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Variations in leaf anatomy of Larix gmelinii reflect adaptation of its

photosynthetic capacity to climate changes

JI Zijing, QUAN Xiankui, WANG Chuankuan *
Center for Ecological Research, Northeast Forestry University, Harbin 150040, China

Abstract ; Leaf anatomy, being susceptible to environmental factors, is closely related to physiological functions of the leaf,
and also reflects responses and adaptation of the tree to environmental changes. Changes in leaf anatomical structure are
bound to change the physiological functions of trees. The same species growing in heterogeneous environment for a long time
through natural selection and adaptation will result in variations in morphological and physiological characteristics, forming
distinctive geographic populations. In addition, Matrix subjected to environmental stress will affect its offspring growth,
developmental and physiological characteristics. Therefore, to understand how the morphological structure of leaves respond
and adapt to environmental changes is essential for exploring the response and adaptation mechanism of plants to

environmental changes. Dahurian larch ( Larix gmelinii Rupr.) is a dominant tree species in boreal forest in China, mainly
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distributed in northeast China, but going further climate changes may change its existing distribution. There are few studies
to distinguish short-term responses of leaf anatomy and physiology from their potential long-term adaptation to climate
changes in field. In this study, we conducted a common garden experiment that included six provenances of Dahurian larch
with different climate and site conditions with three replicate trees each provenance. The trees were 32 years old, seeded in
1980, and transplanted in 1983 at identical site and climate conditions. We measured leal anatomical parameters using
paraffin section method (i.e., total leaf thickness, leaf adaxial epidermis cells thickness, leaf abaxial epidermis cells
thickness, leaf adaxial mesophyll cells thickness, leaf abaxial mesophyll cells thickness, leaf vascular bundle tissue
thickness, leaf endoderm cells thickness, leaf transporting tissue thickness, leaf epidermis cells thickness, leaf mesophyll
cells thickness, and photosynthetic physiology (i.e., photosynthetic capacity [ P, ], stomatal conductance [ g ], water
use efficiency [ WUE] ) in order to address the question of whether leaf anatomical structure adapts to climate changes and
consequently results in physiological adaptation. The results showed that the thickness of epidermis cells, mesophyll cells,
transmission tissue cells, vascular cells and endothelial cells, and the total thickness of the needles differed significantly
among the provenances (P<0.05). There was a significant difference in the proportion of thickness of each anatomical part.
The thickness of mesophyll cell accounted for the largest proportion, with an average proportion ranging from 38.4% to
43.3%. The thickness of mesophyll cells was positively correlated (P<0.05) with P, ., g., and WUE. The thickness of
mesophyll cells and epidermal cells, the total thickness of the needles, and the proportions of thickness of mesophyll cells
or epidermal cells in the total thickness of the needle were all positively correlated with the aridity index ( the ratio of mean
annual evaporation to mean annual precipitation) at the origins of the provenances. These results suggest that needles of the
Dahurian larch trees from different provenances alter their anatomical structures significantly due to adaptation to local

climate conditions, and accordingly change their physiological functions such as photosynthesis and water use efficiency.

Key Words: climate change; provenance; leaf anatomy; photosynthetic characteristics; water use efficiency
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REFE A BRI S I A 5 45 A AR LE B2 A R A BER 0 R PR 5 PR 1) [ B 1, O B 2 R 5 4 1 1 A A
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TR — R R I B R R AR 2E S DA B X P 2 S R AR R BRI AR AL R A G S B A TR AR
SFRREAKIERE

PeALIEIHN (Larix gmelinii Rupr. ) 23 FE AU T BRAKAG UL FB R, 32200 A £E 3 AR AL i X (H H 25 el iy
SARAEAC T BE 2 U U A4 A X, Bl Jig st e 1o S0, A SR AR N 2—4 °C AEREZK RN 209% 1
SN 2Ly MRl BEIERS UM AR B ity B I A R SSAR SR, BN A AR L T 7 R 25 e A Y
FEA SEIASH Az B RE SR X U A R TR A e L ME WAL A kg, AR A ] i bl ik FE G E T 6 >
ARV SR IRA T L2275 R R IR A 32 AR AR A B i S A5 A AL & A B G I 7, B 78 LB i AN TR

PSB85 K 78 A -5 O & AR BRAAE A 5 R, O 00N e 22 A X b 7 2R AR A 285 2R 4 00 i 48 43 P
%EﬂjO

1 HMR#HFRSHX
1.1 S5 3 SRR

ARSI I P[] SRR el (37 T AR SR R~ L LD R AR A 2538 (127 © 30'—34 'E, 45 © 20 '—25 'N)
FERLEETE I FE PN 0 43 A 3 LY, 72 LARAE BB 1 25 53 B 26 B0 8 L e U MR 6 S (2 1), F 1980
SERKCRAD, 1981 AE R, 1983 AEFRE A, 1997 4E M 2001 AR MM , MRATEE LA 4.5 m x 2.5 m, [al 5@ N+
MY SR A2 SEEIEER 300 m, SEEIIERE 10—15 ©, NI REE  AESE YRR 629 mm  4EHIZER
it 864 mm AEF YR EE 3.1 °C,1 A7 A -F 505 - 18.5 C F1 22 °C, JoFE M 120—140 d (5—9
Ay,

R1 AREHMFRRBMIBSZZGRERKIK

Table 1 Original geographic and climatic conditions and the current growth status of L. gmellinii trees from six provenances

Tl 4 2 K SRR LEHIEIK SEHFR R -2t ot 3 LMA
Provenance Latitude /(°N) Longitude/(°E) Altitude/m MAT/C MAP/mm MAE/mm Mean DBH/cm /(g/m?)
HTmf 50.62 121.95 979.9 -0.50 466.0 1100.0 14.5 102.9 ab
53k 47.55 130.42 120.0 2.60 554.3 1237.8 16.6 112.0 a
=k 49.62 126.80 160.0 -0.29 535.0 1125.5 15.4 99.9 ab
P&y 52.19 124.22 357.4 -2.30 467.4 970.7 16.4 100.2 ab
NP 48.67 129.42 300.0 -0.49 569.8 1043.2 17.8 85.6 b
rh el 50.45 125.20 230.0 0.58 482.5 1370.1 14.5 115.0a

FHh ab.c £7x HSD K50 & 122 R4 9 (@ =0.05) ; MAT: mean annual air temperature, MAP; mean annual precipitation, MAE : mean

annual evaporation, DBH :diameter at breast height, and LMA :leaf mass area

1.2 JGARES) FARDC il e

FEIR] BT P, B SRR 3 ARARVEA  $E il Jit)2 (14 m 2247 ) RO RDTE28 , DUBE I8 AR I 6 i 96
VERR B AN T, FERRbR A BOE)Z 3581 B 7 A9 4R AR AR i 3 #%, T 2011 4F 8 H W), s B JC M
KT 6:30—12:00 BB, 5% Li- 6400 fE#5 CO,/H,0 ZLAM3HrAL (Li-Cor, NB, USA) 1 Ml 2 £1 i< 44
A R DA R AR R A R PR, 0 TSR P ) I 2 R A L R L TRLEE 25 °C, L 500 wmol/s, CO, ¥ 400
pmol CO,/mol, I Hii R AR FIESR XS i - B AT 7843 65 S, 20 S 7 (4% B, ' d 30 4 %% B A
“}: 20001500 ,1200,800,400 200,150,100 .50 .0 wmol Y& T8 -m™s™"; M & i S B R AL B HR(P,) |
IBHR(T,) AT (g) %, HTCADRERER i BUR A G AL B4 5 Bl 5B v A 7E 65 °C
FHEEEFEFRE RS 0.0001) , 3B M # (LMA ,g/m?) ;

LMA =y 5/ i (1)

1.3 MRk

[ 5 el P9 45 R AR AR TR S B S e e A fe it 7L B AR R B R — S R A & 10 R,
JH FAA [ W (RS AR R B bR DK R = 90:5:5) [, A& RIVIAFIK G, & W] = 3, R
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Ji e X R U0 - HIL( Rotary Microtome, Leitz, Germany) il v, FEHR4EH i i EL 10 M U] 7, U1 &
R 8—10 pwm, VIR BbE 5 R Z0-[E 2% 5 B 1% MR/ LK G0 12 h, B 0. 5% [E 2 G (1 SR I
BRI E R, I ZEISS Tmager A1 BDE2AH0 BB AR ; 2 J5 Fl Axio Vision Release 4.5 SP1 il &
I e 10 1 R A R R PR (D) | 1 3 B 4B (LUPD) | F 386 57 2 it J5 8 (LBPD) | 30 i v - 1) 40 e S
(LUCD) Jzc#hii it R 20 A 2 (LBCD) (4B R (LVD) (N K2R FE (LED) AL 2 4URE ( LTD) s B4
bR B M & 3 R, R AIE R (LPD) A1t AR (LCD) 435 i T X3kA5 .
LPD=LUPD + LBPD (2)
LCD=LUCD + LBCD (3)
1.4 s
S AEFH B 6 1 2R FH Prado 251 AR MRS 5 12 .
P,= P, (1= (4)
K, P R B T B KA R (pmol CO, + m™ -+ 7))k JE WAL, PR SEBRINGE 106 R
PAR B EARERST, P RAAME A,
- RO 7K 23 R AR (WUE, pmol CO,/mmol H,0 ) i F =2 3545 .

WUE=P,/ T, (5)
K, TR %
THREEFE R (AD) T2 348
Al=MAE/MAP (6)

K MAE S PR 78 K B s MAP R P AR K &t

B3 HT RN 2% SEPERG 56 R ] SPSS 19.0( SPSS Inc., Chicago 2001 ) G344 5341 ; Fir A €% ] Sigma Plot
9.0( Systat corporation, USA) 2>,
2 #HR
2.1 MRS R RN 2L

PLALTE RN TR FE (LD ) R4 i A5 M R JEE B A7 A Sl 25 b il 22 5 (181 1,P<0.05) o LD #y R/
A UL ((392.849.8) wm, I bR AEDR ) > AR (383.0£7.5) wm> #9L(375.348.5) wm> = (373.7+
3.7) pm> T (362.5+5.3) pm> B4 (354.3£6.8) wm; K HIER THRHLIX AP I A B /9 LD, At
R & R S5 R AE S B KNI B, ofe A R e sal R 0 e 35 ELA A PR TR [ I 1 A o U
I o D38 LA 5 /N TR E L A PR e ) 25 AL R i S50 B AT AN TR R 6 25 57

I 5 it 25 A R S A I e RS v BT o 19 L 31 25 S B G (TR 2) | Herp PR AR BE (LCD) T L
Bl s K, S4B B 7E (38.4%—43.3% ) 22 [8] ;11172 B2 AR M JEE 5 ( LPD) Ut o B A8 oy die /D | OSP34 (L% 33 [l
J(5.1%—6.1%) ; 4E 45 R IEEE (LVD) 3% Sh1E (16.15%—19.0% ) 22 6] ; 1& i 41 218 B (LTD) 3 3 36 il
(12.95%—18.2%) ; 1M P J2 )22 (LED ) I7E (11.5%—15.3% ) Z [A] 3 5
2.2 M A S AR BRI RE 2 (RIS R

LD LCD Hl LTD ¥ 5 KL EHAE(P,, ) VAILTE (g.) KoK oy FI RO (WUE) Z [ 477 525 1 1E
MK A (K 3;P<0.05;LTD 5 g BRAM) . SR, HhJe s AR Ap IRt b A e P, JWUE F1 g_, 1M
L PR UA R T 1 5 DU AR BRARRIE S B BN . HFP IR ] LCD 5 4500 52 AR BURFAIE ] AH DG PE2E & T LD Al
LTD, FpiEE P, g X% WUE 3 355 B 43 5~ (9.60+0.86)—(16.61+0.91) wmol CO,»m™>-s™", (0.20+
0.002)—(0.30+0.009) mmol CO,»m s ' F1(2.06+0.08)—(3.83+0.05) wmol CO,mmol 'H,0,
2.3 IR RS R S R R B H] Y e R

LD \LCD F1 LPD ¥4 5 il J5 bl 452 i 5 85 ( AL) 22 [B] 2 R PEAR G, Forp AT F1 LCD 22 [] 8 +H 06 7 d % 2%
(1,8 4), FEERIR I A TR AL R0, LD . LCD A1 LPD X0 34k H LCD A1 LPD 7£ LD w5 L)
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Fig.1 Parameters of leaf anatomy of the six provenances
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Fig.2 The proportion of the parameters of leaf anatomy to the

total leaf thickness
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Fig.3 Relationships between parameters of leaf anatomy and P, ., .WUE and g,(n=6)
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Fig.4 Relationships between parameters of leaf anatomy and the aridity index at the original sites (n=6)
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