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Abstract

Aims Investigating tree water use efficiency (WUE) is important for understanding the coupling of carbon and
water cycles in terrestrial ecosystems and its responses and adaptation to climatic change. Dahurian larch (Larix
gmelinii), the dominant tree species in the Chinese boreal forest, plays an important role in the regional carbon
budget. In this study, we measured the foliar WUE and associated physiological parameters of 30-year-old Dahu-
rian larch trees from 17 provenances with divergent climatic conditions in a common garden. Our specific aims
were to compare differences in WUE among the provenances and explore whether the observed differences are
attributed to potential adaptation or acclimation to local habitats.

Methods We have measured net photosynthetic rate (P,), transpiration rate (7;), stomatal conductance (Gj), and
leaf nitrogen concentration (V) of three replicate trees per provenance from mid June to mid September of 2010.
WUE was calculated as the ratio of P, to 7. Specific leaf area (SLA) was calculated as one-side projected leaf area
divided by the leaf dry mass. The aridity index (4]) of each provenance was calculated as the ratio of mean annual
evaporation to mean annual precipitation.

Important findings WUE, P,, G, T;, SLA and N all differed significantly among the provenances. WUE
showed a significant exponential relationship with G,. WUE increased significantly with the increase of G when
the G, was less than 0.2, and was relatively stable when the G was greater than 0.2. WUE was significantly and
positively correlated with N, but negatively with SLA4. The degree of these correlations increased with increasing
Al values of the tree origins. WUE was negatively correlated with the mean annual temperature and mean annual
precipitation of the tree origins, but positively correlated with the A7 of the tree origins. 7; and P, were positively
correlated with both mean annual temperature and A/ of the tree origins, these results suggest that the trees may
adapt to the local climatic conditions of their origins, which results in the significant difference in the needle
morphological and physiological properties, and thus WUE among the provenances of Dahurian larch trees.
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Table1 The geographic and climatic conditions of the origins of the 17 provenances of Larix gmelinii

FiJi Provenance R 4 5353 PR CPRERKE CPRERRE TR =10 CRUR AR E
Code Latitude (N) Longitude (E)  MAT(C) MAP (mm) MAE (mm) Al CT(C) RH (%)
K Uf Youhao 1 47.80° 128.83° -1.05 622.0 955.8 1.54 21472 78
L Wuyiling 2 48.67° 129.42° ~1.19 584.6 1038.0 1.78 1851.2 73
Wbk Xinlin 3 51.70° 124.33° -3.35 507.3 912.0 1.80 15353 69
HE7 %% Huapiyao 4 50.70° 126.72° -1.50 539.0 1100.0 2.04 1900.0 68
=3 Sanzhan 5 49.62° 126.80° -1.30 527.2 1076.0 2.04 1650.0 70
+J\3fi Shibazhan 6 52.42° 125.27° -2.03 480.0 999.1 2.08 1680.0 70
#3] Zhanhe 7 48.45° 126.50° 0.12 501.7 1057.0 2.11 24423 70
4] Tahe 8 52.32° 124.72° —2.74 487.9 1028.0 211 16714 68
HRIEME Moerdaoga 9 51.25° 120.58° -4.50 471.0 999.4 2.12 1485.0 70
HY Ganhe 10 50.58° 123.22° -2.50 470.0 1059.0 225 1616.8 68
R Genhe 11 50.68° 121.95° -5.00 436.3 991.4 227 1297.6 70
#5k Hebei 12 47.55° 130.42° 1.85 530.0 1235.0 233 2456.0 74
{4 Mangui 13 52.05° 122.18° -5.83 466.0 1100.0 2.36 1550.0 7
4iJK Chuoer 14 48.17° 121.25° —3.40 462.3 11220 243 12384 70
FEHR/K Kuerdu 15 49.78° 121.88° —4.00 500.0 1280.0 2.56 1739.5 67
Fif k1L Aershan 16 47.17° 119.95° -3.30 425.1 1100.0 2.59 13543 70
st Zhongyangzhan 17 50.75° 125.20° -2.20 484.4 1387.0 2.86 1780.0 69

GHAR(1976-1985)K H % F-45(2002) R [E ZK A5 = Bkt

Meteorological data (1976-1985 average) of original sites were obtained from Yang et al. (2002) and China Meteorological Administration. 47, aridity index; CT,
cumulative temperature above 10 °C; MAE, mean annual evaporation; MAP, mean annual precipitation; MA7, mean annual temperature; RH, relative humility.
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Fig. 1 Comparisons of foliar net photosynthetic rate (P,), transpiration rate (7;), water use efficiency (WUE), stomatal conductance
(Gy), special leaf area (SLA), and leaf nitrogen concentration (Np) of Larix gmelinii trees originating from 17 provenances (mean +
SE, n="9). Different letters indicate significant differences among provenances (p < 0.05). Provenance codes see Table 1.
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Fig. 2 Relationships between foliar water use efficiency (WUE) and stomatal conductance (G), special leaf area (SLA), and leaf
nitrogen concentration (Ny) for the Larix gmelinii trees within different groups of the aridity index (41).
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V5B AR A 9% 45 S A1 8L (Soolanayakanahally et al.,
2009; Robson et al., 2012). I G A=
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A RA W S OCR R, XL R TR Y
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2007; Savolainen et al., 2007; Soolanayakanahally et
al., 2009; Frei et al., 2012). R ARUFFHIRAL, BEAP,
R, WUERILH 5 AR ARk 3 ket
Fr TABAFAE 2 35 ORI 5, SR WUE T A B
T HARAG B AH B (R AR AL fa # (18 1), X R WUE
% PISEMAECR . MITFT S AR R BT 5, Pl
AR S R HOCN15.95%, die e E 2 S IR 19 1.60%, M
TS R BN 9.6%, ot e AL A AR v H44.99%,
HI AT 1S WUER)AZ S 3 P AHIT o X2 R A By
A AR PEANES R AL, I I Gs NLv SLASEH.

WP FNT,, BEM51E T WUEW % 5:(Gago et al.,
2014).

G VE R B RIS AT 7K o3 RS AT He 1 3 22
TTE, WA [ A 388 3R R K S Vi A T ) 1 2
(Gagen et al., 2011). fE—EVEHIN, MGt E
F GG, FEPHR, HART AR, HGHF
R IMR R, I GRIWUE 52— 52 I 1EAH GG
Z(Picotte et al., 2007; Gago et al., 2014), {HEHE G,
Rk EE3, m AEd ALAR B CO MR £ /K 4y
)35 301, I WUER BREIR R A2 Gy, 1T
o A A O 1 I B R R G A I fh A B R R
(Farquhar et al., 1989; Gimenez et al., 1992). AR5
gh R AT IEI BOWUER G W B 2R YA OC, 1
MG R0 22 N WUEBTRE, (HkA TR
T 55 SN AR ALE A [ WUE 7K I 7 241
G, (E2A), IZXHUE T I3A MR T P40 TR
DGR R WUERIMR I » 1IN GIRTFR K
(I WUE R LU AAE T 5 B 64T a2 K 23 () 7%
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Fig. 3 Foliar water use efficiency (WUE), transpiration rate (7;), and net photosynthetic rate (P,) for 17 Larix gmelinii provenances
in relation to mean annual temperature (MAT), mean annual precipitation (MAP) and aridity index (4/) of the origins.

IR, TSR AK AR, S K, T2
FEIRT 37K 7 1A %R H (Kenney et al., 2014).
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DRI P2 (R 0] A 058 i bt B 5 R U3 12 ) 45 SR o

AT 5 45 2 VR RS N R WUE R A7 1 S
M IEAHSG R &R, JF HoR A T Al DI b v A
WUEX N BA B i R BUERAE (K12C) . AIIEFTER I
Sk A A 2D R 1 DR 5 AR B AR A AR NL, BAE
PemGE REJI SR 2 (R06E 1), I & W A
TR T H AT 1) 1358 PRI 22 1K 9740 7
7K 43 (Reich et al., 1996; Weih & Karlsson, 2001;
Oleksyn et al., 2003; Tjoelker et al., 2008; Bresson et
al., 2011). Pk, BANLRIWUER 2 &I IEAK

K Z (Sparks & Ehleringer, 1997; Monclus et al., 2009;

Yan et al., 2014). HHFEINLKF T 2K B T A RER
KRB m W WUE, X5HZM R e 2 FE 1R 5
AR A IR . KRB R T R
(R FA 5 v A 38 URH A AR AR A K [ B A PR 7, it
Fe i B R R R T 2 PG G ). s
WUE, M A Wy 1 2 A4 KR A A7 (Kenney et al.,
2014; Yan et al., 2014). BEAL, AERHLAR SRR
XA T 2 A AE SR, B8 A A
AN T BRI 2> A XN KR 2 R 2R G, T
T, VAL R, R ZAT AT VR R PRSI I T B
Bz b Ab®, HE BRI, 1993; ¥ e Al
FATHE, 2001; ZRIE45 2006). ASHIFFT B0 T - b
NGNS ORI REIN AT (AP IS = S e ace i 2
T ANV BRSAE K Y WUETTIE N 152 (3R 5, 1X
XS FOZMFILE SRS (R S e R 7 A 58
(13E N e HAT S S0 .
3.2 EIHWUEMIIRE R F

PEARTE R I HE AL AL P 2 A O i it o
AR BE O3 DR IE A A5 7 THREAE 25 i N PR B 5
(WIRE 1, SRIMAE H i A ERAS AR A ) 1135 56 F,
P A Fi 157 2 I T A B 0 11 o5 A 23 AR PR )R

Allen et al., 2010; Kremer et al., 2012; Shaw &
Etterson, 2012; Reyer et al., 2013). HF5T [R] 5 e [l
P[] R b AN [ A0S A ) 22 e B LRt it s <
i 2 A 1R 9K 3R e — T 6 IR AR AR i 3 1/ AKX 1)
)7 (Reich et al., 1996; Warren et al., 2005;
Martin et al., 2007; Frei et al., 2012).
EIARSABRBAH [R E, k B I 2D W 3 D
R EAT B = I WUE, Ff HANRR 5 o - 2 <
SRR K B 1) A It U G R R (BI3GL 3H).
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IX S PRI Ay I A O T PR T s e s 45 A Dl )9 12 3
S GHIR, HEMENCO, A ZENT,, FEWUE
25 AWTFT 1T PR R 0 P A T AFAE
22 RN R 22 S, ELBE A Mg D M il B2 ) T, T
WSR3, TP A I3 R0 W2 B
By, ANAE— 78 1 K XA R A7 A — € I 2tk
HR(E3AL 3D). B, AWFFEH BT K2
T EUWUE RNt J b A5 - 25 Ul AR 5% i 22
Rl o Wb JE AR AR WUETR) XA O SEHEAE AT I F5T
Hh AT TR B (Morecroft et al., 1992; Nicotra et al.,
2008; Zhu et al., 2011), K FPJRIRLG 2 I ALE T
B &N A &I WUE (Anderson et al.,
2000; Warren & Adams, 2000; Gouveia & Freitas,
2009; Ran et al., 2013), iX/&H T TR N2
JEAN B KB FEAR M GO T, 1 P I AZ AL
XA, T S EWUER K (Farquhar et al., 1989;
Zhu et al., 2011; Liu et al., 2013). 2R, AHF57 455
R Py T35 55 st i b~ 35 4 e 7K B AN AH G (]
3B. 3E), KERARRKRFEIE TR, K% &
IK AT S AR L, AN e 58 AR AE— AN U7 1+ 5
FEE . Warren%5(2005)5%F [ 5t [l P9 2R H T-7K 43 4 A
7= 57 W RSN FE Eucalyptus - sideroxylon B AR
FER W WUEATAE MR 2 5, A KA B .
FHOCHE, AR ABL IR 45 3 75 X AN [ Bb I Eucalyptus
microtheca 5T A IL(LL, 2000). A 2E H—A
A B AR T PR L IR R U, AME
R RAE N X R B 4R bR, TR A 4 Bk AR
TG &5 10 S S5 Fa b 2 ——(Arora, 2002;
MioE, 2004) . AWFFTERR VLM FAEHH WUERNI AL
025 TEAH OC AR S v T e K R 5 (&13), X
Warrenfl Adams (2000)X] ¥ /7 124 4 Al s b A 1)
IEEE T8 BeAh, AP B AFAE LR PR IEAH SR R,
I ELAIAN [ 7K 73 78 R 3 T Y B oA A S 35 AH 50 5%
Ao ERYIT RGO NP I T /N & WUE
$& = ) 35 i K (Ramirez- Valiente et al., 2011).

4 ZEig

K B 17N 75 AA B R, 28 i 7E [R5
W3I0ZERAEK, HPy Tiw Goo SLARNUIYAEAE S
R ZE e, NI 5 R LK 20 R 80 R AR A N
(RARAY, o Bt R A T3 K, G SLA NUFIWUE
(A SCPERS 9 . WUERRR 5 S b 1) A~ 2 <l
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PR KRB A PR R R, MMAIE 2 I
HIRKAR, FFHARMEMRIRIG K XL AR
TN AR SR PR A, AR R AR IE AT
AR IhRE LA R BRI 1A 5, AT RE
FEZ FERIIABE 5 B AEAF RN EAT

E&WH Ko+t 2 HH 4R A (011-
BAD37B01F= ¥ & & A& ARA A Lk 45 £ 50 %
851 B (DL10BA19).
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