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BIOSYSTEMATIC STUDIES ON ADENOPHORA POTAN-
INII KORSH. COMPLEX (CAMPANULACEAE).
I . PHENOTYPIC PLASTICITY
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Chinese Academy of Sciences, Beijing 100093)

Abstract . Phenotypic plasticity is the environmental modification of genotypic expression
and an important means by which individual plants respond to environmental heterogeneity.
The study of phenotypic plasticity in the genus Adenophora, which is very complicated taxo-
nomically because of great morphological variation, proves to be helpful in both investigating
the phenotypic variation so as to evaluate potential taxonomic value of their characters and
providing important sources of information on the variation, adaptation and evolution of the
genus. Twenty-three populations representing all the six species in Adenophora potaninii
complex were transplanted into the garden. Of them six populations were selected for study-
ing their. performance in the field and in the garden, in addition to cultivation experiment
under different treatments. The results show that there exists considerable developtmental
. plasticity in some leaf, floral and capsule characters. .In particular, the leaf shape and length
of calyx lobe display significant developmental variation with the maximum being three times
as great as the minimum, which is noteworthy because they were previously considered as
diagnostic. The characters of root, caudex, stem and inflorescence are found to be very
plastic, especially the root diameter, the number of stems, stem height and inflorescence
length with great environmental plasticity. In addition, the populations from different habi-
tats show distinct amounts of plasticity. On the contrary, the characters of leaf, floral, cap-

sule and seed are less influenced by environments. Tt seems that the considerable variation in
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the characters of leaf is attributed mainly to genetic differences. Finally, the phenotypic
plasticity of morphological characters of A. potaninii complex and its taxonomic significance
is discussed.

Key words Phenotypic plasticity; Adenophora potaninii complex; Morphological charac-

ters; Variation
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W58 Adenophora Fisch. F 4518 % Campanulaceae WHSK/PHBELTEAR ., H
FHEERK ., CAEERHERZT, WESERE N, AR RER®R, HRER
B, 2% ML AEE (Tsoong, 1935; Baranov, 1963; Bt#sT, 1983), WY
BE S (A potaninii Korsh. complex) HEHPMARREMESH. BRUET
(1983) fg4bHE , % E SE B TE Y S A K 15 T4 Sect. Microdiscus Subsect. Microdiscus,
£33% A. potaninii Korsh. , A. wawreana Zahlbr. , A. bockiana Diels fil A. lobophylla Hong
4R, B2 (1980) EXAEH WS BWABER, ¥ A wawreana PEENTHE
¥, EEMBEHEEESRNI-BNYS A biformifoia Y. Z. Zhao KE. BB KH
(1990) B H T B—H#, L HWS A polydentata P. F. Tuet G. J. Xu, 5 A. potaninit
WEIERNEFHEERE DEE 25 MEH. i, FEAEMLH 6 MEERE, B
HPEEE, FESAAERIL, S, FIMT YR WL IS R .

WYSE Sk mEET, ENHR, ﬁﬁi%ﬁ%giTﬂﬁﬂﬁgﬁﬁﬁﬂi
RAEARET L, TASKRERLEN, FiFSshEMERAIE. Bik, F9AE
WS ESE NS, BAYREDSNFEANE, RAREH L, REeEUE. T
R, 2%R%, AIBEREESEREITMTSTENINTTFRAREKFHNAE
HRFTHRISEMHER. XRFRERTETAURESHEREREENREERRLRAF
BY, HMESESGTERISEYSRLE, FeREEn T HHE R E RN
V4, SHSBROUSAMEZAELTLEANBRYIREBEM#ELTRRE T ARATH
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(B4R, 1993)" . FICHEZMEMNE 4.

FE Y (phenotypic plasticity), XBFHIFIEMIE (environmental modification) ,
B FREE N R A S5k g — RS (Macdonald er al. , 1988)., #4)iEi%, ERIF SRR
—EFAHTHRERFOREERMY LEHEN AL MY BEES. Morisset et al.
(1984) BUVHRBTTHEEH L X5 KT T8 (developmental plasticity) F13FHEH]
#HE (environmental plasticity) , BIEHEHRIE-EREMAREZTHBELALRHE
K, RLIX BT b8 il T ER S BT 42 A B AR . Bradshaw (1965) 59K & & Al B 4EH Y
“BEFRRAZR (fixed phenotypic variation)”, F1A & B 3 A48T R 88 1 K7 HEBR 75 o 8
Y EZ 4. {H&, Bradshaw A AN LBEE A E M EHRF R TEEABKEFE, B
HEFEMET, APMETEETENERMER, Wik, RHNEEETEEENT
SCR AT N HE (Morisset et al. , 1984), BRIk, FEHA XL B AN
— M S IS A RS T HE PR AF ST (Turesson, 1922; Clausen et al. , 1940), HHE
EENIHATREHXE, I Davis ez al. (1963 335) Bt “HR¥REAR]
HRBRUTREMENFEE P EER MR, XRRAUTEEEEY S A
R PR 77, —F W\, FREHERENERYREZ —, BEYENIFEY
—F 4 (Stebbins, 1950; Grant, 1991); B4, REFEHERL—-MHEREER,
{HL IR 54 20 0l B A U ) (% 8 ), T IR SR AT S | M I S 1 55 1B A% BT 8 U R R A
B (Bradshaw, 1965; Morisset et al. , 1984; AR, 1987). Hit, ARERA AT
B FGE RN B S MRS BRSOV A E S EEMNE L (Bradshaw, 1965;
Grant, 1991), M FHEFEEREEER ML, ATHEE SHENTRELBEREGERT
Wt B AR Z A ER (Davis et al. , 1963; Davis, 1983), $ {2 F &&X—
S LEGEANERN, MTHHMRLRRAFHER Y., A VHRE=ZFHRITREN
RS AR T R AR AN T EE T, xRk T i
Y38 R4y 2 8 LTI .

Mosk MO B

ERFHET 1990—1992 MMM ZH S EH B2 HEARS 23 M RRBH (B
400 BMEO, 2FBRTEEBEM QUREFUD AN, EX BRI MR, ®HT
THEMARR, B SRR eSS, AR EEXRE 6 M EH. X
WERAMEME., AKX, EEFSELR 1. FRAEN. () AARAXRARER
HEBERFFETEASR: () RHNBRTEAREHAMEOEREERR, HF
HEERATHERLAETHTH L.

B R FhF 20 1990 SRR 1991 SEFKSRE 05, 18 A 19 =AM ERE, 23 KANA A
HeRE, TRESABTREZ. BFETRE, BTEMERFRES, 20 XESFTFH
BT, ULEH 3 FE 4 FEEHE, SFBET 25 om ORWIERPHTMEEE
SR . EHEAT RIS S 5 10 BT, UMETHREEARMBERMERREY

+ B, 1993, ERSHEHROWHEYEHE. MLeiRX,
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B, HREMNRELENRE ERMEE B B#fT. BRABIEEEREE
33 AEELETLMIEY 01, 05, 18, 19, 21 Ml 22 NA-EBH. EHINEBREN, WS

WEMNMEHECRERBR RS S REHAYSRSFENTR, EFERE L
F1 BRAS. HEkD. BRORAERRN

Table 1 Population number, size, locality and habitat

BRE FEH
Population %{Ei No. of %ﬁ%f‘f‘

No. ality plants atita

0 | ITEBEN o | 60m. BIML, HEN, LMEH
Jianchang County, Liaoning grass of shady slope

05 | WEHEEL 16 | 1650m. Bisk, ZFMM. LRER
Mt. Henshan, Huenyuan County. Shanxi grass or bushes of shady slope

o | WIEEEES yy | 3000m, B AEEA. LMEE
Maoxian County, Sichuan grass or bushes of shady slope

1o | FISRRELH gp | 2560m, BiM. MMM, LMREER
Barkang County, Sichuan grass or bushes near farmland on hill

| EsEeERE b | 950m. BB REEA, EMEE
Mt. Xueshan, Baoxing County. Sichuan grass or bushes of shady slope

b | BIENIET AR 1 | 2450m. BB HUBELEN, LRET
An’ ning, Jichuan County, Sichuan bushes of shady slope or near woods

W ERFAEERERIE R, REMTHE MURHESTR, BRTABE
Hipy, XUE . BEAREERHET T RE AWM, ARG TR /5 HKREE
i R ) L B LB B AR R R ) 3 B W By ok FE AR AR, BEJS F AT R RO M R B 251
RFITHE, MEEEANTFENBRE, URFHE -RENERIGEE, RERSEIX
By T B AT 4 IR BEHLEREE, B IE SR BUS BERN A itr R R E, LI RE, MR,
E. M, . BHRFERYBTAETHEES . BEER GRE, ZE, BES
) HMARES G EE LRSS TRBEEHRERRMHEST, £, o, £, RO
TER, RIEFITHRRENFABR K WWE, REGET T BREHEFER
W, 3 B TR AT IR X S HOR IRIE M AR R A/ . AT E BB A TR
BRI/, ATIEUBHIEE (BXE/B/MD HBERER. :
Z R
(—) BETEHE :
Sl MEER ERESEAN, WEBARFERES., HANEREREZM. HE

. KA, HETRRT SRR (8 D, $—840 K F2RmRE, b
ETHAE LBEER, BHAED, HEAHNEE, THMEN (A wawreana, B 1.
a) WEW (A. potaninii, B 1: . FEEAEMF B RELHE, FRRBERIKBEE
B (A lobophyila, B 1: e, AFEMEHFHEEELAK, REME. HEM
M (& /) EREDTk, BEEEAHENAE, HEE THM A RAR 285
MBHTEH(E 0. BERMEH B ENFBRELE, 2ERRIE, T (A, bock-
iana, A. biformifolia, A. lobophylla, B 1: ¢, 1), X—FMF EFELBR/D. EBE
BHE, EXSRAMAMEY FE SRS ERAY, B EROEEBOIE . KPR
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FRYBNTE-MBSXR AN PEHEME, HERE. BEERKEREH R
HE. BRERETHHAKEE (2% MEEHTEARAE (DHEE ZHEE £
) (F L b, RIEREHAT ST, BN BRTEHLN 14 TRBE (RREE
AR HFEANN, BAFENE LEAMBENT R AEKRETFTH (9
F1/4 BED #sth.

05000, 1000, <UL
00000 swssen (7

Bl D4R PERMAERAATNBENES o b XHEHOS,
e, d. AR 19; . {. XE B 22.
Fig. 1 Quiline of leaves at different stages of development from six individuals in three populations
a, ‘b. from populati 05; ¢, d. from population 19; e, f. from population 22.

2. EHMETHR FFARRIEUERN, 2ESHERERBRERSMAIE
—ZHAL, HTHREBTROEEE, RINEBANEHTEETARREN 01 CITR
By, 05 QUEELD 19 (IR 3MER, SHELERE 5 RAMREEHRIE.
ReRSATEUETHRNEHE EFEEFR, REEBERONEENE, X 54
e B U EERRY S PREEFERGER, BR 2 TR, 5 MERBE TR BRARR S
HRERFMAZL, EHE—FREHEEE, (X rR T B K /b R R 5
RFAH, E-RKEA 4 MR, THEE ERE/BMD ¥/T 133, WRZBREF
ERtEMEEREN ETES ARAMEE A EERA K, A UESIEERK . 50—
2.88), RALBBMRE Y, TWHR MELFEMR ARG, EER)BE, £

---=w FHEE(mm)
— & k(mm) £ & (mm) EWBE £ (mm)

i0 30 50 10 .3 50 10 30 50

M2 BRLOFsPREAETERNEEFTESEREE

fig. 2 Developmental variation of four floral characters from five individuals of pepulation 19.
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*2 =AEBE s RREBES

Table 2 The measurements (mm) of floral characters of five individuals

H H
BHee (R -%B) #Ek #HHK Sk ERk ﬂﬁfﬁ BEET (H -mEl) mEk fEEE
Plant No.  Date CL SL  CL/SL DL ¢ |Plant No.  Dare cL SL
(M. D) (M., D)
7.29 17 20 0. 85 7. 4 11.0 7.17 15 17
812 15 20 0.75 2.6 1.0 7.29 14 17
0108 827 15 21 0.71 2.2 8.0 0567 8.6 15 19
9.6 17 21 0. 81 2.8 6.0 818 14 18
9.15 16 20 0. 80 2.4 5.0 9.3 18 19
VE * 1.13 1.05 .20 1.27 2.2 VE 1. 29 112
8.2 16 20 0. 80 2.6 9.5 7.6 15 17
8.13 15 25 ¢. 60 2.7 10.0 7.10 15 20
0115 8. 28 15 25 0. 60 2.3 8.5 0508 7.25 14 19
9.6 15 24 0. 63 2.5 6.0 8.8 15 19
9.12 14 23 0. 61 2.4 5.0 8.22 13 17
VE 1.14 1.25 1.33 1.17 2. 00 VE 1.15 1.18
7.30 18 20 0. 90 2. 4 11.5 7.16 16 19
8. 12 16 19 0. B4 2.5 10.5 7. 28 15 18
0119 8. 27 17 20 0. 85 2.1 7.0 0510 8.7 13 16
9.6 18 21 0. 86 2.3 4.5 8.20 13 17
9.14 17 19 0. 89 2.6 40 9.2 12 16
VE 1.13 L1~ L.o7 1.2¢  2.88 VE 1. 33 1.19
8.7 15 22 0. 68 2.2 10.5 7.16 16 22
& 20 16 22 .73 2.4 8.5 7.28 15 21
0120 8.27 16 22 0.73 2.2 8.0 0511 & 8 14 20
9.1 16 21 0.76 2.4 .5 | . 8. 22 13 19
9. 10 16 22 0.73 2.6 7.0 9.2 12 19
VE 1.07 1.05 112 1.18 1.58 VE 1.33 1.16
8.1 18 22 0. 82 3.0 17.0 7.9 17 21
812 18 22 0.82 3.0 15.0 7.24 15 19
oizz 8.27 17 22 0. 77 2.4 9.0 0514 8.5 15 20
9.6 16 71 0.76 2.6 7.0 211 15 19
9.10 14 22 0. 64 2.6 7.0 8.18 16 20
VE 1.29 1.05 1.28 1.25 2. 43 VE 1. 13 1.11

* VE=AZEE (BA{E/B/ME). VE, varniation extent (maximum/minimum);
CL., corolla length; SL, style length; DL, disc length; LC, length of calyx lobe,

B BABmaY (k2. fim, 0122 BAEME R G H 1B EBRAENY
17. 0mm, 40 RJ5 B A BAERT R TE SR, LB N 7. omm CEZHEEER 2. 43). A
B, 0119 BAMKREFIBE X 2. 88, MEBEHA KB - SOREFLRBEN 5 KB
B 348, W 10 89 5 R4 BEAEE (B2, TP BHE L LR TLER.

Ak, METHERERGUIES, EEEA. EFTER (ER/ER . EEHN
kA%, BAERSNREE TERNAKHHRESRHEL, THREERTHWES
B, B, FHEEAT RIS E2EME, SEFNA KOELE SR,

() FRER 8

1. BAZE FHIMEERH, 254 ERORELEBL, BRABEYES MR (E
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BT PR (nm)

from each of three populations at different developmental stages

H#
mkmk kak o8 |FRET 50 pme ek mwmk mmk gt
CL/SL DL Ao ey Date CL SL  CL/SL DL A
M. D)
C. 88 2.6 4.0 6. 16 21 21 1. 00 2.5 7.5
0. 82 2.3 4.0 6. 25 22 24 0. 92 2.7 7.0
0.7% 2.0 4.5 2004 7.4 20 18 1.1 2.9 6.0
0.78 2.0 3.0 7.1% 19 18 1-06 2.7 4.5
0. 55 2.6 4.0 7.30 19 19 1. 00 2.6 4.0
1. 2% 1. 30 1. 50 VE ) 1.16 1. 33 1.21 1. 16 1. 88
0. 88 1.8 5.5 7-6 19 22 0. 86 2.0 6.0
0.75 1.8 4.5 7.21 18 22 0. 82 2.1 3.5
0. 74 1.6 4.0 2007 7.29 17 21 0. 81 2.1 3.5
0.7% 1.7 3.5 8.6 18 23 0.78 2.0 3.0
0. 76 1.6 2.5 8.18 17 22 0.77 2.1 3.0
1.19 1.13 2. 20 VE 1.12 1. 10 1.12 1. 05 2. 00
0. 84 2.0 5.0 7.2 21 21 1. 00 2.5 5.0
0. 83 2.1 4.0 7.16 21 21 1.00 2.8 4.5
0. 81 2.0 3.5 2009 7.27 21 21 1.00 2.4 4.0
0.76 1.8 2.5 8.5 20 23 0. 87 2.6 2.5
0.75 1.6 2-5 8.15 24 23 1. 04 2:8 2.5
1.12 1. 31 2. 00 VE 1.20 © 110 1. 20 1.17 2. 00
0.72 2.1 6.5 7.22 18 20 0. 50 2.1 5.5
0.71 1.9 6.5 8.4 17 19 0. 8% 2.1 5.0
0.70 1.8 40 010 811 16 18 0. 89 2.1 1.0
0. 68 1.6 3.0 B. 26 16 19 0. 84 2.0 4.0
0. 63 1.6 3.0 9.6 15 18 0. 83 2.1 2.5
1. 14 1 2.16 VE 1. 20 .11 1. 08 .1.05 2.20
G- 81 2.0 6.5 7.12 23 23 1. 00 2.0 6.5
0.79 1.9 4.5 7. 26 21 22 0. 95 2.0 5.0
0.75 2.0 4.0 2015 8.7 22 23 0.96 2.1 5.0
0.79 L9 3.5 8.16 20 22 0.91 1.7 4.0
0. 80 1.5 4.5 8. 29 18 23 0.78 2.0 3.5
1. 08 1.33 1. 86 VE 1.28 1.05 1.28 1. 24 1. 86

ERTSED BIKREREME. RKEMHAALERRER. WH, XEERMAIE
RS LR R A& HFERANR. ERRAER. BRKED, BREEGEH
$, 2 H, ERENEASRERATTRONN; MELRE, 2EREBRERAER, =
BERE DAL, FEMAOBREETHAERETHOER, BREENENR
AR, B3 RCAHREEE TREAKNMKE. TR, EEEME-ENELT
(10 BR/8M 5 #k/8), —FERABMHTHRNIMEZ—HEZL,
ERERTSHNTRERR, FEMKAFRIEE, FRNFEREE, 22X
B EREBRAZE, A 1em P 15 cm 7%, BRESHIMHKE M RBERRE,
B FRER HH G EERAR, M ElAHE, RAVUEMEREHEER. ANELTHRE
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0 20 40 60 8.0 100 120 140 16.0'mm

B3 HAREEESETRESANTHE. TR
THEM s BEEM (L,
10 8/8. B4R, 5 /&)

Fig. 3 Root diameter under two different grades of density;

total range, mean and 95% confidence limits. Solid line,
10 plants per pot; broken line, 5 plants per pot.

BES
05 —"_.i:f._;--.{....;. A
o e
19 — e
n T | e e
0 20 60 100 140 180 cm

B4 WmiEEER (A MEFTEK B) B8R
BRI, EREEN S UEHTRKNE
(EL NS, BRABRER=H)

Fig. 4 Total range, mean and 95% confidence limits
of stem height (A) and inflorescence length (B) in four

populations, Solid lines, in the field; broken lines, two years

after transplantataion to the garden,

BENEHMNMEREEIs K. KR
FHBERREN 96 em, SHFEHT
HATEERE 24 XEFHRXER &
(RHER), FIMEERE, EHEPREM
REETHPHUERR, BRETESED
THRE, —REERRK.

2. EMEFHH - HiABERER
£, ZHEEHEERGMEIHRE ., 2B
B (BERSESE BEBRL, B3R
TFEWK, BHZEENETRE R EEGF
HHEE. FMMEERETIESHE, R
HAEX ERBFANSBEERREAER
Wrabs K TH R A F S8, sSEFTR
ENEIB, EREE NSRS
R ERS, PR EEETRESE
ETENHE BEF T LKREIEST ),
EAZEM . EXEFERRE, RF
EHRAS—H, BREF TSR,
AT RO MEREEEES, KEH
12 BiZEF, e FE R —f
e, HRMEHHHBWHE, X405, 18, 19
21 WANERE 52 MR IE AR, B
BERETLHEHRMMHERE F 4
B, REMAE 12 5, HEREWFE
FEENHERTRT EHERA I/

CREfEAER.

EEAEFS SRR SRR
AR, AE 4T, ZFAEFSERE
BRTRBAMENEEL, THEKE
B P AR IR B B (18 71 19) M1
BEERHEZ, WA —FEE)HEKFEE
B D RRANTEMHER 05 BRE
EREREFSEREMGEER.TE,

EWREFIRE 2 MERGBLBERTIER. B—FE, A BRARR T
AR R, 5 REMNER 18 (W)L FER 05 QUFEEILD &6
PR 10 BeMEMER (A) MEFESEEK B) MEE. mE 5 A TR, KBSk
EREBRES EXFHIINERN. ABREEZE, HEMENEEYRTHIMY
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cm

Al | Il
%lel i T&%Hf

Bl s BRI LIEHOSHF LT REBRNEEER (A M

EHRSERK (B) LRl RO m Dy B A B .
FLMELCEAFNABEREE _AFEFH0RE
Fig. 5 Variation of stem height (A) and inflorescence

length (B} of 10 individuals each in populations 18 and 05

before and “after transplantation. Dots, in the field; solid and

hollow triangles, one year and two years after
transplantation, respectively.

K

B, HEWREFARNEAE 3F B
B1shmE L F3IMBsHK), HFXA
MMEEITEERNDERARKERS,
EHEE, BEIS PIMERBREERNT
kBB 0 B, 5 4 FFERNBET
MERE—BN. EFIHKETEES
HEEFBREL, HERHTEBREE
CAEMNREREFNIMREN 4 5E (B
B I8HME 2S5 8.

3. MR AERE 05 (WFEEWL).
18 (WUNEE) M1 19 (W ELRED 34
R AREYIRE 5 MK, TR
B RBREE=FEF FEL KL
FEERHBTTNE, HELE 3. BIFR3
AR, HHAKMAERKER (ME) ¥EF
—ER R, BRI EE B
ARESEEFIER/MEE, BANE
BREWMMEZ ZHRELB LR 1/3
CEEAEE AT 1.30), BHEMHER
. RERAHE (FEH BRR/ME (&
B B 6% (1902 B iY 13. 67
%F 0515 SAMKE 2. 19), {HIFEHTRK

28 888
S S

He =MEEEe-MABTARRBANEHEL (FL AHNHMNEHE, GA ABRE

B IRAE)

a, b. EREE 05 ¢, d. EHEH18; e, f. XARBH19.

Fig. 6 Polygraphs of variation of leaf characters of six individuals in three populations. FL——in the field;

GA

in the garden, two years after transplantation a, b. from population 05; ¢, d. {rom

population 18; e, f. from population 19.
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B (1902°8) BEIEEGRA 164, FIEE, WEEHE. EEHK, BTN
B A R, TR 1. 06—1.52. WH, F—ERHE—RBREHY
(T8 B AR AT REE D (R ). MR 3 89 3 SRR A ML 2 IR ES A
B 6y, mEE R, MEBREETEG 7 AR RS S8 e
SAE, BHERA TR,

4 TEH. BEAMETR WHPEE, EAK AR, EBORTEE —RNRE
AT, 45 BRI R AR, R A b T AR IR R T B e
FE RN R TR TR M E R T B S5 24—, 7EMLFI5V 05 71 19 A
ERAUSMMAR (RO, HRTR, EHERETFETEESEN, FREsEE
RE1.20, AR, MK RETR/ R, THEHBEESNT 1.05, 50t
PR, AR IR EBREE R F AR TREN, EEFRN RUTH
REEX—E (4,

SRR, MREAEBONE. #TRIET 72U T, KT

RN, BWAERRARE 4.
®3 SHEEE S BHUHERBANE MR-

Table 3 The measurements of leaf characters of five individuals from each of three populations
before and after transplantation

"y .
wws FEIE TS wmes INN RIS Ao
No length width Length/ teeth tooth upper lower

' (mm) (mm) width (mm) sutface surface
0502 30 (30> 18 <12y  2.31 (2.50) 10 (1) 2.5 (1.5) 1) 3@
0511 50 (69> 21 (16>  2.38 (4.3 16 (12} 3.0 (2.2) 0 oW
0513 82 (78 14 (10 5.86 (7.60) & (12) 1.0 €2.0) 1D 12
0514 62 60) 20 (20)  3.10 (3.00) 15 (1) 2.0 (1.5) 2(3) 2@
0515 35 (32) 16 (13)  ©2.18 (2.67) 12 (10) 2.5 (1.8 0w 0
1803 52 (68) 7 (D 7.43 (5.71) 2 (3) 0.5 {0.5) 0@ 0 (O
1805 80 (60) 6 (5)  13.33 (12.00) 1 (1) 0.6 €0.7) 0 00
1807 71 (72) 9 (9 7.89 (8.00) 2 (2) 1.1 (0. 8) 00 0
1810 a1 (30) 16 (15) 2.56 (2.00) & (10) 3.1 @2 32 3D
1813 89 (74) 74T 12.71 €10.57) 5 (&) 0.6 (1.0} 0 (0) 0 (o)
1902 82 (105) § (16 13.67 (8.32) 1 (D 0.4 (1.1 0 (0 0 (0
1906 54 (52) T (8) 7.71 ¢6.25) 2 (& 1.6 (1.6 . 0 (0 0 (0
1907 54 (70) 7(8) - 7.71 (875 0 (1) 0 (0.4 0@ 0
1909 14 (46) 20 (24>  2.20 (1.92) & (8) 31 (3.3 4 @ 2 (D)
1910 76 (62) 7 (8 10.86 (10.33) 1 (1) 1.2 (.2 00 0

¥ VE 1.1798 1. 2408 1. 2377 1.5122 1. 4895 1.0667  1.1333

v KRNI ARRE, FEANE-MEEREEZENMRE.

The figures outside parentheses, obtanined in the field; these in parentheses, two years after transplantation to

the garden
* « BH. 0 BE; 1. HE: 2 WE: 3. £B 4 BE,

Pubescence; 0. glabrous; 1. puberulous; 2. sparsely tomentose; 3. tomentose; 4. densely tomentose.
2] w
VEREMES FHEASTERSIET KEEFREBHFENNRE, B>
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FERE D H RGN BBELTELE RN EEMRIF. Tsoong (1935) KIZE AT N R T
AHBENTERNE, BEESER “+405 &1 LEMENE”. Baranov (1936) fEET
(1983) X B HATR K W B T M e, S IRR  FRE S B Z BT R 4 .
€% (1993) EMBEME (A gmelimi) B EHHYHEDERT S, #1777 XM
REBAENRE, MBS LHBRBTTERAIR ABSH, XEZE SEITFESERE
BEATLEAEEENTRE. RTINS ESERIESERAER N ol B A F 3
T4, ATETIE, BBERANESRS F. FPREETEEIMIEFRS IR
B ENEIEE (BXE/R/MED RHEMRE, FEERRHFTARIE, NEE
BF AR IR M N B AT B2 (IEEEED.

FEAESEN, AFWUTEEEERET R, BRES SR E (k5. TH
R EREBER T KX MERBEN S P EEFR M EMER, AR TERER KT
Hef#M AT IR EmEL. fim, R—AEk BN EERYRE N LZEHE SH
B (1D, #FNAMETEMREEEREE (8 2% 2> &, xR
FEMAEMAR 2GR RENHLER. HH, SRR RO E RN, B
EEH--BMEHENE, URRKETEET ENMEIRE,

MIMERTSEH FE, 2R SEHER, E—SRFENEREIEHBHE®R. HrhZx
B EFEEAMKESHERYSEERETRZNER, ARRTHATRAER
(EBREESVYHEREEFES HHEKX) (Tsoong, 1935; Baranov, 1963), &4
(1993) KM P S H S EHEFREESRNSHFRINEY . FESEPHFIEM
e, mHEFSBREUPFOSEREX. B EERERNETIEERE, BR
WERE, LAPREERER, W) BRE 18 (K 3000m) 119 OFK 2560m), &
RTEEER (Tom) KRB, EFSEHEEME,; TREE)EEE 050m) B
21, B TR0 # S B iR (B 4:.B) ZEE L 5L B AL (B 4. A) . Schlicht-
ing et al. (1984) {2l 7 —F “EBRIE” KMERUTEM, S LEROKD , &£
TTEEVERME R S B R, AR TR SR B BRI RN LA ERE
WERKEAESRZRMRBR, BAER FMWHBRARSSBERASAELSE, KE. B
MEHFRS LHER, XEERWERK., FEMERSYEMNOEMYREHE (B,
1993) " . REBAIHERBR T i<, TR BRI, BERREX —ERBERE
B, BHEVZRESEPRANEREENER, RHEETANS £ GRET,
1983), REHME L ERIERE, HENMMERAREEZNALRKELEZIFERMEFH
o, HATH A AR TR GES, 1993), HNETHEHREN & LG &t —
BWE. FWERAMT, £, REMFFHERGFRTBEERD 5. £, £
FRFFHERTEENRTISZ Y, BAERSEHEYPERSERSEHEREY T
BABERRBELEETFRIEEN (Stebbins, 1950; Davis ef al. , 1963), WL
MRUEMEFEMEHEEFB/N (Bradshaw, 1965; Davis, 1983; Macdonald et . ,
1988). IEE Mk, XEALRE S BB PBINSEFERKHME (Baranov, 1963;
BT, 1983; HEMgESE, 1993). EAERENE, HAERAREHE. BESHRE
UZBEESESENTERM KA (Tsoong, 1935; Baranov, 1963; BT, 1983; EHH
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Table 4 The measurements of floral and seed characters of eight individuals

EHEEK LER e e/

:{a{iﬁ? Corolla length Corolla diameter Style length Corolla length/style
{mm) (mm} {mm) length
0501 14 (143" 11 (o 19 (19) 0.74 (0.74>
0507 15 (14) 13 (12> 18 (17) 0.83 (0.82)
0508 15 (14} 10 &) 19 (18 0.79 (0.72)
0509 15 (157 10 (9 17 (18) 0. 88 (0-83)
0510 15 (16> 14 (12) 18 (20) 0. 83 (0. 80}
0511 15 (15 .14 an 21 (20 0.71 €0-75)
0512 14 (13) 11 (1D 17 (A7) 0.82 (0.76)
0513 : 13 (14) 9 (10) 18 (19 0.72 (0-74)
2002 20 21 17 (A7) 23 (24 - 0. 87 (0.88)
2007 18 (18) 13 (14) 22 2D 0.82 (0.86>
2008 21 2D 17 (16} 22 2D 0.96 (1.00)
2009 21 2D 18 a7 21 22 1. 00 €0.95)
2010 17 A7) 13 {143 19 21 0.89 (0.81)
2012 18 (16) 15 O 21 2o 0. 86 (0.80)
2014 16 (15) 14 (13 18 (8 0. 89 (0.383)
2015 22 (22) 17 (19 23 (24) 0.96 (0.92)
¥ VE 1. 0378 1. 1074 1. 0483 1. 0469

« ERBTHEIRRE, ESNHNR—TESREE=ZFHMRE.

The figures cutside parentheses, obtanined in the field; these in parentheses, two years after transplantation to the
garden.

L%, 1903), MAWRAEALFEWHEREHFFK (K3, 55 [ 6). Marshall et al.
(1968) FEXBEER (Avena L.) BAFHFRENR, BtE LB — A barbaa LIRIE L
LA A, farua ¥ —Z TR AL IRH A AT B, B b i — A R A A R K
NG HE ERREHER DR ﬁaﬁ%@ﬁ%%ﬁﬁ%&@i%o B, 1 Stellaria
longipes BRI RY, WEURME, BEEM S. longipes) THREBRRIELMH
PR (S. longifolia) & (A FRM T £, BFEEFE _HFEFHME (Macdonald e
., 1988), Jain (1979) %t Bromus fil Limnanthes B BT FHEBRFT, AR W WK
B AR ELENSEE N Al R RFEN X —MiEE, Fit, TUHENEES
Hent B R E B R EREAREER, XENTREEMHERE & TETE
8BS, 1983)°, EAEAKA, TERGTMEERUXAGEEE, KR —EH
B R EAMETER — etk B WA R AR MK MERMERES K @S, A
W (E 6). TR (B % XREAEREREAGT, KRBk
WA, ERAYRGRRATSL, FrHEREEETEFAERELCERNED AN
M, (Chinnappa, et al. » 1984 ; Morisset et al. , 1984) , i EL AT ¥5-+E Y 06 B A1 =X e 2 AR 15 32
%) (Bradshaw, 1965; Macdonald e al. , 1988; Vasseur et al. , 1992}, B, EXRFFT
WRMAERRE, A—ERRRMEEFERTNEERRTRERMEREER
AL,

WZE R, TEER—FHAEREAR, XHARAERELEFEKFE L,
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BTEREENEHNE N
in each of two populations before and after transplantation )
LR EFRA K fFie HFR HrR/®E
Disc length Length of calyx Seed length Seed width Seed length/
{mm} lobe (mm) (mm) (mm) width
1.7 (1.8 3.5 (4.0) 0. 98 (1.00) 0. 46 (0.45) 2.13 (2.22)
2.3 (2.0) 3.6 (4.1) 1. 04 (0. 99) 0. 52 (0.50) 2.00 (1.98)
1.7 (1.4 5.0 (5.0} 0.95 €0.96) 0.51 (0.50) 1. 86 (1.92)
1.8 (2.0) 4.6 (5.2} 0.92 (0.92) 0. 46 (0.48) 2.00 (1.92)
1.8 (2.2) 4.1 (4.6} 1.08 (1.10} 0.51 (0.51) 2.12 (2.16)
2.0 (2.0 4.4 (5.23 0. 9% €0.99) 0. 46 (0. 46) 2.15 (2.15)
1.8 (1.6 3.6 (4.2} 1. 09 (1.15} 0. 52 {0.52) 2.10 (2.21)
1.7 (1.6) 3.8 (4.2> 1.23 (1.24) 0.48 (0. 49 2.56 (2.53)
2.5 (2.0) 6.4 (6.0} 1.13 (1.10) 0. 44 {(0.42) 2.57 (2.62)
2.1 €2.0) 5.2 (5.0} 1. 08 (1.08} 0. 44 (0. 45) 2.41 (2.40)
2.5 (2.6 4.2 (5.0) 1. 08 (1.08} G.51 €0.50) 2.12 (2.18)
2.6 (1.8) 5.0 (5.4) 1.33 (1.29) 0. 46 (0. 45) 2.89 (2.86)
2.1 ¢2.1) 5.1 (5.8) 1.0% (1.14) 0. 44 (0. 44) 2.48 (2.59)
2.9 (2.7 5.5 (6,0} 1. 08 (1.0G6> 0.52 (0.50) 2.08 (2.03)
2.8 (2.7 5.4 (5.1} 1.28 (1.27} 0. 43 (0.44) 2.98 (2.98)
2.0 (2.2 4.8 (5.7) 1.23 (1.25) 0.52 (0.50) 2. 37 (2.50}
1.1238 1. 1150 1. 0202 1. 0226 1. 0241

FEENRIFF L RAREMEEEE KT L (Chinnappa ef al., 1984), AXHKAT
MR BRAENRE, FEOHZESRBTRESFER, BLEREMLN. Mibs
B R RGAER, BOAHTTRAREET, QSRR EE B AR
R E—R TR &G, DURER 3 B R 5048 R R 5 A9 A1 AR 7E AR 9 R
BET, ARRAESY | £8Y BEFNESEELRMAMRIRURSERET
SHAEIEGTEFB, XS EH—SEAERTERNAR, HNERAEFE R
AT REEG A et FRE S — B RR B REMER, BT B E RIT
A, .
WRERBTEES EAERY S EEZNAEF R BB IER. Davis e ol
(1963) EatAdLEP Ry “IF” HRBH T HAERRE, “FHZIEMENER B
Hep BEM—& B EMENARG T R 2B/ EH TR CZHRB R EW,.E
—AEEAEAER AN ERAERFEAGSIEN, HFARELERERXRAKR,
BRI MR A K E Rk (Davis, 1983; #4572, 1986). #/iM, Chinnappa et al.
(1984) 3t Stellaria longipes A BARTEENTIFG, RAUEEERREDTN
NAERER RS ETEY, UHTHEN “AEMEhNTE - TREERHERSE
#, MEPHLXILA ‘Y AR B MY, B—HE, BRWEERMERS XN
BARA, “EifftERBESLE EXAMEREREFNMEEEFIHEAE TEHE
" (Harper, 1977), KX BIFEFR I, 152 [ ¥ Y B H BN _EHE X (Morisset ez al. »
1984; Grant, 1991), “F& FMHERERIAEY ME R RRFHEALE, N ARFH
M EEE — M {ER” (Grant, 1991, 175), #Y, LHEKFEZFEETE, MIFEY
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Table 5 Phenotypic plasticity of morphological characters in Adenophora potaninii complex

R ]
TR Character Develfnﬁ;tj;iﬁ ;;ﬁlasticity Enviroffniir:{aiﬁ[:ﬁsticity
S Length —_— (++)
#H HE Diameter - +++
Root E¥ Caudex —_— (+ 4
RIRE Rhizome — (++)
HEH No. of stems - ++
E-3 [ Height —_— 44+
Stem B Diameter — (++4)
#E Indumentum _ +
i3 Length ++ +
o L3 Width ++ +
F s i Leaf shape + 4+ +
Leaf gk Length of tooth ++ "
R Length of petiole ++ +)
#E Indumentum (+> +
LT HY Ne. of Inflorescence — (++)
TEREE Inflorescence length {+> + 4+
K Corclla length + +
R Carolla diameter + +
ERBR Corolla shape + +
it pix- 3o Corolla lobe (+) +
Flower  Zhii Style length + +
EHK Disc length + +
HEIAL R Length of calyx lobe +++ +
K Pedicel length ++> : (+)
s K Length ++> +)
B Diameter (++> . +)
Capsule 4R Shape (+) +)
$:3 Length - J— +
U Width — +
Seed :
KAk Shape —— +

VE value; <<1.50, +; 1.50—2.00, ++; >2.00, +++
TAER MUK, MFMERGHTAEEE MR ENEEN, BdREX
A4l VBB R B HE A (Schlichting, et al. , 1984), Eik, A RAE .
VUEE, FTEBYEAYIE R LK T E A 8 A R 2 [ R e R AR R H BT R
1k LM FI R A (Morisset et al. » 1984; Macdonald et al. , 1988; Vasseur et
a., 1992), HHLBIEAEP (Bradshaw, 1965; Schlichting e al. , 1984; Macdonal ez
al., 1988) RARMEMEMERRNWEEIRE.

HERAESARESHROBIETEREESWBHZ MR EERCREK.

£ % X #
HEY. WMT 1903 RMPSEAM VR GERENFIT. BRYSRFH 31 O 17—

B—2Z. 1980. AT PERHY S RFRTH . ARTRFER 1 L 5361
BT 1983 FEMEMWE. B3 B2 HH GPEH. FEEERL BEFE. QW BEdEG
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