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Abstract: As a bridge connecting plants and the external environment, leaves can coordinate each anatomical traits to deal
with the adverse effects of extrinsic factors on plant growth. Therefore, variation in leaf anatomical traits reflecting the

adaptation strategies of plants to the environmental changes. In this study, the leaves of 115 common plants ( including
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monocotyledonous plants, dicotyledonous plants, woody plants and herbaceous plants four functional types of plants) from
different vegetation zones (including forest-steppe, steppe and desert-steppe) on the Loess Plateau were sampled, and the
leaf anatomical traits (including epidermal tissue thickness, palisade tissue thickness, sponge tissue thickness, mesophyll
tissue thickness and leaf thickness) were measured by using paraffin sectioning technique and optical microscopy technique.
We aimed to examine the variation in leaf anatomical traits and their relationships with the each species’ relative dominance
within communities of different vegetation zones, in order to provide theoretical basis for vegetation restoration and ecological
environment improvement on the Loess Plateau. Our results showed that, except mesophyll tissue thickness, other six
parameters of anatomical traits increased from forest-steppe to steppe and desert-steppe, indicating that the xerophytic
characters of leaves became more obvious in these habitats which had less precipitation. Moreover, the environmental
influences on leaf anatomical traits differed among different plant growth and cotyledon types. The palisade tissue thickness
and palisade-spongy tissue thickness ratio were significantly negatively correlated with precipitation and soil nutrients for
both herbaceous and woody species ( P<0.05). However, the epidermis tissue thickness of herbs was only significantly
negatively correlated with soil nutrients (P<0.05), and the mesophyll tissue thickness of woody species was significantly
negatively correlated with precipitation ( P<0.05). For dicotyledons, the thickness parameters of anatomical traits ( expect
for sponge tissue thickness and mesophyll tissue thickness) were significantly negatively correlated with precipitation and
soil nutrients ( P<0.05). However, environmental factors didn't exert significant influences on the leaf anatomical traits of
monocotyledons (P>0.05). In addition, the relationships between leaf anatomical traits and species’ dominance differed
among different vegetation zones. Specifically, the species dominance was significantly negatively correlated with mesophyll
tissue thickness and leaf thickness in forest-steppe ( P<0.05), indicating that these plants with thin-leaves were more
competitive than those plants with thick leaves in this zone. In desert-steppe, there was a significantly positive correlation
between species dominance and palisade tissue thickness, which suggests that stronger photosynthetic capacity the species
had, higher competitiveness they could own ( P<0.05). However, no significant correlation between species dominance and

leaf anatomical traits was observed in steppe (P>0.05).
Key Words: Loess Plateau; leaf anatomy traits; plant functional type; species’ dominance
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Table 1 Description of sampling sites

T S S S e L o T

Mean annual ~ Mean annual Vegetati
Site Location  Longitude/°E  Latitude/°N  Altitude/m ean anua ean annua egetation

N Dominant species
temperature/OC precipitation/ mm zone P

1 2£ % ( Bothriochloa ischaemum (L.) Keng) |
HTOI g™ 113.36 36.29 804.00 11.85 563.88  ARMKGIEUERET SIACT (Lespedeza bicolor Turcz.) |5 % ( Carex
parva Nees) 55

MK F (L. daurica (Laxm.) Schindl.) \F
HT02  BRPGREZETH  109.24 36.74 1268.00 9.50 498.89  MRIRJERIREH F L B AT 8 (Aremisia gmelinii Web. ex
Stechm. ) %
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1.3 R figp ) PR A0 I

FEAYIFE I 3—4 /N 7 A TR R U0 A AR B FOR G 35 L W G €8 BB B L IR (50% . 70%
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(63.87 pm) EARA (262.34 wm) HIFEEE (56.53 wm) , MEAL, b3 K2 88 4 il 9 2 rh AR 1 2 (8. 18
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Fig.1 General characteristics of leaf anatomical traits
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Fig.2 Comparison of leaf anatomical traits among different vegetation zone
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Table 2 Comparison of leaf anatomical traits among different functional types
T R i i T
Site Type epidermal tissue tissue epidermal p’feso}?}fyll . Leéﬁ tissue thickness
thickness/pum  thickness/pm  thickness/pm  thickness/pm  1eKNess/pm - thickness/um ratio
HTO1 AR 17.40a+5.26 71.71a+29.70 67.35+32.40 16.2a+4.30 148.25+93.58 181.39 +58.12 1.30a+0.56
AA 20.85+7.88 75.72a+36.02 62.85+25.29 18.46+5.72 142.55a+58.12  174.92a+63.47 1.20a+0.25
gt 13.81A+4.22 — — 12.83A+3.24 143.24A+210.92 177.78+191.44 —
WFH 18.74Ba+6.07  78.72a+34.87 65.30a+29.93 17.27Ba+4.63  147.54B+64.76  180.31a+68.09 1.32a+0.59
HT02 HA 24.08b+9.69 84.14a+23.62 82.53+45.17 19.11b+5.93 157.38+64.69 202.22+71.67 1.21a+0.46
ARA 22.51+6.82 91.67a+37.39 86.43+33.61 18.28+6.18 165.66ab+72.08  215.00ab+72.90 1.15a+0.49
gt 12.84A+4.25 — — 13.82+4.12 125.15A+58.26  143.77A+59.83 —
BFH 24.23Bb+8.51  86.98a+29.40 84.01b+40.82 19.15a+5.96 162.66B+67.20  210.94Bb+70.88 1.19a+0.46
HTO3 R 22.20ab+9.46  153.96b+65.53 56.30+19.95 19.77ab+6.97  142.19+97.30 183.5+£102.02 2.48b+1.20
KA 27.37+15.19 140.18b+38.79 68.02+34.95 24.61+11.30 226.05b+82.56  274.12b+87.98 2.30b+1.14
gt 22.05+13.04 — — 15394522 92.77A%61.19  130.82A+60.31 —
Bt 24.47b+11.22  147.07b+51.84 61.32ab+25.41 2341Bb+8.41  195.78B+97.07  241.15Bb+103.00  2.40bx1.077

AR E FEERRAR T g BAE Y [ — R h 1Y) 26 5 W35 (P<0.05) , AN R/NE FRHMRER R R D) i BAE Y e A A gy Lt 25 5 W35 (P
<0.05) ,—F R IE

®3 WBEEFERSHTIER

Table 3 Principal component load matrix of environmental factors

Sl Ny P RS pere NS Sy 3

—F e — W =%

SR T Uy R 7T RS i ey
. First principal Second principal . First principal Second principal
Environment factor Environment factor
component component component component

MAT 0.91 0.42 SWC 0.83 0.56
MAP 1 -0.10 STN 0.85 0.52
Al 1 -0.06 STP -0.25 0.97
pNEEE ) -0.45 0.90 C:N 0.73 -0.68

MAT: 4E ¥l Mean annual temperature; MAP ; 4£ ][ /K Mean annual precipitation; Al; T 548 #0 Aridity index; SWC: £ 3 5 7K %R Soil water
content ; STN ; 34 H & &t

Soil total nitrogen;STP;j:%fE@iﬁﬁ Soil total phnsphorus;C;N;ifgﬁ))'éfkaﬁ Soil C/N ratio

F4 MEBEERSREEFERDEEXXER
Table 4  Correlation among leaf anatomical traits and principal components of environmental factors
EL T o LREFRE OWRASULE  BAMSULE  FREEE AR R e
Principal %3 Upper epidermal  Palisade tissue Spongy tissue Under epidermal Mesophyll Leaf ?allsadejspongy
component Type thickness/pum thickness/pum thickness/pum thickness/pum thickness/pum thickness/pum llssuer:llilzkness
F—Tah B -0.20* -0.45"" -0.06 -0.22" -0.05 -0.10 -0.27**
PCl HA -0.19 -0.45** -0.02 -0.19 0.06 0.02 -0.26*
A -0.22 -0.49 " -0.09 -0.29 -0.34" -0.39" -0.39"
XFt -0.23" -0.43"" -0.05 -0.29 " -0.16 -0.21" -0.26""
oyt -0.41 — — -0.25 0.04 0.08 —
EoEAM B -0.30** -0.35"" -0.18 -0.22" -0.10 -0.17 -0.06
PC2 AR -0.32%" -0.33** -0.13 -0.25* -0.03 -0.08 -0.07
AR -0.20 -0.42%* -0.25 -0.15 -0.28 -0.38* -0.12
XSt -0.34*" -0.33%" -0.18 -0.26"" -0.16 -0.25*" -0.06
LSl -0.31 — — -0.23 -0.58 0.0 —

PC1 ;55— 3 A43 First principal component; PC2: 55— 3 {43 Second principal component; * P<0.05; * * P<0.01

25

R fige PR S W AR XD 33 22 [ Y 56

AN PRSP 5 g PR ] B OC PEAF AR 25 57 (R 5) o TETB SR T A W A 17 1l
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ORI AR DA 32 A L S A 2 SR B B 3 A SCOC R (P<0.05) o #ATIT, 7 HTO1
PIRIARRT S 55 PR M R BEAF A 0 35 DU OGS 2R (P<0.05) 5 75 HTO2 1 W) Rl X A4 5 1 7 i
FPER TR 5C R AR B 1 27K F (P>0.05) 576 HTO3 Hr Wy FhoAE X D030 A 5 A 20 258 B 52 0 3 1) 1
FISEKAR (P<0.05) o
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Table 5 Correlations among leaf anatomical traits and the dominance of each species within communities

) v ; . e L
. R BRRE WHHBURE iR SR TERERERE WPy R R .
ES . . . . . Palisade-spongy
Sit Upper epidermal Palisade tissue Spongy tissue Under epidermal Mesophyll Leaf u thick
Site issue thickness
thickness/pm thickness/pm thickness/pm thickness/ pum thickness/pm thickness/pm "
ratio
B K Total 0.09 0.38* 0.40* 0.20 0.12 0.18 -0.20
HTO1 -0.30 <0.01 0.33 -0.29 -0.50" -0.44" -0.31
HTO2 -0.31 -0.28 -0.11 -0.10 -0.36 -0.33 -0.12
HTO3 0.54 0.85" -0.96 0.64 0.54 0.70 0.80
* P<0.05

3 g

3.1 TSR R A PR R AR A ]

R X B i BRI ) R B AR I B T S SRS AR DI ) — RS A RS SRR | S R il
ANIREE AR AR AEADETE R PR AR ST | ST U P B S R Y AR SR A TR, K
e R B TR N (2 1) PRl B3R B TR A A SRR AR A SURERE | R bR L R R B
HREH(P<0.05, 812, F4), KLELERRVIE 4 R AP RO R I PRIRIT S T R R A B A 46
H s SAHITEA RIS R IR MBI R A AR T R R A TR, FRA I R R Al
i B A B PR RE S, A 2 B Ay T S W L BB IR A TR A 3R Bz A i e B A mT AT R AR G
il 0 0 DB RS 0 (K G P A IS S USSRE RGN, AT LLGRIE B PG AR RE ), #2170
REAIHIACE A AEE B 28I 0 /E I 52 T 0k i e AR HORE I TR 20 2 R0 i 4 2 U % A1
FIAEEAAC R BURAR BE AR, S B0 0 FU A AR e . BOR ARG LU RERS 52 = i 7 iy /K 0 AR 3R
T AR K A3 W3 B PR A AR AR R Y BR T IRLEE AR G PRI ERAb , R ESR A A LR R i A
FPEARAL 53 9 S 2l D], 388 A B IR AR = B BRBE R AR R AR S TR R Y I R JRE R R B A I R
JEN S A AT R LR E SR S G, A 1 I 3 BRI L SR R R R (R 4)
3.2 N[EZRERIAEY I A PR T A B B A A A 2

ARBTG5 i (AR AT LT A ) (Y T R B0 T A ) 94 2y B 2R 400 % AR ) 45 P 7 A0
PR 225 X 2T R RID REEUAR Y % BT DR 7 14 ) 1oz ORI N SRS AT BTN TR, AR B SY
B K0 | B AR 1 3 B V5L 2 e B i 2V P o 5 T AR A AL DU e A 2 JEE R R B K 2
(F4), XTTRER T HRAEY) A R, 75 A PR A Pk ] B 2o 2 s B U B ) ) ] R T g
WK GG 4 R K A R PSR, LASE S, ] B () A A7 R 107 R, DR 5 B0 9% sk 207 T 94 R B mT LAl
TEARIBUR S5 H 2 A A Z (AR B A G T RAAE ) ARAS B0 Sk i i S 2 SURIAR =, AR
CREUR, SN R ERIE S AR A (A B 520 . 3 b AR AR 388 5 HAT 5 R A AR A B R A oty R 22
SERI A0 P JRE R T Ly b i O F i R 1 T 3 e OROK PR, TR R A 00Ot BE R
L E S

B TR AN, FARI FARA L) (A 4 SR BE 2 B 57 73 B AR T 3 2 (3 4) , IX AT REJE KO
SRR AU B e A BUARAT O, A AR 73 2O W BRI P AL 2> (e 3R 3 r B4 e & 4 20, DA e
A AERIRRI AT . AN, 3SR I3 26 1F 2050 5 AR AR ) 3 B2 JRERE LA KRSy iy it T2 8 B 0 2 14 £
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HRKFR(P<0.05, £ 4), HIANBWFTEARA R, 76 IR0 S0 PR rh AR W) 38 W HAT B05 (9 3 B 20
e R R AL AT A R R R OGN e AR AR AR A, T EE A PR B B A K
gr SR R X RPN A K BRI R F B A K TR A IR, SR A 1] TR 57 43 I E)
JCE AL E T, e g A K ARAAE I TEAE 73 LA 2 B9 3% 70 T A5 R e AL JCAS B, T4 o A
P& RE S

TEA R QAR BT ARG T A B AR AL RO B 70 (A Y . 5 0T A Wb i 22 Ak 552k
UL, BB FA /I A 20 0 L SR 035 B A sl /b | 0L P AL 45 A ) PR o 187 52 B A 0 R e e (3R 2 TSR 4)
Nardini 55" 7E R 52 Pt B0 3 B JGEBE VR 2400 2 )5 B2 B pi i Le 2> sty epoK S e g . [RII, Sack
SO L K SRS BT UGG R o IR, AR T i 16T 5 DCOOUF I AR A LA 42 e 114
PP DR T P2 S B XL A 0 1 SR IBUBRE i 7K 733 8RR (R SRS SR B X K 7 B iR 3R 85 . 5 00 AR AN
AT IR RO R AR R ORISR T ARR I BB BIOCR (R 4) X AT RESE th T8 1A i
Fr BAREIR B A A I R A S PR 4 17 R o IR A B A L A AR DL AL AL
BRAHEA TR AT 1Y, LA D B F AR 1 K A3 80 5RO S ST AL S A e
3.3 AR Y R EIR S PR U O R AT AR S

AREAEEET Y AR IR 22 52 R BOUE AR D e ik R TRY e i hmz R0, &
PORF 8 o J s DRI RR G DI 34 88 5 A 2 2R 96 200 2 2 1 J5 2 0 I 25 A IE A G E &R (P<0.05, 3R
5) o H TR SRR 2L OERERIR ARG FHIARDC ™ AW FE a5 R R W] R A O34 B 1) o 1R 5 4
PIARICGTIR A RE ) B AR, SR, AN FIREL BT b, My R X (I8 38038 5 R g 35 PR 22 180 19 56 RAFAE 22 57
FOrb  BRACRE A AL ) A AR R DI S Bt T A V2 R R B F i/ TR 94, S TR s i AP ) 1) AR I A
IR R PR AR TR AN AR AR DG OC 2R e e J Ul AL ) ) R O 0 3 B it B 4 P URE B R S g i, 3
— LIRS T ISR ) SR BAS [+ 3 7 SR W ke IO 6 A (] ) A 45 4

TERE Y RRAR B U BRI v, BAT AR P JRE R o 52 B v AL o A, G 3 e
Bif A, R R BT B K R A IR R i L R L E T X B A )
TEXF SR FUK G HEA T 70 BE S IR AGE , ARX 0Bl 1 X et e Bl 45 5, 3 T80 1 A 490 B 3R BRI A A Ay 45
e BORE IR Ay A A TR R R R I FRBE T RS K A AN 3R S E 4 R D, 1R T B e R A R
Ve I SEHRE ST, T O 3R, 2 — b 3 S R F) 3 B SR

SHRYRE ST B BEE IR DS EE S A IR ) BT 2 A G PE (P>0.05, K 5) o XAl g
PR Ry iz i DX ) EL A 450 22 R R PR B I S . 76 HTO2 H , )RR AR X O 353 KT 109% 1) b A 5 24 22 A B
T FERD BRI, b 2RI R BAT YR R SRMEY R A A TR TR A AT RES 4
F I ROLA RS BRI AR, B R K I A R RS RE AL ZUR R T R T BT e
PR T ERMEL, i 3 B B R AR AR R, B A0 A S N X i R 3, BRAIK 43 S o

R AR s AR MR e et S U S AL A RE ST I A PR AR R A v i R AR S R
PyRiAR O S SURE B 52 3 IE A C G R (P<0.05, 6 5) o FEARRISE I, it 5[5ty i) (L 34 b 32
BURIRITUTMZAY . —F P BA7 R 5 AR A 20 21 (MR 20 SR8 93 551 0 460.57 wm AT 404.22 pum) o it
VAR I v A 326 VMRS 28 A By T v R 14 1 P 3 5 2 s DX S8R SO R R 8 L F 4 455
P BT rb B R A it K 2E 20T LRI 20 LA T B I TE AN AR 28 0 0 B2 0 25 A0 T, 4 0t
BRI AT Z AR 4R A B s T

4 g

ARSI it MO o e SRR AR JEURE ATy SR A Al e e AR R B AR i g R,
I AR 30 M TR R a8 e e Y AR BRI L SRR IR A LR, SR AR R RS T
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N[5 D) RE B AR i RO P J5E H JToR B O SRS A A 22 57 . FHLrp B S B B, mAS AR ) 3 B PR
SR A AL DU 308 2o 34 R A P2 P88 R A P P o = SR R B R A 36 O 5 LT AR ) 45 It e ) PR 34 2
PR B T AR R PR A AR AN 35 R TR Hh DL FAE ) SR BCAS T 14 345 17 54 g
RN RS AAT o RRARE T P SR ) T B SR B 4 R 3 07 SR W ) P A ) 5 LR e D v AR A A
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