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Structure and Ecological Adaptability of the Leaves of Three AsteraceaeSpecies at

Different Altitudes on the Qinghai-Tibet Plateau

SUN Huiting, JIANG Sha, LIU Jingmin, GUO Yajiao, SHEN Guangshuang, GU Song”
College of Life Science, Nankai University, Tianjin 300071, China

Abstract: To investigate the impacts of climate change on plants, the paraffin section method and microscopic techniques
were used to study the morphological and anatomical structures of Taraxacum mongolicum Hand-Mazz, Leontopodium
leontopodioides ( Willd.) Beauv, and Saussurea superba Anthony leaves. These species are distributed at different altitudes
(3600 m to 4400 m) in the eastern part of the Qilian Mountains on the Qinghai-Tibet Plateau. Leaves, as the organs with
the largest surface area exposed to the sun and air, are the main photosynthetic organs of most plants, and very sensitive to
environmental changes (e.g. light, temperature, moisture etc.). Thus, leaves can exhibit great phenotypic plasticity in
response to environmental heterogeneity, as both the external morphology and internal anatomy of a leaf can vary extensively
with changes in environmental conditions. The Qinghai-Tibet Plateau is one of the areas most vulnerable to the effects of
global climate change, because of its high altitude. In this study, we observed the morphological features of leaves,
calculated their anatomical indexes and stomatal parameters, and analyzed the correlation between the anatomical
characteristics of the above Asteraceae plants. We also investigated the response and ecological adaptability of these plants to
differences in altitude. The results showed that the three plants undergo different changes in the inner margin of the outer

stomatal ledge, cuticular ornamentation, relative positions of stomata and epidermal cells, as well as the inter-margin of the
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upper and lower epidermal stomatal apparatus with increased altitude. The average stomatal density of on upper and lower
epidermis of Leontopodium leontopodioides increased with altitude ; however, the opposite effect was observed in Taraxacum
mongolicumand Saussurea superba. The three plants underwent an irregular change in the stomatal indices of the upper and
lower epidermis with the increase in altitude. The area of the stomatal apparatus of the upper and lower epidermis of
Taraxacum mongolicum andLeontopodium leontopodioides gradually increased with altitude ( there was no significant
differences at the 0.05 level in the stomatal apparatus area of upper epidermis of Leontopodium leontopodioides between 3800
m and 4400 m above sea level ) ,while the area of the stomatal apparatus of Saussurea superba first decreased, then increased
when the altitude increased from 3600 m to 4000 m. The thicknesses of the leaves, upper and lower epidermis, upper and
lower cuticle, and coefficient of the palisade cell increased with altitude. The results indicate the occurrence of a significant
co-evolution between most leaf anatomic indexes (for example, upper and lower cuticle thickness and epidermis thickness,
palisade tissue thickness and spongy tissue thickness, coefficient of palisade and coefficient of palisade cell, and mesophyll
cell area and volume ). The anatomical structures of the leaves, and the stomatal density in particular exhibited highly
plastic responses to changes in altitude. These results suggest that the anatomical structures responded similarly to altitude
change among the three species, and that the co-evolution and plasticity of leaf anatomy were driven by environmental
variation. The different plants possess different response mechanisms that allow them to adapt to changes in altitude, which

confer adaptability to environmental changes on the Qinghai-Tibet Plateau.

Key Words:; Altitude; Co-evolution; Plasticity; Qinghai-Tibet Plateau
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1 H#5F®

1.1 #hk
1.1.1  BFs bkl

e (101°12'—102°12" E,37°15'—37°30" N) fo, T3 M HFALOE B a0 T8 % A G B AR, AR
T L AR B SR — 1, A TR I i v D v DX G 3 Y X ) e U X, 8 e 0 o W —— 15 1 R I I R
5254.5 m, AR X ZAEEHIRE KR 410.0 mm  AEEJREE R 0°C ; 8 A AEIRIEH (24K R4 93 mm) ;5
PH (7 A) BAERIRRE 9 11.4°C (1951—2006 4F) 7
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1.1.2  SEgekik

TERIY A KINE ) 7—8 A 1% I AL BE RS REM . 3600—4400 m [l 5 B[R4 3 Ry B Y
B AT R AR RN R AR B ML EE R 10—15 Wk & B R BE AR T 1) BBV AR | 26 AR rhoR ) P o7 R 4R
AR A B 3—5 F SR IE ZE M B rp s L Bk Ho BTHL S mm x5 mm R/NEIAESY, 28 FAA [ W (90
mL 70% £ BE+5mL I +5mL VKR ) [ a2, 5 1A S2 56 % J5 A 4°C B VKA PRA7 . B — A i 1 000 2 250 i hy
3,36 30 MLEF, A RSN SBREEFERIE 1,

F1 EHYMMEHSE
Table 1 Plant species and altitude

TH YR Species J& Genus H: 15 R Life forms FEHL IR = Altitude /m
By ANy
A 4 AR SARH R 3600, 4000, 4200, 4400
Taraxacum mongolicumHand.- Mazz
KRG - -
& 3 44

Leontopodium leontopodioides (Willd.) Beauv KR ZFERA 3600, 3800, 4400

Wi IXEZS
F L2 KEHE LA B AR 3600, 3800, 4000

Saussurea superbaAnthony

1.2 SE5Jrik
1.2.1  H#HE(SEM) WiEE

P FAA [ W BIRE S TN 4% I P B8 1 /N BREIR 22 il IR0k 3 WRUG 5645 31 19% 4R T4 PRI [
E R TR ER IR & CRE R GVBK , B IR TS BURE i [ € TR & b, B84 578 Hitachi S-3500N 34
LB T ULEETT IR AH
1.2.2  AkEH A

MEHZ FAA B  CBERIIBK AW =i, RO LUl R, U1 R 22 8pum , T 4L —
2k, e E R, OLYMPUS BXS53 Dt S fiiE (LM) T WL BRAH , RIS FIL T CellSens {4 4%
Ui ) 27 AR R o
1.2.3  REWHILSIE

W2 FAA € J5 IR i, FH 50% 1) SRR BEIS  BOA 25% FY YR R BT I = 1—2 /N 1R B
KRG, &K ot TEREREE T P Bt f B T SR KBS s R R, Olympus BX53 S5 M Be
(LM) WLEE I REAH
1.3 $5HR &
1.3.1 M= R AL Coefficient of palisade( CP) : CP = PT/ST

Hirfr Palisade tissue thickness( PT) M= ZHZUEE | Spongy tissue thickness(ST) A il SRS
1.3.2 MR AR A S BRI A B B KB S R T
1.3.3 400K AR Cell area( CA) FILHMIIAFH Cell volume( CV) ™',

CA=mxCWx (2CL + CW)/2
CV=m x (CW/2)? x CL(0.38 + 0.117CL/CW)
Horr, Cell width(CW) KM PN 58 ; Cell length ( CL) 25— 2 A< 32
1.3.4 S AL%JE Stomatal density(SD) FIFL+5 %L Stomatal index( SI) (101,
SD =N/S
SI=SD/(SD + ED)

Hot N A RLEF R AL S s ASILEF B Epidermic density ( ED) 646 H AL .
1.3.5 S FLESMFA Stomatal apparatus area( SA) "' SA = 1/4 x 3.14 x SL x SW

Hrpr | Stomatal apparatus length ( SL) #5 X FL#51< ; Stomatal apparatus width( SW) #8 X fL#%

i

o
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1.3.6 ] $PEFEEL Plasticity index(PI) '™ . PI =1 - x/X

x A FEE R I S/ N TSR X 25 Rl P B O A
1.4 HdEabr

FIH Excel (2010 i) FRA4%F I R it i) 24 48 b5 AV AL S B 715, R SPSS 20.0 3144, 2K H One-way
ANOVA M AN R = FE i R 2 R E AT LS B 22 5. R Pearson AH G M kA 5 - 7 45 i
B R IE 5 R AR DG

2 LIRHER

2.1 REAMAARSLIIE S RHE
3 Bl LN R B BRSO LS R B AR 7 B AR LA R N SRR IR 2 B2 MU AIE AL
ARFEREIEROTT R AR R AR (R 2)

x2 TRBRESERHBRENXAZEMBETREHTEHIT

Table 2 The morphological features ofleaves of the three plants from SEM and OM at different altitudes

Y ZO% o
Morphological indexes

JEAHFE Morphological features

AT

Taraxacum mongolicum

P

Leontopodium leontopodioides

KWL

Saussurea superba

50 )Z 80 Ornamentation

280IR (3600) — 6 HIR (3800,

. S S b
of cuticle bR ek 4400) 280tk
X %801k (3600, 4000) — Je Ak (3600, 3800) — 48R L,
TRK SRR (4200, 4400) (4400) ARECR
SILE R E LR . - "
Relative positions between bR ERA] VAT (3600, 3800) — AL A EEA]
) (4400)
the stomata and epidermal
cells TRE ER ] [ERA] ER ]
SELAEAMIE TS N " 3 PRI
Inner margin of the outer FEE L e (3600, 3800) — B AR L
(4400)
stomatal ledge
X S (3600, 4000, 4200) >R e
TRE (4400) i e
. Zih %1 (3600) — A HLUES (4000, £ EI(3600) —AHLIU AL (3800)  AHLIU AL (3600,
4 Al cells
BN Epidermal cells kR 4200) — £ 31171 (4400) —Z 317 (4400) 3800) —Z 1% (4000)
Z N (3600) — A B AL (4000, 237 (3600) > AKLIAL (3800, . p
FRE 4200, 4400) 4400) ARR
il T
SFLAF Stomatal apparatus EFRE f%g%;j(ﬁggéo) 731 74 (3800) A
- , JEHLIN T (3600) —F- 51 71 (3800) ,
TERK TCHIE AL (4400) s WU ]

“ 7 R PRI B IR 9 A8 fhita #5 3600, 3800, 4000, 4200, 4400 43 4§ A [ (354K 25 B /m.,

2.2 LS EEE AR

AT KB4 b F 3R B FLEE SD (1) Bl 44 i BE A3 ng 22 BRI 3, Kol 1R
SD B4R N 22 BB S0 64 38 0 s LR SR B SD I AR S 38 i B B0 St R AR 9 I 4 7 Ak, 4% T A v E ] 22 S
B,

TAYE BN FRBSLAR L ST 2) A A S, b3 B2 B 4000 m Hi1 4200 m P& 2 8] 22 5 A i
FON AR AR 26 5 35 T R EZBRIEIR 3600 m 1 4000 m Z[A] 25 57 A 2541, HAR A IR 0] 26 57 35
KGR 1 2 B I TR s AR A T B S 38, 3K 3800 m AT 4400 m ) ST 255N 1 3 HLF R A ST RfVEK Y
BRI S FEARR AL A R 2 (A1 28 5 3, SN B2 L B ST BB 19 58 I SRR AR5 4 A a3
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AR R [R] 22 57

W N RE SIS ER A R Z S 14k 3800 m B BAR T H e ik,

250 250
1
m AT
P&
200 OEmMMRES 200
a a3 az &
150 | 150

RALEE
Stomatal density/(No./mm?)

W
(=}
T

b, 2
—
100 by 100
by
Cy
50
0 , . . 0

a
by
b
= D by

3600 3800 4000 4200 4400 3600 3800 4000 4200 4400
VR TR B Altitude /m

Bl1 3#@Ewmt(ERE) . T(AB)RESIZERBRSENEL

Fig. 1 Changes of stomatal density in upper (left) and lower (right) epidermis of leaves of the three plants with altitude changing
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Fig. 2 Changes of stomatal index in upper (left) and lower (right) epidermis of leaves of the three plants with altitude changing
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Fig. 3 Changes of stomatal apparatus area in upper (left) and lower (right) epidermis of leaves of the three plants with altitude changing
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WY b T RECTALA A SA (1] 3) FEiES s BE A TSN , 4 AR Z M 255 3% . KSR B R
FHE SA WETEFHA o B ARSI TR I, BT R AR 3600 m W BAR TR e MANER, Ja 5 3 Mk 2557 B3, €
MEAEA L T 3R Bz SA BT R BE AN SEsg s AR i 3, A R S M 22 57 B (a, b, )/ a, .
b, co/ ay. by ey, MHIFRHIAGE KGRI E A 145 bR BE R L A 3 122 57 (P<0.05) )

2.3 i S RO AR b

3 B At )~ RO A TR bR BB T8 o B8 A8 1 (3 3—5) SR I 3l 2 D& A9 45 JTH18 s 22 B 10 A 1 v 7 484
Ry KGR BRI R T HAUR L SR 2 FUAh , AR A I AR A2 Rk 3 [R] i 28 0% 5 50 ML E A BRI 2R
B A A AR T A SRR B AN L 3R B R BRSO R 1, AR A I bR R SR T s T8

®3 FRBRSEFEAENFBIFHENIER
Table 3 The anatomical quantitative index of the leaves ofTaraxacum mongolicum Hand.-Mazzat different altitude
W B Altitude /m

i EHFEFE Anatomical indexes

3600 4000 4200 4400
i )R BE Leaf thickness /pwm 238.74+4.42¢ 313.59+1.08b 322.52+2.36b 413.11+3.80a
. =]
J_ﬁﬂi;);f; . 3.19+0.02¢ 4.44+0.04b 5.41£0.05a 5.34+0.05a
Upper cuticle thickness /pm
E:
Tﬁ]ﬁﬁﬁé};f; . 2.58+0.02d 3.50+0.04c¢ 3.83+0.03b 4.04£0.04a
Lower cuticle thickness /pum
oS
J:%%ﬁ};f; N 27.29+0.18d 30.85+0.21c 31.72+0.34b 50.05+0.39a
Upper epidermis thickness /pum
1
Ti%gdﬂ_&‘ N 18.50+0.14d 24.67+0.22¢ 28.23+0.15b 40.74+0.49a
Lower epidermis thickness /pm
L0 40 5 i
HRHEALBURE 74.45+1.07d 99.370.78¢ 105.58+0.75b 156.98+1.42a
Palisade tissue thickness /pm
N
ﬂﬂ;%ﬁ - 0.68+0.02b 0.66+0.01b 0.72+0.01b 1.04£0.04a
Coefficient of palisade
oy ¥
Tﬂﬂ*_,ﬁﬂ}i@%ﬁ( . 2.33+0.05¢ 2.51+0.02b 2.57+0.03b 3.29+0.03a
Coefficient of palisade cell
VL 4] 21 i
IRALBVRL 112.72£3.72b 15076+ 1.42a 147.75+2.35a 155.96+4.57a
Spongy tissue thickness /pm
WA L UL B S JREE b
0.31+0.00¢ 0.32+0.00be 0.33+0.00b 0.38+0.01:
Palisade tissue thickness/Leaf thickness * ¢ * e * * a
481 4] 21 i e
1S PRSI 0.4720.01ab 0.48:£0.00a 0.46=0.00b 0.3820.01¢
Spongy tissue thickness/ Leaf thickness
L EE: [HIEA
AR ) 2806.66+113.54¢ 4147.10+48.21b 3912.44+83.72b 12969.60+184.75a
Mesophyll cell area/pm
I PA] 20 i A4 AR
R 6785.68+392.85¢ 12215.39+202.62b 11263.60+332.53b 71189.00+1442.32a

Mesophyll cell volume/ wm?

x4 FEBASENAENFFBIFHENIER
Table 4 The anatomical quantitative index of the leaves ofLeontopodium leontopodioides ( Willd.) Beauv at different altitude

WK Altitude /m

it F8 % Anatomical indexes

3600 3800 4400
M F 2B Leaf thickness /wm 205.51+0.55¢ 217.64+0.69b 429.94+2.25a
- ARJZEEE Upper cuticle thickness /pum 2.75+0.03¢ 2.97+0.22b 5.42+0.13a
FAAFZEE Lower cuticle thickness /pm 1.95+0.04¢ 2.30+0.04b 4.53+0.05a
1R R Upper epidermis thickness /pwm 29.81+0.24¢ 33.47+0.22b 38.78+0.29a
TREJERE Lower epidermis thickness /pwm 20.39+0.24¢ 24.18+0.12b 28.41+0.33a
WA LURLEF Palisade tissue thickness /wm 62.12+0.90¢ 73.61+1.93b 143.631.06a
M ZR %L Coefficient of palisade 0.71£0.02¢ 0.94+0.05a 0.69+0.01b
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3 AR Alitude /m
i EHFEFE Anatomical indexes
3600 3800 4400

MR 4 i R %X Coefficient of palisade cell 2.59+0.04c 3.05+0.04b 3.91+0.05a
WA R Spongy tissue thickness /pm 88.49+0.99h 81.10+1.97¢ 209.18+2.68a
ML LH 2R J3F 5 - JELBF [ Palisade tissue thickness/Leaf thickness 0.30+0.00b 0.34+0.01a 0.33+0.00a
TGHR A ZURLRE 5 JEBE LK Spongy tissue thickness/Leaf thickness 0.43x0.00b 0.37+0.01c 0.49+0.00a

I PA) 4 it 2 18T B Mesophyll cell area/jum?
P 2 IR R Mesophyll cell volume/ pum?®

3196.22+69.29b
8330.56+260.08b

3270.94+57.18b
8878.68+211.84b

6951.77+116.00a
28955.92+686.08a

x5 FTRBASEEZMREHMFBRIZHENIER

Table 5 The anatomical quantitative index of the leaves ofSaussurea superba Anthonyat different altitude

R FEAR Anatomical indexes

WK B Altitude /m

3600 3800 4000

I HJEJE Leaf thickness /wm 525.90+0.43a 418.05+1.58b 358.40+1.08c¢
A FUZEE Upper cuticle thickness /pm 2.20+0.02¢ 3.24+0.03b 3.81x0.04a
T FUZIERE Lower cuticle thickness /um 1.7720.03¢ 2.3420.03b 2.95+0.02a
- F L Upper epidermis thickness /pm 37.71+0.21¢ 42.93+0.24b 51.61£0.24a
T # KI5 Lower epidermis thickness /pm 26.28+0.15¢ 31.36+0.17b 32.71%0.13a
MWL LUREE Palisade tissue thickness /pm 190.77+0.74a 147.30%1.12b 132.24+0.69¢
WA R %KL Coefficient of palisade 0.71£0.00¢ 0.78+0.02b 0.98+0.01a
MR- 40 i 22X Coefficient of palisade cell 3.34+0.07¢ 3.56+0.06b 4.18+0.07a

{’%éﬂ//\ J& Spongy tissue thickness /pwm 267.18+0.76a 190.88+2.25h 135.08+1.10¢
MRS L ZURLRF S50 JELRE L Palisade tissue thickness/Leaf thickness 0.36+0.00a 0.35+0.00b 0.37+0.00a
“ﬁi?%éﬂé‘% JE 5 JELRE L Spongy tissue thickness/Leaf thickness 0.51+0.00a 0.46+0.00b 0.38+0.00c¢

P 4 2 1 A Mesophyll cell area/ wm?
P 40 AR FR Mesophyll cell volume/ pum?

9477.20+244.08a
44787.87£1727.71a

8425.20+1900.26b
38146.39+1900.26b

5774.99+104.69¢
22275.47+593.71c

2.4 REISARRRERR A B

Xt 3 AR A A A SR (M BB L B R BRE R AR

JREJEE A )

SERE AR A AR

K Hp e AU E M 2R K R AR ANARR) (9 Pearson *Haéﬁﬁﬁ%%%%%:?ﬁi?&ﬂ%( *6) bR TR
JEJEE S R B S AN 3 2 A, A R bR Z ) 2 52 AR SGE (P < 0.01) 5 KB (32 7) B T #IA
240 M 2R 5 PR R TR AR B S AN 35 22 A, A 9 o 2 ) 149 52 S 3 SRR (P< 0.01) 5 G IXE 26
(3 8) &M IR br Z [ 5 8 E AN (P< 0.01)

R 6 HAKEMREEIFFERRXMED T

Table 6 The correlation of the anatomical index of leaves of Taraxacum mongolicum Hand.-Mazz

E N

b O L

. JELE
Anatomical Leaf Upper Lower

. . . . . . Upper

indexes thickness  epidermis  epidermis el

thickness  thickness c.u 1ele

thickness

A e
i)z
~ ’TE
JEEE .
Palisade
Lower K
ticle tissue
cuticle
hickness
thickness thickness

A= T34
ity HR A=
Y4 JEERE EXi
Coefficient

of palisade  tissue  of palisade

cell thickness

LI U e ) ]
EQIEA A

Spongy  Coefficient Mesophyll Mesophyll

cell area cell volume

W H R
Leaf thickness

BRI

1 0.891( **)0.939( **)0.786( ** ) 0.850( ** ) 0.937( ** ) 0.772( ** ) 0.761( ** ) 0.534( ** ) 0.870( ** ) 0.847( **)

Upper epidermis 1 0.933( ** ) 0.607( ** ) 0.681( ** ) 0.949( ** ) 0.885( ** ) 0.434( ** ) 0.770( ** ) 0.967( ** ) 0.963( ** )

thickness

http ; //www.ecologica.cn



8 £ OF ¥ iR 36 &
I ‘ =
P R &ﬁi ;?; EE EE %ﬁﬁﬁ %% §£ WS RFAAIE oA
e SRR g mE REC EE RM RER KB
Anatomical Leaf Upper Lower Palisade - -
. . . . . . Upper Lower . Coefficient ~ Spongy  Coefficient Mesophyll Mesophyll
indexes thickness  epidermis  epidermis . . tissue R : R
. . cuticle cuticle . of palisade  tissue  of palisade cell area cell volume
thickness  thickness . . thickness R
thickness  thickness cell thickness
TR KRR
Lower epidermis 1 0.766( ** ) 0.814( ** ) 0.956( " ) 0.861( ** ) 0.542( ** ) 0.706( ** ) 0.911( ** ) 0.898( ** )
thickness
)RR
Upper cuticle 1 0.917( **)0.736( ** ) 0.578( ** ) 0.604( ** ) 0.426( ** ) 0.542( ** ) 0.511( *")
thickness
TR R

Lower cuticle
thickness

WA L SR
Palisade tissue
thickness

A 248 i 2R %K
Coefficient of
palisade cell
AR SRR
Spongy tissue
thickness

=Y
Coefficient

of palisade

- Py 2
MM

Mesophyll cell area

- PR 40
AR
Mesophyll

cell volume

1 0.791( ** ) 0.664( ** ) 0.662( ** ) 0.449( ** ) 0.618( ** ) 0.587( **)

1 0.848( **)0.494( ** ) 0.790( ** ) 0.938( ** ) 0.924( **)

1 0.315( ") 0.741( ** ) 0.834( ** ) 0.839( **)

1 -0.132 0.415( ") 0.381("")

1 0.762( **) 0.769( **)

1 0.998( ")

o SR E A OCHE (P<0.01) 5+ HEAT W2 AHH DG (P<0.05) .

Table 7 The correlation of the anatomical index ofleaves ofLeontop

RT  NGEEMEEFHER XS

dium

topodioides ( Willd.) Beauv

I T A= T2
s T M= 22
_ B2 G il iy AR G E =y o P A D
il S REE R : 0, | {
il DRI MR R gy PR 2w mw gm0 xmE AR
Anatomical Leaf Upper Lower Palisade . o
. . . . . . Upper Lower . Coefficient ~ Spongy  Coefficient Mesophyll Mesophyll
indexes thickness  epidermis  epidermis . . tissue . : .
. . cuticle cuticle K of palisade tissue of palisade cell area cell volume
thickness  thickness . . thickness K
thickness  thickness cell thickness
I L
fH‘EE 0.846( ** ) 0.517( ** ) 0.803( ** ) 0.869( ) 0.902( ™) 0.254( ** ) 0.962( ** ) —0.448( ** )0.927( ** ) 0.960( ** )
Leaf thickness
LRI
Upper epidermis 1 0.677( ** ) 0.765( ** ) 0.833( ** ) 0.857( ** ) 0.430( ** ) 0.738( ** ) —0.185( * ) 0.731( ** ) 0.786( ** )
thickness
TR
Lower 1 0.785( ") 0.784( ** ) 0.753( ** ) 0.796( ** ) 0.298( ** ) 0.356( ** ) 0.286( ** ) 0.407( **)

epidermis thickness

SRR R
Upper cuticle

thickness

1T 0.921(**)0.913( ** ) 0.635( ** ) 0.649( **) 0.055 0.594( **) 0.692( **)
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Anatomical Leaf Upper Lower Palisade - -
. . . . . . Upper Lower . Coefficient ~ Spongy  Coefficient Mesophyll Mesophyll
indexes thickness  epidermis  epidermis . . tissue R : R

. . cuticle cuticle . of palisade  tissue  of palisade cell area cell volume
thickness  thickness . . thickness R
thickness  thickness cell thickness

AR
Lower cuticle 1 0.956( * ) 0.623( **)0.723( **) =0.012 0.675( ** ) 0.769( ** )
thickness
M 2 2

JE B Palisade

tissue thickness

2 2 i
Z B Coefficient
of palisade cell

LR
JREPBE Spongy
tissue thickness
V=Y
Coefficient of
palisade

- P 2

F M FL Mesophyll

cell area

- PR 440 i
HFH Mesophyll
cell volume

1 0.566(**)0.752( ) -0.056 0.725( **) 0.808( **)

1 0.023  0.632(**) -0.072  0.067
1 —0.652(**)0.963( ** ) 0.960( ** )
1 —0.667(**)-0563( **)

1 0.988( **)

T RA R E AR (P<0.01) 5 * 454 BFEAKNE(P<0.05).

x8 EWMRNEBHFMMREVFEEXES T

Table 8 The correlation of the anatomical index ofleaves of Saussurea superba Anthony

E T B T4
k% T M 221
B Bz Bz il HAH L S S S E Y D A o)
g b W R N i , !
Wil PRRIE BRI BRI g g PR e mr mm xzmR 6B
Anatomical Leaf Upper Lower Palisade . -
. . . . . . Upper Lower . Coefficient ~ Spongy  Coefficient Mesophyll Mesophyll
indexes thickness  epidermis  epidermis . . tissue . . .
. . cuticle cuticle . of palisade  tissue  of palisade cell area cell volume
thickness  thickness . . thickness .
thickness  thickness cell thickness
R R . . .
S 1 =-0.930( " )=0.949( ** ) —0.964( ** )-0.945( ** ) 0.973( ** ) -0.613( ** ) 0.993( ** ) —0.812( ") 0.881( **) 0.685( ")
Leaf thickness
R
Upper epidermis 1 0.842( " ) 0.891( ** ) 0.941( "™ ) -0.884( ") 0.639( ** ) —0.946( ") 0.867( ™) -0.852( ** ) —0.445( ™" )
thickness
TR
Lower 1 0.922( ") 0.861( ** ) =0.929( ** ) 0.556( ** ) —0.940( ** ) 0.742( ™) -0.829( ** ) —0.725( **)

epidermis thickness

LRI
Upper cuticle
thickness
TR R
Lower cuticle
thickness
M 2 2

JE B Palisade
tissue thickness
HIA 441

FZ B Coefficient
of palisade cell

1 0.912( " ) =0.955( ** ) 0.587( ** ) —0.950( ** ) 0.743( ** ) —0.854( ** ) -0.664( ")

1 —0.902(**) 0.644( **) —0.951( ** ) 0.833( **) —0.856( ** ) -0.536( **)
1 —0577(**) 0939( **) —0.664( ** ) 0.883( **) 0.744( **)
1 —0.624(**) 0.587(** ) —0.722( ** ) -0.283( **)
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e T A T W41 B T4
. il Bz RO HA TR N s [
ek I L JEL e JELJE JE " o . R
il PR BRI R e g BE g g om0 xmR G
Anatomical Leaf Upper Lower Palisade - -
. . . . . . Upper Lower . Coefficient ~ Spongy  Coefficient Mesophyll Mesophyll
indexes thickness  epidermis  epidermis . . tissue R : R
. . cuticle cuticle . of palisade  tissue  of palisade cell area cell volume
thickness  thickness . . thickness R
thickness  thickness cell thickness
AR
JELEE Spongy 1 -0.875(") 0.872( ") 0.626( ")
tissue thickness
Y=Y
Coefficient of 1 —0.815( ** ) ~0.282( **)
palisade
Rl
ZRIATFN Mesophyll 1 0.996( **)
cell area
- P 2
F Meso
AT Mesophyll 1

cell volume

s FEA N L E M ek (P<0.01) 5 = $54 W3 M 56 (P<0.05)

2.5 WAL

MR EITE bR ( LR B JRRE R BRI | bR BTAL R ST R B AL MR e S5 RE B
M AR RO R RIS ) B ATV T R 3 AR i R 5 A SR B BOR A T B8Pk (R 9) . Hi i
PRI K GG b R B Al I 3 i T AR B SR T B 5 S X B 4 v 4 A U T B AR R
NI R —FE AR A LR, A SR b T R R JEERE R 1 3% e AL B fe K i 3 RIAE ) | K SR N R
SALEE MM GURE AR SURIE M A0 R RO 7 R R R

R9 AREBERSET 3 FEWH K38
Table 9 The anatomical plasticity index ofleaves of the three plants

A SAPEFREL plasticity index

14T Indexes WA K EmNES
Taraxacum mongolicum  Leontopodium, leontopodioides Saussurea superba
1R B2 Upper epidermis thickness 0.45 0.23 0.27
NS Lower epidermis thickness 0.54 0.28 0.2
- F S LB Upper epidermis stomatal density 0.73 0.54 0.18
TS FLHE Lower epidermis stomatal density 0.49 0.84 0.27
B2 LH AU Palisade tissue thickness 0.53 0.57 0.31
TR YURLFE Spongy tissue thickness 0.23 0.61 0.49
MR 20 i 2K Coefficient of palisade cell 0.29 0.34 0.2
M5 JRJE Leaf thickness 0.42 0.52 0.32
3 it

T B HAE R IR GE— (W R, PRITE K I T RE RS B 3 WAL 0 1) A6 25 R BB A5 i i 25
b 10 S R A A 8 A PR P TR R R A 28 7, X BRI 128 (L e A B R
3.0 ALK A AT D

TER I R BEAC T R v, AN TR RN [ AR AS R A R ) AL RIR 22 e 28, DU SR DB CO, M 7K
G AR D AR A AR BIURR

AWFFEH, KGEEE b R R B B REER A TR N X 5 B A IS A R B, B
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A& AR BE RSN IR EE O, 1 CO, 23 e 23 WA, A 7T RE I 1 8 AL BER IS 0,81 CO, I H& A, AT
=B VR AR TR A0 PR i i Fl LA BRI i PR 2 T AL s J CO, M U B T S Al
Pyxf s LLERSE AR O, F1 CO, 23 IR — I N, (HJZ Sl A SERISE NN KB 2 1Y b T 3R B B A B4R Y
FEIMTTREAR , Reddy 551" DA hy , TR BEI e o] AR i ek J AL 2 8 BT 1o 3 B 1 o, TR T R, 3 2 ALY
AR AT i 38 g R AR AL 288 B R sy LR P AR . X BRI [R] iU AR D 6 CO, MR B8 Dl R S5 PR Y 1
AU AN ], 52200 AR i A=A L 32 B 4 i B 3 s A s ) A2 Al i

ASCr iy 3 AR R bR R B FLAR B A R B B A A AR AL . Kiirschner! ™ ) BF
53¢ IS FLAR Bbt Y IR 58 32 ) 388 A T AR B AR RS 2 L (HL Poole 250 (OHIF 5T 26 I, R ALIEBUBE G RE S SR T3
WATHFIEHE LIS EOHR A CO, 2R RO BAT Rae e 21 A oA Aok b6, K o (38 22 2 (<AL
TR RS S I S U P B AL U, 7K 43 X LA B S e R B G AR g 45 SR B
SALFE O FREE PR 14 i 137 R o R LAY BN A2 2 A 2o A | DRI, 4 7R S LA B BE T SRR B 1 A8 AL B i
AT IR AT .

R4 e A A S S [V v A LR ( Quercus semecarpifolia Smith ) M BUTE S 45 -4 T T HIFST, 45 SR 3%
B . B T e B A i RFLECH db R LS AR K, Carpenter Fl smith" 21 A S FLE T AR FE 2 iR
BE OGRRIBE K R sEma . ABFIEH, A SERNCGRRT Y 1T 3% K AL T B B Y 4 o B 100 I v 5 00 e 49 K Y
e BORARY) 5 e R I AR SRS B Y A5 R
3.2 AR 0 AR 2

B e A2 18 kA A5 T 7 0 0 D AR T % T ) A Hb DX B A TR T4 1 B PR ik 2k ﬁﬁﬁ?@wéj(/ldenophom
potaninii Korsh) MR #EATHEAT TAISE , G50 R B BEAE MR T &1, A B2 195 X SARF SR 45 R A0 — 2. £
JoJZHG JEE T LU R B 156 B BRI R 28 BB VR D, (AE ) BT BOom A s e . AR WT ST 25 Rt — A0k
ST AR R L BR A  FE S A R A S 3

ABFTERY 3 R b T 2 B SR K R R R Y B A A T v T IR IR S v B T A ) T v T
I, )2 AR ke B v, B PRI IS , AR T A O AR R R DR B A i 3 0 1 A 1) DR TR A
FH o BT MR E T A I A v B R RE RN b T 2 R R R i VA A T R R I AR ) R 2
BEf—RhIE N P JEERE ARG AN, — 5 TR A0 P PR 240 RRURI I T AR 2 L AR T A N K A3 Y e 7
T R T KA R FARCE S 53— i F JEEE (438 it o] A Lk 5 6 0 % v PR A0 s i 172 AR AT 4G
SR A B TR PR 00 T i RE A e 1 JEE S A A 0 AR T AR iR i S P — i 7

A SCHIFFE A R 7R | T 2 R R e ) B 2 SR A0 20 2B R T R TG K T 5 i X6 48 DU AR 5 i
3 BRI R BRI 40 A 2R A B AR TH = SRR HA . Mendes 5512 FYBESEAR | KK MR 41 212
AR SR ST (%) — i 7 9 R S R TG ) 7 e LU b DX 2 3k A AR 2H 2 7T B P ik R S AR R
LIRS IR . B o 20 oK SE R o v S R 0 Ak Tl i R A5 A i DB RCR B P G 2 BRI
A A0 B AT AR ol i Wi, 4 w8 o A AR R AR, SCRT LA/ s 6 i R 451 2 Bk SRR
B BTG | HIR 2 ZPURIER 4 20 4 JE R R I A XK TR R 00 BN | T2 4 2 4 0 48t AR 4 1
JELRE SAE A PR K D RESE R 5 D) T 40 20 238 A A IR TR PR BE (935 I . Rengifo ™ 25 7E CO, e Fa i 5
grh R IR R AR A SR KL S R R HE S CO, MR B YI R, TE—EFE b i R4
E DS E NI L7/IRE 5 e i L2y N
3.3 fEE SRR AR DG AT B 5 A A

SERRRE SR R PR B IR BE P 7 SR R B R AR Y ARWRR A5 R R, R 3 RN I 1 i )RR AR
TR BE ) AR AT BT AN TR) BB 13 2 S R M 2R K0 5 Ve A A S | S g A A0 L 2 28045 v A 4 i T
AR FRAHSCHEA W35 00 B AT bn AR B 22 (A1 W35 A G . Hy s ml R0, I |9 ik 1) 2 R T 22 ) 7 1 B I 1Y
PRI B RY b T A BT R RE X AR Y b T R B SR (BN [ ) A ) E A [R] A s BE R B Y P
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