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Pollination Mechanisms of genus Salvia ( Lamiaceae)in East Asia ( China)

HUANG Yanbo, WEI Yukun®, GE Binjie', WANG Qi
Shanghai Chenshan Botanical Garden, Shanghai Chenshan Plant Science Research Center, Chinese Academy of Sciences, Shanghai 201602, China

Abstract: Salvia, comprised of almost 1000 species, is the largest genus in the Lamiaceae family and an ideal model
system to investigate biological diversity and adaptive radiation. Plant diversity of this species is manifested by the
diversification of flower organs and pollination mechanisms, which may be driving forces of their origins and evolution.
Salvia is characterized by a staminal lever mechanism which is key to pollen transfer. In Salvia, the two monothetic stamens
are modified into levers with a thin ligament between the connective and the filament, forming a joint, which is then divided
into upper and lower arms. This enables the stamen to reversibly transfer pollen. A pollinator searching for nectar must push
back the lower lever arms to allow the pollen-sacs at the end of the upper lever arms to be pressed onto the pollinator’s head
or back. Then, the pollinator visits a subsequent flower of the same species to transfer pollen to the plant stigma. In Salvia,
parallel evolution occurs in American and FEurasian centers of diversity, which have different pollinators but a similar
evolutionary direction for Salvia pollination mechanisms. In China, Salvia are classified by three pollination mechanisms
based on floral traits, staminal structure, and pollen deposition on the body of bees. Type I (short-lever type) is the
original group in the subgenus Salvia Benth. with two fertile upper and lower lever arms. Type II (long-lever type) , which
is found in the subgenus Sclarea Benth., involves a staminal lever mechanism that is characterized by two posterior thecae

that are not expressed and fused. Type Il ( degraded-lever type) , which is found in the subgenus Allagospadonopsis Briq. ,
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has a degraded staminal lever structure with two separated and thin sterile posterior thecae. We discovered that these three
pollination types contribute to the geographical distribution in China of the three Salvia subgenera. Type [ was mainly
distributed in southwest China with the Hengduan Mountains as its diversity center. Type II was mainly distributed in
central China including Guizhou, Chongqing, east Sichuan, west Hubei, the Qinling Mountains and the Dabie Mountains.
Type Il was mainly distributed in eastern and southern China; specifically, the Tianmu, Wuyi and Nanling Mountains are
their distribution and diversity centers. Unique pollination mechanisms of each plant are based on two aspects of the staminal
structures and their automatic movements. Staminal automatic movement was observed in some Salvia species with small
flowers from Type II or Type Ill. In the corolla, some plant stamens can automatically and slowly make a downward,
involuted movement during stamen ageing. Then, the stigma will finally occupy this position the mature stamens had
occupied before to accept the pollen from other flowers of the same Salvia species. The evolution of Salvia pollination
mechanisms gives rise to pollinator specialization, validity, accuracy, and fidelity. Type Il plant species have shorter and
narrower flower tubes; pollinators are not required to enter the tube to access nectar. Rather, the pollen can be deposited on
the pollinator’s forehead. Thus, the pollination pattern of Type Il Salvia plants are more evolved in terms of energy-saving
and specialization. Staminal lever mechanisms and floral structures involved in pollen transfer may be critical for adaptive
radiation and speciation within Salvia. Future comprehensive species surveys and investigations into the floral structure of

Salvia and their pollinators are needed to compare species across continents.

Key Words: Salvia; lever pollination mechanism; floral diversity; adaptive radiation; East Asia
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Fig.1 The distribution pattern of three subgenera of Salvia in
China
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Table 1  Three types of pollination mechanism of Chinese Salvia species
2N S 2GR AT AT AL B KGR AT B B ALATAT A X
Characters Type [ (short-lever type) Type Il (long-lever type) Type Il (degraded-lever type)
AL A

2—6

No. of verticillaster flower

Corolla shape

KA (£ 10—50mm) , &
ST

IERIBS 2P A B 53U |, £ 25 1
Stamen shape T LS

MESE R AR ETERGHEE, EEE,
Stamen development status B ptE

2yl 5L 1L

2l LA 220, B A KR K

Proportion of connective and

filament

2l LT

Upper and lower arm of connective

SRS PR K

L5 L S ATAH B 3 el
Pollination mechanism HAh g
HE SR B R SR

Occurrence group

('subg. Salvia Benth.)

6 LAk

TETE K BN (K (4.5)—
40mm) , KRB F B K Tk
fa, B3 90°
AR, FE £
i L2598 s
FERAGRE A8, TEAE,
S B B K B

I FAE22 % 2—10 %
HEFK

ALK TR

LT HEE TS WRFTAT AR

5 B )
(subg. Sclarea Benth.)

2—Z 4k

e/ (K 5—13mm)

AR BTE, L £ B Al
Wiz /o1 i

B RE Ao E, TH
ENEISEY AV

IR R TAEZ W 2—6 f%

LA T

FURT &b s AL iR 1k

(subg. Allagospadonopsis Briq.)

FRAEAEAS B2 N BREE AL RS R i ALk
il A% oy B R PR AL, TR b R BRI A Ry 3 A
FEAERR,

Type I : %G 25 @ KL #F 1% #5352 20 ( short-lever
type) , I AE IR BLUR R R, 245 B A — 2 i
KO ETERALLGY LT R, 05 RE
FL(S. cyclostegia) FL2ARRHIE 1 Y BUL % HERE, 245 BRIk
B, W E YR E , TR TmK &, 2 f i
DL PRATAF AR M 45 200 2 Ay I 0 25 LAt 1% B A
A (1E12)

Type II . KA FRFLFTAL 1L (long-lever type ) ,
FER AT B8 |, 2500 0 25 i eSS R AN

BEA ., LIPS (S, miltiorrhiza) HCFR, B2 =
(monothecate) , I 4 25 iR (LA F , JE AL IR 3 K,
Tt o K G, A%y A5 XAy L A8 1 38 AL AT 1% A 452 =K
(E3),

Type 1. iR {6 AT #T 1% #3 £ X ( degraded-lever
type) , TE KA REFE G, HEE T B B AN,
245, BHPS LR 2 o A e i AT AT A H 55 AL SR Ak
R U RE (S, adiantifolia) , BL¥L25 % TR AL
RN N HAr s S W g A% by S i o B iy Sk
FRUEAT , HESSEE M FTAT D e 951k , A A A X o AR AT
FRAE R (1 4) , B THESE 250 kB RO
HALFREE , DK Type | (UNFR BB FE)E ) 904 4G
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2 BHRITEMEXSEREY
Fig.2 The pollination mechanism and stamen structure of short-lever type
A. fERYEBL Pollen transfer; B. {ETEEfA IETE WL A front view through the flower tube showing lower arms of stamens; C. HESSZ5 MR IER T HFHES

T/ C. Stamen structure showing fertile upper and lower lever arms; Abbreviations: f, filament; a, anther; ua, upper arm; la, lower arm

3 KAREMEX SEREN
Fig.3 The pollination mechanism and stamen structure of long-lever type
A. KDL Pollen transfer; B. fEFE A IET WL A front view through the flower tube showing lower arms of stamens; C. HESEZ5HHRIESA TS

TR Stamen structure showing fertile upper arms and fused sterile lower arms; Abbreviations; f, filament; a, anther; ua, upper arm; la, lower arm

B4 BUIHEMEXSHEREN
Fig.4 The pollination mechanism and stamen structure of degraded-lever type
A. AEHHE L Pollen transfer; B. £ 70 IE TN A front view through the flower tube showing upper and lower arms of stamens ; C. H&5 Z5 ¥4 Herm e

ANEH 5B T Stamen structure showing fertile upper arms and separated sterile lower arms; Abbreviations: f, filament; a, anther; ua, upper arm;

la, lower arm
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B C

Es5 HESHAREEBEMEREMTTENILERE
Fig.5 Hypothetical evolutionary trend of stamens in genus Salvia from China

A. F BRI AT AR Short-lever type; B. K ZYBRFTATAZHME I Long-lever type; C. iBALAUFTAT AL #3152 Degraded-lever type
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