michelia maudiae
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Fig. 5 Flowering regularity of four types of branches

© Plant Science Journal http://www.plantscience.cn



%3

Ti/NEAS RIS S B U SO R G AR g 235

oA B 2% S I8 A A B Y T ZF il R R 5%
(Branch 1), [F]4:= 43K M 28 il BB 5% ( Branch
1) . FUAE B ) T 25 il AR 2% ( Branch 1) Fi i
AR BN ZEA AR 25 ( Branch IV ) 1E 2843 fL %53
52h 83.33% ., 0% . 53.33% 1 6.67%., J5 2250 Hr
M2 E s 1R, AN RIZEAE Y AE 2 B AT
FEXEF(P<0.05) (B 5: A), Gkl ERHER A
IRALE AT, R A/ F00A A3 A3 T 2E R R 2% Ak
ZFIOLE TR 5 ~8 MU AL, B EATES 7
oMb B i 2 (Bl 5. B, C); M ZFfiAikL
SRAENAE B E /D, (SR B B TE SR 3
oAt (B 5. D), £ B frad, Bl &% A 7
TR ZE A A % BUAEE R i, HROR TAE 43
AT ZE RIS 2%, M 2F St ASAS S AR AR R A A 02
PR 5 00 A= e AS A T8 A 1 o7 35 7 5 ~ 8 K
AL
3 itig
3.1 EXEHEYIRAXMRGEL

AR BRI ST AR U5 A R A 0%
HHE, BRORER T RGatR, ORI L i 4R 1E,
JEF AL AR P SRR AR 2R
FeASHARR 3261, HEZEM B0y SUREA L) il o3
Koo, MET £ 22 R A o B =08 i
If, TE—SS By o RN A B S,
&% (M. doltsopa Buch.-Ham. ex DC.) . 4
&% (M. foveolata Merr. ex Dandy) . =g & %%
(M. yunnanensis Franch. ex Finet et Gagnep.)
& N [T 5 b = N 01 3 T AT
FRB B ER, R0 ARt S SR n)
B AL RS, BEAh, Figlar'™® EAR LRy
K= g AT RA e BRI A s A e & . A A:R
SIEURAE AR 2 POBCE R T 1 GUBE b, FiAE
SIEORTE S AEAE 1 GUTECE TR AR 1 R
by ISR R 2R A 25 B AR T 203
R, 5 Figlar BULSANTR], AF5045 R
RIS SR AD & S R A A — A, A2 R
FHAETRAMBRIRT, BIY4EAE 1 9ok B rdgil A
REERSRIR EHIE AL 2 o, FIL R0
b 1 R SN 10a £ 5 £ L DD e Sl | A R s O R B s
WY, HREACAE AL, k0 X o A 7R
A6 Fh 4 B AE E 2% ( Yulania stellata ( Maximo-

wicz) N. H. Xia) . ®% % (Y. biondii (Pampa-
nini) D. L. Fu) AR E >4 (Y. wugangensis (T.
B. Chao, W. B. Sun & Zhi X Chen) D. L. Fu) k&
ThiAAE, WAMAAE, HARCI RS T [F AR
OYRCRERAE ) LRI L, FEE A E 2R
M2 B XA LH S, WESE T XA 5328
BEZ RGO REOE, R+ RG-SR SR —
e FE e R N AR AR Y B R G
B AL T AAE
3.2 #HMHERERLUESEREMEXE

HIZE RIS E SR A K o A 5 A KR ok
FHRIR WSS, 555 24088 B 5L & A 5 A Re ot
SIAEZE R ZE ) SR AR B AF A DG T ok 1 —
SEMIRNME, P, SRIERINTIE AR kA 2z 6]
R FIEA LR, W R N RS 5 HE ik
HINIRIE A7 16— 2 WA SR %00 2=y 451
WA 1 & WY 4= & B ( Hemerocallis lilioasphodelus
“LC7 ) AL ZF I A B R I A i 1 Jr i i LAY
FHOCHE, YO ZAEYR GG T 12 7 3R L F
B W 58 T /\ A (Mlicium verum Hook. f.)
TR SR, R B A AS R A FIRL A 2 Al
HRLS M AL, TEABIE T, WIS R A A AL
() TH ZE R A S5 AR R RE T o, TUAE S R T 2
R ARG RE T, MR Rk, Sk 59, AR
AHAE, XARATRE S H I e, EHRemanf
Ko VRIS R A/ P AR 43 A5 TH 2 Sl AR 2% B Al
LG B BARCA SR 5 HOEA AL, e A5 8 Hdk
Anab, AR, TERL LRI 5 Mz AT LT —
PN NN E 57, IR BB AE 5 R 14
KBS O MU AT AT K T0, 5 5% 70 40 1 45 46
2, DI e, AR ISR ME,

SE

[1] ShiS, JinH, Zhong Y, He X, Huang Y, et al. Phylogenetic
relationships of the Magnoliaceae inferred from cpDNA
matK sequences[ J|. Theor App! Genet, 2000, 101(5 -
6) . 925-930.

[ 2] SunlyY, Jang Z, Wan XX, Zou X, Yao XY, et al. The
complete chloroplast genome of Magnolia polytepala:
comparative analyses offer implication for genetics and
phylogeny of Yulania[ J]. Gene, 2020, 736. 144410.

[ 3] FEWF, HEM, KAEM KZBHEY RGF 0 eit e[ J].
PdbbkSEBe 4, 2003, 18(2) . 22-28.

Wang YL, Cui TC, Zhang SZ. The studying progress of



236

L7/ S

539 %

(7]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

classification in Magnoliaceae [ J ]. Journal of Northwest
Forestry University, 2003, 18(2) . 22-28.
Dandy JE. The genera of Magnoliaceae [ J].
1927, 7. 257-264.

Dandy JE. Magnoliaceae [ M ]/Hutchinson J, ed. The

I . Oxford: Clarendon

Kew Bull,

Genera of Flowering Plants: Vol
Press, 1964 50-57.

XE. KZRIFERGRILIIEJI].
1984, 22(2); 89-109.

Liu YH. A preliminary study on the taxonomy of the family

HLY) 7 2241

Magnoliaceae[ J]. Journal of Systematics and Evolution,
1984, 22(2); 89-109.

Nooteboom HP. Notes on Magnoliaceae 1 [
1985, 31. 65-121.

ZEBE. R B3SO )] SRS, 1997, 19
(4). 342-346.

Lin J. A cladistic analysis of Magnoliaceae[ J].
tanica Yunnanica, 1997, 19(4) . 342-346.
ke, EARL SR R 2B R ERIE S KRG %
EX[J]. kY, 2008, 28(3): 311-316.

Zhang XH, Xia NH. Pollen morphology of Michelia and its
Guihaia, 2008, 28(3). 311-

J]. Blumea,

Acta Bo-

systematic significance[J].
316.
Reinhardt D, Kuhlemeier C. Plant architecture [ J].
Rep, 2002, 3(9) . 846-851.
Maiti R, Rodriguez HGM, Kumari A, Diaz JCG. Perspec-

tives of branching pattern and branching density in 30

Eebo

woody trees and shrubs in Tamulipan Thornscrub, North-
Forset Res, 2015, 4. 4.

Chomicki G, Coiro M, Renner SS. Evolution and ecology

east of Mexico[J].
of plant architecture; integrating insights from the fossil re-
cord, extant morphology, developmental genetics and
phylogenies[ J]. Ann Bot-London, 2017, 120(6) . 855—
891.

Figlar RB. Proleptic branch initiation in Michelia and Mag-
nolia subgenus Yulania provides basis for combinations in
subfamily Magnoliaceae[ C]//Liu YH, Fan HM, Chen ZY,
Wu QG, Zeng QW, eds. Proceedings of the International
Symposium on the Family Magnoliaceae. Beijing: Science
Press, 1998. 14-25.

S, MEFRAE, WRERE, BEARbK, . P EDR 2 WRME Y Y
FEPEMRUE[J]. =B EDIITE, 2003(4): 447 -
456.

Gong X, Shi SH, Pan YZ, Huang YL, Yin Q. An observa-
tion on the main taxonomic characters of subfamiliy Mag-
nolioideae in China[ J].
(4). 447-456.

Figlar RB, Nooteboom HP. Notes on Magnoliaceae IV[J].
Blumea, 2004, 49. 87-100.

Xia NH, Liu YH, Nooteboom HP. Magnoliaceae[ M]//Wu

Acta Botanica Yunnanica, 2003

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

CY, Raven PH, eds. Flora of China. Vol. 7. Beijing: Sci-
ence Press;
Press, 2008. 83.

WK, SERET, MW, KA, EWefE. WL S SR R
R ER [J]. MRk, 2016, 52(9) : 154-154.
Huang LB, Dou QQ, Dong XY, Zhang M, Li XC. A new
variety of Michelia maudiae ‘ Jinxiu’ [ J]. Scientia Silvae

Saint Louis: Missouri Botanical Garden

Sinicae, 2016, 52(9) . 154—-154.
SeXEE, WM, IRAMK, NI, XU, & ‘%
REER | WIS R EMEaHr [ J]. T

2#4%k, 2018, 45(10) . 1970-1978.

Chai YX, Hu XJ, Zhang DL, Liu XL, Liu CX, Jin XL,
Studies on compatibility of interspecific hybridization be-
tween Michelia crassipes and M. fig, M. maudiae, M.
platypetala [ J]. Acta Horticulturae Sinica, 2018, 45
(10) . 1970-1978.

BT R, b PR A SR S S A T XU A TR
BUNIRIEFE[J]. RIRFWIWFFE 5T &, 2019, 31(2): 338-
344.

Zhao GH, Xiao Q, Hong J. Studies on functions of the re-
moving bisphenol A by peroxidase from the leaves of
Michelia maudiae Dunn[ J]. Natural Product Research and
Development, 2019, 31(2) . 338-344.

Sun LY, Jiang Z, Ju Y, Zou X, Wan XX, et al. A potential
endogenous gibberellin-mediated signaling cascade regu-
lated floral transition in Magnolia x soulangeana ‘ Chang-
chun’ [ J]. Mol Genet Genomics, 2020, 296 207 -222.
W, VBT, XDE, XRYE, TS HE A EEEFLSE
FAE R EFR B[ J]. M5, 2019, 39(2) .
192-199.

Jiang Z, Sun LY, Liu X, Liu CN, Yin ZF. Nutritional effect
and rhythm of spring and summer flowering in Magnolia
soulangeana ‘ Changchun’ [ J]. Bulletin of Botanical Re-
search, 2019, 39(2) . 192-199.

RS, mAR, RN, AL, MRS R E LR
5 MBRAE A BE T [ J ], ROV A B9, 2003, 21
(1).81-90.

Zhao TB, Gao BZ, Fu DL, Zhou HR, Chen ZX. Study on
bud types and rules of flower bud differentiation and bran-
Journal of
Wuhan Botanical Research, 2003, 21(1) . 81-90.
MR, & ESE, TEE, MR, RESH. K2E% 3 8
WY ZERNE | 2%1"@5&1‘3‘2&{?6)?%[»11. o [ A A 3 4R
2012, 28(34) . 46-52.

Chen JY, Lu GR, Ning YX, Zhao TB, Chen ZX. Study on

the bud species, anatomical structure and the growth rule

ches’ forming in Yulania wugangensis [J].

of branch forming in Magnolia Linn.,
Michelia Linn. [J]. Chinese Agricultural Science Bulletin,
2012, 28(34) . 46-52.

BDRSC, AR, SREBTH. Ml AR AL R R S R A AL U

Yulania Spach and



3

T /NEESE . TR R A A S R e v AL TS 237

[25]

[26]

[27]

[28]

Z[J]. Wil R Y4, 2001, 9(4) : 306-310.
Zeng QW, Gao ZZ, Zhang DX. Numerical variation of
flower parts and the axillary flowers in Woonyoungia sep-
tentrionalis ( Dandy) Law [ J].
Subtropical Botany, 2001, 9(4) . 306-310.

Shen YM, Chen K, Gu CH, Zheng SY, Ma L. Compara-

tive and phylogenetic analyses of 26 Magnoliaceae spe-

Journal of Tropical and

cies based on complete chloroplast genome sequences
[J]. Can J Forset Res, 2018, 48. 1456—-1469.

Li YF, Sylvester SP, Li M, Zhang C, Li X, et al. The com-
plete plastid genome of Magnolia zenii and genetic com-
parison to Magnoliaceae species[ J]. Molecules, 2019,
24(2); 261.

SREL, Y, BEW, PREE FREE S S RITAE SR
FlRAEF G IRl E [ J]. RIZ%440, 2016, 43(4) .
735-742.

Zhang M, Miao YJ, Li YF, Jia GX. Determination of the
critical period of floral induction for hybrid plants between
Lilium x formolongi and oriental hybrid lily[ J]. Acta Horti-
culturae Sinica, 2016, 43(4) . 735-742.

BTy, R, MR, RWE, W, & RS HEZ
AN S SR R R [J]. Mok R4 (A

[29]

[30]

RBIERR) , 2018, 42(6) ; 203-208.

Zhao YF, Dai JL, Gao SP, Lei T, Jiang YL, et al. Flower
bud differentiation process and its characteristics of mor-
phology and anatomical structure in two type stigma of
Plumbago auriculatal J].
versity (Natural Sciences Edition), 2018, 42(6) . 203 -
208.

TR, NEH, Exll, SR, EREF LR
MRS LB RS (J]. 2> T YT R, 2019, 17
(18) . 6135-6141.

Li ZJ, Fu BC, Wang YS, LU YM. External morphology

characteristics and nutrient changes involved in Hemero-

Journal of Nanjing Forestry Uni-

callis flower bud differentiation[ J ]. Molecular Plant Bree-
ding, 2019, 17(18) . 6135-6141.

BT, Sepde, BRes, 20T4F, 20, XIWIE. A\ MIT
TERFE SRR [ J]. WAL R, 2019, 39(1): 43—
48.

Huang KS, Liang HY, Liang XJ, Li KX, Liang WH, Liu
MX. Flowering characteristics of /llicium verum [J]. Jour-
nal of Zhejiang Forestry Science and Technology, 2019,
39(1). 43-48.

(DS A %)





