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Abstract: Leaves are the largest and more sensitive vegetative organs exposed to external
environmental conditions. In this paper, we aim to investigate the effects of arid habitat on the leaf
anatomical structure of wetland plants, Carex moorcroftii 1eaf plots were set up along the gradient
of arid habitat, and the response of leaf anatomical structure to arid habitat was investigated. The
results were as follows: (1) The epidermal cells, vesicular cells and air cavity area on the distal
surface of leaf tip and leaf bottom, leaf thickness and mechanical tissue thickness at leaf bottom
were significantly positively correlated with soil volumetric moisture content (R>=0.06-0.34,
P<0.01); The thickness of the cuticle, cell area, number of vascular bundles, and diameter of
vascular bundles on the proximal axial surface of leaf apical, mesophyll, and basal regions were
significantly negatively correlated with soil volumetric moisture content (R?>=0.08-0.53, P<0.01).
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(2) The anatomical structure of leaf blade of C. moorcroftii had great plasticity (0.53-0.94) and
variability (18%-63%), and vesicular cells, air cavities, and epidermal cells of the proximal axial
surface had the greatest plasticity and variability, and the plasticity index and the coefficient of
variation of the anatomical structure of the leaf bottom were significantly higher than that of the
leaf tip and the middle part of the leaf (P<0.05). The plasticity of cuticle thickness and epidermal
cell area on the proximal axial surface was significantly greater than that on the distal axial surface
(P<0.05). When the habitat was aridified, C. moorcroftii leaves adapt to the arid habitat by
thickening the cuticle on the proximal axial surface, increasing the epidermal cell area, decreasing
the area of air cavities, and differentiating vesicular cells, and mainly adopted protective and
frugal strategies to adapt to the arid habitat. The results of this study are helpful to reveal the
response strategies of C. moorcroftii leaf anatomical structure to arid habitat, and provide
theoretical reference for the protection and vegetation restoration of alpine meadow.
Key words: Carex moorcroftii, leaves, anatomical structure, soil volumetric moisture content, arid
habitat
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Fig. 1 Anatomical structure of Carex moorcrofftii leaf

2.2 M- B AR EI G5 M 33K 0 B AR 1k
AT gl T A 5T ) V5 R AR B AN B T AR 2 e B o AT T A ) R R AR B A BT AR
HIEE S KE B E AR (R>=0.18~0.53, P<0.01, K 2: A, C) ; mHiHEMAFREEES



TG AR Z AR R (P>0.05, K 2: B) 5 4RI 5B A7 378 fh ] 2% B2 41 B
ARG LIRS KR B3 IEAHSE (R2=0.11~0.15, P<0.01, & 2: D) ; WIRGHAHE RS+
AR S KR B EIEM L (R2=0.16~0.71, P<0.01, & 2: E) ; M-IRIM-FEEALS e AR &
FIARF S KRR B IEAHSE (R2=0.09~0.14, P<0.01) , TiM-ifr 5 E A& KE 2
[ AH SGPEA B3 (P>0.05, 8] 2: F) 3 4R850 2 LIRS /K 3 12 2 67U 2C (R?=0.07~1.00,
P<0.01, Bl 2: G5 A iAr (4R 5 R BLAR S IR B /K 2 2 2 7R OC (R?=0.08, P<0.05),
T S B R 5 HIR AR BK R Z AR B3 (P>0.05, K12: HD 5 MHAFAntH
AL 2R LS AR S K R B BE AR (R?=0.14~0.42, P<0.01) , [fijJ&%0
R #FHIEM K (R=0.06, P<0.01, K2: 1) .

I CR TR A 0T )2 R R AR il T 2 S AR BT AR LR ZH SRR AR R ELAR . ST AR
TELDR 200 B TH AR 2 L Ik B A7 B K, 4 A o R g o T 2 1 200 B T AR S B I 7 e K (R
2D o ELPREH R AR AN TR S B P A A i SR AN I AN A AR S R, AR
Pt 87 TG B S AR A AR s 78 A T A o2 R R RN AR BT AR 4 R B R TR R
AR, ORI R R A R R R TE B R AR R (2D

K2 BREEH RN SRR GEHARES)
Table 2 Comparison of anatomical and structural characteristics of different parts of Carex

morocroftii leaves (Mean+SD)

W F AL Leaf part

EEEAN

Index AN s I3 FHIE
Tip of leaf Middle of leaf Bottom of leaf Average
PCT (um) 3.71+1.09B 3.51+0.78B 4.30+1.08A 3.84
ACT (um) 3.09+0.74B 2.83+0.48C 3.25+0.60A 3.06
MTT (um) 68.24+23.30C 91.33+21.60B 159.75+£79.74A 106.44
VBD (/{~/mm?) 17.43+6.42A 16.22+2.27C 16.85+2.76B 16.83
VBD-1 (um) 54.35+8.22C 64.22+11.18B 81.77+15.87A 66.78
ACA (um?) 172 836.06+6 820.19B 117 941.95+5347.24C 373 493.67+250 662.66A 221423.89
BCA (um?) 6 044.28+2 805.40B 7 918.86+4 005.03B 14 636.49+13 424.14A 9533.21
PECA (um?) 199.15+109.13C 263.34+177.40B 321.29+201.83A 261.26
AECA (um?) 320.48+15.34A 111.07+31.15B 121.29+39.69B 184.28

T AFRKS PR R Fri 257 22 (P<0.05) .

Note: Different capital letters indicate significant differences between different parts of leaf (P<0.05).
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Fig. 2 Variation of anatomical structural features with moisture gradient
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Fig. 3 Plasticity index and coefficient variation of anatomical structure of
Carex moorcroftii leaves
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Table 3 Plasticity and variability indices along soil moisture gradient

TIRARE KR

Soil volumetric moisture content (%)

e
b 100 80 68 51 29
Index
PI CV (%) PI CV (%) PI CV (%) PI CV (%) PI CV (%)
PCT 0.50A 22A 0.30A 10B 0.30A 11B 0.30A 11B 0.40A 17AB
ACT 0.55A 18A 0.40A 10AB 0.43A 9B 0.46A 11AB 047A 13AB
MTT 0.49A 14A 0.54A 19A 0.49A 17A 0.44A 14A 0.45A 14A
VBD-1 0.52A 16A 0.47A 20A 0.46A 13A 0.39A 15A 0.47A 15A
VBD 0.42A 16A 0.48A 19A 0.49A 16A 0.43A 15A 0.40A 13A
ACA 0.89A 53A 0.65A 36A 0.76 A 32A 0.84A 49A 0.79A 41A
BCA 0.75A 33A 0.73A 43A 0.72A 36A 0.80A 30A 0.77A 44A
PECA 0.71A 26AB 0.66A 30AB 0.66A 21B 0.79A 40A 0.73A 38A
AECA 0.67A 24A 0.62A 28A 0.68A 24A 0.71A 31A 0.68A 27A
P 0.62 24.67 0.54 23.89 0.56 19.89 0.58 24.0 0.58 24.67
Average
ey 1 1 4 3 3 4 2 2 2 1
Rank

H: AFRRGFREFRRA R LHOK DB N 2R 2% (P<0.05)
Note: Different capital letters indicate significant differences at different soil moisture gradients (P<0.05)
2.4 M ERIGSHRRAE Z T AE SR AR AT
T B A G AR AR L 22 TR A A — 8 DRI, 5 MR S R PR AR 18] BR AR TR B
5 2 AT 7y 52 TR RE P T AR, S TR AR 3 e A TR AR R 4 T AR A A
A A 2 () 22 e A 2, HR SR 2 A R R IEAHG KRR (P<0.01; £ 4)
R 4 fRR| S5 TR b Z [AAE Rtk

Table4 correlation between anatomical structure indexes

Ifdt]:( PCT ACT MTT VBD-1 VBD ACA BCA PECA AECA
PCT 1
ACT 0.558" 1
MTT 0.295* 0.275* 1
VBD-1 0.318" 0.322* 0.602" 1
VBD 0.244" 0.046 0.373" 0.398" 1
ACA 0.211" 0.266™ 0.873 * 0.663™ 0.377" 1
BCA 0.396" 0.140™ 0.194™ 0.350™ 0.240™ 0.205™ 1
PECA 0.563 0.172* 0215* 0.297" 0.366™ 0.136 0.574™ 1
AECA 0.207* 0.384 0.187 * 0.264™ 0.019 0.296 * 0.009 0.185™ 1

T FIRTE P<0.05 KF ERFMEZES, #RRfE P<0.01 K ERFEEZESR.

Note: * indicates significant differences at P<0.05 level, ** indicates significant differences at P<0.01 level.
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3.1 Bt g 45 F 0 A [B] 3K 4 FR e B

T TR R AT T K o S A M AN R], T TR B R K. AR R A
X K A A AR AT U . I SRR, B R R, S IR AT DA K A 1
RN, By 1L TR I8 N K O FEBUR, SRR PN 7K 2, 43R 1E 3 A S 30 (TR PR, 2006)
FREMT, HAREAMREARE K, $) v fgKER MR %, 20100 ,
X—IRAEEERLIL (Potentilla sericea ) W W23, BIfET 28 FHEBERRE
R AT AR B K (R E, 2012) . BOAMEZAMAEIHE Z 1Ky, HHF
HYIE TSI N AL UL R, 2012) o 34T 2% B2 40 bz T 2 i 40 it B A ) ' 1
T2, TR R A0 BTE FEK 2 TE 2 . VA RE TR AR, T HR sl el TR A R 4 B B R R
FFE RO T 52 AR BN R0 R o SR TR R T R U7, SRR T AN, R,
VAT AR B B 5 2 A IR - e (405848, 20200

122 B2 41 7t VELDR 200 P 2 3 B A= 358 1 2 A 1Y) B AR AE o 7 AR B AL I AR R vtk gn
MRS, CASE IR 70 AS 2 3B . RGNz il ik A I B AT & GBEG SCEE, 2019),
TR AN BT AER S, o R MR R . 7R FEUKES, 5 E FOA B IR AR N K 23
B, I RN EDIRAH BT AR SRS e e AR AR B O RERSE, 2019, DAER T TESRK
LT A D, 9D 7K 70 R 28 S TR AR, 3 T 25 2 0] 52 3 1) SR B 2 — R, 20145
TR, 2018) o ZE b, HIRE E AR L EEERER DK SRR, WK ERE &
S, 2019) , MMM PTRae /1, SRECH Y (1) CRar BRI 2 1Y SR O BT R AR B

I AT PR SRR 438 K 20 S5 R i A BB, T R AR B N AU T ARk AU R R
KUY (R GEME %%, 2013) , RARKFEAE IR BAR T K VEKRE ik
£, 2008) o AU EEAE AR RUEE MR K B 2 et A 2 2 8 (Maetal., 2012) ,
HE GO M IR AR, R SR AR, B K sy, BRI B A
FEIRIE AR BE IR NI AR, 76T RASE kBN, fFE M AT R AT
AR R o

Y5 SR U 2R 2 T8) FH 52 e 3 [ B - 5 2R 85, 4858 A 2R R LR 2 Sk i 1 4)
PRI RUsR (LS, 2021) , [RIRHUBALSUS EERI4EE R BARLEE B & Mot (X
JRAE, 2018) , UHIH LT AOHURZL A S 48 SO 2 B A7AE — e BB G 2R, XRS5 2 1]
(AU A ) T B K 73 2[RI FE o 458 %5 B RN BLAR S Rl e 7 FLisiiiae /), a4 s
FEE N EL AR B I R A% B S s S K oy AR 4y, K A 26 LS R R R K 4 TR
(Zhang et al., 2016). P& I35 i A4 A oR 25 3 R B A2 1T DU R OB SR R 0 (B 5 4%, 2023).
AHIF 7 Bt 2 AE BT T A TR P R o, TR R A E 4 R B AR
SRR, DN A A R R4 R B4R 2 (R R REAEAE — BT R o 4R A SR
21 S o B = ORI AR K M BESE T R AR B o KA B R 7K o R IR s ) Th e v b oy,
F EER B T SR I B R AR

I A TR A, S5 R R IR A A 5 R HH P R A7 2 S K, R R S 5 7K 28 F i ° 2% TR
BUURE, R AL T R A BRI IE B R . AT RE AR TR A i B A SR AR R H A
g1, WAL WA, R AR B R AR AL A, BRI 7K 2 AR BN
B, ATV R R o I AN TR AT R 5 R R T 5 AR B P I S SRS AH ], BR LA 23
JEPE AR L H A S I R A 6 A R IS N SRS AN [ o AN R R AE (M LA ZE 2R S
XS TR R, X R X0 B CE R A A R A, R P L 23 R b 4 ) B YR 4y
Bics [FIBS, 7EAFISS B AAS RGP R AL, H IR 5 R AT A8 A [R5 A7 18] AL
Wk R R TIENTERE (PN, 2021) , FEABRIIZK S 261 0S8 e A 3



Br, WEEERAL 32 B — i PR, SRECGZ SIS 7] LG K 73 AR WSS, 7870 FIH A BRI K 5
TORGERE I i I AR RS GRE S, 2006) .
3.2 Mt RS S5 MR AR i AT 2B L B A

W oy 5 SIS A7 AR 51 5 ) LA 0 1 ] R AR AR S M o T AR ) 5 g T R P R R 2 5o AR i
TRIX Z AR E NN, (BE75 545, 2016) , 2 MY v AR50 A 488 11 5 b 40 A7 9k
ARG RS (D BEE, 2022) o MR KRG S0 o] SEVE SRk, R AR
PR AR5 s MR ) 225 A0 R L SR VR A T B T 8 P A U, [ B AR S Vet e ot o I AN )
BT FH IH B A 38 S RE T B, 2R B I SRS T BE 0 5R, Ae s BN AR B ARk T E R [F]
(A 35 5y e AR O TG SRR RS AR A, 2016) 5 M 4540 R I iR 40 B L3R 5
(R RE 77 R, 130 B P Py 3 et e YR DR 24 R K /) o AR e A 15 o IR 0 A T 5 Bt o
BT IAE RISy 5 AR 7K 43 BE AR A P ] R M I S o 1 XS S o A S I
FEAFAE, OB 5T AR B e & A E R (E RS, 2021 o AEAFRKDEET,
Iy A 2 A T IE MR R A0S R S R BB —E, (R — AR5 A AN [R] g 465 4 ] S AR S
SR, AR O] IBPEARIAR Tt SR R AR Bk B 2 ) To B 22 S, IR P R 1 J5 IR T g
SN FE A DD e RAEAE 22 57, 380 AEAS [RI AR 58 R W 1R m] 98 1 AR S (RO, ] R
o (5KE, 2023) , (FAEYINS AN [F] 7K 53166 FEE TR A 7 14 0 R 38 4 52 W o A B 353 4% [R] 32 AT SR AL mf
IEVESE Z PP R R, T & R T BRI e BEAE YY), (RIS IR A B T B RS nT B R I
M>ZE>mt (CEHOREE, 2021) , RHE S HLE S 808 F 451 ks PR ) A
B R 5 R B SREL, BRI PR ER (F3E RLRE 77, T4 B B S A R (GRS, 2022).
[FIR, — Lo A5 S AR, VOR A0 M T AR S5 45 ML (Rl — AR B rh R I R BOR T 3 4, (H
A28 5y BE K 5316 BE B AR A T AR Ak, 38 B3R IR BR (AR A i B — s fee e H 5 HAh 251 2
(A7 AE P A S5 AU O &R o

AT T A bR R A T B MR A T S A e R 4 R AR — B e R A
TG AE 170 S 1 5 RGP HOE N T 2 AL AR B 1 — R g (5 255, 2016) o A AN
HAELE B [F) AR A4 P R B RT 98 1 i B AR S R — 58 2 5 (Wrright et al., 2004), A [RIEBAL
CERMRHIEZ A AEE S — B 2257, XPRAERIRPEAE RS Ra bl fAE (P4, 2022)
H I o 22 S 1) 5 R T A T 9 A SR U — b I % EL AL ke S %o Wl i A2 958 o G e o ) 485
FAAN G BT S A DK/ i Je> > e, I i S5 R AN [ A AR S R B/ Ay i Jk>
>4, EAERA R - 8K o B e R R, A AR SRR RN, RS A 78 4y
RIEEFNH, RIS AN S EPLSI RO R A S . KBTI e A ERFRAL P [F A GRXT
&, 2020, PhGEFRSE, 2021) , FHEUME, @i k3 S R Al B KRGS RE R A ST, &
B T 5 i R N ity A 45 R R TR

AHIE T8 I ] A S5 R FR bR TR EAT A OCPE 7 BT R B, & A 45 R FiR b < TR AE — 58 %
S, G = s T R S AT UBR 2 2 R P 4 3 o L A% 2 1) A7 7 B S PR P TR A (B S S, 2022),
AR T IR & FLA (R B —Fhi& R sRms GBIMAE, 20200 .

4 75
TS Ry AR A VR A B R R, AR A S T
SUL I S5 HRT S R BB 2 )J0 DA R B A () 5, (RIS 2 B L T 2

LA 5 A3 N AR BRI EEALHRIARIIAE 3 AN . (DD s A UE R, BORR
B AR AR ) K 7 25 SR B RAK AIVE T, sl T AR 4 6 R PR SR B Ik 7 2K
TR R BT B A7 K r e (20 &R b [FldEAk,  dn S AR S LR 25
WU S48 A 2 (B AF AR O s T Py AN [ A7 ) R OIS 4 AL AR E 7 2 b A 455
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