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Leaf hydraulic traits and their trade-offs for nine Chinese temperate tree species with differ-
ent wood properties
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Abstract

Aims Trees with different wood properties display variations in xylem anatomy and leaf vein structure, which
may influence tree water transport efficiency and water-use strategy, and consequently constrain tree survival,
growth and distribution. However, the effects of wood properties on leaf hydraulic conductance and vulnerability
and their potential trade-offs at leaf level are not well understood. Our aims were to examine variations in leaf
hydraulic traits of trees with different wood properties and explore potential trade-offs between leaf hydraulic ef-
ficiency and safety.

Methods Nine tree species with different wood properties were selected for measuring the leaf hydraulic traits,
including three diffuse-porous species (Populus davidiana, Tilia amurensis, Betula platyphylla), three ring-porous
species (Quercus mongolica, Fraxinus mandshurica, Juglans mandshurica), and three non-porous species (Picea
koraiensis, Pinus sylvestris var. mongolica, Pinus koraiensis). Four dominant and healthy trees per species were
randomly selected. The hydraulic traits measured included leaf hydraulic conductance on leaf area (Kqyes) and dry
mass (Kmass) basis, leaf hydraulic vulnerability (Psp), and leaf water potential at turgor loss point (TLP), while the
leaf structural traits were leaf dry mass content (LDMC), leaf density (LD) and leaf mass per unit area (LMA).
Important findings The Karea, Kmass, and Psq  differed significantly among the tree species with different woody
properties (p < 0.05). Both Kgea and Kiyass Were the lowest for the non-porous trees, and did not differ significantly
between the diffuse-porous and ring-porous trees. The ring-porous trees had the highest Psq values, while the
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diffuse-porous and non-porous trees showed no significant differences in Psg. Both Kyrea and Kiass Were negatively
correlated with Psq (p < 0.05) for all the trees, and the relationships for the diffuse-porous, ring-porous, and
non-porous trees were fitted into linear, power, exponential functions, respectively. This indicates that significant
trade-offs exist between leaf hydraulic efficiency and safety. The Kmass Was correlated (p < 0.01) with TLP in a
negative linear function for the diffuse- and ring-porous trees and in a negative exponential function for the
non-porous trees. The Psy increased with increasing TLP. These results suggest that apoplastic and symplastic
drought resistance are strictly coordinated in order to protect living cells from approaching their critical water
status under water stresses. The Kmass Was negatively correlated (p < 0.01) with LDMC, LD, or LMA, while the Pg
was positively correlated with LDMC and LD; this suggests that variations in Kpass and Psg are driven by similar
changes in structural traits regardless of wood traits. We conclude that the tree tolerance to hydraulic dysfunction

increases with increasing carbon investment in the leaf hydraulic system.
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TEDEAT SRS e Koy &S ) ] P, HE
2 G5 P R AR L 52 M LAY 1) AR R B R AR S T R
(& Wr4E, 2015; Zhu et al., 2015). M A 7EHEHAT G E1E
FH B[R B AN AT 3 Gt 32 2R K 4y, =K o4k AR e
5 CRAE S A R K o ia i, 78R 28 0 BUR 17K
gy, URFEM R B S ALS R, mgeRe st &
% (Zhang et al., 2015; KHHREE, 2016). [k, M
FrR IFERR IR AR A 56 4R 43 A Hp iR o SRR 1)
1% F (Brodribb et al., 2005; Hao et al., 2008; Villagra
et al., 2013). M F7KZE (=T AR (Karea) B T
JT 5 (Kmass)) A2 T8 B AL TR) B /K S5 R S90S T
221 (7K I B (Sack & Holbrook, 2006), FAEH- 7K
Sriciiligy. BARM K i A A R
HIECBIAE /N, AR LK 4318 5 77 o5 B AR 0 b A9 ey ik
60%. 7K 77 i 55 7 (Pso) 2 45 5 K K BF K509
JIrREISE PRI 7K 5, s B i f e 2E FH oK Fg 22 4
— MR E, AERKE BT ZE e ) I N A e K
77350 1) B AR BBk YH FE 19 34 hn (Bucci et al., 2006;
Jacobsen et al., 2007), {HAEM /K & S A7-1EE [H
IR 5% 2 19N 42 (Nardini et al., 2012a; Villagra
et al., 2013; Nardini & Luglio, 2014). PIfFHF 5 $ikiE
7K F [ Pso-5 Kareafilt Z AH M, [RIE, AMTH AN
FE M 7K AN AE K )RR 5 K T 22 4 1 B
(Blackman et al., 2010; Scoffoni et al., 2011, 2012;
Bucci et al. 2012; Nardini et al., 2012a). A1, il
BRI, Kinass 5 Pso L AIAFLE i 35 AR SR 5K
(Nardini et al., 2012a; Nardini & Luglio, 2014). iX 3|

RMNAVEE: kIR A (17K 5338 S F i %
BE, MK IIME G K I 2 [ AR E—Fh N
T AT OC 2R 2 P IXAN IA] R [R5, AT VR O\ B A
A=) B A e 5 AR AR I R R

AN [EVAA PR P BRI A J5 50 45 ) AN P Jik 70 A1 A
A, M2 3 BUK 7318 i R T K 531 FH S s
) % 5 (Brodribb et al., 2005; McCulloh et al., 2010;
Scholz et al., 2014). JoFLAA A T4 5 245 1) 7 B 1) B
— E KA B AR BT K g BEL AR AL
AR AR 5 25480 52 2 KT IR K 2R G FH LA R
() E AT K i, FLrr LA RIS LA A Ao i
KA BT S EAR . S TSR R A 45 4 T e
WAEAE 7 5 (Brodribb et al., 2005; & /7 #4%, 2012).
TG Ay S 3 g e A 1) 222 S (S 3 AN [ A 12 P A o 2
IS0 7K 53 9 3L R H S 3 B A 52 X6 5 (4 7 BA AN
L%, 2000; Gomez-Aparicio et al., 2011; Carnicer et
al., 2013; Coll et al., 2013). Hr4F KK F 7K J7 245
P B 9T O 28 RO A A B A 25 I 9T B S (T %2
FERIBRIE MG, 2014; Tk E75E, 2014; ZRZ A3,
2015; 4 J&F1EA4L 58, 2015), {HE A XM K SRR
PRIEAZ . 72 7755 (2012) ki F 1H P AL F b
DX RS LAA R ERFLAA B o 8] 13 7K 2R R 7K 7 i 55 12
VIR E R . FRERICERM ALK TR 2 i 7
X, EKFERAZTRIHERERAZ, NFE
PERE AR K 1R AR ZE 5 K iR 5K
N BAFER M ATE R . Ak, AW R
B 1 07 N Rbviv T AU 7 1 K A e
B B FNERFLA R Fh, LGEREAS [RIRA A R Ao v
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1.1 fARHEOR ARSI

AF 5 b A7 T B VTR ) Lol #R AR AR 25 0 (45.40°
N, 127.67° E). “F¥#F#5400 m, V53 fE10°-15°,
bEi1 R i we s ] Y S Y O 7 N S (79 N i e i
RASAE, DU, BRI, XFT8, FRKE
629 mm, ZJ50% M EKELTE6-8H, FAKE
864 mm, FFHRIE3.L C. 1AM PSR E-185
C, THHFSIE22.0 'C. TREHI120-140K . A
R A0 T b P A ——— B T 2T A R T O T3
Je B R RARUE AN TR, RRE T KILEKE
L X 78 F AR RSS2 (Wang et al., 2013).

AHIEFEALE FEIRI AR AR, 73 AR BFhAS [&] 44 1
(K)o N TIHBEMS PR SRS, FATESE T
WA AR AT () (i FRAR A ARAEAREAR, B P BEA L%
IARRREAR, 20154 [ A= K22 1 (7 A ) iR A7 1K
FIRNEE R VAR A DG 52
1.2 EH-FRPV)EhZENE

R R0 LE R RRAE A b AL B LA BH 2B I/
B, BGHERN KRN, EK BRI ) D3R 4110 cm,
HAEK FRMAIL hEHU, W3R K G, o
B HLFRF(0.000 1 g)FR & H o Fnee i &, I
TIAUIR A F X B K 35 (%, MPa), % = -0.1
MPal[AMRIRAS, L4k, 2 J5, K EfE=
AT AR KK —EmT (8] (k7K2-5 mg), FllE
I B o AMAFDOS N2 R 7K 5 B sk e 93 e 0 £ g

EAKE, B Z2rKEA R T (Nardini et al.,
2012a). KME TR ET75 CTHET48 h, #r15
HT &, M5 TyreefHammel (1972) 77 V7 2 I
JEAZ 2K mi K F(TLP, MPa).

LURER & 7K B (RWC, %)M AR, SKIGEZ L&
2 RURT 5 BB 4 IR 2R ARWCIAY,, F UL
JE R 26 SUHT S 1 7K 25 (Crear, mmol-m™2-MPa™), it
HAL IR

c. :ARWCX(DW}{WWJ/M 0

Ay, LA ) \ Dw

i DWAIH-TF & (g); LAAM AR (M®); WW i
RO IH- )25 7K £ (g); MONZK ) BE R 5 B (g-mol ™)
1.3 MSkERHESSMErZNE

FH F 7K Ak B 17 2% 72 (rehydration Kinetic tech-
nique) ff & M-S 7K R A1K 7 Mfe 5544 i £ (Brodribb &
Holbrook, 2003). Z&BHHTERFMRAEA ERENIRES
TR &, K FEIE10 cm)s, FYERMS B
Mg = ARG, B TADESRE B ARIRAS R RK
AN TR EF [E] CATE BEAS [R] Ry it /K AR B2, a8 BIAS [R] 7K 35
(1 /INEE 2% 70 TN BB e SR S v B 3, RS B
AbE D1 W AR T (B 2% B A i oK 35 A [RD) o
RN SR RIS B s ) 2000 5 A e K 3
(Po, MPa), BCFIME; SRIGEEK T WA &R, JF
il 2 K —EISaI(t, s) (BRI AR S - A 4lda 7K
e, RIS /KA SRS R AR 35 & K fa) i
), 7KALJE ST RPECH I e 7K A i K 35 (P, MPa).
FE T HL S P AR 70 1 R S HE I 3K (Kiear), T
HAR:

Kieat = Cieat In (¥0o/ ¥5) / 2
o Crear7d A H AR ANIH- BT AR HEAL, T 15 20

RL ORI FIRE IR A BRI A BB AR (P bR E R 22, n = 4)

Table 1 Basic characteristics of the sampled trees for the nine temperate tree species with different wood properties (mean + SE, n = 4)

FAE(FD) PR (FAD) S A JilIEES
Wood property (code) Species (code) Leaf habit Habitat DBH (cm)
HFLAE H#E Betula platyphylla (BH) P& fE - Deciduous-broadleaved 113 H# Mid slope ~ 24.46 +1.05
Diffuse-porous (DP)  (Li#% Populus davidiana (SY) J&mfE - Deciduous-broadleaved 1113 F#F Upper slope 31.15+0.55
248 Tilia amurensis (ZD) iR Deciduous-broadleaved 1l 1%B Upper slope  25.75 + 1.30
WAL JK#iMI Fraxinus mandshurica (SQL) J&H-FEM Deciduous-broadleaved 1113 R Toeslope  34.30+0.45
Ring-porous (RP) Z ii#k Quercus mongolica (MGL) # [t Deciduous-broadleaved L3k 6 Upper slope  27.86 +1.19
HAEA Juglans mandshurica (HTQ) Y% Deciduous-broadleaved 175 Valley bottom 34.60 +1.38
TALA #IFr Pinus koraiensis (HS) W 4REET Evergreen-coniferous 1L HEE Mid slope 28.17 £0.91
Non-porous (NP) k% Picea koraiensis (YS) W4k Evergreen-coniferous 114 Valley bottom 30.05 +0.65
74 Pinus sylvestris var. mongolica (ZZS) # %41 Evergreen-coniferous 13/ #5 Midslope  26.32+1.15

DBH, diameter at breast height.
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T TR (K area) A J5T 5 (K imass) B9 P45 7K 28 (Nardiini
etal., 2012a).
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s SEEME 4 HIM(25.31 + 3.19) mmol-m 2-MPa
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LB 22 e AN B3 (1A, 1B).

9 /™ A4 P Pso 45 4k 35 F —2.02 (1l #% Populus
davidiana) — —0.65 (EHBkMK) MPa, ~F¥{E N-1.17 +
0.13 MPa, Hrr, i SRR3R o 4 (BI1). A
[ PERS 2 ] Pso 22 i & (p < 0.01), FRFLAM B Fh
55 171(-0.86 + 0.08 MPa), 1MijifLF4(~1.42 + 0.16 MPa)
MITEFLKE (-1.24 + 0.07 MPa) i 22 57 R 2. 2 (F1C) .
2.2 AEMHERFRIHK R, SRR X R

7K 13 1 55128 (Pso) it K area B K mass HI 14 T T B2,
AN TR AA PR R A e B L ) 79 2 Ok R AN [RD (112); J
o, ECELM R B R ARG R, FRALM A Bl 2 1R
BRECOCR, AR AR EREOC R #ALM

FNERFLA B Fh B Kinass S TLP 2 8] S 1 26 Ve 56 &, 11
T Tl 52 A B HOC R (BI3A) o BFLM R LA
MR Pso STLPIA 2 IEAH G R, (HICFLAA B
HZ MK RA 3 (KI3B).

FAFMEROF M FLEE TR Knass 5
LDMC. LDAILMAY & & i /55 (p < 0.01, K
4A-4C); Pso 5LDMCHILD & 2 IEAH % (p < 0.01), T
HLMAR K R AR 3 (4D-4F).

3 g
31 AEMMERMHSKEFKNDRSEMESR

ANFEM AR Sk E 2 7 B2, IEM
P TR K jeartB A T HCFLAA FIER FLAA B (1) K a2 57
ANEZ (L. £ H%2012)7E R E G LT 2 (X
(70 7 225 SR AR S 7R B LA FOERFLAA R T f it 5 K 26
TRFEER . X0 REE H T HELM FERFLA A T
KieatZ 5 R S (EL) . MRS E: RE
WAL FE BT R K T 8L, 7T LURE K 5
SRR, (BT SEHES SEER X,
I HEMR S E S N T B RER BN S S
7K (Giordano et al., 1978; Nardini et al., 2012a). 7
FLA B F I K eae B MG, 2 BT 37K 43 3 i 46t
T — E MR K 41, BRI O ER
RN, B, SRR ZE; MEFL FIER
FLAA B R et 7K 33 i 4 T v P2 0 S P ik D) 4%
UKk R ZE R R T, HiKRouhERR KNS
% (Brodribb et al., 2005; Sperry et al., 2006, 2008). Lt
Ab, AT ) TOA LA B Fh 35 R SR iR R (3R 1),
Ho F/KZ P BAR (L), XU B A 1R A B
(e ZERE 77, LMK R G R I 75 A BRI
W% (Simonin et al., 2012), X A] SR & 214
FiAe: JE (1) —Fehoxit 5% (Feild & Brodribb, 2001).

-G IK AN BETE — @ FEE b S B A AN R A2
BRENRE ST — MR, AR KAEK A T (1) ST
Hhy b B B 5K SRR ZE B B, T AR AR
I SR ZE IS H 1 R A [ - 3 K SRR E B
J1AK (Bucci et al., 2003; Nardini et al., 2003,
2012a). AHIFFEH R FLA BB, Az KR 12 1)
AT (R L), F FIKZE AP E9/ M Fh b d5 1y
(BI1); MR, I ZEHRAERKET 2HLE
M LA L A KRR R L (R L,
Zhang et al., 2014), H S KREMPsRAK. Hbw]
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Fig. 1 Comparisons of leaf hydraulic traits among the tree species with different wood properties (mean + SE). Different uppercase
and lowercase letters above columns indicate significant differences among different wood properties and among different tree spe-
cies with the same wood property, respectively (p < 0.05). Kyes and Kpess, 1€af hydraulic conductance per leaf area and dry mass, re-
spectively; Psq, leaf hydraulic vulnerability. See Table 1 for the codes of tree species and wood properties.

WL, TE/NRBEETERE N, 5K R APso 1] R MR AT
Mo MK R AR, I8 E AR AR R S
XSPOGMIFR I TE S RE TR, RARmEIDEERAK
WA, M, TSR, AR R ZERR
71, AIET 546 T AT, (HR R BRI T AR SR
F & HX 354+ 71 (Nardini et al., 2012a).
DAL 738 5 FH i T ARSRARAEAL T 7K 28 (Karea),
R P P 5 2 SR AR AR 5 7K 28 (K ass) (AT 9T 16
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K% (Nardini et al., 2012b; Scoffoni et al., 2012;
Simonin et al., 2012; Nardini & Luglio, 2014). i/t {#/f
FNN, KareallF T 1 - KA G (10 R 1H0 AR B
T2, 28 TR K E, R ReE K
TR G M 28 R R MR PR 7 8% . Ty
LT B TR B B 2R R IR . K AR
MR iz Kb SRR 5, P Karea TR 27 3
i 7K 2M 2 5 2% (Nardini et al., 2012a). {H & 5
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Fig. 2 Relationships between leaf hydraulic efficiency and hydraulic vulnerability (Psq) of the trees with wood properties. Kye,and
Kmass: 1€af hydraulic conductance per leaf area and dry mass, respectively. The codes of wood properties are listed in Table 1.
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Fig. 3 Relationships between leaf water potential at turgor loss
point (TLP) and (A) leaf-mass-based hydraulic conductance
(Kmass) Or (B) leaf hydraulic vulnerability (Pso) of the trees with
wood properties. The dash line denotes non-significant (p > 0.05).
The codes of wood properties are listed in Table 1.

R KA KL 2R H SR S AN 2 B Bk 3R
FE, T A EEAE I A 4 4 i 4 3K I EE RS (Zwien-
iecki et al., 2007)F, FKass 7™ BE 78 43 1 S ikt H 7K
T RGN H LSRR IR o AL, Kinass
AT DAk THR K ) 2R Gk 9E (Nardini et al.,
2012b; Simonin et al., 2012) . AHF 7T B i EL i 1 AN
A T K area P K ass 1 25 5, 485 SREARABL, 1H TE FLAS K pass
B EACT B AL, X150 W ot & A v AL
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BATVRIL, BB M08, 5 A A4 I Pso
518 K area B K mass FRT I KT 02 25 B (112), 3R BH X 14
R B 7K J18056 5 7K 0742 AR AEAS [F) R BE AL
KFR; X5 NEE T m b dE At 5K R A
K D180 % 5 22 4 i BT 9% & (Blackman et al.,
2010; Scoffoni et al., 2012)—%k, i A A H DABFAE
SR EANHE S BT A R I A ZE 51 B 7K 7T
FAFE T
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2010; Scoffoni et al., 2012; Villagra et al., 2013)—%X.
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(Kim & Steudle, 2007; Blackman et al., 2010; Vila-
grosa et al. 2010; Johnson et al., 2012).
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(Blackman et al., 2010; Scoffoni et al., 2011; Nardini
et al.,, 2012a). FEAZ/KF_E (R 58t R B AR AL &5
E L =T N i o A RS R N R R EPS
(Meinzer et al., 2009; Hoffmann et al., 2011; Nardini
et al., 2013); T mi M % B IR H &3 BE B K B
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Iy TR %, AT A T T AR K 1k
¥t (Nardini & Luglio, 2014). X 45K, Kiass
HMIPso ) Y 5 MR- EI R EAR DG . 3K
IR HIR i 75 B A B — A 22 4 AR 8 DA BT 28 X,
Wr, T A 3 22 4 A A JOT 1 e X 7K ) 3R Gk A%
W% KRR (BRI = LDMCAHILD), Xt e 7 Ik
I3t AR (Wikberg & Ogren, 2004; Simonin et al.,
2012; Villagra et al., 2013; Nardini & Luglio, 2014).
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