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Response of leaf functional traits of Betula ermanii saplings to the altitudinal
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Abstract; This study focuses on the leaf functional traits of Betula ermanii saplings along the altitude gradient of Changbai
Mountain, a Natural Nature Reserve of China, and tries to reveal its environmental response mechanism. The main results
are as follows: (1) As altitude increased, the leaf area (LLA) of B. ermanii dropped significantly, while leaf dry mass per
area (LMA) increased. But it also indicated that it more resorted to leaf thickness changing in the procedure of adaption
due to a higher LMA plasticity index. (2)The content of Chlorophyll ( Chla, Chlb andChla+b) of B. ermanii reduced as
altitude climbing up, while carotenoids (Car) and the ratio of Car to Chla+b( Car/Chl) was just the opposite. A higher

Chlb and Car/Chl plasticity index of B. ermanit suggested that it tended to assimilate ultraviolet-blue light and protect
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photosynthetic organs. (3)The content of Leaf nitrogen (N, and N __ ) of B. ermanii was the least at altitude 1800—
1900m, but was higher at the low and high altitude. However Chl/N___ increased with height ascending. And absorption of
light energy more relied on the contribution of nitrogen to Chl for a higher N __ plasticity value in order to allocate more
nitrogen into chemical defense in higher latitude (1900m above ) , and photosynthesis in lower latitude (1800m below). (4)
With altitude increased, when the growth of B. ermanii was limited by the peroxide (such as MDA) , antioxidant DS, Pro
and APX activity adaptively increased, which was responsible for resisting and clearing reactive oxygen. The highest APX
plasticity index of B. ermanii showed it more relied on enzymatic system to accomplish this process, But APX activity had no
significant difference above 1900m, which meant that the physiological resistance decreased gradually, and a higher
elevation may limit its distribution. (5) With elevation climbed up, B. ermanii took its own survival as the main policy
mechanism due to the highest average plasticity index, and then took Chlb and LMA to absorb light energy as the main

growth strategy with a higher plasticity index.

Key Words: Betula ermanii; altitude; forest line; leaf functional traits; plasticity
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Table 1  Altitude and specific position of sample sites

FEHLS Plot No. K Altitude/m 45 Latitude 25 Longitude MRAFH I, Forest constitute

Al 17037 N42°04. 476" £128°03. 989" 9 #2 1 it
A2 1710+6 N42°04. 202" £128°03. 852’ 8 22 it
A3 1756+8 N42°04. 034" £128°03. 896" 6 12 4 Hit
44 1816+6 N42°03. 840" £128°03. 908’ 8 HE2 &
A5 18945 N42°03. 794’ £128°04. 037" 9 He1 V%
A6 1940+5 N42°03. 659’ £128°04. 062’ 10 #E

A7 1996+5 N42°03. 470" £128°04. 068" TIeAR
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Table 2 Responses of chlorophyll, carotenoid and leaf nitrogen of B. ermanii to different altitudes
FEH MEEE a 4R b Mag R KSR N N
Plot N Chla content Chlb content Chl content Car content Car/Chl , ("'“”‘) p a/n:az) Chl/N e
O 0.
/() /(&) /() /(e/8) e g/m
Al 3.77a(0.21) 1.62a(0.02) 5.39 a(0.20) 0.42 a(0.02) 0.08 a(0.00) 32.22 a(2.81) 0.97 b(0.06)  0.17 a(0.00)
A2 3.68 a(0.18) 1.58a(0.05) 5.26 a(0.17) 0.53 ah(0.02) 0.10 ab(0.00) 35.27 a(3.01) 1.21 b(0.07) 0.15 ab(0.00)
A3 3.33 a(0.15) 1.12ab(0.03) 4.43 b(0.18) 0.62 b(0.00) 0.14 b(0.01) 28.98 b(2.29) 0.96 b(0.03) 0.15 ab(0.01)
A4 2.68 b(0.11) 0.89 b(0.04) 3.57 c(0.13) 0.65 b(0.00) 0.18 b(0.00) 27.88 bh(2.18) 0.94 b(0.03) 0.13 ab(0.00)
A5 2.26 ¢(0.10) 0.80 b(0.01) 3.06 cd(0.09) 0.68 b(0.01) 0.22 be(0.00) 29.44 h(1.50) 1.01b(0.05) 0.10 b(0.00)
A6 2.25¢(0.07) 0.79b(0.00) 3.05cd (0.11) 0.69 b(0.00) 0.23 be(0.00) 31.79 ab(1.49) 1.13 b(0.07) 0.10 b(0.00)
A7 2.06 c¢(0.04) 0.77 b(0.01) 2.83 d(0.04) 0.71 b(0.00) 0.25¢(0.01) 33.10 a(2.5) 2.17 a(0.05) 0.09 b(0.00)
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Fig.2 Response of MDA DS APX. Rro of B. ermanii to different altitudes
NEFFER 2R BE (P<0.05) MR A EE
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APX Pro DS Fl Car/Chl AJ3AVEFEECH % T 0.6 LA, Chlb N, F11 LMA A SPEHEE0AE 0. 6—0. 5 Z Ja], Hidx
PIRTF 0.5, ULHA R T, At i & R A T 3 SR AR R IR
3 g

R A OGRS S TOE AR A FZ2 35 00, LA I LMA VR A A P O3 SR e ) SRR AE 22 — |
KNI S A BRI ANIE I AHSC , BFZE 2B B/ m i BRI B 4 IR H 9, e e — MR AR,
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AR /N, LMA ZRHTHE K | AR I R ASOR B R | SR vT DA e T R IR 3R 58 AN S AR R A2 R B3 I
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Table 3 Comparison of leaf functional characteristics plasticity index of B. ermanii

AR bR CIRZLEEi=2

Index of plasticity Plasticity value
FTF 445 £ i Based on leaf chlorophyll content Chla 0.45
Chlb 0.52
Car 0.41
Chl 0.47
Car/Chl 0.67
Ch/N,,.. 0.47
34 Average 0.49
FeF % & it Based on leaf nitrogen content Nirea 0.21
“ 0.56
S35 Average 0.39
FEF I ASHEAE Based on leaf morphology LA 0.40
LMA 0.53
14 Average 0.47
FHFHEY) T Based on leaf stress matters APX 0.96
DS 0.63
Pro 0.77
14 Average 0.79

M2 25 i B S IR B A C A TE R B, EA R KB, MY & 5 (a b a+b) HHIGH A
FETH R PR X SARHF T 45— 2, IRENIE T S B 3 2R VSR AR AL IO I 5 45 0
SR BV T R, SR i BRI AT AE D X G RE A WA, ek 55 0 A R GE B 7, DT ke G T B 6 D
Hl A A Car HAWSOERE ML 48 240 T il e AR G 0 D RE | BT S b Car 390,
R LA 1 T Y8 PR BOE R SO B RE TR A E R I TIRERLAIL, 2R 2R ehe R L A3 E
XM Car/Chl % = i T SAMEFE B00T LAAS B EDIIE, BE B 6 & 1F L IE & HEA T T E 2 R ot & a8 B sz i, i
Chlb %5 &5 0] S8 P8 45, 22 B MEAE 'L A3 Iy rh BE AR IR IS 555619 Chlb TRISCFNAE 38 6 RE , FLUOZ: Chla, B
AEHYCAERE VI FEARFE A S E Ao h R EF EZEAERNY ) FREVN,, L5
FAEPEE M R ARSI FEFERER RS E R AR A E, Wi N, 520
T30 e P S I AR O, ELUR R BN AE 35 AN [R5 A A P sl pHAE T (B N M, AR Y
N, TR B0 M A HL AR B 338 N 3 B R SR N XA S B R A simk . MR Rk R A
F N, TN EARERI SRR 6 (ChL/N ) AR, | D0 i3k 7o 2 i BRI IR ME R A& 2
B RERZ AR, M AR T AR b i L LA 1 5 i o4 5 f gkt £25% it ChyN,, Al Chl
AFXH AR 1) T S P SRR U I R M )Ll o el AR ep AN TR B RB AR K TS T W/ INE A A
BB AAT . TEMRIEHR , e X REAIG A R o 2 b A% 2 TG A4 B, LAE AT 8 W O R
R A=) | X SRR BAR A LMA 1 Car —2, 1MV 1800—1900m 8] N, FI N, & HEAL, 7T fE
5 ERHEMR IR 3¢, BFAMEA TR & B, B3k X R A o A e 22, e 3 AR I IX ek

MDA ST AL =) =) 2 — | AP X 10 BT (0 S i 55, 7EAE A S e (e A v, R
I, A VR 1 I R I 104 45 A8 DA R RE 5k I S A R A AR Ak 1 e — SR G TS P TR R, DT B G A 1
FHUON VAR LT EHENT e MDA T2 808 K, 2% W M 1) 1 R 0 5 A 22 B T v T A G B Y B
il , AL TR S AR (1 i3, 3k 26 3 BTG M S N, 645 B8 0 P RE ARG, 3k 5 SR AR A5 ) X i Mg 0 5 HEATT 5
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G 0 AR EE R I B, A\ Ry T MEAE AT A A v 7 37 1 AU v iR e T B i 3, (HL P A0
SR 4 B, 7R 1500m AT, 45 BIE % 120 K FF R B SRS v | B ME ) 4 R b, 106 B i M B0 b T iR 1
B R SR PR P L BRI 40 2 A A K ) B R0 DR T DA SA R (B4 e T %o B M s /N ek AT
M R A JRA A FIR T, FARISEERE T ALY M EG I, FCSZE L, (EURE R M AR ) 1A P 2308 i 46
LRGP Y e Z R EE S BT EATE R AR R S AR S bR R AU R e B4R
T, IR S FREE AR AR 4, AT P (DS) R AR (Pro) EShBUZR , ORE 0T AR i3 S vk ™ 4
T AR SR BT , UK I R ( APX) 4 BT 6 A T v 77 348 5 D) T LA 90 e 1 2 400 e A K I B R i
F KPR BRI IE # AKX Car 2846 — 30, (B AE =8 3R 1900m DL b, APX & AR fL IR B /N, 22 5%
A2 U E R M IX  BEE R R WAL, A B e R B T RE S WL TR R G (R
MR RS0 ) WA AR RE ) , AR TR M AL T, B A AR 25 1) BT 5 Vi 4k 00 A1, X m] BB S B B
Ao T APX TP I T 8 PR B B B M X {1 A PR 5 100 35 07 B A0 T AR 3 Rk R 4, i AR i R 4
(DS F1 Pro) FZE AT BE REAARER H B M XS 25 BRBE 1 — Bh L, [ B M 5 45 J00 57 35 W 98 s B8 A
PrE ALY T AT BB B K, SRR AR AR 2, R BRI TS AR AR A B AR A i R
SESHLE ARG LAISOGRERY Chlb & LMA $847 0 F 54 K50

SN B P LUK T TR RSz I BREE b 30 128 T 0 B, A DI RE AR D T BT — 2 43 R R 1 AL
il , R A BEHEAR T, iR LMA 3§00 i AR 2 28 7N Chl(a b a+b) FEAILFN Car, Car/Chl A1 ChI/N, . F+
5, N, AN, TEHEAR 1800—1900m [HFAK , 76 S 4Acof B8 2 i AR 3 TORIP OGB48 8, AR T 45 0 B8 {1 )
TOEAT, PrEAYIT DS Pro Al APX T4l V4R T e 4G 0, 70 B2 0830 4 S ) HIRARD R o3k , (L v YA 4 M
X (1900m LA L) , APX 3 AR/ IN, 1 MDA 583834 i, 5 R 2 Bl VR 4K T 155, 8 25 PR3 0 ME 1Y) JBir 36 v
W AR AR R ST, 2 R HEARSE ) b AR ORI 3 A X AT RB SR R MR T Y I R 2 — (R AT S
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