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Abstract: To study the physiological mechanisms in environment adaptation of Betula ermanii in treeline of Changbai
Mountain, a National Nature Reserve of China, the specific leaf area (SLA), content of Chl(a +b), malondialdehyde
(MDA) and the membrane permeability (MP), and the activities of superoxide dismutase (SOD), peroxidase (POD),
catalase (CAT), and ascorbate peroxidase ( APX) in leaves of B. ermanii from different altitudes (Al; 1700 m, A2.
1800 m, A3; 1900 m, A4; 2000 m and AS; 2050 m) were investigated. The results showed that SLA decreased
conspicuously with increasing altitude, compared with that in Al, it decreased significantly 35.90% in A5; Chl(a +b)
reduced with increasing altitude, however Chla/Chlb and Car/Chl increased with elevation; At 1900 m, the content of
MDA and MP reached minimum values, as well as the activity of SOD, POD, CAT and APX in B. ermanii leaves, when
the altitude near the upper limit of forest vertical distribution, the content of MDA and MP increased and reached maximum
values, but the activity of SOD, POD, CAT and APX reduced in some degree. In general, 1900 m is the best for the
growth of B. ermanii; while above 2000 m, the physical resistance of B. ermanii declined, which is not conducive to the

growth and development. Therefore, a higher elevation may limit its distribution.
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WIREZWHEYERET YRR SRS EENESEE " BRI BN,
TR 5 b Rk 404 (0 S5 B , BV 7 LLIPK 4% (alpine timberline) 7 o W3R A4 43 Afi A PR AU 45 T M 4R 10 B
SRINSE IR T, BEME IR B BT, SE SR TR RSUE B CO, A EFAR R ST e | s se [ xf it H TR 25 70
A EERENS . AR TR X YK YE RN 52t B R IE B T — BB 2 v
IR FE LA, ARSI RIS 5 | B0 E AR EE Y B E A K% o DRoe R, IRIR 3R AR S 4T 1A
BREYENTTERR RS, SRS FREIEMY R ( FEH ASA GSH %) & B MRS Mt A /LB
(11 SOD ,POD | CAT %) 3% i o , Fi LA HRAH A VS R 3 HE 4L, By WL R i S84, R P 4 i S 32 4455 . BT
] P 5 T M R M XA 0 B TR S R B P 7R A4 B A R I i S0 AT O 4 B T
AR S T X R LR AR TG L R ARG A TR SRR BE b A B A AR AL T A A R, BRSE
HRERAELYY ) 7 [ M4 P85 ) A B0 A 20 L FISE T , %o T8 7 AR ) 38 A 3R 38, 3T R AR AR M ) 7 7
WA E A EERE L.

KAWLFHESRERAL X EEREENFHRESRS, WREREIN T WX A FEHFHHERES R
55, FEHE(Betula ermanii) BRI2:1%Hh K B O ARZAB B , XX — FRARAE S R I T AR A SR AR hEE
HIRLE R S o 8 RMFIRNHE T LR I A A B A 5 S M B TR ST oR LR . AR SCRAAE K TRk K B
B R E SRR X A B HE R AR B AR , 3B 1 A AT A RV SR B B b M Ee I AR DB & A R
BB RGBT T T T A2 AL U , ST L A i s 1L B 3 S 7 A A AL A
1 HRMRSHRS
1.1 ERMER

PR R AL FR A AR A L BRI, ISR 7 700 m, INTR g 2691 m, B KKK ZE RSB
T KRS RIARR, NI B T AR B ZRAREE A 2R, 20 B B 0 1L b T H 40 v it . 7EVE 3k 1400 ~ 2100
m ¥H T B3 RN, AR B HFE 1700 ~2000 m, 1700 m MR = R A2 38487 , 38 55 LA
EIE AR T X AR A S5 R SE B - AT, JLR o Aibk AR BEAE 0.4 ~ 0.6, X E 8 7 ~ 12 m, FH 42
ATIA 18 ~30 em, EHEARHF BN b FRGHEIR 2000 m, 2 HERRZE 38 B AR LU 3R A i B i BR o R T
2000 m, B TR B LR R K0, BHEABEHOR B T IS R, 3 W By R, &
FIAMEN,7 AFERE N 11 ~13°C, EE LT MR , MK 8 1000 ~ 1100 mm, TFEHIH 65 ~70 d,
WK, FRERF AR . RETREMAER , EEEHMWE RIS, FFARBREH G BN BOERE
Fhtm
1.2 BRI
1.2.1 EyApEURE

AR 1 1L E R G B SRR X A4 (O ARAE , T 2008 4F 7 A R ) B BUE HEIR 43 1 5 & L% Se 1R
LKA T KRB WLFEY , BHETE R A B AR RO AERL) #E1T R M. B S N RAE A AL(1700m) , A2
(1800 m) ,A3(1900 m) ,A4(2000 m) ,A5(2050 m) , 54 RAE SBEBGE T (n=5) bR S0 24  ToHs B R
A (A8 S ~ 12 m, B8 7 ~ 12 em) , 0 BISREEELH o SRAERE 2 9:30 ~ 11:30, BURERT7ER T T 54K
B PG4 AT R — A E R B, &AL ERER M R LIRS RS —RT KEAEE D
RS AT A A B AR O I E , 18R E A 3 K.

1.2.2 LI

M- T AR SR PO B ARX (CI-203) W, UM AR = HE AV TE; b A G XS B IIE R R g
f5 ¥ s P9 % (MDA ) &80 R FIBAR B2 EL 2 BR ik , B pumol - g~ FW ™) i AR st 14 (MP) i DDS-11A
TR S, AN B B3R (% ) Fa 5 SOD & 1 LA NBT Yefbif J| 50% 15 b — B A2 (U) ,
U-mg ™" protein /R ;53 4 AL ¥y ( POD ) 1% P 5 R F AU AU AR B ¥, A U mg ™" min ™' protein 7R ; CAT
T R R P R A BRI R S, A 1 min B 1 mg H,0, 0 — N5 S 01K R, U+ mg ™' protein /'™ ;31
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R it Rt A AL i ( APX) 38 P 5 B 3-8 P9 OD oo BEALAH,

SERFAZ O R G-250 Yyt
1.2.3 BAEAHrE

H AA2%°min_1-mg_lprotein FoR sEE A EN

BARHI LA E £ iR (n =3) LG, SR One-way ANOVA J5 225347, 3 F LSD % & S 401+

BT BE R
2 ZR5HW
2.1 A[EigHkE E R B TE AR (SLA) B84
AFEER-EAE L TR (SLA) ARk an & 1 Frs .
BEE G IK TR, SLA 2R RMEHE KB AS &5
BIRAKT, 5| KE Al MELTRET 35.9% , &K 5%
ZRKBBEKFE(p<0.05),
2.2 AFEBkEEROLEEREENDZL
MR EHEYOLE R SN ERA S A EM
2 5GRERIRIRL SfZiE R, MR EENEZ DR
BAEYOLEERIRSS . BR 1 TUER, AKTAR
BRAERET F  HH SR SBEREVNEZ . MEE
P FHE], 4¢3 a(Chla) (4¢3 b(Chlb) DL G4
EEE(Chl(a+b) )R TREHBE, LEEHE
A5 KB AR, 5 AL AHEL 5 T RET 15.03%
24.55% 1 17.23% , &k B ¥ 2R B 82 KF (p <
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Fig. 1  Specific leaf area ( SLA) of Betula ermanii grown at
different altitudes
P vp A5 M R b A A ) S0 7 BE SR BT 3 1 28 5 B K P (p <
0. 05) Different letters on the same index indicate significantly
difference at p <0. 05 level respectively. Al.A2 A3 A4 AS VK
BE43 38 1700,1800,1900,2000 I 2050 m Denotes altitude 1700,

1800,1900,2000 and 2050 m. F[s] The same below

0.05) . FHERER &R [, AT A A T i Xt
A, AR S0 R SR AR A i . o Chib R AY
#8BER T Chla, i Chla/Chlb f) FL{ERETE AT R3S A, 485 T Chla ZEMH R EBPHLLE. RKPZ PR
(Car) & BRI ZEFARE (p >0.05) ,{H Car/Chl Y LLEEI R EFH#aH, B Car fAERT & B3I,

x1 EHMHEENMAPE NESERBEBENTK
Table 1 Chlorophyll and carotenoid contents of Betula ermanii grown at different altitudes
RREHLE MR a S MR b R MR R KH MNREHE
Lo Chla content Chlb content Chl content Car content Chla/Chlb Car/Chl
Sampling place -1 -1 -1 -1

(mg-g™") (mg-g™") (mg-g™") (mg-g™")
Al 2.06 £0.15 a 0.62 +0.05 a 2.68+0.20 a 0.48 £0.02 a 3.33+0.06 b 0.180 +£0.01 ¢
A2 1.79+0.13 b 0.56 +0.05 ab 2.35+0.18 b 0.46 £0.02 a 3.21 £0.05 ¢ 0.195+0.01 b
A3 1.86 0. 10 ab 0.56 +0.03 ab 2.42 +0.14 ab 0.47 £0.03 a 3.34+0.04 b 0.196 £0.01 b
A4 1.75+0.01 b 0.51 +0.00 b 2.26 £0.01 be 0.49 £0.01 a 3.43+0.02 b 0.215+0.00 a
A5 1.75+0.04 b 0.47 £0.01 b 2.22+0.05 c 0.46 +0.09 a 3.75+0.08 a 0.206 £0.00ab

2.3 AR R RN B (MDA) & BRI E M (MP) A2 1L

M 2 7] 0L, B W R R TR, MDA (& B R E TR @ % 78 AS I, SiARAE A3 ML T
45.97% , 257K B BE K (p <0.05) , 1ehh, Al 5 A3 A4 5 A5 ZRARE (p >0.05) , X Ui B i M 4R IR
L RALTRZ, R A AR E R T —E B E . WK 2 3B/ A, MP 72 fh#a %5 MDA Kfk
HHIA, A4 A5 5 A2 A3 257 B3 (p <0.05) , L AS Wi fem , SR ARAL A3 AHLL, BT 19.42% 2 RAF B
IKF-(p <0.05) o ER"IHEARR, EHEAE A3 K2 B iR/, g HoEIT A4 i, AR SRR AR R AL T
HBPHERE, AR T EHERER
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Fig. 2 Content of MDA and membrane permeability in leaves of Betula ermanii grown at different altitudes

3.4 RN[RIMESR B A DU E AR PR AR

SOD ,POD CAT APX #REMYI A NEZMHTAE, fEERT R 0,7 | -OH F A mEE, NE 3 UE
H, BEE R TR A rp 4 FRET AR P AL (B B A — B, A A 9 15 PR AR 2 BUST AR,
=, B PR RS, fr/IMEREAS EARH BUAE A3 AL (APX 7E AL EiEPERAR, (B 5 A3 ML, ZRIF A B
(p>0.05)) , B RIEHARH BAE A4 4L, BIEAR L, AT BG # 23HIMK 30. 75% (50. 39% \44.72% F1 40. 88% , 7=
FEPREN B E K (p <0.05) , KB A3 LbXHFEHER A RBONA FI , I TX S fT EALBRAE TR Sk
T A4 B, APPSR TEER R BRI, 5 A4 LA, 2350 TR 13.17% \33.78% \5.59% 1 26. 92% , H:
1 SOD 7l POD F R iR 2 B2 7K.

50 12 a
= a g T
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Fig. 3 Activities of SOD ,POD ,CAT and APX in leaves of Betula ermanii grown at different altitudes
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FEFH,SLA A DL OB Y 3BUAR IR B RE F7, 8 SLA SRR B SR mRe iR ™ 7 BA R R =
S22 B RRLL, B SLA FORE ) REAR I Y35 IO YE IR T B HOBREE , AR SLA IR F ML) REAR I IO TE R R S
WIFREE . B RAESIES , AT A FH A YR UR AR X 3/, A K T IR B8 Hp A R A SLA. (B4R 7 3 B 1% 81K
XA A T EHE B R AR S BN . ASHFSE B, LR SLA BEYEIR b TH i/, M4k , SLA #/)N, X
—ZE R SR A AE R — 3, AT IR RS N R B A R

M4 ZE R EERRIOEEEY R, EEEMAEY RS ER. AR BR, MERKNTE, + 8%
Chl(a +b) FEFK (AMEE a 54 FE b H{H(Chla/b) A, ARFRERBIEL TR —8. HHEHH
Chl(a +b) & BEFEMEGHK T R MR, HH Chlb fF%IE AT Chla, i Chla/b 2 1 Fhia %, X 7] G615 i i
X FA 5L ISR A S5 6. ZEIRIR T Chib F A ¥ L Chla 7 T HSRAEST T, M R XS B S
Y AR M X i i, A A 5 32 SRR B4R . 26 b K (Car) BM-SRik T — K35 ¥ EE I B
63, A AHSOLRE , 5384 Chla, T RATER . %L x K E BT £ W, Car & BFHEE WK A _E T
BT WE#% (A Car/Chl (Y HLEH 2 EFHEH . AP EN™  Car S EBEEWER LTI Hoh, A %k
B, Car ZEAE 1A Py B A 400 461 R0 B3 15 MR B0 D BB, Car/Chl {8 ) 5 1% 5 48 4 72 3253 55 i B 0 %5 I AH
£ KRR K, HEE IR AT Car FEAMA B, {H Car/Chl HFHE . fBLA WL, EHEMPY Chl
(a +b) BN Chla/b . Car/Chl Fh , J2: X 15 M Hc s X ARG IR 388 480 5 g — Al o o

3 H Y B (MDA ) SRR 1 ( MP) 3% BN AR P SR A i Bt B AL 8 4 , R 4 M BB 13 AL AR
FIXTSH 4 S B ISR Y o MAEMAL TR RIS T, A AlE St B i 250728 5 R S M B E  E i
Haber — Weiss 2 i f1 R KB HIEHEAFEIER K - OH R EHM AN M RIS =W RS T XFMHENA
3 5 R IR & A A b, B RARE R 1% . MDA BN Z  WHBERE F5E A mEEER
KW FIRE, M SRR, B EEZ A EBK, ABF5EH , MDA &8 MP 4337 gk A3 &b
KB BARAKT, TE R MG IR AS AW Bk . AR R RS e M A BE R R, X U B R MEFEYE 4K 1900 m 245 A 5%
BERIFRERN T, Z R RGER/N, AR THAK, MAERRE T 2000 m 7 AR FHAK,

W RET | R ALY AR IS PR ISR AL, R E i e R AR T Y o LA R Y T R R 2 BT R AL
ARG, B R IEEEGED T . EHEERIERY Rk — R4 R R S R, AR RS
FIBEAR 57 2 258 108 B3 D10 150 7 8 40 B P B0 ek B A3 ZE BB T, B AR A IE 3 A K AR . Wildi 4517
IR AR PR T R T R MR B A B AR, ABFIT SR HEET I P 4 RS T 2R
PR AR — B, BRI HR (AL ~ A2) 4b, B PEAL TR R /K, T RE 2 IR R 3 T A R s PR R
BOIRER THMK B B RS, R TTE MBS MR R ;A3 ERE MR, FTRER B X AR MK E
o7 , HoAA P PR AL S BRI, B PR AL T BARK T, AT BA 2 B M AR AR ) 4 A (X33, AP S 28 ) 485 SR ok
F,ER 1900 m BT, WREKAILERSFHERS HE PR NFE A3 2] A4 BETEPEREE, 7T RERH
RIS T SRR A RS M E AR R 1E H K, ST R AL i T v BE 3 i s S
H Y BEE TR B T R T T PR , X AT BN A R X 35 3 B — o IE B WA B, 5 Polle 461 xif A K7
PO X PR = A2 T T U E AL EE RO B S A 28 0L s FE SR e A0 A X BB AS B, 45 R B TG 1 S E R,
SERRE S X405 R H AsA-POD BRAYBTST 45 AL, ST E R, AT B AR BR B A A A B R R B
R, IS4 B 5 W BB R 7 , X 40 AR A0 S5 A Th BE v AL T P EREIR , M o8 B 2 1 AL AL AR o Y
B

LAARWRMRER, FEBRMT S, AEARCEA CGRE TR VA& ERK. T2 KPR 5 AR E I
HIEINAE) , AL B A ME BT INE , 7E L EARDE A B R S B R T —& WAESE N , RI N
BTt SLA Wi/, EHEM 4 Chl(a +b) F&AKF Chla/b Car/Chl 745, ZETEILRG HH, K 1900 m 47,
MDA &8/ MP ¥54b FEAK/K -, 2R B 1 05 PR3 O B I, U B0 3k R ME 32 B B B8 30, LTS & e e
MIA K SR E 2000 m, MDA £ 81 MP F15 , 8 Bl M8, SR BRI MEAR B T — B R B I R %,
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VERATE RSO X, F M2 B T O™ BB E . Ul L, —E R EN , BN R RS RES
(4535 P 4R R T BRASCRAERFLE R 7K T, SR 40 S P B T8 P SRR TE B IROK T b, AT i A 52 BB/ N 3 B
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