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Abstract: In the context of global warming, how plants adapt to changes in environmental factors has become one of the hot
topics in ecological research in past decade. Leaves, as the organs with the largest surface area exposed to the sun and air,
are the most important place for the exchange of energy and mass between plants and the atmosphere, and are also
considered to be the link between plants and the environment. Leaves are very sensitive to environmental changes, and
usually show differences in external morphology, epidermal characteristics and anatomical structures with changes in the

environment (temperature, solar radiation etc), which can reflect the survival strategies formed by plants adapting to
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environmental changes. The Qinghai-Tibetan Plateau is one of the most sensitive areas responding to climate change in the
world because of its unique topography, and the change of altitude gradient will correspond to the variations of various
environmental factors, especially the temperature. Therefore, it has become an ideal place to study the adaptation of leaf
traits to environment. In order to examine the responses of leaf traits of alpine plants to altitude changes, the paraffin section
method and microscopic techniques were used to study the external morphology, epidermal and stomatal characteristics and
anatomical structures of the leaves of Leontopodium nanum from five different altitudes from 3400 m to 4200 m in Lenglong
Ling (Ridge) , northeast of the Qinghai-Tibetan Plateau, and the changes in leaf traits with altitude were investigated. The
results showed that; (1) when the altitude increased, the leave of Leontopodium nanum tended to be reducing in size,
while the specific leaf weight and leaf dry matter content showed an increasing trend; (2) the stomatal density of lower
epidermis was first up and then down with the increasing altitude, and there were significant correlations among stomatal
characteristics such as stomatal density, stomatal apparatus area, stomatal length, stomatal width and potential conductance
index; (3) leaf thickness, palisade and spongy tissue thickness increased significantly with increasing altitude; (4) leaf
anatomical plasticity showed that the upper and lower cuticle thickness had the largest plasticity index, and there were
significant correlations among some anatomical traits according to the correlation analysis. The results of this study suggested
that the Leontopodium nanum had chosen the strategy by producing smaller and thicker leaves in order to adapt to decreasing
ambient temperature with the increasing altitude, which can help itself to resist cold environment, improve water use
efficiency, and maximize access to resources in plant growth and development, and then to prolong its life span and benefit

its survival in the cold alpine environment.

Key Words: Leontopodium nanum; altitude; leaf external morphology; stomatal characteristics; anatomical structures
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Table 1 Altitude and geographical location of the sampling sites

Fs Iz )3 S JFe HiZ7 £33 HiE
Number Altitude/m Longitude Latitude Number Aliitude/m Longitude Latitude
1 3400 101°19'52"E 37°39'54"N 4 4000 101°22'19"E 37°42'27"N
2 3600 101°21'33"E 37°41'46"N 5 4200 101°22'33"E 37°42'43"N
3 3800 101°22'06"E 37°42'11"N

1.2.2 iR ANRIE S &
W2 —HF K (BT 124S) Fra i F i fif 85 (SFW, g) |, S8 5 K ik B 4l 76 $9 45 1% ( CanoScan
LiDE300) b #EA74#545 2 & 7S, R Image) B AL BRAR I & 0 (LL, em) ,BESE (LW, cm) , MR
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T BT C A TR MR IRZE R O 2 7 b s e o X T 25 3R e FE R AL
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pm®) FLELE (SD, A/mm®) MRS ILFEEFR B (PCT, %) . HEARIR >,

SD=N/S
SA=1/4 x 3.14 x SL x SW
PCI = SL*x SD x 10™*
K, N R AR AL S SR TR
1.2.4 5 ff S5 F I i

K H A YRR L B R R 2t — R AN RS K, R IRE I 2 AL A e
YOI R AL R (JRIE 8—10 wm) , AL — A 20 WU e ok AT ge P MRS o 76 OLYMPUS CX21 0l
27 WA S FEUZ 43 BT 4 (Image Measuring Software Version 6.0) Hl & 45 T 51 2= 38 bR , 56 M B TR BE (LT,
pm) | FAGEREE (UCT, pm) | FHABJZEE (LCT, pm) , ER LR (UET, wm) | F#£EJEE (LET,
wm) M LU (PTT, wm) EEARHLUERE (STT, wm)  FRKERE (MVT, wm)8 WiH5Hr, 454 DL Bl
R R R B CP) MR BB (CTR) (M BRAAE (SR) , Azl R
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CTR=PTT/LT
SR=STT/ LT
1.3 HdEgit 500
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BN BEEAR A T SR AT BN, B KA 0D AR AR B Z R B 22 R A 3
1.3.2 Fdlsrer

AR Excel AR K2 HIEF, K SPSS 22.0 Giit oM ih 3o ot #7204 £ 05 22047
(one—way ANOVA) Pearson FHICHE M A [MNH 4304, 22 57 8 M0 AT R Duncan’s K256k, IR & P<
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BIE R 1.01 em® ,ZBEEE Ry 0.18—4.68 em® 285 R 4K 0.90; 1 FE (1 F-34(E K 0.44 cm, ZBLIEFN 0.16—
1.12 em, B RECH 0.55 ;11 JEH SE 34 H 0 8.28 em, AR LTl 3.48—18.81 em, R RHCH 0.41, 1
K K FE L HE T AR b R B R S S R A I 0.35,0.36 ,0.37 ,0.34 0.31(K 3) .

Hor 55 R S A B I AR DG (r=—-0.466, P<0.05) , M 58 H A T4 BT 240 1) 5 4K e
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Table 2 Comparisons of the leaf external morphology of Leontopodium nanum at different altitudes

HNIRIE A 14K Altitude/m

External shape 3400 3600 3800 4000 4200
LL/cm 2.98+0.70ab 4.08+0.58a 1.85+0.16b 3.88+0.09a 2.62+0.20b
LW/cm 0.36+0.02b 0.83+0.09a 0.26+0.03b 0.35+0.02b 0.33+0.04b
LA/ em? 0.64+0.06b 2.3720.56a 0.39+0.07b 0.81+0.05b 0.59+0.10b
LP/cm 7.14+1.33bc 12.52+1.54a 4.62+0.33¢ 9.40+0.08b 6.76+0.42bc
LL/LW 8.26%2.46ab 5.12+0.26b 7.14£0.41b 11.37£0.61a 8.33+1.03ab
SLA/(cm?/g) 283.48+14.95a 159.73+12.57b 259.41£50.65a 174.42+17.14b 158.82+16.95h
SLW/ ( mg/cm?) 3.37£0.01¢ 6.61+0.45ab 4.46+0.69bc 6.11£0.66ab 6.85+0.78a
LDMC/ (mg/g) 257.27+23.12b 305.28+17.00b 376.07£75.10ab 418.35+46.25ab 485.92+49.34a

LL: M Leaf length; LW ; ' %% Leaf width; LA . T FY Leaf area; LP ;& < Leaf perimeter; LL/LW ; 'K 5 L Ratio of leaf length to width; SLA ;
He i AR Specific leaf area; SLW R NEES Specific leaf weight; LDMC T Fi & & Leaf dry matter content;ﬁ*?ﬁ‘/ﬁﬁﬂ/‘]d\lﬁ’iﬁﬁﬂ?ﬁ 0.05 7K
TERWE
*3 BAFEHRIIMESEROERESITER

Table 3 Descriptive statistical results of the external morphological characters of the leaves of Leontopodium nanum

Pelk T M Al 2 R AU
Traits Mean Minimum Maximum Standard deviation Coefficient of variation
LL/cm 3.09 1.25 6.49 1.07 0.35
LW/em 0.44 0.16 1.12 0.24 0.55
LA/ cm? 1.01 0.18 4.68 0.91 0.90
LP/cm 8.28 3.48 18.81 3.39 0.41
LL/LW 7.90 3.72 14.13 2.83 0.36
SLA/ (cem?/g) 190.18 89.86 483.93 71.01 0.37
SLW/ (mg/cm?) 5.88 2.07 11.13 2.01 0.34
LDMC/(mg/g) 382.41 193.10 621.74 118.95 0.31

22 W RN B

KSR B 1 70 AL AT B B2 (R AP 1 7 b6 0 AL B B T 8 B
BT FA IR 2 9 53 F R 35, T By AL BT LRI 7 S 1L 5 B A KO B4 7 3 2 B M
GRS, LK 3600 m 191 35 0 TH0 0 4 1B X T T e BOIUL, AL SEISEH S M 2 1k, L
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TGS AR b N R B Z AT 76 k3 1 IEAH G &R (P<0.05) .
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B1 ZANBEMRSISHERSRNEL
Fig.1 Variations of stomatal characteristics of Leontopodium nanum with altitude

B EAF /NG FRERRTE 0.05 KF T 2R R %
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Table 4 Correlation between stomatal characteristics and altitude gradient of Leontopodium nanum

B2 i3 Upper epidermis TFE K Lower epidermis
Index SD SL SW SA PCI SD SL SwW SA PCI
HHOCREL

0.207 -0.370"" -0.362"" -0.407"" -0.087 0.088 -0.532""  -0.609"" -0.623"" -0.372""

Correlation coefficient
SD:TALERE Stomatal density; SL: “TfLEHCEE Stomatal length; SW: TL#SJEBE Stomatal width; SA : TALAREFR Stomatal apparatus area; PCI: 1
TES AL FEHEHL Potential conductance index; # x F/R7E 0.01 KT HEAH
2.3 A S R EERORE BE A AR A ST BB AR G A

T A0 AR ) R L ke B R K R R R T A 3 B B Al i HL O S -, PR 2 U MR 2 SR
A AR AL,

BETEE SR B0 T iR, 2 K G R I JBERE AIPAS 2H U2 B A 20 20 ZPUSE B AR S S e 3 s i R BT
e TE 3600 m BEANT HE 4 MBSO R FIKEEN 2 B2 N EES, A b N REEE AR
A ], KRR TR S TR, AR 4200 m I 825 The s b T A BUZ R R BT R RE AR A 2 B
Pt PR EEBOR RIS T e LT NS S350, it R B R W B ek T v 0 s i B O i
R A RS TR RS FETRE R 3800 4000 m i K T HABEIR = (1 3)

o J K Y B I JEEEE R 2 ZRE B 5 T A o S SR AR I 3 (P<0.01 ) TEAH G, T3 44 20 258 8 A
FECTG IR R W (P<0.05) IEARSG T _F A o2 J5E A5 1 4 s B SR 35 (P<0.01) TR G, KR
JE SRR R B 5 1 (P<0.05) FAAHDG (R 5) o
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Fig.2 Relationships among stomatal characteristics of Leontopodium nanum

R A RE 56 &R (P<0.05)

x5 BAAEMFBEEHEGRSEREENEXEMBE ESHNTT 2SR
Table 5 Correlation coefficient between anatomical structures and altitude and plasticity indexes of anatomical structures of

Leontopodium nanum

847 Index LT MVT UCT LCT UET LET PTT STT cP CTR SR
FHIEFREL Correlation coefficient 0251 -0361" -0.312*" -0.239"* -0.093 -0.137 0321"" 0.172° 0.196" 0.007 -0.045
A SAPEFEEN Plasticity index 0.37 0.37 0.48 0.48 0.30 044  0.28 0.36 0.32 0.25 0.21

LT 5 JRJE Leaf thickness; MVT: £ JK/FE Main Vein thickness; UCT; I Fi/ZJ5 & Upper cuticle thickness; LCT: T ffi JiZE & Lower cuticle
thickness; UET: I3} JE & Upper epidermis thickness; LET: T % [ JEJ# Lower epidermis thickness; PTT . #4~ 21 41FL & Palisade tissue thickness;
STT. 143 414U Spongy tissue thickness ; CP ;A% 24k Coefficient of palisade ; CTR ; M - Z 88 F Cell tense ratio; SR ; M F Bi#A B Spongy ratio  *
Hl S /RTE 0.01 F10.05 7K F & A

PR KGRI 25 T gt ) S AR FE AR 0 T BB MRS UK B (3R 5) , A BB T 0.21—0.48 Z ], oo,
T A B R AT SR R K 4 0.48 5 I A BE I AT B PR R /N, o 0.21

TION I K GRREI: (45 TR ) S5 AR AR Z AL EAT AR SCE o, R BRBR T ERKIRBE | L T A IR R
L R R BRI S — S fi R A A TR AR BT A OGN AR i B 25 K 48 b 2 [ AFAE R 2. 35 (P<0.01)
HIRICHE (R 6) .

3 i

3.1 MR ANERIE AR SRS AR A 0 1
ABEFE T KGR R AR B R SR SN S PR B9 728 S R AECEOR, U S M 7 R/ EIRAR G
APEPROGS T BRI A LB RURR ., BERE SR T o, SR AR I T AR SR S RN R R AR 3 (BRI B 7 RN

http : //www.ecologica.cn



10312 O % Ol 42 %
O FEIKESE R O &R AR R
MR £ 4 )L g B R R LR ERE B FARERE
450 ¢ a 30
L T a aa
400 25 a:,:;: <
g 350 b g
7300 . ¢ =20 c
Q 172]
g 250 " E 15 Y
=200 a ) " a
as = b = a a
150 . j; 10
c c b cc
100 " A a & s
50
0 o LU
3400 3600 3800 4000 4200 3400 4000 4200
) 0.8
O SEEE B s a a
0.6 a LS . i
a a 7 3 a T
o 051 7 b b g 06
N [ & §_ b
A ‘=
= ab [ 1 = 0.4
E L bC =~ o -
Z 0.3 c / §§
K 02} 5
V-~ b S 0.2
=00+
0 0
3400 3600 3800 4000 4200 3400 3600 3800 4000 4200
Wk Altitude/m

B3 ZBAAEMABRIEMEESARENTAES

Fig.3 Variation trend of anatomical structures of Leontopodium nanum with altitude changing
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Table 6 Correlation coefficient of anatomical structures of leaves of Leontopodium nanum
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