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Abstract: Garhadiolus papposus is a common ephemeral Asteraceae species that germinates in early spring
in the Junggar Desert. It produces three types of achenes in one infructescence that differ in morphology and
dispersal behavior. To better understand how this species is adapted to its desert habitat, we studied morpho-
logical and dispersal characteristics of its achenes. The three types of achenes differed significantly in the
number, shape, color, mass, length and density of pappuses, and embryo size. Peripheral achenes, which were
subtended by the inner involucral bracts (phyllaries), were smooth, weighed 118.10 + 1.30 mg per 100 ache-
nes, were columnar and arcuate, yellow or yellow whitish, 6.67 + 0.10 mm in length, and had a
scarcely-developed pappus. Central achenes with numerous conspicuous thin longitudinal ribs weighed 69.00
+ 0.60 mg per 100 achenes, were columnar and arcuate or straight, brown, elongated (9.74 + 0.14 mm
length), and had a well developed pappus. Intermediate achenes represented a range of morphologies be-
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tween the “pure” central and peripheral types. In a given head, the central achenes were more numerous than
intermediate and peripheral ones (5.77 £ 0.13 vs 5.39 + 0.14 vs 5.24 + 0.05). In addition, central and interme-
diate achenes had thinner and anatomically different pericarps (half as much biomass) compared to peripheral
achenes (69.7 pm vs 82.1 pm vs 156.7 pm), and embryos in peripheral achenes were heavier than those in
central and intermediate achenes (46.70 £ 0.50 mg vs 36.80 + 0.30 mg vs 36.90 + 0.30 mg per 100 embryos).
The three morphs differed in dispersal potential. In the laboratory, dispersal distance was longer for central
than for intermediate achenes, and longer for intermediate than peripheral achenes. In the field, central ache-
nes were dispersed relatively long distances by wind, whereas peripheral achenes, which are covered by lig-
nified phyllaries, remained on the capitulum after maturation and were dispersed, close to the mother plants,
only when the capitulum broke apart. Dispersal features of intermediate achenes are intermediate to those of
central and peripheral achenes. We discuss how the morphological and dispersal characteristics of the three
achenes types in G. papposus influenced the distribution of achenes to new areas, development of seedlings,
population persistence and expansion, and competition among offspring. Heterocarpy may be partly respon-
sible for the success of G. papposus in the Junggar desert.
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RS2 57 e (fruit heteromorphism) /& 45 7] —
PRANTA] (R B A7 7 AR AN [F) T A BN [R] AR 2 247 g 2R
SIS (Venable, 1985). HAZRF LRI 24k
HEER R R T ERN AT RIAUR AR L8
AFb, 2 AT KA TR LV SRR E A A i o 2 AR
s, AR ATFY) (Imbert, 2002). 57 /E
RLHTESFET R g T HAEY H. RIR. Wik
MHRARRSE 4 B8 ) A5 R AT A LI ZE 5 (Koller &
Roth, 1964; Baskin & Baskin, 1976; Ungar, 1979;
Venable & Levin, 1985; Telenius & Torstensson,
1989; Telenius, 1992; Zhang, 1993; Gibson, 2001;
Brindel, 2007), JFEARKRERE EXESR TR AEA
IS R AT SOE LR T, A A A R I % 5 JBUEA
B3 1) — P . (Harper, 1977; Venable, 1985). S H
SR TV AR AIE A FG A 2 3 I ) SR 2 R A A 7 I B
AR FAE ] IR I &5 R, X TE5T
L 0 A2 25 38 WL ) B A i s A 4 R AT T
RS (Imbert, 2002).

75 CARE I B3 B RSP, sk AT 52
JE 138k, 73 v L B 52% A S Rl K163%, &
H RS % 5 2 (1R Imbert, 1999, 2002). F55z
F A S VF 2 4G R K — A BB RR Ak (Bachmann
et al., 1984), "B 2 HRh 2K SR 1 1K) 51 il 4E
M RAGTE W A H AETEAR Ky B0 R A 45
Fy(nid G A6 bW S A A 1) 46 2R (peripheral
achene)FIIH % (central achene) (Baskin & Baskin,
1976; Gibson, 2001; Briindel, 2004, 2007), /%4 Ff

WIBETE AN S 13 R (intermediate achene) I
SR a3 R Ll B (AL b RSSO A RTES
] HL 512 (Venable et al., 1987; Ruiz de Clavijo &
Jiménez, 1998). Hul, HE s Fx5 5 RHEY) 8 R 5K
FIFIE L A TP AE TR S S5 I (van Mblken et al.,
2005). " HURFIE(Rocha, 1996; Imbert, 1999). 4KHR
il % 5P (Gibson, 2001; Brindel, 2004), + 351
£ & . (Eriksson & Eriksson, 1997)LL & 411 A= &
(van Molken et al., 2005; Brindel, 2007)%5 /7 1i. +&
b R T R SRS M RO A AR R SR
N AR G RIBFIRI B To . R)L
g5 0 UL SR 1) R /N S5 X6 He ™ T (Venable & Lawlor,
1980). i A& (Brandel, 2004)F1 bk 55 4+ 7 1 52 0
(van Mélken et al., 2005)55 7 [fi . 5B R SLTE AL
(1) 22 el o5 R BOL - OE A FE AR, 18 17 3 58
Wy 6 B A A7 B0 855 1) 3% Y. BE )7 (Venable & Levin,
1985).

/NEG(Garhadiolus papposus)s & T4 BH N
H)E, FESATR FL EHIL R R
DR #E5E, 1987, 24445, 1999), {EFKE Ly
AT AbEs . M3 TUR4 ] MR, S
AR 6] A RS, A I R 60-75 d,
F& MRS R S5 DL () AR A v A ) (R AH SR AT gk
M, 1994). ZPF IR SF LR~ BTk, i
. RN I 2 B AN R R 3 s SR, FAy iy
MRS TEYE . (HIg S 1k, ZIMBANAEE D&
HHTRE R BN AR, 1997, 24 A%, 1999).
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AR ER i 1o ARFEHTIRAEE R BRI AR R
FEALRITERE, 1997200655 W Wl rii BT Ak X 35 110 4 f%
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AR SRR SE VA OE I T i
AT, Y B IC M BT R AR IR AL,
T SR XU = N A%
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Table 1 The comparison of characteristics in three types of achenes of Garhadiolus papposus. Different small letters mean differ-
ence at 0.05 level, and different capital letters mean difference at 0.01 level

M FEDR PINEEN JUR/EEIN RIS S F P
Traits Peripheral achenes Intermediate achenes Central achenes
JEAR FEIR, 9I0% FEIR, 9I0% FEIR, 9108 M 53T A7 - -
Shape Columnar and arcuate Columnar and arcuate Columnar and arcuate or
straight

Bt W, maEmAa KA T - -
Color Dark yellow, yellow or yellow Offwhite Dark brown

whitish
W IR 2 BRI REAERSN, Bh REEK, RO0REM Rk, RRE%e - -
Additional structure SN R; ong, Jo i T

Phyllary possessing Elongated fruit beak Elongated fruit beak

subtends achene closely with short  with a few short pappus ~ with developed pappus

fruit beak and without pappus
PENN 6.67 +£0.10% 7.60+0.11% 9.74 +0.14% 176.95  0.00
Length of achene (mm)
15 5% 0.88 +0.03" 0.60+0.01% 0.46 +0.01< 103.44  0.00
Width from back to face (mm)
5w 0.92 + 0.02% 0.57+0.01"% 0.41+0.01¢ 202.04  0.00
Width from side to side (mm)
g K 3.02 +0.07% 3.89 +0.78" 5.49 + .09 24543 0.00
Length of beak (mm)
e B - 7.14£0.61% 17.36 £ 0.53" 349.94  0.00
Number of pappus
B - 0.35+0.02% 1.02 +0.03%* 503.31  0.00
Length of pappus (mm)

I
g 7/

(

5

Bl NEFEIMERMESRFE. |1 REGFIHE), FMERERFLAHY 2. #EFEREHNIIMNER, 3. £BRERE
HISNEIR; 4: TIER; 5 ARBERSTS)
Fig. 1 Morphology of three types of achenes in Garhadiolus papposus. 1, Infructescence (longitudinal section); 2, Peripheral
achene subtended by phyllary; 3, Peripheral achene without phyllary; 4, Intermediate achene; 5, Central achene (drawn by Lixia Tan)
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1, K:114.50 = 11.85 pm, [r] LORT- 5 Bz 2 i (B
2B); ORI, RIA 2 A4k, %
A 128K I HEE BIRAE, K526.67 + 47.26
wm, 0k (8] 1 5 5 40 23 T8 R 1) A0 Ak 1 52
RIHER DT (1E12C).
22 BRWERRERESEMEHE

/NI 2 3P SRAE SR e k) A A B e e (]
3)e MBEDITG, CATMIR R I R fe . EREAH g
RIS RE 240 B — 0 2 A R, R SR ) AR 550 43 4
WK N e JZ R BN Herh, AR BRI R
156.7 um, KEZAMMIE, EMEIESCAMN, 415
A HE /N HHEB SR, AMBER ) b5 ok
45 [ HEFVA by A 1) R 0 R, A [ A
M ZATE, WK, WIHT-8 =5 %% 1) 5
HEGN MY, SRR SCAI(EI3A). % 5
JEZ82.1 wm, 57 H11)Z BN JE A A [ 40

PR, HEBVEESS, AR AbsEh, (R b AT 124
AR AT P S R NG TR R 1 e B 9 =Sl 1 B 11
ANFIOU) Py e R A e, A0 AR HLAE S s e 4
M A2-3 25/ HAE S B 1) JERE A, AV [
TEEAFN(EI3B). R B 2069.7 pm, K J
P12 B S n JEE () 8 T 4 1k, HE I #E 5%, Ak
BEW R m Ao, 7R R A 124 B b ) SR 5
(R OR 20 i, PR 12 )2 AR B 8 A K T B
M, T, EEREAN A A 2-3 N HAES S %
[ JEREAN A, KA B (K3C). mukal i, 3R
9 SR 1) 46 2 A0 P 48 A4 R AIE 5 PR B 1 A T L 82 1 SR
FEHOE RS 4 A AR — ) (E12).
23 FEERMBESREIFME

HF2 AT A, FE/NES AN FP 3R A A
MECEAFAEN B3 22 7(F = 5.60, df = 2, P<0.01),
SIS T RS un L YL NGTE (ELINGAE S ibuR g

B2 /ERIFERR R SHHEFEIREZL A LLHIR, A300 um). (A) SMESR; (B) ZiER; (C) HRR.
Fig. 2 A micrograph taken with a scanning electron microscope, showing the surface ornamentation in three types of achenes of
Garhadiolus papposus. (A) Peripheral achene; (B) Intermediate achene; (C) Central achene. Bars = 300 pm.

E3 NEFEIMER AR BRE SEMEHE(LLFIR 2100 pm). (A) SMEIR; (B) HiER; (C) PR,
Fig. 3 Pericarp structures in three types of achenes in Garhadiolus papposus. (A) Peripheral achene; (B) Intermediate achene; (C)

Central achene. Bars = 100 um.
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Table 2 Quantity and quality characteristics of three types of achenes in Garhadiolus papposus. Different small letters mean dif-
ference at 0.05 level, and different capital letters mean difference at 0.01 level.

MEAEFR SR IR et F P
Parameter Peripheral achene Intermediate achene Central achene
45 i L (/N
B PRERACT) . 5.24+0.05% 539+ 0.14%° 5.77 £0.13* 5.60 0.00
Number of achenes per infructescence
.
R (mg) 118.10+ 1.30% 88.30+ 1.30% 69.00 0.60%° 357.22 0.00
Mass per 100 achenes
M ETRL L () 46.70+ 0.50% 36.80 £0.30° 36.90+ 0.30°° 15944  0.00
Mass per 100 embryos
U,
iR E LR (mg) 252.70 £3.40* 88.30 % 1.30% 69.00 £0.60% 2,511.48 0.00
Mass per 100 dispersal units
S/ R R (% £ SE)

. . 60.46+ 0.22%
Mass ratio of pericarp/achene

58.29 +0. 60 46.46+1.335 159.56 0.00

R F . 3PP RS AR HE((F= 35722, df =2,
P<0.01). EETRIE(F = 159.44, df =2, P<0.01)/
Hy HURIC R E(F = 2,511.48, df = 2, P<0.01)
BIAEAER e 2 75 5, AR AR IR/ . thgb, 3
TE 298 SIS e/ 3 S i bl A7 7E A Wt 35 2 S (F
= 159.56, df = 2, P<0.01), 4N SR F 0 5 5/
98 S LU I K e R
24 FRERBY BUFIE

e AR A B H g2 45 R W] 6 ] F Ry sk
FENE, NS g SRR o il R AE R R
BT, AR I TR R R 2 e T P AR R
PO E RO DL R e B RFIE . PR R
IR e R 43 e I R R S A T 46
HOH, 70 A AR TR i B e I 1) et =6 i A 1) gzt
(7, 1R A b S S AR A A, A
JEFEASLRIEEE o 7-8 7, H T WY AHRGE A XM H 1
LT, FERT B R AR AL B I
%, EEBWIFHARRE, fERITER T IR GEY G
[T S 118 S A S AN P SR S a2 S RSP a2
gibRlE, —HEMAERK B 29-10H, e T
R (PIAEARAE R I AE S 3T T i B s AN IR, 4b
B R 5 /D 0k B ) ae J SR DR e (1 7 2t 1,
HAT E BERR S o

WY HEER R, R, R
ik 3 SN A SR P TR J 1) 4 BB G R I 1) 43 il
40.98 + 0.05s. 0.91 + 0.04s10.86 + 0.02 s, 1% L[]
EE R E 2 (F = 1.01, df = 2, P<0.05). 7E/KFS
wr, AR BTy BUE R R e 1

X mys)fEHE, e B, i A A0 L SR
P EUEE > 985117 £0.92 cm. 31.18 + 1.72 cmAll
20.92 + 2.50 cm, H OS] SR Tk Y SR A1 R
(F =52.035, P<0.01); TM7E @ RUd(4 m/s)EHIT,
Je IR T i AR A S O BE R 40 95.74 +
3.70 cm. 60.98 = 4.60 cmH126.24 + 6.33 cm, 4 It (]
BIAFAEN 525 22 71(F = 39.65, P<0.01), X Sb&E L
B, ERIVEH T AR SR iy iae 3R M
hy T R RS PRSI AL, HARHCR e B
(NREIRSEEE NP YN PR EN Il I e o E Y EPS
PE (r;=0.334, P,<0.05; r, = 0.350, P,<0.05).

3 g

31 REERBMESHFHESH MAIXER
RSB 1 R R AT S P AL By 1 E
FIANMRES A — A EER R OB S W4, 2004). 1M
FESL AR 3 5 Re ) A S OB SR IEAR AR
VIR R, ANFERE - AR TEA RS, JF
KA [ (1 97 B 58 DA & B 3 B AR A7 B 24 58
(Telenius & Torstensson, 1989; Ruiz de Clavijo,
1994). f1—LEAE Py S 92 H AT 56 B (Bréndel, 2007).
# 7& (Venable et al., 1987). W i# 5% 4 f (Berger,
1985) %5 U Af &5 K, A7 T 58 1 147 & (Bréindel,
2004), RS2 S vk BA R B EGE, 4T
B, TR AT TSy SR A ) R s
Wk Z HAT G, U T REAR R, 2 A R AR AR
17 1“4EF5 4 (Ruiz de Clavijo, 1994). A 4e4Ffi FL 45
LR —HERR S [ AE BLA ] — 46 P B A A A
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P A ANTR] T A AN BCREAIE 1) SR S sl 1 (R S T R
SC)(Ellner & Shmida, 1984; Telenius & Torstensson,
1989), X A7 By 1+ AR I R AT =5 8] 4K 5 AR 23
Ay, B FAEE 38 M. §E ) (Bréndel, 2004).

1E R RS 2 KR T, [\ — R0
AL BT RE AN AT RS, If XL
LA HLRE 5 RS KD BOod B A BB A
REAE [R) A7 74 25 VIR K & (Bréndel, 2007). WI7E S5
(Senecio jacobaea) (McEvoy, 1984)FICrepis sancta
(Imbert, 2001), o fl /I H e &, mIE X
JIRAT IR B Y HORA B H A8 ANEL B, B
Z WA AL, O A RERR A [l (Imbert, 1999). R
SB A2 A A T HAEY HOL R b o5 4 A R
AL, BMBNE LA B NS (Imbert, 2002),
) I 9D [ AR Z TRV S8 4, AR T A/ E AN AT
FHE R PR v G SR e (B 27 AN, 2008)

FENES R R, 3R B AR BEERAE KA
TEAR R, ' BHE LB KA S HUA KN
Rk EAAAE g 22 R (K, 3R, M ke
WAz Hh, PR BEUN, GRS NP
LW, RRERENES, ERIERN &S
RS BEE T AREERECR, S g & 4 A
ok, HEARTALKIA A S8 AHE, 8K T 9
FAICIME &, B2 R S U I TR A itl, HL2IEE
PRTEA TR A R A e BERR A B i
AR ANRIGEE R 1A TC A5 T2 AR AE LA KA HLRE )
EAToFmZm, ENYECSERARERY], eSS
IS B SIE N G AR S L LS S VR S
FLR . B rT L, ANE 4 S R R TR A 3
P o R A EEEVNRKR. 24 RS
McEvoy (1984). Venable & Levin (1985). Rocha
(1996) . Brindel (2007) %5 7E ¥ %§ . Heterotheca
latifolia. Bidens pilosall & Leontodon saxatilis“
Wb R IE A .

XLUF R, A S ZR ST ) I A B
ANEF 3T RIS FHE B, 80T KA
PHCH T, POHON TRAER B B 2=, B, /D
5 RS TB A M A B SRR 22 A A L A AE S B A
Wrae e S AR AN R0 A SO S5 b e Dy s i, 3L
Ohy 3 N A S 7R e 958 25 AR A 05 T SR R — Aol AR A 0
Feo

32 FHERMESSSEMIFEMTURIMERE
V3

ER R LIRh, s, KRR
DA% i =~ BV K /N (R AN [i) 38 5 25 3 SR 4 1 13 ol
TEEHF APE(Mandak & Pysek, 2001; Arroyo et al.,
2006) Fi 1 KR 5 i & HF P (Brindel, 2004; van
Mélken et al., 2005)F1 %)) e A= & A AH Bk 58 5 e
(Zhang, 1993; Ruiz de Clavijo & Jiménez, 1998;
Travesetet et al., 2001)%5 1 2 7, B A XL 25 HAB
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