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Adaptation of leaf carbon use efficiency of Larix gmelinii to environmental change

QUAN Xiankui, WANG Chuankuan ”
Center for Ecological Research, Northeast Forestry University, Harbin 150040, China

Abstract; Dahurian Larch ( Larix gmelinii) is a dominant tree species in Eurasian boreal forests, and it has a broad
biogeographical range under divergent habitats. This makes this tree species ideal for investigating tree adaptation to
environmental change. Leaf carbon use efficiency ( CUE, ) is closely associated with tree carbon metabolism, and tree
growth and development. Furthermore, CUE, is sensitive to environmental change. In this study, we measured the CUE, of
30-year—old Dahurian larch trees from six provenances in a common garden at the Maoershan Forest Ecosystem Research
Station (45°24'N, 127°40'E) in Northeast China for three years (2009—2011). The six provenances were located across
the natural distribution range of the larch, spanning approximately 4° in latitude (48—52°N), 5°C in mean annual
temperature (-2.3—2.6°C ), and 200mm in mean annual precipitation (425—622mm). The differences in aridity index
(AAI, Al = mean annual evaporation/ mean annual precipitation) between the current sites and original locations of the
seed sources were used as indices for environmental change gradients (i.e., six provenances were represented as six
gradients of environmental change). Our goal was to explore the impacts of environmental changes on larch CUE, and the
factors influencing the impacts. We found that CUE, decreased significantly with increasing AAl ( P<0.05). The CUE,
correlated positively with leaf nitrogen concentration, leaf phosphorus concentration, leaf mass per area, and leaf
chlorophyll concentration, but the trees with higher AAI values had greater slopes of these relationships. Furthermore, the

CUE, correlated positively with the mean annual precipitation of the seed source original locations (P = 0.05), but
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negatively with the Al of these locations (P<0.01). The CUE, also tended to increase with increasing mean annual
temperature and mean annual evaporation of the seed source original locations, but these relationships were not significant
(P>0.05). Our results suggest that environmental changes drive the adaptive variability in CUE, of larch, which is probably

attributed to its genotypic adaptation to the original seed source location’s environment.

Key Words: Larix gmelinii; photosynthesis; carbon use efficiency; genotypic adaptation; Maoershan Forest Ecosystem

Research Station; common garden experiment
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Table 1 The geographic location and climatic conditions of the six seed source original locations of L. gmellinii trees

Tl —F R U5 4i E235 PR CPRAEROKE CFHERKE THEMR F-HAETE
Seed source locations Latitude/°N  Longitude/°E AMT/C MAP/mm MAE/mm R RH/ % T FFP/d
B im] 52.19 124.22 -2.30 467.4 970.7 68.0 89.7
A 50.62 121.95 -0.50 466.0 1100.0 70.0 81.4
gLl 50.45 125.20 0.58 482.5 1370.1 69.0 100.0
= 49.62 126.80 -0.29 535.0 1125.5 69.5 90.0

L fJHiy 48.67 129.42 -0.49 569.8 1043.2 72.6 104.9
[k 47.55 130.42 2.60 554.3 1237.8 74.0 139.0

# AMT:annual mean air temperature, MAP:mean annual precipitation, MAE: mean annual evaporation, RH, and FFP stand for annual relative

humidity, and mean annual frost free period, respectively

1.2 CUE &

FERFSEREM P X S0 [ A ML S R T8 R R B 3 BRERUEA | B RRAR VA BEHUE 2 350 i FH (% 244 A A A
BEit 3 ST MRS E . 7E 2009—2011 A K (5—9 H) W, B H A kBB <M 6:30—12.:00 B
Bt R LI-6400 fi#E 2 CO,/H,0 ZLAMN 3L (LI-COR,, Lincoln , USA ) 1 A4 5 4t A0 44 58 ik 72 L) K AH 7
FIARSEIR F , E s, S I 2SR 25 °C, AR E A [ i 500 mol/s 5 516 R FH AR AN ' i o i a#E 4 7
SPEIE S, LA R E JE T AR I S 1 fh 28, D' 38 5 % (PPFD) B 5 4. 2000, 1500, 1200 ,800
400,200,150,100,50 ,0pmol photons m?s™! , Cozﬂﬁﬁﬁﬂﬂ 400pmol CO,/mol, Y6 e 1 2% K Prado I
Demoraes' > ALt BTG

P,= P, (1= P (1)
K k HE AL PAR OCE AR, P, B KELEHE (umol CO, m™ s™") P it % (pmol CO,
m”> s ,LCP R YEAME S (mol CO, m™s™") o F 200pmol photons m™ s™' LN ) PAR 11 P 4351 A G\ AL AR
HEAFERAE WA [0 9 ELER 55 PN AL R 1 B Ay B PP 3% (R ,mmol H,0 m™ s™") . CUE, B F303k4%

CUE, = P,/ (P, .+ R)) (2)

Z 5 R EUR A BAAT A I W ET i IR Bl R AT AR R BT 65C Mt T EEE ORI
0.0001g) ,FRPBULTideE, LA EE (LMA, g/cm®) B FER1S .

LMA = g/ 1 (3)
1.3 JENE

FEDZEGA RIS 48 S 06 A5 D0 e St AR TR A7 B A BT I 100g (EF 5T 6 ) |, BT 4°C Y AR PR A7 A1 [B1 S0 56
%, BN E T 65°CHEAS TR = 1E T RS 0.0001g) , SR FHAFRE SR B 2 i 248 T e R & HIE,
A& E (N, R4 A LR 2 &AL (Kjeltee 8400, Foss, Hillergd, Danmark ) Il % , M85 & (P, ) R H AR
IK-BRIR TS B -FH BRI A ORI , MR & i (AR ER a Al b) RN - L ESF AR A R4, 54
Ji 38 3 53 S B R E
1.4 B

B LI AR 250 AP 7o U5 s ) AR BE HE B (AL th R kA
Al = MAE/MAP (4)
K MAE WA 78 K 2 MAP AR K &2
R T R G AR B IR AR A ] I A B A SRR A S ], AR SR FHATE S SRR ol U b ] AT 1) 22 (AAT)
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CUE M N, P IMA LIRS SR RN gy rmmmmetasmngxetass(p,, ). 5e
IEASRRAR (BT R AR R AR BEIR AR AR i (R, ) Annt s8R B (CUE, ) teBE (T4 H AR IR E, n=
M5 (P<0.05) (Bl 2,% 3), BiE N P, FI LMA 3 4
K, AAI L SAAL g Zill AAL 3 ANEREE T BY CUELijUFEE Fig. 1  Comparisons of maximum net photosynthetic rate
ﬁﬁ( ﬁ;@%}%) , i AA ]O'%ﬁ AA ]0'70 E@i mgﬁ /J\o ﬁtﬁlgﬁ (Pax ) » dark respiratory rate (R, ), leaf carbon use efficiency
% M_g%%/a\%i j( , CUEL H"Ji fPETfTEﬁ g I‘ETJ % jlzq',‘ Z: I % (CUE,,) of L. gmelinii across the environmental gradients ( mean
(P>0.05). M N, P, IMA IR M-S o iy Zw 0=
CUR, MR (. M) 72 7 b 5 R (em009
(P<0.05) , A BE AAT 58 R TIE N L 3

R2 TRMEHBETHLEM MR AREREAXEFHEES L

Table 2 Genetic differentiation of leaf carbon use efficiency and associated factors for L. gmelinii among across the environmental gradients

244 Parameter R Code PAA Unit F P D/ %
-85 F LR Leaf carbon use efficiency CUE, % 16.72 0.001 62.95
BREOEE #H ZE Maximum net photosynthetic rate P pmol CO, m2s”! 14.30 0.001 50.07
WG IFIR MR Dark respiratory rate R, pmol CO,m™2s™! 9.54 0.001 43.70
L TE Leaf mass per area LMA mgem 2 7.18 0.001 30.00
H A& & & Leaf nitrogen concentration Ny, mg/g 3.68 0.025 39.17
- & Leaf phosphorus concentration Py mg/g 4.97 0.001 29.7

4% % & i Leaf chlorophyll concentration mg/g 3.6 0.008 37.00

# D AERFRBEBS B 1] A8 5 ot BAAL S BT 38, F AP 23500 B ARG R IR (A S 3 MK
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Fig.2 Relationships between leaf carbon use efficiency ( CUE; ) and leaf nitrogen concentration (N, ), leaf phosphorus concentration

(P, ), leaf chlorophyll concentration and leaf mass per area (LMA) for L. gmelinii under the six environmental gradients

R3I HREMRMERFAKNE (CUE, ) EXE FELEDIEFAERAEMBENTEIN

Table 3 The ANCOVA analyses for the slopes and intercepts of the regression equations between leaf carbon use efficiency and associated

factors for L. gmelinii

ek Jof AR A Slope HHE Intercept
Independent variable Dependent variable F P F P
R FHACR 4% H Leaf nitrogen concentration 3.02 0.01 12.04 0.001
Leaf carbon use efficiency - 75 it Leaf phosphorus concentration 16.68 < 0.001 1250.64 < 0.001
4255 it Leaf chlorophyll concentration 1.42 0.220 821.67 < 0.001
He - H Leaf mass per area 3.49 0.005 186.07 < 0.001
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CUE, -5 1Sk V51 . 1) 1t JER RIS A6 A~ (B 35 A7 76 — 8 IR RH G (R LR S 8 R A R S R 7 1 5 ([
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FELRMETAHSCIER (P<0.01; 8 3B) . CUE, PR FR 74 5 1) 451 2 Sl ( AMT) I $4E 7% & 7 (MAE ) 3
TG B H AR SR B2 (P H23 94 0.66 F110.19) (8l 3C-D) , CUE, B Tl 1316 J5 My 28 B 1 14 &5 J3E 14
i, ¥ B AR AR (A DG PEAS 1 3 (18 3E-F) .

3 it

3.1 W CUE, BAEYIN T

AR LI, K A 6 DI LT 2L IATER RS T A K 30 4R 5, H CUE, P, Al R IAFTE ik
X5 (P<0.05) , HFf AAT AR S 30 B AR AL A (BT 1) . iXERBH CUE, M Hgma RO 77 A4 Tt
5 CUE, P, Fl R, TE 6 /6 BE W] it A% 43 AL BE 43 51l3k 62.95% .50.07% 43.70% (£ 2) . P& AAL IEK,
MLBTENAS P FI R IR IR AR (0 R, B3GR E R, I CUE, R /N3 X 10 BH 7R R 5
A SRS REI LY A EAA T R UM OB R Y LUAE DT AN T CUE, R A28 5 A AFFTIA
N, YR K o & A AR P LA T A 5 52 B S s KA R Y B S K SR
i, R, A1 P, IAIAY FLAE B @K e KRB K BRI o th R 0, bt T+ AR A3, R, A0 P, TR
FUAB S 34 AR 3, I ELAE — 22 YW IR P, 7K 43 S PR 40 55 T K X 6 A A 2 i 252 AR SRR T I IRUBE 1
CUE , T AER AR AR IR & A5 WA AR AR A A 1 75— 2D B0 0IE

AR B SMAG G BB R, SRS CUE, . U SRR R IR 1) W B2 S o 22— , Bk
Z i A RO AR R i W R A TR R0 R R — 0 R EOC A R b s Rt 7R — 2
FIP, MRS RRHECR S P, RIEHSEER . ARBIE 45 SRR K AAT B R R A2 A 5 8 1Y
N, It HBEE N, AR, CUE, 398 st W b & T AR BE (18] 2A) Wi ok 52 e A7 HILBRAE 2R A2 RuBP iR T
FE M A ER . 75— E N, & P, i RfLRE 4 8, P, KDY L 5 N, DU
1,6 NIREEARALBE B DL IE TS CUE, Al P AFTE B B A M IE A EOE R (P<0.05) (HBEE P IHE R, K
AAT BEPER HIRA CUE, 38 it BA (2 8 T AR BE (16 2B) . Bl LMA FI38 K, 30K AAT B T BB AR B
H W) CUE, (¥ 2D) , 302 AR T 5N R 254 TR Sy 1 4 180 7K 43 ) FH 03010 184 R 1 2 i 28 4R
JE I PR REEE R R R LMA AP AR I P R (A B 1 AR I LA B 2 A R 1, AT
BRT P, R E T MG RIECAVER R G O E T IR A R S R A
BABSRN P, HFMTEAB KL CUE, (& 2C),

HBARECR AL B EE T IR R BA /N CUE, HEEE N, P, R3S, KRB = 1Y CUE, 3 K E
JE UEBIE R AAT B BT B A LA B & A R R 238 ) 2 R R 38K AT BREE R 1) R AR X 22, A1 e A
ARG B () A B A RCR R R & B0, M M2 2 & A K, CUE, 3G IR AE 6 1> AAL B
FETA] 22 5 A 1 3 Ul U T B A A R B S R A ACE . Y CUE, HEW N, (P, \LMA Flr48 3R 5 5 (9]
TRIERES AAL B3 I B R A (P<0.01) o 3% IR AAL BB BE T R A 64 e 464
THUG SRR 5 S B A BRI A, X PR ok B AR AT FREET B A I AR K AEAR X T R BB
T B ZHCE Y T AR AR, A Y H B eSS, a0 N R PGS I A REFF IR DL S )
1R,
3.2 W CUE, BB N1

AR FTEE R, BEEFh TR UMD AT (3800, CUE, &80 Uk /IS (8B 4%, 33 J2: DR A R A7 AS R 118 3 05 4% 1
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