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Abstract

Leaf morphology is closely related to the specific environment and provides the most useful characteristics to un-
derstand plant response and adaptation strategy to environmental change. Leaf morphology plasticity is obviously
related to the temporal and spatial variation of environmental variables, which are useful to plants to enhance their
ability to survive. Consequently, for many years, studies on plant physiology, plant ecology and physiological
ecology focused on leaf morphology. We establish a simple category of leaf morphology classification. Simulta-
neously, based on the principle of material and energy balances, we systematically review the relationships among
environment, leaf morphology and energy balances (or material changes), and emphasize that leaf morphology
responded or adapted to lower water availability and higher radiation (or temperature) in arid ecosystems. In con-
clusion, we submit and discuss existing problems in leaf morphology based on the weaknesses of previous studies.

Key words arid plant, leaf boundary layer resistance, leaf morphology, leaf temperature, plant response and ad-
aptation characteristics
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Table 1 Classification of leaf morphology index
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34 2 L BB 3 1 e S Al ik
Classification (group) Parameter Brief description of function or application
RN oIy ak iy HUZ R S R NS, e RAT e, ORI
Class 1: Leaf anatomical Cuticle thickness Relating to leaf material and energy exchange, and leaf defense
classification BRI W PR SMIR . B
Palisade tissue thickness Relating to leaf material and energy exchange
A SR SN R AN, R AT
Spongy tissue thickness Relating to leaf material and energy exchange
5 W A, RS
Leaf thickness Relating to leaf material and energy exchange
SALERE SN R NN, R AT
Stomatal frequency Relating to leaf material and energy exchange
ALITRE WA AT, RERAS
Stomatal aperture Relating to leaf material and energy exchange
AL B SN R AN, R AT

2 (d1): EENESIE
b

Class 2 (group 1): Non-
quantifiable classification
of leaf morphology

F2 (412): WTEREETR
b

Class 2 (group 2): Quanti-
fiable classification of leaf
morphology

22 (H3): ) LRES
Fabs AT RS

Class 2 (group 3): Geome-
try and derivative geome-
try classification of leaf
morphology

3 S B E DA
KA E R

Class 3: Other classification
closely related to leaf
morphology

Stomatal pore depth

TR AL 20 i a)
Intercellular space

LR N

E.g. coniferous and broad-leaved
WEHE L S

E.g. lanceolate leaf shape and
ovate leaf shape

-k

Leaf vein

-4
Leaf-petiole
FEM:
Stipule
RIMAE
Leaf hair
-

Leaf orientation

4 Leaf length
M-5% Leaf width

HPEES

Leaf perimeter

T AR

Leaf area

ik

Leaf teeth

i

Leaf lobe

/5 E

Ratio of leaf length to width
AV K B

Ratio of leaf area to perimeter
LE TR

Specific leaf area
TR

Leaf nitrogen content
-5 iy

Leaf lifespan
UDANCRIS

Leaf water content
JEME A L1
Light-absorption rate

Relating to leaf material and energy exchange
SO MR RE RS

Relating to leaf material and energy exchange
I A5 285

Relating to plant indentification

IS TR 3 22

Relating to plant indentification

WA Ko AR, TR R

Relating to water transport and plant indentification

SEWA KGR DG S R, N TR 4y 265

Relating to water transport, photosynthetic physiology and plant indentification

IS TR 3 22

Relating to plant indentification

W AR Re A, N TR R

Relating to leaf material and energy exchange, and plant indentification
SEMA R AN, R AT

Relating to leaf material and energy exchange

ISR R e

Relating to plant indentification

IR 2

Relating to plant indentification

T AR

No clear ecophysiology significance

WA A, RS

Relating to leaf material and energy exchange

SN R NN T RE R AT, BT K

Relating to leaf material and energy exchange, and plant indentification
W AR Re A, A TR

Relating to leaf material and energy exchange, and plant indentification
T A B AR R Y

No clear ecophysiology significance

TR B AE AR R L

No clear ecophysiology significance

SEMA I B A

Relating to leaf benefit-cost ratio

SN A AR S K R AR

Relating to leaf photosynthetic physiology and water use efficiency
s el

Relating to leaf benefit-cost ratio

SR 2 Y B T

Relating to leaf energy balances and dry matter content

SN 2R e R A

Relating to leaf energy balances
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W 52 o WHAR S WO, 84 i il

Bk TR R ARHE S R RGN R 91

RS e ] Rk A 2 (5)s
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ISV T R O A WA A AV
Ui LT BRI R KRR R . AR 25
-9 IR 2% 2 52 #f (Stefan-Boltzmann Law), M 414k
R AT A k2 X (6) (Nobel, 1991; ¥ v,
1997).
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¥ U g,
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A, o W RN, T 25 UL

I R ViR 7R R IR ) B AR 7K 4y 2%
[ 8, ) Eyap 3718 B 7K 23 AR B 28 R i 85 14 g
(Eyop GHRJE B AN, 25 CHEL FE,0p= 44 kJ-mol ),
TR R KV A 2 R A () AT HT 22 5(8)
TR N

Ju="Vh Evap ®)
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AN\

3 RRXEMMHRESTAMERESFENX

A 7 2 AR R W e R A e R
PE SR B, AR E e T R IX AR A
AR AR P PR R, R T AR IR i
AL [FIIN, AR ARK T A X AR AL T,
(AN WA LA i S AL L) VS PRVA S 1
31 FTREREMMRESZAS SRR

TLEEXS BITAT A PE S B HAT 1 A A o T,
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2004; Lambers et al., 2008). M1 /5 1% A 2E 4 24Tt
G I o A D W) o RE AT L AT R AR R
PR

FET-FHIX, el BRI 5 e A A 2= ol
SRR WEURAE FH ROK 43 R 3% 5 M ) T
(Osmond et al., 1987; Schulze et al., 1987; Lambers et
al., 2008). #i20104E AT L5 Hds, FRE I
805 1 BUR RIS 40 'C CRA ).
KT R AN, TR XY i
FEREAE s TR JEAHSCHE R, M2 IA
30 CIN, FeBib XA i 2 AE 14 $140-50
C, XU O SR e s K 2 R A R
(Smith & Nobel, 1977; Smith, 1978; Osmond et al.,
1987; Knight & Ackerly, 2003; Nicotra ef al., 2008).
FTEA, FEM S il PR R, BEAT D b B A i
JEE RSEA T 57 1 DR ) A A 1R S

GRS EFASN ) CIFINE GE L7/ I el S Wil
2T DU e ™ 958 R AR I v MR oA A3 B 48 R T VR
(B MBI S Hhefte 3« PG A SR 7K 73 28 M TR
S W NoR, BRI, A,
(AL AN TR AL W TR EES ORI R Y PSR
(Ehleringer et al., 1976; Ehleringer & Mooney, 1978;
Medina et al., 1978; Ehleringer, 1980; Smith et al.,
1997; Schrader et al., 2004; Picotte et al., 2009). fi¥)
I 189 0 T DL 4 B AT P Py o) s ST R R i B 51,
I A 8 T 1) 458 0 E 0 15 5 ek 0 S 0 B S B A
(Ehleringer et al., 1976; Ehleringer & Mooney, 1978;
Medina et al., 1978; Ehleringer, 1980; Smith et al.,
1997; Picotte et al., 2007).

IK 53 78 1 2 B A AR A b v ik 1 TR 27 5
(Lambers et al., 2008). AXIM MG R, BEAE
V) PR AR R ) AR A /K 3 IR PR 5 2K, T 5 XA )
K AAEAT BAT BRAC T (2 7] A%, 20045 K
FRIESE, 2005; (124055, 2008), BILE ik bR Hlg 25
i 1) R b 2 BRIl P ek g, X R
P F AT AR A, 5w
INEET, FAPR ) TR IO, At
P ORI I R (A (7)), RIS R AR
TG BEAR I RO (R B2 )+ 385 i 2 - sl 147
TH AR FH 8 B ) B A 321 ¢ )2 BH ) (Bragg & Westoby,
2002; McDonald et al., 2003; Thuiller et al., 2004;
Rozendaal et al., 2006; Picotte et al., 2007, 2009;
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Yates et al., 2010). 5 ZakifKe, (EXEET, M
S KT B, AL T B PR BRI IS 0 T,
T I AR S 2 BE D (B8 i T 2 ) A il 10 7
SR AR A S JE e Ui AT 7 Tk T2 (Vogel, 2009; Yates
etal.,2010).
32 FEXEMMHAESSKSEF

K3 o 5 00 5 i DR A7 35 e R (1) DKt PR
5E K F(Noy-Meir, 1973), T X5 (B —F4
Tl RN R N B 5 ARG N R T, T
AT el D AR 7 K, 5 O A B
KR . TR X AP D 7K O3 4 R AR A
b1 ISV (RS S TTIR AN =N Ay T T A 3
(McDonald et al., 2003; Rozendaal et al., 2006;
Picotte et al., 2007; Lambers et al., 2008; THEFIZE
£, 2010). &K 7MW S i3 Kot
FPEIRI Z MR . i hn, BB R 9%
575 M SR, AT AR, BRSO
14 % (Smith & Nobel, 1977; Ehleringer & Mooney,
1978; Ehleringer, 1980, 1982); & LI [ FR FFAK 1 []
INATEATAEREAG v 5L 7 AR E A
ErE I N (Abrams et al., 1994; Wright et al., 2001;
Rozendaal et al., 2006), M J5 5 R BA [T FR
T 5 AR LG R S K 4y R
Gy T B AEAE W] W R TE AR DR G &R, BT BAJEE A
SRS TR G I ANCRT DA i e ROk, T
H AT PLYREE I Tt e (a2, i 08 S 1S 0 R
R E T IR A AR, T S A IR K Sy
(Y17 FHl 2% (Smith & Nobel, 1977; Field et al., 1983;
Field & Mooney, 1986; Knight & Ackerly, 2003).

T 5l )RR K ek S AR AR R Bk B K A
b, BB K T A A FE LK (R e S8 R0V 35 T,
2000). X1 SAHYI TS i 44 RE
U Wb WK 53 B A AR A2 AH G 9T 5 R o, A
WIAE T R ik AR Nl R R, i 5 B A
PESG AR &y TR e 4 1 T AR AR K
Had AR, RS WAL S B4 AE (Balota et
al., 2008; Picotte et al., 2009; 47K, 2010).

MECE S 25 18, P AR Al O Rk S iy
) AR AT LU N RRAE, A s 22 4 A T
[V ST S S AR S i i vis - S A S I SR WA W RN
A4k, [l BEL LB AR R PR AR AL o« AR 3.1 3 #r,
FAVRE G VR B, TR ) W 19 5
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56 LRI LSE FEAR g i vl ARG B AR i B, AT
B SRR o B R, 53— 5 TR AR A8 A B
T3 (PR AR, T8 SR i P AEARZE BB 7P T
MIFEIRAE T o RN AR, K WA e LR 73 S2 i,
At K AL G N, i Al BLBH
TR PRI I R R A K o KEHUR, 7
THT E W 7538 =4 389 0 W 0l 5 1 AR AR ] IR A - i
G B 0 2 R AR AR IR KT, AT IR0 v i 1) 49

=3

o
4 MERESHMRBPRYILAER

41 NMAMARESERTEMHRZRZEEAN

24 a2 T B X R Ry Bk A s ) A
NURFAE o 2R B 1A AN BREE AR A0 B8 R
S il RV EN =R 73 AU K7/ B N An R RN TE U RN
HI6E J1(Sis6 et al., 2001; Nicotra et al., 2008; Royer
et al., 2009). HARBTFTE WA I 2R sl i 28 4k
i Rt EB A%, R 2, JAIIA X
32 52 B g BN AT 4 28 i 5 B (BARE
56 A A R AR, Tedk L A - i
WA S L SR B ) 2 ) BAT H A OGR
R, NI TGV RN AR e 28 I I A AR A 0 1 7 4)
Ty fERACH R (Smith & Geller, 1980; Nobel,
1991; Schuepp, 1993; Sisé et al., 2001; Nicotra et al.,
2008; Royer et al., 2009). T fifE 43X — ) 8 1) B AT
TIRNBEAA N i AR B s X, Sy
B TR A R bR (O R AR ), )
MR TR TR AR S R L FZ B A RO R IR
IIAT, LS N e A P I A B AR

A BN (4), FATT A 52 5 A ik
AMRAESEH AR EMH N EERZ.
Schuepp (1993)I\ 4y 714 5 J2 -1 )& RE ) P
SO AZAR H - oA 08 s 2 P 3 5 (R AL - 38
BT 38 o )il tid, i Fr i AR R R
HH 12 5 5 W 2 % ) dp e B 2 P o BT R
N TR T SEAL7 SORATL LA A R AH LI
SEBCRUESE, NFJEAM Fr, R S #ve 3
TR AR 12 B B A ) S T 5 (Vogel,
1970; Roth-Nebelsick, 2001; Stokes et al., 2006;
Vogel, 2009). 45 b, BEIRHFFTUE B Schuepp (1993)
K L R 3 JE R 58 SO ERA Y, {H SEBR

N

Bk A TR B RHE S MW S AGE MR R 93

I e BATTATS AR A I FH 2 R oy R v 18 5 VR X
KM RS AR SR, W A A B
YT, B BT RS A AR B, gl T AR
UNZE R R uR s S o) EN 1 G i INATRSRE X A
120 BE A () B A TR Fg i TR AR (P9 A B o 8 H )
H #2415 (Roth-Nebelsick, 2001). 1T AL E
B BT EARTRA VR A 2 3R A v 16 BRI AR, P
DARY AR A LA S it R R A A AR
TGV 1 JE R (B B B ) AN AT AT S 3
WA, T AR AL A A I A B 5k
ERANE -

42 MEBRBEEDESFABEAINXE

W 0 S BE ) A AL B g A2 i e b
W) JTAS e R IR o FRATTE R R, BEA K A2
PEFFEAC SRR (TE ) ), M i 5 =B
BATFAR M H (A 30(4)), RIVBEAE 1 (98 ) I
WD, R KR ZE I AR AT W e N, N B
FAKRSRARCE. Fol, TR F K
BB E . TEAFREE . <AL, b
H M RUSE (0 B8 ) R sk s (8032 5 22 B g TR BRAT),
W 7% 1 3k 2% T Rt Ll o s B AR AN AR 11 5
¥4 J5(Smith & Geller, 1980). 5 bxf v, sk [ T-n
JroCCilse Bl Wor, e KRN T300 mmfl) T
X, BEAE B & Rk — ks, A K A
FH 2% 2 At I S o 5 R AR BROAS A8 1) 52 24 A%
(Schulze et al., 1998, 2006; #3455, 2000; - [F 2 Al
B, 2001) .

HE— PR T N ARCOL KA S
KR RCR AR UHLEL(A X (Q2)), FRATEEEIGES
LAWK K COLAZ M 1) 22 ek, SEERAN B
fif 120 2 BH ) 5 A AU BH g () 3 AR A (Jarvis &
McNaughton, 1986; Wullschleger et al., 1998; Lam-
bers et al., 2008).

MR TG, TR E T
U0 B 2 AR R O o TR BRI 9T 4 R,
I 320 5 2 BEL g B AR O A /s 3R 7 ) il 7 g 1
T i ZE e (A (1)—(4)); BEE M TR K S
PR e, R KRR, A RALITE AR
W BEA%, B4 ¢ ] (Tardieu & Simonneau, 1998;
Lambers et al., 2008; T-5Fi Al EFA, 2010), B[t
RN R ) 55U B AR . Wi
X — KRG LIRS, Ffit— 23R <AL 7y b ik
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T By A A B2, I FRATT RE % B L b 2R i
5 b DXAN [ ) T 7 R ke B B A A o A v 1 AR A
RE ) ST N R AIE
43 MARSHAEYERESFHER PN F
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B, WU CREE I I 6 i TR A IR E S b ar
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KU A A 5 R 2 F AR S Rl B A R B O AR 1
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AR . NI WFSCEERIE, RATEY)HES
o I e 45 7 B4 A B AR S 2 AR AL R R SRR SR B
Wit T ASRRE 0 BT AR br (9 TR R K L,
MR, RIS o OGS T A FR AR S B0 8 R Y
RARMIBEI, s Fr 40 5T B e A 6 14 Atk A7) B ASE
RSB W20 2.285), BLLEE IR -
I A A A 2 R AL B AS Y
ARSI E WA T 5
ERRGW IR Z — o HEATAE CAT I E
AR AR BE A BERt b, A7 WF 5T 000 A S 3 [ 1 5 g
TR X[ K B H AN R B2 1R 184 I (Gao et all,
2001; JitiffE XA, 2002, 2003; F %%, 2006; Parry et
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