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Trade-offs between plant leaf hydraulic and economic traits
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Abstract

Leaf is the most important organ for carbon-water coupling of a plant because it is the primary medium for pho-
tosynthesis. It also acts as the hydraulic bottleneck and safety valve against hydraulic catastrophic dysfunctions.
The leaf economics spectrum, which reflects the balance between investments and returns of leaf economic traits,
provides a useful framework for examining species strategies as shaped by their evolutionary history. Changes in
leaf hydraulic traits will influence leaf economic traits as well as plant survival and growth. Exploring trade-offs
between leaf hydraulic and economic traits is thus of significance for modeling carbon-water relations, under-
standing the mechanisms of water/carbon investments, and extending the leaf economic spectrum. In this review,
we first examined the trade-offs between leaf hydraulic and economic traits. Specially, we analyzed the relation-
ships between leaf hydraulic conductivity and hydraulic vulnerability, water potential at the turgor loss point, wa-
ter capacitance, safety margin, and leaf morphological, structural and functional traits. We then discussed potential
mechanisms regulating leaf hydraulic and economic traits from leaf morphology, anatomy, venation, and stomatal
functions. Finally, we proposed future research to: (1) develop an integrated whole-plant economics spectrum,
including carbon-nitrogen-water resources and root-stem-leaf hydraulic transport system that will help revealing
ecophysiological mechanisms of plant structure-functional coupling, carbon sequestration and water use; (2) ex-
plore a generalized trade-offs among leaf hydraulic safety, hydraulic efficiency and carbon fixation efficiency to
advance our understanding of the relationships between biophysical structure and physiological metabolism in
plant leaf construction under drought stress; and (3) explore the carbon-water metabolic relationship and coupling
of water transport and growth rate for the metabolic theory and predictions at community scale.

Key words leaf hydraulic trait, venation architecture, leaf economic trait, hydraulic conductivity, anatomical
structure, stomatal regulation
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R B AP CE T T U E 2 e, M2
SERRAEDI K SIS N6 TAEE K Ty R 8 1) 22 4
WD, DRI, i 2R A KR B AU 1) T AR Y
M S G IR R AR )AL i v AN [F] Dy R MR 2 T 3k
AT DRV B A A S, DAk B A A A K2
[ PRI (= 4 A/F B AT, 2014; Reich, 2014). I
ZUF R (LES) Sk T it Jy 8 B R B - e 2 1)
B, A5 UE AR ) AL S R P TR I R A A o) SR 1
T F I FS HEZE (Reich, 2014) . M A /K S PR 245
W Ay 3 N AT B 1T T J PR 7K 534 i g T AR A7 3R
W TR PRR (B4R, 2012), & BRI AR 7K 4%
Ban, AR ) AR e (52 PE AR SE S, 2014),
ey PR AR A E K. TR
BE Hs ) RE R SRms, AN R v K g PR RN 8 357
PR 2 18] FRIRUE G R B Fr 7K T3 AR
by W T AN B AU G R I 2% (181 1) 6
I, WRAEYI K 15 5RO R,
ST R/ K R A AR | AR R R K- EE HLBE
T A PR A S5 A 2

LES (Wright et al., 2004)i\Jy, tHYIRIM: . &5
R R A B O RE VAR B — SR IE AL (R 3, AEAlr i
) PR 3 3 ) e PR T 43 % - A 2 28 R 2 18 4% - LA
an A, JCTA) R AR AL R AR SR )y
IK TR m i By B [R1ARE s 7K 43 FH 280 R
WK (Sack & Holbrook, 2006), #4571 itk
ke B K41 I (Brodribb er al., 2010). M F 5K
B (Kear) FH I Fr 7K 3 i 55 7 (Pso) &5 FH T B i i 7K
JIRERK 224, W IRAUAE 5% 28 v BRI A7) A s
PROYAR, AN [F] 203 18] JRRE PR R 4 4 BSR4 AT S
i (Nardini et al., 2012a). [At, 1T IR 2 (1)
FERE I 7K 3 PR i 28 5 4R 1) 52 Wil (Sack
& Frole, 2006; Sack & Scoffoni, 2013; Sack et al.,
2013; ZEAMIEBL, 2015). L1, VillagraZs(2013)
HELES S W fR s FH 7 20 “ B % -W & ™ R~ 5 K
IIPERA Ko Kieartmn IFE, I VB AR A3
i, YR SREGHE & P (Reich, 2014). #eAh, BT
KK G5 G a0 B o S R BEL T 1 L A1 A K (=
30%), H5M 3 ss#ifs g, Bk, KeatAHYI%
ZPr. KETFLMEZ MG RRY R CEL
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(Brodribb et al., 2005, 2007; Reich, 2014). Ak, A
SCESEEERRYIM K IR @B EIR M
) (AT O 2R AR NG A R Dl e A BE R i oK
TIPER S TR L 55 X R K
JIRZE GV G R RS A 5 RS T7 1)

1 MAKAMEREIE SRR

11 MAESKESKAESEENER

Psoft (M F G 7K 3R 4519500055 W (1) IH- 7K 3#4) &
T A R KT MESS TR HER o KieatFH Psort
W3 N AN [R5 2% A1 19 32 B2 4 BE PR IR (Sack et al,
2005; Nardini et al., 2012a), R0 755+ 1Al
427 )7 (Nardini & Luglio, 2014). — /%1, M=%
T FEBH JJ (H Pso 2 7%) I 19 N <3 512 /K ) 20 %
(Kstem) [ B A (Bucci et al., 2006) 5% 1% 114 FE (1) 34 i
(Jacobsen ez al., 2007). AT, HTH KPS
Be Tt AR R 57K 2 (Keat_area) /D AH G, A
ATHE AN ALK ) 205 2 4 (AU (Brodribb &
Holbrook, 2003, 2004b; Lo Gullo et al., 2003; Nardini
et al., 2003, 2012a; Blackman et al., 2010; Scoffoni et
al., 2011) . {HIT INardiniflLuglio (2014)4: 57041 T
RIRIBONAAR: R /K )8 KB PsoS
Kieat arealfi SSBATAHCHE, B 53Tt Brs i v
T IKZE (Kieat_mass) FEAE 99 IEAH OGO R, R /K
AT REAFAEIK )2 2 FIIK D) 3R PAAE o Kieat_ massTN X
A AR Bk 1 RGEK I8 e, il il 5
Rty oK ) RGeS AE(Nardini er al., 2012b;
Simonin et al., 2012); HL5PHIT3EAI F (Psofik), H
W FEEL K (Nardini ef al., 2012a). 48 T-3X MU 5
RAGAWGIENE, EFTRAE.
12 MASKESRERKERNLR

P SN RUK 3825 3 K (Pap) A2 1 R T
S THI AR A2 ) e s DR, S R R P A BT SR i A
HEEDTEk(Maréchaux er al., 2015). AHFFTIRIE Pyp
5 Psy Kiear 2 IE A< (Nardini et al., 2012a; Villagra et
al., 2013), WPy MBI i S0 ) el H
B AR LK BE IR (K earfIG), (HPUKR ZEPH )58
(Psoftk); AHIZ, 7K 733185802 5 (Kiearien) I, fiE
WS ORFFIE AT 7K ARG, BEL L e K350 R %,
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Fig. 1 The trade-offs among leaf hydraulic and economic traits. “+” represents positive relationships, “~” represents negative rela-
tionships; the dashed line region represents that the relationships are uncertain, where “+” represents a potential trade-off relationship;

the gay region represents individual-level hydraulic traits.

M PRFE AL TR IS TR o Poo b5 Wap 4 T3
TR RADURRE T 7 AR A K 3N B it X
(Brodribb & Holbrook, 2004b; Knipfer & Steudle,
2008), W] T by A B AR I AR B R 3L B A
(6] 705 B 77 (4 B 2% &% (Blackman ez al., 2010;
Vilagrosa et al., 2010; Nardini & Luglio, 2014). It4h,
Brodribb il Holbrook (2003) [ fF 5t 2 B Pso Fl Wyp 5
Mg 7K 53 P e S ) ) L OGP IR ) o A3 7 A R A
Wi, ESELLEM 7 LKH(Choat et al., 2012), {E
W B AR RO 401 2k 1 22 50 4l 2Rk 2 i, 3T
&I 2% i 3% (Blackman et al., 2010; Scoffoni et
al., 2011; Nardini et al., 2012a). [k, W H RS
0 oz B S K RO 22 4 T
1.3 MRSKEREKEFHXR

7 7K 25 (Clrear) A AE AR A 1 15 AR 38 LA R I
2N T K Z AN ASP- L 22 oK s ik se ),

J LA G T 5 KUK ) k) 3 (Lamont: & Lamont,
2000; Sack et al., 2003, 2005). BlackmanZ%(2010)
FE T 20% il 5 AR A B AR FR K S A 4121
KA, A HR W Kiear 5 HZUKEE B IEAG, H
BABUKETR . X IFAZ A 1 itk
HAT LARb 78 28 I IR K r B ok, AT A 23 () i
LK 0] LS Z8 M6 AT B i Ac e, SCFe T oK)
23 XTI 5 (Zwieniecki et al., 2007) o Kiear 5 Crear P fiE
PR AR T A R B LR Kieat B 51
fR I o P RSL N B0 Jst BT (Tyree et al., 1998;
Aasamaa & Sdber, 2001; Hao et al., 2008).
14 MRESKEREKALZEHEHNXR

R 7K )2 4 18048 (safety margin) & 45 M /<
AL I A BT 68 I 1R 1y 7K 35 (Phnin) 5 Pso 1] 22 {1 (Brro-
dribb & Holbrook, 2004b; Sperry, 2004), T &1Lk
YIIK )% S (Apgaua et al., 2015). 24 BIMEHEEK
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IVl Y Kiear i 5 N B 22 S SAL, R
B2 A, M B K B FE Ml B A # 2 XU (Cochard,
2002; Cochard et al., 2002; Nardini et al., 2003;
Brodribb & Holbrook, 2004b); #H ), “24sBI{E# /N
HIIFY, MKiear BRI, SALIFATE ARG, AL
R RE NS A I [ M 4k F5 <A A2 # (Salleo et al., 2000,
2001; Brodribb & Holbrook, 2003, 2004a, 2004b;
Bucci et al., 2003; Lo Gullo et al., 2003), H % Kjesr N
B 380 4% A AN AT 38 3 1R K 1 (Sperry et al., 2002;
Brodribb & Holbrook, 2004b). %, %78 7tk E
S5k, HoK Iy R, AR50 T
A W] BE 2 i #e FE(Meinzer et al., 2009), HHAE &
¥ ZERBE 18K (Johnson et al., 2009, 2011; Choat et
al., 2012; Ambrose et al., 2015), 71652 K ZE 14 [ I
2551 ORI #E(Nardini er al., 2011) . A0
ARMAETE TP ) 2 A A, BRI 5 R A T e 1, 2
SRR, AR AR AT AE I 2 A AR AR S,
W AN e B A 7K 43w R R IR R 2 e T R AR AR AL,
DRI T A1 5 2R A R 50 44 ZE 19 JXUBS: (Choat et all,
2012),

15 MRSKREEHKKADMERXR

BEARANAAIK T3 IR PR A IK 4332 i 10) 2
FRAE, SEmam B A RE ). 7K o3 R AR A A=K
(Sack & Holbrook, 2006). ##% 7K 731z 7 48 & 2
FR-Z5-1H34N K F7 28 B 2H )i (Tyree & Ewers, 1991). It
J A T HERR K o3 A i R A oy, JRVE T K
Iy ISR A AR AR LU LS, AR B Ky
12 5 B 7 o # kk 1 30%-60% (Sack & Holbrook,
2006), KW Fr BEAE BERRAEYI K ) RGP, X
AT N IHMEPEIK 1 P 22 4 1 T T (Villagra et al.,
2013; McCulloh et al., 2014). FERK/K/yigt RS
A 78R K IR, A RE PR UERE AR N KT (3%
Sk, DLAERRE K IR .

Zimmermann (1983) 15 X $& i 1K J1 4 B G
(HSH), 43 2| VF 2 W 3 AIE SE (Hao er al., 2008;
Chen et al., 2009; Johnson et al., 2011; Bucci et al.,
2012; Pivovaroff et al., 2014). HSHARUEIN K, K
a5 B (ORI bE = B 2E 1) 3 /K AR Bl 2 7 Ak B
M99 (Psorsn), X REIILS 2 LI 75w o AHDXT
B> HAR WA R s s 5 ARy, LYEF A7
i BB TR B B (E T EEE) KK RO, H
TR i B /K 3 B (K 3 3 R O, E3
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PR 7K 43 it 8 b 21 2 4F H (Sack & Holbrook,
2006). Rk, HSHIE U AT LR AR AR AR N K T
BH I 18193 A1 o SR 1T, VillagraZ%:(2013) 75 7 $ats AR AR (1)
BT, HB X R Bl F R0 256 25 7k (1 e 55
PEAHARL, FEAAEAE A FIVE R, X T RE 2 th Tz IX
WK ZETHEAAK, WA =438 ek B fi =52
7K S o BRI o 324 ik, R, 25,
7K 7 PR R BRI AN D, AHAR B2 (8] 7K 53 A
A HAEFHBEFGERIE S, MR 25 AR TR 1)
Fa T OG5 DA SRR 45 3508 43 ) 7K 3 A S (1) 1 ) O R
T RN

2 MRZFMERINEXR

ANFIF R TR R 2=y ARG
PEEENRIRAGFAEAN HEC R A HARAEIINER R Bl
wn, KA VRO T W IR (i m = A H);
- B SE R PR — e R ks Tk e & AR B
TP SR R R A 0%, B TR 25 4y
PER AR 27 o R G USRI F KPR e 1 o« 4R,
FEAS AT o] — B PR B B A5 Ky LESHIF S 1) 4% 00 1k
WK, RS EWEIRE FFH AT B A K Th
RETE R A T A Ky i | 285 1 1R (Reich,  2014),
TR R SRR A dr s LU AR
AROCHRES S PPIRHAR) AL TEIR( Rl WS
)5 (EIL). HR PR ER AR 2,
IR 25 3 O At PR T U BN IR sk 2D (W 52 45 R0 7
PeAt, 2014). A IEIE PP I AR A A A SR,
WS S BRI OC &R, HEAT IR A I
(Stearns, 1992; Wright ef al., 2004; 7KK 5, 2004).

Wright%%(2004) IRIWF7E 2 BT LE I (LMA) 5 it
T (LL)IEAC, VoW LMA [ Fr G50 F B ik
B, ANE T sh W nE g, R b BE 0 O RE K i
[i1] () - 75 i (Krober et al., 2015). T LMA 53T
Sk B I 6 % (Aase) s WL (Rinas)
B (Nimass) R 25 1 (Prnase) B 2 0GR R o LMA
R PRI 3 b A SR B % i, AN FL B 4
R B, HA B ) 8k (Zhang er al.,
2015), M8 Amass I 4 (Sack et al., 2013). 1T %M
W R ORI (1 T 24 5y, DR Niass
N Prass B4 N4 57 T R ACHG 1) & S AIGE P B9 0 T
CO P #i T g, bt 7oA 1EH (Xiong et al.,
2015).



H e L, R B PR R — s i
() be-15 780 1% (Wright et al., 2004; Reich, 2014). {Ei
(R it Ay “ PO E - a3 R, e HA G E
BRI, SO e (AR et
TN BRFNFE VAR PSR 2 (Wright er al., 2004;
Gagliardi ez al., 2015); IXFhAEAL AT R L7 9 $
e HLIRISCPRATT SCRE T v PR AR KA 3 R ) A ek
% (Mason & Donovan, 2015), A& LA KAE T YR
FE I . AR, RIS 5T i A G2 18t -1
B, AT RAT A, IR R A
F WA i R SRR 22, DRI sl o) D RN
W DY RE ) DU N, AT A8 s 3k 24 R o e 4
i A (Wright et al., 2005; Ordofez et al., 2009;
Freschet et al., 2010; Osnas et al., 2013); X Ff2EHRI (1)
) R T 57 03 B DA HL RIS i A JH A Kt e
J JE  HCR 2 (Kleyer & Minden, 2015; Mason
& Donovan, 2015), M1 B AR KA TR PR EE 11
X o HARTETE T A R I A T P B v - A
RUR“ GRS H Bt - 2 " B TR R A

LES A S b ions S HR 4L 1 — i H () R HE
B AR, eI LESAUELHE T B AN TE 2 I R B U
At 2885, M8 2% S K MR AELES T )
Hof7 FIE H (Reich, 2014). - TH-Z5-1131 48 -
W-F7 3 - /K AEHRF I Z A A G PE, Reich (2014) 1A%
T A 25 P R TR A7 A0 3 P TR 38 bk 0 0 2 i
(plant economic spectrum). FEREZE B AIGE [ WUAEA)
YRR 2 1A R A PRI A A R
T A )RR, KA ISR, BRAS AR H
FEA I E B ) Be TR, (MR AT R ria )
ez, MR A AR %, Mk, 118
T A ORAERT S, W RE S A iR B, BAB IR
T 408 2% (WG WP IR O 3 R ity e A ), X 5
oM ) 25 N A i o

3 MhAKASZFHERZEXER

31 MREKAMKSEMHEMITEHRIXR
LMAGE B R ik S5 PEIR, 025 1o i
FOERES o A7 (LL) 2 5 M B [ 1F Je 22 i
FAH I 1 3 IR (Westoby er al., 2000; Falster et
al., 2012) o M7 7K JJPEAR (Pso M Kieat mass) 5 LLANILMA
WA S I 2 (Simonin et al., 2012; Villagra et
al., 2013), FUMD 2 BCL R K o318 5 R Sk

SIS WP R OK D 2 THERBUET R R R 1025

5 G ECG W Py 45 K A T I 75 i AR B B 22 [
AFAERUBT R R o R e B 5 BB (K Pso) 5
T BB, IR T 4 R K 23 (R
A, T K ear mass BE, AHIX ST AR E TS K
LLAFULAMEE, B P88 oA v 0By s A
W, Fom R g an .

VPRI R, LLANLMA S Kiear mass A1, 1
5 Kieat area G (Nardini, 2001; Wright et al., 2001;
Shipley, 2002; Sack et al., 2003, 2005; Brodribb et al.,
2005; Blackman et al., 2010; Nardini et al., 2012a;
Simonin et al., 2012; Bucci et al., 2013). J5 A A] fE&
Kieat_area S 1) T 52 AEAE I F - KA T Z (0] ) Iy
FM A IERE, 1 Kieat mass & FE T BN L2
F(Nardini et al., 2012a). Nardini%(2012b)#/F 57 % B
Quercus ilex A (1) Kieat mass b B A2 151 40%, 11
Kieat_arearts AT I265 2 IX R [R]— e )2 - Fr %)
ANTRD G FEE K IR0 1 S5 - AR R 7K o ds
R, AE K238 M B S8 BRI AR DRI AR AR
5Eo. T, MaréchauxZs(2015)T 57 7 2 8 & W7 S
[X (French Guiana) 7144 A4 165 A1) Pop 5
R SRR &R, R P 55 M 1 B R R S
BHIEMKR, HELMA. A MR
I R 8 S5 MR A AR DR . AT I, i K bk
REGRGHIRZ 2 A R RETHEEZ 1
WFFE N EAEGAIE .
32 MAKNEREXRERENMSILSERNXR

R — 5 112 55 K PR MR W COL AT L A1
H, o5 —J7 TS f /) B M43 K o0 0k, IX AN
A PRI A AN LR 42 (Xiong et al., 2015).
PRI, A i AL COL I AL 3 B2 (G, AH
IKA>HUR e D1 HR bR) 5 B IBUK 287K ) 5 FE (Keat,
VR K I AR RE I 3R 0R) L AR AL (Sack &
Holbrook, 2006). 1 Cofi#1¥ G5 & & 1 #l
BRER, P KA H R WAFAE AT C KR
(Brodribb et al., 2005, 2007). *f &gk M 4h
K R R PR AR 2 R R KR
TR SR A IER I, Kiear's GG B 1 52 IE AT R
5% % (Brodribb et al., 2005, 2007), % H]/K LT fE
00 B3R UL 7K g 38 i B D) 22 18] A7 A - i R &R
(Brodribb & Feild, 2000; Meinzer, 2002; Sack et al.,
2003, 2005; Brodribb & Holbrook, 2004b; Brodribb et
al., 2005; Campanello et al., 2008; Prentice et al.,
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2014), 9 S Wi Fy K R A AH R B U
AR Py 7K o3 Y BEA f K PR SE M2+ < AL
(Brodribb et al., 2005, 2007; Lo Gullo et al., 2005;
Nardini et al., 2005; Manzoni et al., 2013). Katul&
(2003)#E HH T —MEGs A HFEFK /18 e
HRARAE R A BB HE R, ] DL B R TI0I fe KFR
HERE ) 5 IR K TIPHEARZ R G 3R

ARV G AT T A — P b s A [ R ik 2
IKEZ L RO I V)M K (Zhang & Cao, 2009),
RMK IR AL T BEAD G & SARAZ Hekd BRI
. Scoffoni% (2015) W FEAN [ DG a F it Fr 7K J1 A=,
AT W SERRTEASR RO SRR, R ILIX SRR
B AT R, BEA D' IR AL (0 A W] i B[R] A2 4k LLdE
;A 7 e BP0, 36 1 S R 4 K (Scoffoni et al.,
2015). {E/KIPIRBEANE] R HBIX, FEAIH: Fr /K S is i
A 506 B8 ) 2 1R A7 7 p 7 H] (Brodribb &
Feild, 2000; Brodribb et al., 2002; Santiago et al.,
2004) . WEM X R A T PTG A AR T A
BT Kear, AT A AR 75 A R UM A 1 2 1)
(IS, TG 5 B S WA RS o PRI, 181 K ear
FEL P A M X LA K B 55 4 A0 A (Meinzerr,
2002; Brodribb et al., 2007). 4R, 5 HuX A1)
ARG YR K ) R ThRE, IR RA
BRI AR AT I A
33 MARKIMEREMHRXNHXE

Kiear 5 M7 KN (K BT ) 1) 5% 28 32 - 46
PRI Th BE VM PE K50 (Sack et al., 2003) . MG 2]
TRHLIX, B WTAE K (Givnish, 1987), XA g5z
M 2 bk R R 5 BE ) K/ 1) 5% i) (Sack &
Scoffoni, 2013). Kiear 5 M F TR 5 i ik PR AH G
(Dengler & Kang, 2001; Nardini et al., 2001; Sack et
al., 2002; Zwieniecki et al., 2002). M- k{GHEM R4
— R HEA I R BRI o ARSERA T K(— 4
W IK) KGR B, = BRSEHE A 7 1 D RE; 1
SRR BOR, EEAATTE A o)
Jit 7K 43 (Zwieniecki et al., 2002; Sack & Frole, 2006).
PRItE, R O, A4 20 i Y 22U A R A 5
b, FEIKA L, TR T Kieare HH TR
W 1 Ik MR B 3 HAR R, BRI, K
A 0] 5L e I 5 A fa 55 (B Pso K) (Sack &
Scoffoni, 2013). AT ER M, Kiear 5 KN ER
(Sack et al., 2003, 2012). F 2 BRI H

www.plant-ecology.com

AR Nk, BFEHERL HEABRNSE
GRS VAL TR AN Bt 1WA YA B U A NN
(McKown et al., 2010), H 41 Jik (1) ELA2 A 41 i K 7N
Lji Bk /NI K (Sack et al., 2012). R, i@t
IK IR i KN R R AL TR BT

4 MRKODSEFEREET

T & — AT Ee R 45 K P4 1R AR A, L4
5 DI AHAAR 1, A 2 5 B W 2EAl . 7Eig it
ek By, Y D R L, AT LD RE AN 45 R ik
AR A (Brodribb & Jordan, 2011; 2% A1 [
AEHE, 2014).
41 LEMIET

R I — R VTS S5 R R, B e
Yy TR RE X R MW AR A7 RN S A 1) OC B
(Simonin et al., 2012). FE/KMWHEEME T, KiearfI72
5 A S-S RN 40 R BB AH 5K (Cochard er
al., 2004; Nardini et al., 2005). Kjear5 H KA T S
) v [ (Aasamaa et al., 2001; Sack et al., 2004)F!1
21 o 5] B2 P Lo A9 LA G, S i PR 4 AN 3 R ) A4
TR 55 (Aasamaa er al., 2005; FKE5%% 2014). &
B HAARIC S S EM oK s g N R, AR
ok 30 e K B R P-47 (Givnish, 1987).
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PR SF RS R AR, KearlEANFAEK S
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T IR P IR K o 5 A AL R L FE . WA AL 2
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RIS 3 e bk R, IR,
(7 BNt 385 7 B0 A7 P AR ) 5 A S 1l AR (s LMA)
(Blonder et al., 2011). PradofMaurel (2013) 1
K JJRER W] Iy 32 7K FRRIAN [R) A5 20 1) - fk 2 52 3
[ (2 e LA IR AR B IR 28 7K g 0% it ik
JEE X6 Kear 52 M 35 /N (Sack & Frole, 2006), 1My 41 ik %
JEE AT K eaf PRI RE M0 K o 32 DRI Ay 40 B 85 152 () 386 o, AN
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2000; Brodribb et al., 2007; Boyce et al., 2009;
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I 17 (anisohydric) 4 K 2 (McDowell et al., 2008;
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