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Morpho-anatomy and ultrastructure of pistil and stamen in ten wild

species of Musa (Musaceae)

YANG Tianyan, TIAN Qin, ZHAO Ziai, MENG Zhencheng, ZHANG Jianchun, ZHI Jiazeng"
(Honghe Tropical Agriculture Institute of Yunnan, Hekou 661300, Yunnan, China)
Abstract: The genus Musa L., the type genus of Musaceae, possesses abundant wild germplasm resources and serves
as a crucial gene bank for banana genetic breeding. However, species delimitation within this genus remains
ambiguous, leading to taxonomic controversies, and micromorphological studies on its stamens and pistils are scarce.
This study aims to clarify the micromorphological characteristics of stamens and pistils in wild Musa species and
evaluate their taxonomic significance. Using ten wild species representing sect. Musa (n=x=11) and sect. Callimusa
(n=x=10/9/7), we systematically observed the phenotypic, cellular, and ultrastructural features of stamens and pistils
using stereomicroscopy, paraffin sectioning, and scanning electron microscopy (SEM). The results were as follows:
(1) Stamen characteristics: In sect. Musa, anther length was greater than or nearly equal to filament length, whereas
in M. splendida (sect. Callimusa), anther length was much shorter than the filament. Pollen grains were subspheroidal
in all species. The exine ornamentation was classified into two main types: “cerebroid-tuberculate” and “fine-
grained/frosted”, with significant differences between the two sections. The largest pollen diameter was observed in
M. splendida [(133.13 £+ 8.05) um], and the smallest in M. velutina [(73.04 £ 6.19) um)]. (2) Pistil characteristics:
Most species in sect. Musa possessed a spatulate stigma, while M. splendida had a capitate stigma. All stigmas were
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of the “wet” type. The styles were predominantly solid, except for M. balbisiana (sect. Musa), which had an open
stylar canal. The morphology, arrangement, and secretory state of stigma papillary cells could reliably distinguish
species and different developmental stages (receptive, elongation, senescence). The study concludes that the
micromorphological characteristics of stamens and pistils in Musa (anther/filament length ratio, pollen exine
ornamentation, stylar canal type, stigma papillae morphology) are highly conservative and stable. These traits serve
as valuable morphological evidence for infrageneric classification (sect. Musa vs. sect. Callimusa) and species
identification. This research provides fundamental data for germplasm evaluation, taxonomic refinement, and
parental selection in banana genetic breeding programs.
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Table 1 Information of research materials

H Lygis _ . AR AT KA H M
Section Species AIRI Locality Voucher No. Collection date
K] 55 %€ Musa itinerans 2P 1 Hekou, Yunnan HHSBIJ-Mi-01 2025-05-10
FHRFE Musa velutina 2P 1 Hekou, Yunnan HHSBJ -Mv-03 2025-06-12
Hi W £ Musa ruiliensis ZFg 1 Hekou, Yunnan HHSBJ -Mr-02 2025-04-18
sopEs E VBRI 55 FE Musa itinerans var. formosana Z P 1 Hekou, Yunnan HHSBJ -Mif-01 2025-05-20
Sect. Musa e B Musa tonkinensis = F7 1 Hekou, Yunnan HHSBJ -Mt-04 2025-07-05
/NREFEE Musa acuminata 2P 1 Hekou, Yunnan HHSBJ -Ma-02 2025-06-25
W R Musa balbisiana = F 7 1 Hekou, Yunnan HHSBJ -Mb-03 2025-08-01
= P B FE Musa yunnanensis 85T Fugong, Yunnan ~ HHSBJ -My-01 2025-09-15
AL B Musa ornata Z B 1 Hekou, Yunnan HHSBJ -Mo-02 2025-07-18
FEA
I D8 KB Musa splendida = I Hekou, Yunnan HHSBJ -Ms-01 2025-05-28

Sect. Callimusa
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1 mm

JRAEEE, BOMES: R MR
A. M. itinerans; B. M. velutina; C. M. splendida; D. M. ruiliensis; E. M. itinerans var. formosana; ¥. M. tonkinensis; G. M. acuminata;
H. M. balbisiana; 1. M. yunnanensis; J. M. ornata; Top. Pistil; Bottom. Stamen.
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Fig. 1 Phenotypic structure of stamens and pistils in ten Musa species
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Table 2 Comparison of anther and filament lengths of stamens in ten Musa species

A W Fp LK VixzA N PO (R KA 22 KD
Section Species Anther length (mm) Filament length (mm) Ratio (A/F)
B[ i 88 M. itinerans 12.5£0.6 10.1£0.5 1.24
IR $E M. velutina 8.9+0.4 8.5+0.4 1.05
BT WS M. ruiliensis 11.2+0.5 11.8+0.6 0.95
VSR 55 FE M. itinerans var.
— formosana 11.30.6 12.1+0.6 0.93
Sect. Musa T8 B M. tonkinensis 14.1+0.7 12.3+£0.6 1.15
INREFE M. acuminata 10.9£0.5 10.5+0.5 1.04
7 M. balbisiana 13.8£0.6 11.4£0.6 1.21
= L M. yunnanensis 12.7+0.6 9.8+0.5 1.29
KR EE M ornata 9.6+0.3 10.8+0.3 0.88
FHEH
W 8K #E M. splendida 6.5+0.3 13.2+0.7 0.49

Sect. Callimusa

e WE>D AR TR, ~1 RSk, <l REdE T4,

Note: Ratio >1 indicates anther longer than filament, ~1 indicates nearly equal, <1 indicates anther shorter than filament.
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A. M. itinerans; B. M. velutina; C. M. splendida; D. M. ruiliensis; E. M. itinerans var. formosana; F. M. tonkinensis; G. M. acuminata;

H. M. balbisiana; 1. M. yunnanensis; J. M. ornata; 1. Anther; 2. Filament.
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Fig. 2 Cellular structure of anthers and filaments in ten Musa species
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Table 3 Comparison of pollen morphology and size in ten Musa species

ek Bt HMEESTHREIE 8
_ Yo HRHTEIR _ HMEESLI IR _ _
ZH Section . Pollen diameter . . Exine ornamentation
Species Pollen shape Exine ornamentation type o
(um) characteristics
HEA o] 8 £ IEERIE i SRR (ERNIT eI NS
79.29+6.23

Sect. Musa M. itinerans Nearly spherical Cerebroid-tuberculate AR, R MAKL RS
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M. velutina

i Y V1

M. ruiliensis

VS T S A
ERElap Y
M. itinerans
var.

formosana

M. tonkinensis

NREFER

M. acuminata

WPEE M.

balbisiana

LR
M.

yunnanensis

IEERTE
73.04+6.19
Nearly spherical
EERTE
78.68+12.17
Nearly spherical
IEERIE/ [ BT
Near- 88.57+7.80
spherical/spherical
EERTE
82.10+6.98
Nearly spherical
IEERIE
86.86+5.09
Nearly spherical
EERTE
81.41+5.01
Nearly spherical
IEERIE
101.71+8.04
Nearly spherical

NHRIIR - Fine-grained

NHRIIR Fine-grained

ANPWRIIR Fine-grained

IECERIN

Cerebroid-tuberculate

NPWRIR Fine-grained

S 4% Compound

MWK Fine-grained

The ridges form a brain-
like pattern, and the
surface is extremely rough
FOIRGERIHES:, TE R
g SUNi) Y
Layers of sheet-like
structures are stacked to
create a fine, undulating,
matte texture
FORAIR DR SR,
ESEEal|
Laminate/ridge-like
protrusions are connected,
with clear and uniform
grooves

EilP RN I SESER N
LRGEMTTLR, TR
B ZREME G
H Clump-like/lump-like
protrusions intertwine with
flocculent/filamentous
structures, forming a non-
uniform, multiscale
composite texture

BolR S, (98

TR SRR, HORERE
Lumps are piled up, with
deep gullies and wide
crevices; the surface is
extremely rough.
YR ARG R AL
2K, &IRFELE Fine folds
and flufty structures
intertwine, creating gentle
undulations

P RS B VR
SO, X E A
Smooth patches alternate
with a dense network of
grooves, creating a striking

contrast

SRAPR M SR
TS
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Sect. Callimusa

YN

M. ornata

R R
M. splendida

EERTE
Nearly spherical

133.13+8.05

NHRIIR - Fine-grained

Strip-like/ridge-like
protrusions intertwine to
form a mesh-like pattern,
with gentle undulations.
NET RN, o
FRIAAERY

During the
microsporangium stage,
there is no mature pollen.
RAR /PR BAR S

Net-like/grooved texture
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A. M. itinerans; B. M. velutina; C. M. splendida; D. M. ruiliensis; E. M. itinerans var. formosana; F. M. tonkinensis; G. M.acuminata,
H. M. balbisiana; 1. M. yunnanensis; 1. Pollen shape; 2. Pollen exine.
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Fig. 3 Scanning electron microscope images of pollen and anther walls from nine Musa species
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c v it [ 00) $0pm D1 S0pm 2 500 jm
E1 Sopm  E2 2Eny Kl | S00pm  F2 | 500 pm
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A BT9EEE; B IR COWIIRERE; D. WWEE; E GEMEE; FRESE: G MREE H BE L S,
JREEE; 1 Ak 2. ek
A. M. itinerans; B. M. velutina; C. M. splendida; D. M. ruiliensis; E. M. itinerans var. formosana; F. M. tonkinensis; G. M.acuminata;
H. M. balbisiana; 1. M. yunnanensis; J. M. ornata; 1. stigma; 2. Style.
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Fig. 4 Cellular structure of pistil stigmas and styles in ten Musa species
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Table 4 Main characteristics of pistil stigma and style in ten Musa species

H L FESLTAR ferETEZRTY FLRMMEAS (AT
Section Species Stigma shape Stylar canal type Papilla cell morphology (receptive stage)
FLFEH i 8 #5 . RN . /AR, B EHES
LR Spatulate Sz Solid

Sect. Musa M. itinerans Digitate/papillary, densely arranged



FEA

Sect. Callimusa

PR

M. velutina

Fifg T e

M. ruiliensis
B

M. itinerans var.

formosana

M. tonkinensis

NREFEE

M. acuminata

i
M. balbisiana

nHEE

M. yunnanensis

REWE

M. ornata

TR AR
M. splendida

IR Spatulate

LR Spatulate

LR Spatulate

LR Spatulate

LR Spatulate

IR Spatulate

LR Spatulate

IR Clavate

KR Capitate

S0 Solid
Sz Solid
Sz Solid
Sz Solid
Sz Solid

FFi A Open

52 Solid

v

S

» Solid

i

¥

S0y Solid

EE T

Cell shrinkage during the aging process
FETRIR/ AR, TEEHRHES

Short, finger-like/papillary, arranged in a

radial pattern

EXY X S S VEEZ N
Highly elongated rod-like/filament-like

KEAERARIR, TR

Long cylindrical/rod-shaped, arranged in a
vertical mosaic pattern

FLERAE BT, HEk i HES)

Short, round/hemispherical, arranged in a
flat, inlaid pattern

AN BB IRARIR (S5 L 814K
Irregular rod-shaped/finger-like (twisted and
lodged after the elongation stage)

HH ) Data missing

FERAE BRI, 2100 55 7 W)

Short, round, or hemispherical, with a
surface covered in secretions

P EEA A H IR/ 224K

Extremely elongated, finger-like/thread-like
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B 4 Rt — D W 1Sk 5 FUR AR B RO R AE , A SRES SRR BTN 45 SR AR T (]
5: Al-11; R 4) o FLRAMAIEES MR W IEEMESE A & 0 BC R I B2 R, TR 3 N 3
AFRCABT 588 (&5 A2)  /NREFE (K 5. G2) AR, FALRAIMMIEECE, RiioAhibE 20K 50
RUIR WM AR/ SO R RO AT W DR R (K 5: C2) BRI (K 5: E2) , FLRYIE
BEMI, BARELR, RMAA KRR, PORSWY; HEZHLIFIRE (8 5: B2) M EEE

(5. H2) v, FLRIPERILH R4, Bka. BIRE TEI S
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A. M. itinerans; B. M. velutina; C. M. splendida; D. M. ruiliensis; E. M. itinerans var. formosana; F. M. tonkinensis; G. M.acuminata;
H. M. balbisiana; 1. M. ornata; 1. Stigma; 2. Papilla cells.
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Fig. 5 Scanning electron micrographs of the stigmas and papillae of nine Musa species
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3.1 BRSO SIHEE B E R 2 RE P MME

EERE SR EEREATRES . BELBEIOR. GH A0, SEE A 5B A KSR
MEX 7 (ZFESC, 1978) , Inta (2023) S GMEARTEEFHMES ) T RAREFEIT, HJICF T EHER L E
EIREN M IIRR, I BTk i % SR I SCEERIE . BEE C8E 8 105 A ST AR & i R I
€, AT G UL B TEAS - FEAR S 155 5 TR TP R EIR, A EE DA B JEAS S AIE TV e 45



JE o MMEMESHOE S MY 33, MRORSF PR 9, E e RIS MR 7 Fhos 80 TAE 48 5 = i
REFHME . AT FCEELSY SR RERER 10 FhiE @ B AR M, RGOSR L T MEMESS UL S RHE . 455
R REHAYM LG KE Z KT EdERZ, LUK Bk 32, SRREAAR R 48 R AN R I
N R EE T2 . L ER. X—458 5 Inta (2023) #5R FUMESEAE L AREIR . FRAIRAITSOIR, HESS
(RIAE 24 46 22 A T S5 R — B

ARG RER, I NEEBEMNACHEREREER, WHERE CGEEH) &A[ (133.13+8.05
um) 1, EIREE (4D f&/P (73.04£6.19) um]. BFFCRIAEN KN GEERHRRIRE A O, HEH
B (in#pE) 16k (P 75.54 um) BE R TRREA A (Wi/hREF#, P45 58.83 um)  (Sukkaewmanee,
2019) . {EEERMNAZE, AR /NEEE] (86.86+5.09) um] 5 H[ (81.41+5.01) pm]HKfEN B2 ZE
FEAK, ATRERIHAE Jk iy R R TR OR AR e (s Ak, BI62. ) BN mie KB S8, &
Tt DI [FIR, FER HMEE SRR X J5 A 1 B ARk 22 A e o ASHIE F R IR S RE LA A A1 BE S i ke
K BRI Rk, SRR SMESUR RIS T 0 (7)) JTRE 41 Bl 5 26 0 e 78 8 L SR 8 LA i SURDIR
TEAAEE, (AHAAAEZE o JE & RIR AV B T S IRBETE R TSP R AR “ S &4 1ok o1 ek
SUAT LR T O e AR IE, (AR Z AN Z 880 . B K5 (2023) X E = & B TE ST
PR B R I, TR SR AR S BE S AAAE B R AR B, ST A SR — 8, WTET 2 A 53 250t
FKRE, REWHIMEESUREAI 8 N 73 S SCA R, HXER 7 AR S e B S0 e, fEIRZRh X 5
HHOME A R FIESE (U215, 1994) .
3.2 MRS ML SIE S AN % KK E Y BBk

FESLTE S5 ThRE RIS 5 284k 2 AR ) K I8 RiAE By R R S5 R o ANWF TSR I, B4 R A Sk FL AR 4 i
BRI WPRE, ST R BB BEREE, X — K E A A T 288t A M DG HRiE
(CBRRRFRSE, 2021) o AT ATk, FLRMMILAWIR, K- E&BD, %8 0A R T 10k
Kb ek a, Mk AR, RN RE R, AR BOKER & 1ok S KR fhE &
Wi, AEZWEBGE, ILRMMZ D4 g, AR A2 6 /). Heslop-Harrison 1 Shivanna
(1977) RGLEEE T #TAEY KT AR R RIS, i AT Sk 7L R 40 K TR 28 22 A AN 73 WA P RE TBUR: T 434
PAFHIRBEARE o Bdlund 55 (2004) #E—B9mil, HLATHRMRE —NKE B2 IREm Bt i, B
AP AORES 5 AR A FISR AN R VA OC . AEZR T AL (2007) FEXT B8 R HE P A= JE 45 74 (B 52
HFR L, AEFOE S I 5 A8 A 2 AR I I A oy T R T S A B S s o AT Bt ) A Sk B A AR A
ik, H—B5%E 7 EERERA I RN, BRI ZEEY) EE R TR

TEEFEJE T, Ssebuliba 55 (2006) i R GEHE 7R AR JE S R BRI L AT MR 40 9 AN By, 1R 0
BB I ORESkybR €, LR B Wy=+8) MMrreaas, Mo LI AR B R4 B8R,
BrEe IV e ek 20, LB S BN S B E I G . LA, Fortescue 1 Turner
(2004) J WLET # 0S40 ELRE (AR M s ) W3 v T/ N R BT B, SR AN R WA A MEIE S R B v UR 1% B RT REAEAE
WG R, X AR T AN I b S e b oK B8 IRAT BCAAE R B SR AT
3.3 FHAKRRESRE

AHIFFEE EFRE 10 Tl 25 J8 B A= i T R MERESSTOR A RHAE I R GEVERE 7, WA 1% B A ERESS 1)
WOEA 7 WRHIE, PN ERE B 73 BT 550 BT SRR & VPN S SO T 248 2 T I 20 S HE - ANt 9 B
R FECR, (A AR ZAL: H—, TRV EGICEEBOVA R, RELANAAN 110, 5
SRTHNFREE IR (M. textilis) TFFEFEARKMMEL, FH— PRI MRS SFEM AN R SR
s K=, o el CREEELR . s EEH L) FERFENINSHEE KU BAILE, & RH M
TEAEIR R . G R &5 G KRS IR, g RAEpsiE, RIEIRIGFEAR A A 5 a8, =,
AT e S /HIR, RIFTEMDT. AR EETRRAKE., L2 KE., {BhHE. Bk RS
BRI LR, ALY TEME R S5 B ROk S AD , JHEAT 2 553 43 B LA B8 23 R 4500 IR AR fi
.



4 5Ep

AW I X 10 MR B AR Y S R A . RGBS T R RS, B TSR RO
SR EERRE N A WPhSe LEER BRI K5 0E, FEEGRWT:

(1) B JEAE Y MERE S 2 UL S HARTE A R AEE B E . Horh, BB KEE L . 16k A EESL
TSR DL S A S AR S E R PR UL Csect. Musa) 5328 (sect. Callimusa) WREM . 4EZER
B, TR NEEERE T ERR DAL OIS, WM ZE b R EE RN A ERSR.

(2) ZHEMAYILSRER % RUF DTS RTE T1. e IMRESURTE R (INSURDIRSUMAREREE . &
ERURRIREUINSS) |« fEAETE SRR (SO S Ak A RN &S R H R B S R ) FE R
FERLST, RS BRAME R FEWIEAS S8 AL, DA ol fife RS J i ) 4 o 65 g 0 P DG BB A

(3) HkFLRAMIEA G BA W B KR G R 7k . FLRMMAINTILE . 737 A R A 2
SR B TR K, 220D RKAEMRESIET, —EmERE, X -4 RERg—RIEKE
W3, S ERE R 7 I8 5 S5 AR AR W) A A DRI 7 R AT S8 e i 1) E B AT 6

ZE ERTR, MEMESSAHCHOR SRR e o . Xy, AR I 25 R AME . 2R IR T 2%
T EEEE AR TS E . B T R RRBIT TE, RNt hFERLE PRI SEA I E TRt
HENMWEESZSEMKYE.
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