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Variations and interrelationships of foliar hydraulic and photosynthetic traitsfor Larix gmelinii

LI Zhi-Min, WANG Chuan-Kuan", and LUO Dan-Dan
Center for Ecological Research, Northeast Forestry University, Harbin 150040, China

Abstract

Aims Variations and potential trade-offs of leaf hydraulic and photosynthetic traits are essential for assessing
and predicting the effect of climate change on tree survival, growth and distribution. Our aims were to examine
variations and interrelationships of leaf hydraulic and photosynthetic traits in response to changes in site condi-
tions for Dahurian larch (Larix gmelinii)—a dominant tree species in Chinese boreal forests.

Methods This study was conducted at the Maoershan Forest Ecosystem Research Station. A transect of 27
year-old Dahurian larch plantation was established that consisted of five plots extending from the valley to the
ridge of a slope. The predawn leaf water potential (%), area- and mass-based leaf hydraulic conductance (Karea
and K, respectively), resistance to embolism capacity (Psg), leaf mass per area (LMA), net photosynthetic rate
(4), and leaf nitrogen content (V) were measured in August 2016.

Important findings The ¥pre, Karca, Kmass» Pso, 4, LMA, and N all varied significantly among the plots (p < 0.05),
indicating significant intra-specific variations in these traits in response to the changes in site conditions. The Ps
was significantly (p < 0.05) correlated with Ypre, Karea OF Kmass, Suggesting that a trade-off between hydraulic effi-
ciency and safety exist within the species to some degree. There were significant (p < 0.05) pairwise correlations
between A, LMA, and N. Nevertheless, there was no significant (p < 0.05) correlation between the measured pho-
tosynthetic traits and hydraulic traits. We concluded that the intra-specific variations and multiple interrelation-
ships of the leaf hydraulic and photosynthetic traits for the larch reflect the plasticity of its leaf traits and strategies
of its survival and growth as a result of its acclimation to diverse site conditions.

Key words leaf traits; leaf mass per area; photosynthetic rate; hydraulic conductance; intra-specific variation;
site effect
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W R A ) 5 A AT K A e I S AR
(FEMEALTE, 2015); M By BRI AR A0 11 7 A 1 i
PR AZ A 2 55l 25 i G2 e AR 0 PO i 7K 22 #8637 (Reeich,
2014). fERHEA. dFITh Rk, HOLE K
TR P AR A K BN EE ., AR
FEAFECEEERUA) L RECMA). HERS
(NS, SEYIKE TS EESH(Wright et al.,
2004; Osnas et al., 2013), & X IREZARA [0 57 B 4%
SR Y B U (Marie et al., 2015). 7K F7PHEIR
FEAFHEMIK I T (Kiear) s TUEZERE )1 (Ps0) 55 (38
RME B, 2014), TP K 518 ¥ it 5 2 AR,
35 M5 R ) SR RS e 0 R (B T R AR TR
2015). tEAE I A ALY COL M RN, AN mT
G b Al K = B K 2 BRI RS (Santiago ef al.,
2004), Fit PAFR A2 0K 2 B B FE P 4 R G A 1E
) B 46 (Nardini & Luglio, 2014). R
B AR IR 1728 55 1 e LA T 5C 2R 0 3L AN )
SAFE K AE Y A0 . K K i B0 H
(Poorter & Bongers, 2006; Brodribb et al., 2014; Ma-
rie et al., 2015),

TR a A PR FIIK J3 PR 1928 S5 PR R AH S P
S AT 88 S (Wright et al., 2004), {EAF 745
BAR BB Bk WrightZ(2004) 8 &1 T
ALFE A IR 175N RE - 12548 AN AL Aol (40 4 00 12 R
5 IE(GLOPNET), 43 B & 364> 32 2 PR 1 Fof ]
AR EIE 12N R R A LMA. NEHLETEIRZ
[ AAAE BN AH G5 2R o 4R, FunkA1Cornwell (2013)
MGLOPNET H 42 HX 224N [R) BE V& (1 504 75 B2 23 A
R, FEM T 2 S RUNARRE T, A LMARINZ.
T61] (I AF E P15 « Reich (2014)F12 T ¥ 2 2061 5%,
et 7Y PR-B 2 THE R YL R RO, EH
A AR PR B P [F) 1, PRl s 2L P B B A
BRI IAR K o, 128U B WA e 2 o AR,
Sack % (2013) 454 70 B R B 7K F1 R (k) 5 4
BEUER(LMA)FF ARG, LiZE(2015) AR IE [F)RE )3
B, A=A X PN A DG I S 5 R AT e A2
FEMMHEA LS TN E i 4R 2B A AR AL T
REMIZRI . 53X e [A) A8 S FAH SCPHERAE FUAH EL,
WAL S KA SRR R /b, R gsit A —5L.
i 40: Blackman®(2016)fik i, M= F1g202H 21X 5>
ANBH & 11 754 (Eucalyptus  camaldulensis) ) 7K 715
FeA MR Z BB A . BRI BB (Fagus sylva-

PRV K 1 506 A TR A R E A DG 1141

tica) (1) Psob %5 T 5 F2 B A 59 N 34 N (Schuldt e al.,
2016), 1 Kieat 5 Pso L (Hajek et al., 2016). F4k,
PP 2 2 IR IR BRI AL 5 1 o
SERCM . N BN N ] BEAK KBRS (Pinus  taeda)
WK Ar IS H AL A, AT BRI 7K 5, AEBE A I AN
ST (K 7K 7145 K (Faustino et al., 2013). 43 FFTiR,
TR PR e A X P 7 e o R ) 75 A7 E — 3
PR . X FhAR S M AR S 1 A 75 2 B R B 25 1
AR AT AR A5 [ LA 75 B — 0 (W EGIE, DA SE LT
b R e R FIIAE 47 06T A TR A AR A 1 e I R 3 B o
WYL A (Larix gmelinii) e 3 E A6 77 R AR
RSB LE AR P, B T2 0 43 A v R S (1 A B
ERLAE (B TALTE, 2015). & SRR RAR
MR H0 ), AT 229k i fA 22 i A, B2
RE4s i Y BB (ZR I 25 2006). 2RI, SEVERRIIEMS 5
TN e B 5 22 P A B AR S P JinE(2016)
e oA 7 TR IR A 104 3 B A (BLHE D% 2 5
PRI K TR Bk, RILEE Tl & 1K
S REBEE Pso X T 88 0, YA 5K SR Z 184
TE—EFEBE B [F 1, AEAAT] 3 R T3 AR Fol
LR PR o P A8 S M FOAE OGP . SR, ARHBIX AN
s N 22 Y A TR I e iR B e e A, FE b &
PR TMEALTE, 2016). KOFIFHBCR(4E
MEALETE, 2015) M2 & 2 CF )15, 2014) 5 4R
5 IR K 30138 7 T i Y5 b £14) B 355 2% 2 17 2 B L AR Y
AR5 ALK R B IR R S M 2% A 22
(I B AN 2 o 5T RTHARE 78, A SCIR AL HIRL
I R N TSR L SR AR, e T RA T
A 57K IR A AR S PR S ey 2

1 #RA7EE

11 W HbHEL R FNENRE S R

BRI AT T AR AL AR K 22 M8 L Ll AR AR AR 25
(45.33° N, 127.50° E), “F##5400 m, T3
10°-15°, Hba Pk HHEOARAR AR L ZHIX BT
KEEMEZS AR, BEFIEELZWN, XFEATIE,
YRR C, 1H PR IE-185 C, TH Y
iR22.0 C, “PIEREKEN629 mm, ZEPTE
HZ LA IN120-140K(Wang ef al., 2013).

TG Hh 2 19894 5 2 5 1l 1 M L IE A N L
o EMRA MR ZIE eI AER, B
A A FIFRIE A SEAE T, MRATIEN1.S m x 1.0 m.
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201645 H BidL 1% B 3 %% 2 A AL (1000 m), AT
TR, 25 5 AR 4385 P55 R0 i v W T AR A L 2
F A 20 R - R A, RIS RIS %
TR IR DR S b 2% 2 SR T R AR 1 SRR L 1) B P AN
— A, HRE AR R B s W T AR, AR
FHEST T 5EK20 my %83 miGREHL (D), ARG AR
BRRE Hb P 3% £ 0 42 (DB H) 230 £ 10T 35 DBHIYI R AR
FAkk, JLOFRRER (£ 1).

N T B Bl ST 2R A AR AR Y £ Y A
PRIz . FEACT S T30, ARFFCRA T — ML
R 7 280 EBERER (76 2 Al T A R %
N BIFIAE i K R G BRI B X B (Brodribb
et al., 2005), [F]H 25 5& W 52 &1 i e b AN TR A o
51T E ) A2 SRR, TERRE 2 A R K
FIHCIR BEAT B H 3 B, B 20 b W v 5 7K 34 1 5
M. BT F R S E00 E $4 752016458 H 34T
1.2 MHKAMEARSEONE

BT 7K 3 (Vo) W 78 = 1£3:00-5:003 HL 7 i}
INEE A, THON S B R A B O\ VAR (4
C)o iy B 5256 = J5 57 B FH 77 % (Model 1505D,
PMS Instrument Company, Albany, USA)ill & FL/K 4,
BIA e

E1 P EREE. R PI-PS) R L.
Fig. 1 Schematic diagram of the plot location. Refer to Table
1 for the plot codes (P1-P5).

R FEATRER A ARHECP B EARE R ZE, 7 = 15)

Table1l Basic characteristics of the sample plots and trees (mean + SD, n = 15)

JEJ1- APV I 2D 5E : 7E3:00-5:0013% B A7
/NG — A, IR, FREEK T 85224910
emFHIH, £ FEASEELE, RS =K E
WP > —0.1 MPa, ZJ1 h)jg, B /NI TH
FH/KG, SR P R(0.001 g)FR & H i b
JRRSW). AR = HKAWmE, BLET=E
I4(20-25 C)'F BRI AK— g I 8], T 5 %oF 7 1)
57 B (FW)R P, W )R I, HE YN A
wHZE EA Rk )5 H 1 (Perfection V33,
EPSON, Nagano, Japan)F1 {5 &b BE AR A4 5 i i FR
(LA); ZJ5 BT 65 CHA B4’ hfa T =
Ow), R E AR S KERWC, %):

RWC =100 x (FW — DW)/(SW — DW) 1)

DARWCFIPAEPVIIZL, M sRIGRIE il e 2k
PEIB 2 IR 2 (ARWC Ayn), TR H 5 21 AR
Ja 7K 25 (Crear):

CleaszRWCX(DWjX[WWj/M @)
Ay, L4 ) \pw

o WO ATIRZS N K 0 5 & (R 7 T i
&, g); MWK BE R (18 grmol ).

K775 FE ARG 55 14 Hh B 5 - R 82 /K32 (reh-
ydration kinetic technique)#ll i& (Brodribb & Holbrook,
2003). 1-3:00-5:00, {ERNFERS FRES T A%,
HEENIKIA, FFEK B E10 emif, B BB
EIBRES, S E . KA TAMEE T EAR
AT RAKAF A, PAE A [F] )46 K 00
SR G B FL RN R R A T 8, AR AEAE B
AL 22 /030 min, (E3 ERTAREOKS- P, /5,
EUP AN AN KA 22 /N T0.1 MPa, WA NIE
PP, JFCR N Y. ARG, FRE—HHER R, KT
BUZE FE 2 FOK— eI A)(¢); B IKI T HR T4
GKF ) E IR (BD & K 3 2K I A, IR 3B K

FE 5 Bl R 25 Ffih Plot FERE Sample tree
Plot code Distance from valley (m) W R g T T TR T
Basal area (m*-hm™) Density (trees-hm ™) Mean DBH (cm) Mean DBH (cm) Mean tree height (m)

Pl 20-40 28.2+5.0" 1778 + 192 12.9+£3.5° 13.9+0.5° 13.0+0.6°

P2 140-160 54.5+21.3" 2222 + 855 19.5+£7.3" 172 +1.4% 163+ 1.7%

P3 260-280 64.5+20.2° 2 444 + 385° 17.3+£3.3" 179+ 1.7 173+ 1.0°

P4 540-560 282+7.2% 1167+ 167b° 16.1£0.6" 17.2+1.3® 15.1+ 1.0%

P5 980-1 000 132+49° 722 £192° 15.5+2.8 149+ 1.0° 143 +0.8°

FEFIA NG 7 B RIS 3 2 5 (p < 0.05).

DBH, diameter at breast height. Different lowercase letters in same column indicate significant differences (p < 0.05).
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(B BRI AR ER HO BH A, R
Tt A5 B B HE U (A1C) 8 B /1N 1) BR BAE D A 4K o 2
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min), SR EAEICT . W SE UG, SERIR R iZEr T,
PNF LRI E TARMAR 4 C)o el s 5, M
ARG B AT € LA, 2 Ja i BT

—_—
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T T T d
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w
)
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w
T

0
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65 CHEFHE48 hE I T &, Kt &R LA
LATRH| b5 B (LMA, kg-m ?).

FiAb, SRS e A B AR I (A s [ SR =
M fE, KA LS B (K]eltec 8400,
FOSS, Hillerod, Danmark)il & % & & (N, mg-g ).
14 BUESH

K FH LR R 7 22 43 Wi Al Tukey %2 58 LA R b
7K R C GRS H I 25 . AFEARRES S0,
K VA 3 M A 3 o3 o Bk R & K iR G &
PERZ AIIAH DG . TR BT K IR 506 & R
KA, 25 B a9 (1 R e v R R B 94 %
S, el W & 57K 715 B (Kaea) BH, 2855
HIRZE (ex) B EE B AIERIA M. Frfy Edfa ik
R HIR3.3.23H1T .

2 R

21 AEREMMLEIAM K DR AR R

ANFIFEHL ) P 2 R 3 (p < 0.05, E20), W
F1E-0.27 MPa5-0.54 MPa [i] o Koo FIREHE H] 22
FWEE@P < 0.05, E2A), H/ME40.7 mmol-m >
s '“MPa Y N #: K AE(100.3 mmol-m s -MPa
41% o Kinass 15 Karea 22 10 8 35 2400, A5 4L 35 Bl A
382.8-1134.8 mmol-kg s "MPa ', [FIFE, PsoIREH

P3 P4 PS5 Pl P2 P3 P4 PS5

B2 AEFEHDS 2 R K A SR U CP I AR R 22 ) 0 Kirea, F5 T THIANRIK ST RIE; P, SKEEZEK50% 7
XERLEJH IR Vo, ZEBIRTI RS A, 3O ETES LMA, USRS N, 50 R P1-PS, FEMCR LR, AFRNG PR

TR HRIR] 22 53 5.2 (p < 0.05).

Fig. 2 Comparisons of leaf hydraulic and photosynthesis traits among the plots of Larix gmelinii (mean £ SD). K,.,, area-based leaf
hydraulic conductance; ¥, predawn leaf water potential; 4, net photosynthesis rate; Pso, leaf water potential inducing 50% loss of
the leaf hydraulic conductance; LMA, leaf mass per area; N, leaf nitrogen content; P1-P5, refer to Table 1 for Plot codes. Different
lowercase letters indicate significant differences among the plots (p < 0.05).
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Fig. 3 Relationships between leaf hydraulic traits for Larix gmelinii. K,.,, area-based leaf hydraulic conductance; Ps, leaf water
potential inducing 50% loss of the leaf hydraulic conductance; ¥, predawn leaf water potential; /, tree height. Hollow square circle,
and triangle represent P1 plot, P2 plot, and P3 plot, respectively; solid square and triangle represent P4 plot and P5 plot, respectively.
All sample sizes are 60.

I\ 14 p 0r
ol . | e 35| %.
o8 P2 Camgr © s
) 8 B 7. 8 L \?0
£ 6l DIIJ_‘EI’E £ oo A @30t E
£, ng% g oLt m £ LN
< | S 4T 25 |
< ™ .
2t & y=111.6x-004 ~ 2t 020403 e o U y2—1305x+241
oL, R=055p<00l oLR=013p<0ol 20} 0 Foo2p<ol
002 004 006 008 0.10 200 25 30 35 40 002 004 006 008 010
LMA (kg'm™) N (mg-g™) LMA (kg'm™)

B4 MEEHICE TR R R 4, HeEEER N, RS E; LM4, TR, 078, BB =ME05&RP1.
PRANP3FEM, S0 Jy FEAN AT 20 S s PARIPS FEHL . BT AT (A AR 088 960«

Fig. 4 Relationships between leaf photosynthetic traits for Larix gmelinii. A, net photosynthesis rate; N, leaf nitrogen content; LMA,
leaf mass per area. Hollow square circle, and triangle represent P1 plot, P2 plot, and P3 plot, respectively; solid square and triangle
represent P4 plot and P5 plot, respectively. All sample sizes are 60.
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Fig. 5 Relationships between leaf photosynthetic and hydraulic traits for Larix gmelinii. A, net photosynthesis rate; K,.,, area-based
leaf hydraulic conductance; ey, residuals between K., and height. Hollow square circle, and triangle represent P1 plot, P2 plot, and
P3 plot, respectively; solid square and triangle represent P4 plot and P5 plot, respectively. All sample sizes are 60.
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Fig. 6 Principal component analysis of the hydraulic and
photosynthetic traits for Larix gmelinii. K,., area-based leaf
hydraulic conductance; Ps, leaf water potential inducing 50%
loss of the leaf hydraulic conductance; 4, net photosynthesis
rate; LMA, leaf mass per area; N, leaf nitrogen content. Solid
and hollow symbols represent hydraulic and photosynthetic
traits, respectively.
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Kieat M1 Pso B 552 B (E12), 1 H =8 5 W fH 50 2 2 (B
3A. 3D); XUk B2 I RA K I IR 52 K
IRBUIRZ I . 38K A Y B3 R AR K
1% (Aranda et al., 2014). 7E7K 3 BEN AT 46 1E T,
MR REAE B IR 7] AR B8 22 () 7K 73 s i 2, (H
DUk ZEBE J78 55 (Skelton et al., 2015). 57K Stk
AN, Av LMAFINES6A PR BEAE w5 3 A7 AR A
AL AR A R 3 (1K2), HARILMAY 5N &
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FEAHR K R (E), Vi 2 Fa i A& R
() P A S o L7 A S R
32 MRIEMHAMK DTS MREE XM

K IR0 BE - 2 A LA 2 L) I I A B R 3 A )
45 B (Blackman et al, 2010), 7K J18CR AR IFAE YK
SHENL . BHTYR A KRS, K A R
YR, Y& SR A KB E A7 1K
R (Naridini et al., 2012). DAL A [F) R840 Fb 1) -
K 775 B i 55 1 2 A7 ZE AU 5% & (Blackman et
al., 2010; Naridini et al., 2012; Jin et al., 2016), Vi
7K 5338 i 8 2 AR AR ) B A T 22 A ) K T 45,
NI FEEARA J52 A4 ZE K S r (Jin er al., 2016). FKAT]
R IA 5] 37 Z5 AT TN 2% %2 VK AR Karea 55 Pso 2 35
FHR(E3C), B2l N A7 AE — T 17K
JIRR - AR R R . SR, Hajek%5(2016)%) 100
ANAS [E R KRG L B R (R BIF Tt SRR B, Bl s 1)
2R BRAEZS MR HR 48K 2 0SB R PR I 38 4% 43
e AN 2 R B, Pk R )1 5K 18K
RIGH, AR I 8 T 1 K /IN T A2 it 1 2 5
BB N XS K A i . 425 ZE RN A 5E(2015)
WE T P2 TEMFRVTA PR K R R 15
JeAlE, AEEE, WA A S ESRE
LT R A N AL 4k, T B S 80 REAE
FHRCR AR (EHARATT v AR M 52 K k. R, A&
BT 5 HH % 22 T8 WAl ST 1 2% A1 A8 Ak T 2 B HE K
JIBER -T2 AR % R T AP AE T T8 K 4
BAE ARG, T PRI

Wright55 (2004) T X3 H T A BRAE - 28 5% 1t
AR B 5 0V 2 A RAIESE T B —E
W IE M (Reich, 2014). {HWright£(2004) 5% FH H-PEAR
1~ BB ARR N B (135K F, 3X 28 T
PR Bl A A2 57 AR A AT 4% (Niinemets, 2015). 425t
2 F1 A% 55 (2016) 4518 % 22 38 a6 A Fi R 1
HHEEH ARG EAMERENEMERKR. KA
XX —HEFAE T 4078, KIS S AR Ak M 22 9%
I I A 1 R 2 TR A7 AE RO A RO &Ry Horp
Auea FLMAE R (E4A), 7T REPE e i P A%
P 38 2 B B v PRI ZH R NSRS LM A (Wrig-
ht et al., 2004; Hassiotou et al., 2010), Niinemets
(2015)%} % FH ¥R(Quercus ilex) M1 IR AH 4 OB 58
WA H T KA 4
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I Bk [ 78 5 7K AR R 38 T — AN g (L) EAT
WA #e, KM A 5K R 2 1R B e b R A7
7E— 7€ I A 9% 1 (Santiago et al., 2004; Brodribb et al.,
2005, 2007). {HAHF LG5 R BRI K )
5¥ATERZ A AR TRR = 0.07, p = 0.05; &
5A), T H 23 B s mK S fsgm f5, oK 71S
£ 5 Al Z G 2 3 AH O R R (KI5B, Kl6), &
B PRI AR 2 4R VIR A . R SR A K
HEAF RN 53 A B %5 A 9% (Poorter & Bongers, 2006);
— PR A AR E D — P AR A7 A KSR
(Laughlin, 2014). [k, 2229 mFar) 2 4E MR A
& AT ey H I M 3 S PR AR AR AL TR 2 A A
H W& (Blackman ef al., 2016) . it —LEHf 7T 45 HI 2K
LR 25 B (Sack et al., 2013; Li et al., 2015; Blackman
et al., 2016). &M JaA 5K TJHERAR BN A]
REJR R — = E MR AR AT AR 43 Sl RAEAS ]
(AR HART I R, B2 B B3 H R 7 AN F . IE R
w, E VRS R IRIIRGUAH S S 5, K )
PRI 52 358 7K S IR GL2 M K . — R AHH Fi 7K
FIRSEA AR & B AL VEAR T K Sy MR 5
(1A A K AE AR BB S A AR P S, T
FeA TR AT E AR R COLLEM WAL 1S
£ SARBHK IS EALL, RSN G E R K
B R ) B FH ) KR (Sack et al., 2005), M
A5 Koea LR (EISB), 1M H AT e 5 AR B Z A1)
JEH R(Xiong et al., 2017).

4 g

P RA K TTRD G A PR BE L3 2 AR 1
725 2 R A AR 7, RIS T 28 . 42
1 ) P P B B0 R0 RO 7K 77 53 BRI O B A 28
RESI, HPUE AR, RILH —E A K 1 8k%-
LRI R R WG AR 5 i E A S
IR i, MOLETERES MK T EA
MR, R A KA R AT — € 19 4oL
P o P4 BEVE KA FEIE AN ] 33 25 A S B L ) Al
PR ARG PR AR AT 284 DL R IR 2 18] ) 22 4
MRME, NHEENZHERIAFIR A T —Fh A A7 AN
RS BT HOGE 5K HERAEA R
(][RR A0 Bl PR 2 15 A i TR R DA R AEAT 4
TEOUT P R IR A . L N AERLE R AT 4 4 )
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