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Abstract

Aims Saussurea involucrata is not only a rare and protected species, but also an important traditional Chinese
medicinal plant. The species is an herbaceous monocarpic perennial that grows in the alpine zone. Our objective
was to investigate floral biology of this species in a high-altitude area of the Tianshan Mountains and to gain an
understanding of how its floral biology is adapted to the alpine environment.

Methods The research was conducted at the Tianshan Glaciological Station of the Chinese Academy of Sciences
(43°06' N, 86°49" E, 3 540 m a.s.l.) in Xinjiang. We selected an undisturbed population of plants and measured
and recorded floral characteristics during flower opening. Also, the dynamics of nectar secretion were monitored
by collecting nectar with a syringe and determining sugar concentration with a pocket refractometer. Temperature
and relative humidity both inside and outside the involucral bracts were measured with a portable hygrothermo-
graph, and number of seeds produced by plants was counted in the field.

Important findings The inflorescence is a compound capitulum composed of many capitula on a short stem, and
it is surrounded by large green involucral bracts. About 26 of the uppermost capitula contained 137 £ 34 fertile
florets each, but the lower capitula in the axils of the bracts had sterile florets. The maximum temperature and
relative humidity differences in one day between inside and outside the bracts were 7.2 °C and 54.2%, respec-
tively. Opening of florets on a single plant lasted about 4555 days and for the population about 65—75 days. The
duration of peak flowering was ca. 35 days, and the mean number of flowering florets per plant each day was 201.
Flowering phenology did not differ between years (p > 0.05). Longevity of a floret from open corolla to a wilted
stigma was 4—6 days. Herkogamy, protandry and secondary pollen presentation were conspicuous during floret
opening, thus avoiding self-pollination and interference between female and male function. Both nectar volume
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and sugar concentration of a single floret reached a maximum value at 12:00 (solar time) within 1 day. Over a

3-day period of consecutive nectar secretion, nectar volume gradually increased, while sugar concentration de-

creased. In the natural habitat, mean percent seed set per capitulum and total seed number per plant were 91.7% =+
4.2% and 3 326.4 + 28.7, respectively. These characteristics are adaptations to the extreme alpine environment of

the Tianshan Mountains.
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Fig. 1 Morphology of a compound capitulum (A) and a floret (B) of Saussurea involucrata.
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Fig. 2 Diurnal changes of temperature and relative humidity
inside and outside the involucral bracts of Saussurea involu-
crata.
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Table 1 Flowering phenology of Saussurea involucrata at the individual and population levels in 2003, 2005 and 2007 (mean + SD)

WiH Item 24 Parameter 2003 2005 2007
AMEKTE Individual level

GG H 9S8 HARE (n 0 T ARAE RS H Y Date (month-day) 6-23 6-20 6-15
Date of initial ﬂovyerlng period and day flower SERIFE%L Mean flower number 1443 1744 1523
number (n, flowering plant number) (n=2) (n=3) (n=2)

Ap [l Variation range (d) 11-17 17 12-18
AL YRR 2] ] FF4EMH] Duration (d) 42 45 46
Anthesis duration period A5 Variation range (d) 34-47 35-56 38-51
REAE ST ] T K4 A3 H Y Date (month-day) 7-8 7-3 7-5
Date of peak flowering period and SR Mean flower number 230 216 298
flower number
AP 5yuFE Variation range (d) 142-263 156-247 135-259

BH{KIKT Population level
B4k U M AR E (n 8 TTAERTAR D) H Y Date (month-day) 6-27 6-23 6-17
Date of initial ﬂovyerlng period and flower SERE%L Mean flower number 1343 1543 1423
number (n, flowering plant number) (n=3) (n=>5) (n=4)
AE YRR ] FF4EM}H] Duration (d) 74 69 86
Anthesis duration period
REAESPTT R ] T K 4 A4 H Y Date (month-day) 7-11 7-3 7-8
nDlilrt:b(éf peak flowering period and flower SEHIIE¥L Mean flower number 218 237 243
RACIHIF AR ] B 24 H 8% H 3] Date (month-day) 9-2 8-29 8-24
Date of final flowering period and flower SR Mean flower number 2 5 4
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Fig. 3 The flowering process of a floret in Saussurea involu-
crata (drew by Tan Li-Xia). I, Floret traits during the seven
stages of flowering process. II, Floret sketch structures in ver-
tical section corresponding to each stage of L.
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Fig. 4 Quantitative changes in floret characteristics during the
flowering process in Saussurea involucrata. An, length of an-
ther; Ct, diameter of corolla tube; Cu, length of corolla tubula;
Fi, length of filament; Sm, length of stigma lobes; St, length of
style.
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Fig. 5 Dynamics of nectar secretion in florets of Saussurea
involucrata. A, Diurnal change of nectar volume per floret. B,
Diurnal change of sugar concentration per floret.
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TRAE R ALK e BAE B 245 LM A (A {6 22 | e
B AR B ), AT AR R A L IS
(Howell ef al., 1993; 5K K5, 2004; Fififs M4,
2007). BEIGR) ZAAAE T A RE RRERLAI Bk 6 AR R
SR P (Imbert & Richards, 1993). 4E¥3 X 2% JE I,
ALy Ry 20 —Fhoe =8 ARk I R,
RIAERD S B UTAR IR A 7 AL AT FAE B 55 A7 P 4
Maa IR, o R e sh U AE Ry I e B, B
FH T A AT R PR A KR A6k iyt I HCA A At 48
A7 bR B B s 18] 3 ) 13k B (Leins & Erbar, 1990;
Howell et al., 1993; Erbar & Leins, 1995). &34/t
() T TR RE AT X 43 b BH S (R e e o B, HAPAESS
ARSI ARy RE IR 5 A2 N In) T 224 S5 AR 1%
Sk FE 5B AN A Ae 43 B (stylar hairs) 32 il H A6 24
i, R B E, IR R T8 3h UAE R IR
2% IR A <l R AL (brushing mechanism)” (Leins
& Erbar, 1990; Erbar & Leins, 1995). L {1 {5
2T, AN AR B BRI, P2 T 5 ek i
ATRIC I B AR AT Sk 1A 2501, P A A Ay I A
e i) AR B FIE N H 22 (Barrett, 2002). IEAF,
EE I AE R, B SRAE)T /DR TRIE HEPE
B B e JE T S, B AN ] 3 A 3 B0 R BR AR A 51
AE T (R AR A 38, X [ ke S A1 ) () A A A i m
FEOL AR T AR B R, TR
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TRABEARAE A 57 A2 XA IE A J& (Harder & Barrett,
1996) o IX F [7] ¥k 5 46 18] (1) 4% ¥y 15 8% & 5 Sk
(Aconitum gymnandrum) (FKIEVESE, 2006). JFRAETL
(Gentiana straminea) (Duan et al., 2005; He et al.,
2006). FEAEFEEEW (Sinojackia huangmeiensis) (7K 4
555, 2008) I/ DTEAE I (Phrynium oliganthum) (Bt K
TG, 200855 F0 4 thHr il A7 AE . AHT7 3%/ M E
FEFF I R b B ) Bh A UMERE S B S
HUMERFERT By B A R, A2 @RS Bib THEN
MEHEDDREA A BT BAR B AR B2 AR e AE
R IIPLLs, S T e R I getk, T
T A I G B AT AR A R
4.3 FFRRFFEXSLIMERER

YRR — MR EZE RS S R, A
S5 e A AR 1) 508 B U (Ratheke & Lacey,
1985), i 5 M 15 4Ky 25 [B] 1R P (R34 DG &R, AnqE )
LGN NI e IR v AL v W Tk &= L N
Fi 64T 53 (Waser & Price, 1981; Weiss, 1991).
Gh, P IFAEE Z AR A F U, wES
P J7 70 2558 5 (Pilson, 2000; ] 745, 2005). 1
E RS RS, TSRl IR R 2, A
AR LA PERFME S, e B e f S
Ja B AR P (Arroyo et al., 1982), R, P
FEAE s Rk FEUR] &5 5 1) B 22 1iH¢(Kudo & Suzuki,
2002)0 HTEEAR 115 0K )1 X4 47 1) B /K R A
PR, H6-8 F I B /K F3h, R 5
T0 °C, KNI EEMFFARSS LA T AR R AP IR EE
ZAf o TVEMV A IR S (M 235K, B AR
BT A 2014, Tk T R &R BTN .
Herrera (1986)44 3 FF 48 H A7 5 B2 [R] A2 PR I B %
A A R (mass-flowering pattern). T
BN IS TR] A 0D S R AR K AN R T A A 1 A%
W, Bk, WA 2ERE R ) T B
JR PG (Bawa, 1983). BEAF, 5 EARIIHUK H
(AR R HH 2 S RAE e A B 52 IR AE
FEO/NEBA I T AR RS 3 R S (8], Je Ho8 2 )
WA B AV AR IR S, S AT A A AR TR )
TINS5 2 1ALk &, DA4ERF R I Vi 16
B, ARESAE RG22 A oLy, RN, 553%
(1) B T M AT 57 2 A v FE B IX U 4 A L R
A BV FE(fT T4, 2005) .

H AR AR 355 op 7 38 SKOIR A e 10 45 KT HIORD 45 ¥ %



3 AA126.0 £ 10.55191.7% + 4.2%, HRREGFECH
3 3264 + 28.7, UML) A DA EE AT, &
E B MR b 56 S A M AR B R I = AR KR
DRI, 0o 25 32 B U %) DR A B 0 SIS A R 3R 1)
B BRI 7 TH

Bt B K973+ R AT AR £ R (2010CB134510)

Fod g & R G4 R T KA E R (200731138-1)

Fovh. FETERMFE]F EAF R LA IR K

sEab R BERYAA KX IEAR 0 XA 8. 2E
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