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Leaf anatomical characteristics of the plants of grasslands in the Tibetan Plateau
LI Quanfa', WANG Baojuan'' >, AN Lihua’, JI Chengjun® "
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2 Ministry of Education Laboratory for Earth Surface Processes, College of Urban and Environmental Sciences, Peking University, Beijing 100871, China

3 Medical and Health Analysis Center, Peking University, Bejjing 100191, China

Abstract: As exposed to the air, plant leaves are sensitive to the changes in environments. In this study, we investigated
the leaf anatomical characteristics and their correlations with environmental variables for 66 dominant species of grasslands
in the Tibetan Plateau. The results showed that; (1) Plants of grasslands on the Tibetan Plateau showed typical
characteristics to adapt to the alpine environments, such as thicker epidermal and mesophyll layers than plants in other
areas. In detail, epidermal cells of some plants can be differentiated into special structures such as blister cells and
epidermal hair; mesophyll cells had thick cell walls, dense cytoplasm with rich reserves, containing large volume and
amount of chloroplasts. Besides, the thick palisade tissue was composed of multi-layers of tightly arranged small-volume
cells. The spongy tissue was composed of relative small cells, with large intercellular space, however, its thickness varied
greatly among species. Most of the plants had well-developed aerenchymas and sclerenchymas in the mesophyll cells, with
the advanced sclerenchymas around the veins and vascular bundles often extending to the leaf surface. Many vascular
bundle sheaths and idioblasts (reserve cells) were observed within the mesophyll cells. For most plants, these idioblasts
existed in (or around) the vascular tissues; furthermore, the idioblasts existed in one or two cell layers of palisade tissue

near upper epidermis for over half of the plants. (2) Thickness of leaf anatomical structures varied in different degrees; in
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particular, thickness of spongy tissue exhibited the greatest variation (0.34) , followed by that of upper epidermal cuticle
(0.33), lower epidermis (0.28) , lower epidermal cuticle (0.26) , upper epidermis (0.26) , palisade tissue (0.25) and
the leaf as whole (0.17). (3) Thicknesses of leaf anatomical structures were negatively correlated with altitude,
thicknesses of all anatomical structures except the upper cuticle were positively correlated with precipitation for growing
season; thicknesses of all leaf anatomical structures except the lower cuticle were positively correlated with mean
temperature for growing season. These results suggested that different components of the leaf were relatively thin at high

altitudes, and the leaf was relatively thick in the areas with high precipitation and mean temperature for growing season.

Key Words: Tibetan Plateau; leaf thickness; precipitation for growing season; mean temperature for growing season

W 3 VR A AR ) 2 R A PR Th I A R B, P AN SRR B g4k | 5K | T A A 2R R - 1 A8 Ak sk HL T
SRR, B by 52 BRI S W BB 25 Ak T 5 R (0 S 0, DRI 1 R A 40 A S A I 9 i E B R hn 2 —1Y L Ml
Pt R A SRR A B s (HXE R i IR B b i 2 S ) A B S AR X A A T G e ST 1 1
P& 4000 m )b, ELA TR0 5 RS R BRER S a8 | B BRIHE I SRR B R IR 22K RURAK .0, #l CO, &&
> R R K ANy XK R AR %) T BTG sh P AR g0 TR, 7 9 e DA A R s B
Bt R AR SRS S R ERAR I T, S R SRS T AR 32 BB R A8 AE v R RS A DL B A B )
REZE 7T fR B T — S8 S IR AT I I (R R A R A A BRI 0 RS AT AORIF ST B B2 7 e
IR ) i RRAE B — SE R . QNS B A0 M RE RS R HOA — e R M AL, 2 R R A R E i g 2
J2, i R A M HES A B, B R R A VAN HB B RTR AE, B ST T R SR R R
TR R DX 35§, o A7 THTRR PR 5 TR AR X AN J2 | A fi 4 THT b ARE 45 12 DX 3 e b A 0 1 i R A1, HL AR RRUEE Bz IX
R b AF ) P e E) R O X6 BRI PR 1 o iy B A T NI A L ARG A K DXl R 19 Al X 9 v i
66 Ffi F HUAE P A b () SRR AE AT T 48 R GBI Y, X R A TR T AR A I e A R e L R FE B A
T T EA I — SR S5 48 7 TR e R R R A AR A e B HGE R R S TR A3 AT AN [ X3
A= S o R A A B SRR AR S T SR R R R ) T R B A K R R S T A I Y AR TR R,
Sy ] R L P PR S R R A R SR i R AR
1 HARBREHRARTE
1.1 ARS8 HL XA

F e L (74°—104°E, 25°—40°N) TiFH 2572. 4x10° km? , F-214K 4000 m Vb, K PAFE = 0. 5861 —
0.7954 MJ-cm™a™" MU AR X 325 57 0 3, 2 22 S I il R OK 2 A7 1Y g 2 X ), AR i 1) 1 I i
(4000—20 mm) , H AR5 A SCRFSR X 3R (80. 25°—102. 89°K ,28. 19°—35. 44°N ) 4145 7 15 Fll
VUSRI, WP DX A M AR Bk A4 7 o5 T AR 1177107 km?® | 24 7 R WA ARG 63.99% ) WF9% IX B ik % 3=
S A FE R ) R SRR AR M R 3 R, RS X A 4239 m (2996—5249 m) |, A [T 382
mm (110—624 mm) , 2= K ZFEH 263 mm (85—383 mm) ,4EXIR—-1.3°C (-9.7—6.8 °C) ,/EKZEHIR 7.3 C
(-1.0—13.5 C) .,

1.2 BRIk
1.2.1 BpAMA#A 5REE

STYGRE AR A T 2002—2007 4F  FERTSE X N ARG 30—50 km 356 BUA 10 S AR Bl BE T4 00 A1 DX Sl A Ry
M, BTEEL 76 AFERL(E 1) BRI ER 3—5 Fh oA ) H B X b B SR P SR ik A 7 BORE | B Rk
Ik H 3—5 RSB RR , 00T & B R EEAR G 7 B AR TR BUE R R EA TR AR 0 SR A SR AR TR =
SRR . REEMIM FrEET AP BV FAA 8178 W (AR EhAR-VK SRR -TR0RS ) 1817
1.2.2 AU 5

FAA [t R e B a2 2 1/3 AR T R PIEL 3 4~ 0.5 emx0. 5 em /N, I FAESY) R
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(MR e SE I F2 K B P 0 2% — b TR A8 I KO SR 0 IR0) o VTP i/ v 8 050KE R 90K, — HORE
AEEAHE | Leitz 2135 VIR MLV, VIR JREZ) 8 pum , F 21 -[E 28 WUEE G €, N KA . Motice-BS 2
BE4E & Motic W IMUSAR RS i R iE , S I R 48 A A U & TR &t v iy B B2 8 |
RBJERE ML SUSE R KA J2 A A USRI T A SRR v R 7 R AR A
J i BRI B 23 I 5 30 ZHAE .
1.2.3  UBRBHEAR I R AR bR

Xf 42 670 MREG G 1970—1999 45 (6] H V-1 P YR A BAE AT Kriging H (B 505 , 1% 5L
a2k B T H AL AR R 3 (hitp «// www. worldelim. org) , #R J5 AR F5 45 b 1% 28 285 B DA (i r 42 HORE b g H SF
FE B R SIS B KB LA 30a (ST S5 BV S A 1 940 308 B8 R AR 50 ) AR SO R AR 4 2 25 1k e L
ST PSS A b, BIAR K ZERK (5—8 H B K) Atk KB (5—8 AR .
1.2.4  BdEsrwr

it A A SPSS 16. 0 #fb5e i, SR Pearson AHIE /MG 3675 6 ieh JR 5 MU 4 - 4% A S 4
Z BRI AH DG 5 BRI A1 XA it i ) e A 52 0 SR PG AP [l A A7 2

E1 BHSEEHE, mRERS

Fig.1 A vegetation map of the Tibetan Plateau, showing the sample sites

2 HRESH
2.1 TR R R b A R

ARWFFEAETT B I 76 AR R AR A 66 Fh, o, XUT- AR Y 48 B, SRR T 18 AR, Hrh G R
(Fabaceae) 3F}( Asteraceae) . #74F} ( Rosaceae ) HEFERT 3 A1) ; BT HAHY) 18 Flt | LITFFLRL ( Cyperaceae ) Fil
RAFEL ( Gramineae ) 3,

T e i R ) R A2 e SR AU R B R T, 7R AR (S5 A Dy TR B T — LR 1Y) M PR
(1) RKZEHR AR INEE T 3 ER A 3R B AN o A T R R A5 48 7 8 o Do e b A ) P28 1 4
Y200 B B £ o J2 SRR U 3R R A BE R B3R Bz #5022, P X 249 LT 3 B A B 2 T 3R e A o 2R R
1/4, FREZHMMII /N S b 2 REE B - A ) L 3R B A, P T R/ 25 e B 3 3l i S T A R AR P
A, HRATFEP T K A oA R ER Z5 8, AN 1L 7 B ( Kobresia pygmaea) (5 % ( Achnatherum inebrians ) %5
B AL A TR A ; 155 1L 5 4238 ( Spiraea alpina) (WA B 1% £k ( Phyllophyton pharicus ) 55 3% K¢ 28 il 734k
R B, REBRRBFE  AFLRREE LA TS ZAMIRE B AEAEIRE 2R RS
A BERE RPN R 57, (AR AR U, i i bR B R B B A B RN B T R R B KA, (2) A
HLVAXTHISE . M P AN EAN HE BES A Bk B | S AR B, i (A AR RRUOR HLAR: 22, e il 2 A 2H 21
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20 SR AR Y e AR AR A AU L BSOS R ) R MRS 2L WNAR 88 46 ( Potentilla glabra) (55 55
2824 ( Spiraea mogolica) 55, " WAL AN MR TR A /N J2 502 HAHES K% | IR K M2 el 2 an ffu dse /),
JE I B ik | BT 20 L AU JRE BEAE AN R E] 22 S, (3) Sl AL GVREBEL AU ik . 2B 1A 4 i
) HH B T 2k )3 AU ZH SRR BE L 20 R ) e IOk S 438 o] B ] WLV 22 L BE A SUSE B I 3R 0T, (4)
YA I . S A0 M (RN ) B 22 o I R AR AE SRR A0 M I ] A AN B R N R 9 22 AR A T A
PRI LA R B, 4 R B ) AE 4 A 20 (B8 D) A S A0 AE , J L —2B LA B 7E RS 4 2158

T b2 B ) — R B 2 AN P A S A AT, B 53 R QB 2S5 ( Ribes himalense ) 14T 21 2H 21

CEEE

H . A B RS BRI S AR 1

®1 BHEFREEMEYEE R
Table 1 Adaptive characteristics of grassland plants in Tibetan Plateau
TN PEFFAE Adaptive characteristics PyFf Species
; DR IRIRRSE | Ll DU, I
o 0 %%%;l* £y LI B SR e . ' '
Ceratoides  latens, Polygonum  macrophyllum, Kobresia pygmaea, Pitilagrostis  dichotoma,

Leaf significantly thickened

2 K AR oAl R A

Blister cell differentiated from epidermal cell

R MM ER T
Epidermal hair on epidermal cell

AR AR EERCR

Relative thick upper epidermal cells

Sy 85 TH] I A XL A A

Dicotyledon with isobilateral leaf

1A AT HES A
Mesophyll cell loosely arranged

I PR ZH 2R 3 3k 1 T R
Advanced aerenchyma found in

mesophyll tissue

I PR 20 i R 2 B A0 L PP 5 I
Reserves in mesophyll cell as well as

epidermal cell

MHEZHA 2 283 J2 DL b

Two or more layers of palisade tissue

-k Ak A5 R % iz 20 B T L R SR 2 4 5t
PR 4 0 P9 L R SR 2T 4
Advanced fiber between the vascular bundles

and epidermal cells, or within mesophyll cell

A5 SRS 200 ff e g R, LS 4
Bundle sheath cell wall significantly thickened,
with idioblast

Achnatherum inebrians

o L T T R T R

Kobresia pygmaea ,Achnatherum inebrians , Carex moorcrofiii

o LB LR A I LTI R e R I B AL HG , e Th e B Sk B Th AT VY
VIR, T RE R e R L R A

Spiraea alpina, Phyllophyton pharicus, Gentiana farreri, Rhododendron thymifolium, Pedicularis
integrifolia , Aconitum gymnandrum , Achnatherum inebrians, Leymus secalinus , Hippophae thibetana ,
Carex moorcrofiii ,Kobresia capillifolia , Kobresia pygmaea ,Kobresia humilis

BALPREL PB4, DA TR, A L B, MRS O L2 0 e R I e T R
3k BTURE, 3 HE il

Oxytropis ochrocephala , Lonicera tibetica , Salix souliet , Phyllophyton pharicus, Ribes himalense , Salix
oritrepha , Gentiana farreri, Pedicularis integrifolia, Aconitum gymnandrum, Rheum tanguticum,

Primula tangutica

WOLERR, VROV, SAEIEE , I REZE R, SORF s, AT HR XS L, B H & R, RRAEDL, M —
USRI}

Sophora moorcroftian , Hippophae thibetana , Oxytropis ochrocephala , Polygonum macrophyllum , Stellera
chamaejasme, Artemisia sieversiana, Caragana jubata, Primula tangutica, Gentiana straminea,
Lamiophlomis rotata , Rheum tanguticum

HHEME, 0 HAFLAS, BRAETT, BRI, XY TR, i B/ e M R R e 3, 2t e
B, BRZFE R AR Sk At Eh S

Primula tangutica , Rhododendron thymifolium , Gentiana straminea , Oxytropis ochrocephala , Rheum
tanguticum , Berberis diaphana, Potentilla virgata , Gentiana farreri, Polygonum viviparum , Aconitum

gymnandrum , Pedicularis integrifolia

BEORAE , T, e LU PR A, T A
Ceratoides latens ,Iris chinensis , Kobresia pygmaea ,Kobresia tibetica , Carex moorcrofiii
pyg s

PERCUDBE, L AR, REP R BE SR 2P MR, A LA ALRG /D B R, LS IR RS
LFHRAG L

Hippophae thibetana, Salix oritrepha, Rheum spiciforme, Polygonum viviparum, Ribes himalense,
Rhododendron
Caragana jubata

P INZEAG  INAMI, BEAEEN, PSR A A L B, /N G B, | LA AL S

Spiraea alpina, Salix oritrepha, Salix souliei, Lonicera tibetica, Phyllophyton pharicus, Potentilla

thymifolium , Potentilla parvifolia, Spiraea alpina, Polygonum macrophyllum

parvifolia , Rhododendron thymifolium

B ME BN, i, R AN SR, LR, W B B Sk R S
H R

Primula tangutica , Sophora moorcroftiana , Iris chinensis, Artemisia sieversiana , Potentilla parvifolia
Salix oritrepha , Lonicera hispida , Aconitum gymnandrum , Polygonum viviparum , Carex moorcroftit

Leymus secalinus

XU , o L o6 B 0 T h i B 2P (I REEE, VLATGL, LL A0, VG 6 e, A
Ptilagrostis dichotoma, Kobresia pygmaea, Leymus secalinus, Achnatherum inebrians, Polygonum
Caragana  jubata, Salix tibetica ,

viviparum, Polygonum  macrophyllum , oritrepha, Kobresia

Ribes himalense
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2.2 TR R AE A R OE ) A A ] 22

AT S PR R AR G A, ASBIETEAE 66 b7 i s i S A 40 rP B OO A A 2 DB 2 S DL BRI
46 FHEY) (41 BB M4, 5 AR IERE) ) HEA T iR ) RPAE 19 LA, 295 SRR WY 85 0 2 JAS [] A e ) e b A
Yyt R 25 RV R IESAF AR RE 22 5 (R 2) o HEP R BB (CV) T R T 4R 4121 (0. 34) , YO H A BUZ
(0.33) [ FEREZJZ(0.28)  FAIBUZ (0.26) \ B3R BJZ (0. 26) MHA=ZHZL(0. 25) , i 752 2 A 28 5 2R 20 i /s
(0.17),

Xf it A 2 U A GE T o B 2 W - A 2 20 5 I SRR R LU0 2 O 34. 77 % —82. T3% , 55 i &
(Astragalus porphyrocalyx ) WIMM=LH 2 5 1, B B XUE 4 ( Saussurea glanduligera) 505, 75 9k /= Ji 55 M AE 40
FEEH AU JZEORR B I AN 58 2 —2, N 5567 ( Pedicularis integrifolia ) W2 2H 2 —)2  JE BN 111. 82 pum,
BS54 (Ribes himalense) WL 2 JEFEAUR 93.96 wm, X H A M 21 55 45 H 20 fk R 9 1 B L
AR AR R 5 R RS A 24 22.16% —60. 63% , 555585 & ( Astragalus porphyrocalyx ) W4
ZH P SRR K 27. 86 wm, 86 8 /NBE ( Berberis diaphana) ficJ5 , JEE A 145. 19 um ; M2 2H 2 R 45 4H 245
JEHAEL(P/S) M 1.45 (0.66—2.86) JLHHLAE N 1.0 LUFBIL 9 Fl, 45 21.43% (3£2),

x2 BHEBREMEYMESEERE
Table 2 The anatomical thickness characteristics of leaves of the grassland plants in Tibetan Plateau

FagR BEREJZ OMMEAL wSAYl TRME THEE

LG Upper Upper Palisade Sponge Lower Lower Ly
Species cuticle epidermis tissue tissue epidermis cuticle Leaf/ pm
/ wm / pwm / wm / wm / pwm / pm

HALEMI Salix souliei 4.03 17.91 105.57 77.79 18.49 2.92 189.46
WA Salix oritrepha 3.38 14.97 127.81 96. 68 15.20 3.42 213.32
FHJY K& Rheum spiciforme 3.76 13.92 103.51 75.02 14.28 2.71 165.88
ERZEZ Polygonum viviparum 2.85 18. 64 113.66 127.51 13.06 2.60 262.61
[AREZE Polygonum macrophyllum 3.81 17.02 134. 47 55.46 14.19 2.58 208.92
#8853k Aconitum gymnandrum 4.44 20.12 124.86 68.32 10.59 2.24 215.32
WAL Delphinium caeruleum 2.81 23.28 91.45 86.72 20.91 2.62 231.72
1% 5 /NBE Berberis diaphana 5.84 24.05 129.13 145.19 15.89 4.65 239.45
LB Meconopsis integrifolia 7.05 25.31 74.25 83.39 14.87 3.83 213.55
WEZSHE Ribes himalense 4.41 22.94 93.96 119.18 12.32 2.66 218.31
LS A Spiraea alpina 2.63 13.25 128.37 59.70 14.93 2.57 175.12
HLEEMS Potentilla glabra 3.22 12.92 168. 62 0 19.47 3.77 205. 84
S G Spiraea mogolica 3.27 17.17 102. 88 0 11.04 2.28 139. 56
PIBER TS Potentilla virgata 3.82 14.62 102.75 35.97 10.28 2.28 152.35
I @M Potentilla parvifolia 3.96 15.87 106.91 96.90 13.90 3.61 198.01
BRIFR Potentilla anserina 3.88 15.06 106. 25 66.46 17.80 2.32 188.98
WH:A Sophora moorcrofiiana 3.95 17.97 108.30 68.30 14.94 3.34 191.06
HALRE Oxytropis ochrocephala 5.16 16.06 145.50 108.37 13.67 3.68 239.04
SRIEWEL Oxytropis falcata 2.24 12.42 115.07 75.34 11.28 1.59 219.37
WYL Caragana jubata 3.56 14.88 86.32 60. 82 7.82 1.85 147.96
LMW Astragalus porphyrocalyx 1.34 6.74 50.56 27.86 4.58 1.18 104.16
WEE Stellera chamaejasme 4.24 16.15 131. 64 96.40 12.71 2.84 207.62
PEHK VDK Hippophae thibetana 4.73 13.90 160. 59 0 13.08 3.81 199. 68
I RAEHBY Rhododendron thymifolium 3.33 16. 84 143.48 56.40 17.99 2.94 198.06
HHH WA Primula tangutica 4.46 17.25 107.63 97.09 11.90 3.10 196. 48
JRAETL Gentiana straminea 3.11 14.13 133.22 87.31 11.35 2.56 211.57
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AR BREE WA ERAgl TREZE TARE
Yy F Upper Upper Palisade Sponge Lower Lower Loy
Species cuticle epidermis tissue tissue epidermis cuticle Leaf/ wm
/pwm / pwm / pm /pm /pm /pm
LI Gentiana farrerii 5.29 18.00 101.39 45.76 9.71 3.94 170.16
FE 24 Lonicera japonica 2.88 12.72 81.65 31.12 10.02 2.38 140.43
WA B34 4% Phyllophyton pharicus 3.97 19.85 118.98 71.31 17.14 3.50 216.81
— Lamiophlomis rotata 4.19 13.95 105.26 101.13 9.80 3.06 222.14
S T YETE Pedicularis integrifolia 4.26 15.92 111.82 53.12 19.58 2.83 208.35
Y% )LH Lagotis glauca 3.60 14.55 106.32 63.62 15.22 2.34 174. 41
FEIK A& Lonicera tibetica 5.44 20.44 78.58 86.45 11.42 3.43 185.15
RIE 2.4 Lonicera hispida 4.59 22.89 118.02 99. 69 17.43 3.00 217.89
KHKFE Artemisia sieversiana 4.14 13.78 80. 10 120.49 11.98 3.47 205.32
N Gnaphalium affine 2.47 17.80 93.00 85.20 19.08 4.17 181.40
BRAEEFE Saussurea globosa 8.69 26.52 72.06 74.17 14.66 3.84 202. 60
FMiNESY Saussurea superba 2.44 8.66 61.73 47.58 6.27 2.03 130.01
IR EIREH Saussurea glanduligera 4.45 15.38 191.43 0 14.77 3.73 231.39
ZENXEH Saussurea graminifolia 3.32 16. 19 107.96 89.08 10.71 2.29 235.47
MRS REZ Saussurea nivea 2.08 8.24 95.74 128.26 8.16 2.20 236.12
L Iris lactea 5.26 21.54 93.14 99.53 17.58 3.80 242.56
WL 55 Achnatherum inebrians 3.57 12.84 91.23 47.72 7.99 2.53 146.21
FHIE R Carex moorcroftii 3.78 21.79 105.59 59.97 14.73 2.77 197.35
LRI B Kobresia capillifolia 3.52 20.45 88.29 85.67 12.93 2.17 217.36
JEA T Kobresia humilis 2.62 15.42 119.25 98.88 21.45 4.34 239.20
H/ME Min 1.34 6.74 50.56 0 4.58 1.18 104.16
IR AH Max 8.69 26.52 191.43 145.19 21.45 4.65 262.61
44} Mean 3.91 16.75 109. 09 80. 02 13.63 2.95 198.56
FRifE2E Std. 1.28 4.29 26.85 27.08 3.86 0.76 33.78
WRRECV 0.33 0.26 0.25 0.34 0.28 0.26 0.17
XIAMEGE 46 FAEYIAG T A0 J FRIE AT Pearson AHSCHT, 45 R UL 3, R AT A 5 6 5 I B b

) LT A2 R B A G (P<0.001) . Q#8555 ( Astragalus porphyrocalyx) T 1 J5i JZ AH X /&

B34 e (B o R 3 5108 1.29% F11.13% )

FEM R JRE T i R _E A =5 i TS A S AR SRS,

A5 Ha bR B 5 A — 8 B B AR S | o A MR ik 1) R i g Al 2R M ME R 0,779 (P<0.001)

X3 BHSREMEYHBIEE

FHEME XS

Table 3 The correlation analysis of anatomic thickness characteristics of leaves of grassland plants in Tibetan Plateau

A R W*‘é_éﬁ@l AU R DE:33 TBZ -
Upper Upper Palisade Sponge Lower Lower Lot
cuticle epidermis tissue tissue epidermis cuticle
A )z Upper cuticle 0.699 *** 0.008 0.199 0.165 0.565*** 0.255
% )2 Upper epidermis 46 -0.033 0.320" 0.467 *** 0.457 *** 0.447 ***
HHRALHZ Palisade tissue 46 46 0.253 0.390 *** 0.334" 0.451***
4R Sponge tissue 42 42 42 0.23 0.447*** 0.779 ***
T2 J2 Lower epidermis 46 46 46 42 0.547 *** 0.487 ***
FFAJ5)Z Lower cuticle 46 46 46 42 46 0.432***
" hH Leaf 46 46 46 42 46 46
RIGAT L2 AR EE A AR b T8 AR OC R B R A T 2B ABEAE A XS B A REA R i * + * P<0.001; % * P<0.01; * P<0.05; GArif iR

P>0.05
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2.3 TG IR MR A R E 5 B DR T2 5 R

X EAEET R 46 FIRYIRD 7 AR (1R AR | TR M1 SURE g4 41 SUE
P B P FRE ) AR ST MBI 5 T R e K T MK B TR ) T4 14307, 245 4« 4K
SRR AR GO (66 R , BB AT 5, 0 45 LU BE WA — R T 3 K ek 5
R A E 5 A R S RTG53 5 T A, VAR 4
YURIE MGALLURIE | F AR ISIE | e e JE B oI5 4 i 4 K D T 2
e 5 A R TS 5 H e S 4725 55 1 TS, 6 500 2 € 0 T A
PG SRR (4 4) .

x4 BFREREMEVHEINEESHERTFHEEDRS T

Table 4 The linear regression analysis of leaf anatomical thickness and environmental factors of the grassland plants in Tibetan Plateau

K AR FERIK AR AR
Altitude Precipitation for growing season Mean temperature for growing season

=A%)z Upper cuticle -0.032"" -0.058 ** 0.022"

3 H 2 Upper epidermis -0.056 ** -0.016 0.054 **

WAL Palisade tissue -0.022* 0.057 ** 0.043 "

AL Sponge tissue -0.104** 0.150 ** 0.118*"

R )2 Lower epidermis -0.192** 0.213*" 0.081 **

T J5)Z Lower cuticle -0.105** 0.098 ** 0.010

A Leaf -0.056 ** 0.051** 0.069 **

# % P<0.01; * P<0.05; ThriRItE P>0.05

3 itig

TG e S R R B AR R A PR SRR P2 A R E AR T, SRR B AR S A b
Wi Je ) LA B DROK T B S DB R AR IR O 5 SR AN ik R R A A AR B AR
BERITE R AR 66 T AR Y O FRh i SRR AR (B ST IE S TR, A S R 3 B A 5
BESE AN, LA B/ NELE H B K R 0l 2 51 i A ) 3 B A R /N 2 S 3 T I S T A AL
A ST R 24N A T R ER T R K e o A PR 2R IR G B SR EREET PR AR K3 A ) 2 i
&2

FESGREFI 5 18T, 75 3 e JEOE A A AR R 7 (I E) ST 2—4 AN U 7GR E e e I B R 2 68 1
FE IS8 A i R YT, R IR A DR B T AR M TR B RE R 0 P ARG T B R R AL . R
JEAE i R A A3k T LASR AN 0 He R S AR o R AR X M 2 i, O S EIIRL R AR
PRI WA T AE , IRLSR 1 AR SO 1 RO B A R AL EORE S 75 96 oo S AR 40 R A PR B
SR T M T RS TR L, AR R IR ISR A 22 | TR SE vl B0 A PR 0 118 3 R AR SR 8 TR, i e
AR, KIBHIMHE A LUR IR B A 1R IR K S 55K 2 e )5E HLAE ) S % (A 28 2T 42 e L g Y
FFIRCR 20 T80 AR v S V2 53 A 7 3% B A R R A A e, JC L A5 o R i B 22, S fEL
T =By e Al e, i HAE TS 2 , k) T =i i iz

A 2 215 i 0 A RS2 8 (RS S AR 0 B ) — N S B4R b, M I A U — @ R M AP AE R — it
(¥ P/S A, TE—ERLHE I, P/S (EARMER A 5ot A ek 2 BU R AR D4, 780 it 42 Fh AT
W22 5 4R A U AR 1 P/S S LA 1. 45 LA A 1.0 DUF AIAL 9 Fi, R B @ik it i 2
ST Wi 117K o3 id 22 B B 3 AN A RN T 4 2 AR A R PR AR AE

I 2% 2L RIS 0 B BE 1) 72 S R AT AR T S 2 57 3 S LA A R AR RN PRAT DI REAHSG . RV A5 DXl Ay o
AKAXS E R, K AR R (E T I O BRI R S B A B R R 7—8 At R EH R
A TR ARG AT LR AR B DRI A S A B AR B AR AL T A BT FORAS AR OK T R A 22
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AR T4 USSP R K DIREC R B U], S BAE 254 L M= U 8 2 25 57 (0. 25 ) AR AR
VR A 2 USERE R S R 4500, 34 ) BETR I D P T I 7V 4 2 2 5 e o A 0 o AU TR PR 5 1) 2 R 17 T
R S REE /D A0 I BN A A A R AR A 0T 7K A3 BRI 2 DAL I 2 AN ] 288 A 4 0 AU L A= BT
5P T R HAN [ e S W i, 5 BT A 2 PS8 S AR K, 28 S AR MR 0. 34, BRI A A 5 2 )R
JEEAE S (0. 33) BRI J5L R AT BE -5 oK BHOCAR S B3 55 47 G, AN [RTRE O W0l ol 104 28 AR LB FRABEARN
BASBER 22 57 DG RS E 25 5 W 38 AT A A 28 B R R Hh . B2, e I R AR ) ol T s A R 19
2258 KA RIREE A []  AEAT 7 2% AR 705 B2 1 728 S R ORI X 5 R, T I B2 8 g I 7 25 2L A 2 JE 32
FOZRG , R 25 LELSC J J5E FEE PO AN AP i 2 R AR e R, IR T JB JBE 22 S /N, €V VAT 0,17

AR A SR SRR R M R ST 4R T R R AL B BE S iy A A s L T
B R i DG HR SRR, i S B A DA s TR I AR e R, A
PO TR, M TR A AR e 22, WLARHS o 7 s D AR ) A ) 28 Ak s R A AL S R BE A T] (EL i
FAEFEPR P Z T8 B 21 DB R AR 14 AEIRI —E R AR S , LR I B89 A R Ak [ A A 55
IO FIAE A, R REAE 5 T A8 R DI RI P , AT RE R AR AR LA L A — i O SR, o 7 R AR )
Fr 2T R A SO

TRE AR Sy B AR PRI R I PN B R A A O 2 A T R e e L BRI R AN A T AR
i A8 SREE | MR DGRBS 48 AR R S 5 A ) e X A AR s 1 S P R LA R K
BEFR YL A IR T B PR R ZE A A LR AR L R AR 7 e D LA - R 25 L IR 7 ) V2 8 B VA AT v
Py 5 N R A UL X 4 4L oy AT B TTER D S TR SRR IR G R, B
BTN G X REAE AT AT SRS AR AW X K o 5 A0 TR 52 0, A4 5 A 3T
K3 RTINS AS BE PR R ) AR B 5 DT S IR 0 P 3% 2 B SR A B4 4% I Mt ) RS A B A — R Y T S8k

{(ECTRE R SOL SN
4 £t

ATz R B ) B AR B 77 6 1 St 66 b R AV ) (0 3l ) I AV AR AE R AT RS, R BT
1o iR LR ) S PG D3 I T A T 3 — R SR A DI BE , G 3R B AR M RO R R S AR A R
B BAF M G , R B BUZSE R M 8RB HAR 2% It ad N aRas f R bk s A %)
AR D RE , (AR A A 0 N BEAE 25 )™ 1 L 08 Z2 YW o, T 58 B 1 © B A A A 300, LIS B ALREAS R 3RS 19
FLAY, anid Uk N A A RRE /N B A5 i S A A 75 785 i B AR I 2% i ) 45 4 5 2 5 T
AR FREK AR TR 3 A R i A AR S, BRI B i A X i 2% 2 R Y R
JEARXT AL/ IS T A A R RN AR K Z Al 5 e ) M X P T FEE UL AR X R
Brigh: AWETE AR R SMPORE i A A5 B 25 SO RIS [R] S R SRS 7 R S B BA A B, AR O
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