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Altitudinal variation in functional traits of Picea schrenkiana var. tianschanica

and their relationship to soil factors in Tianshan Mountains, Northwest China
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Abstract; Plant functional traits, defined as morpho-physio-phenological traits which impact fitness indirectly via their
effects on growth, reproduction and survival, the three components of individual performance, link environmental factors,
individual plants and ecosystem structures, processes and functions. Variation in leaf functional traits is one of the
important strategies that plants used to respond and adapt to changes in environmental conditions. The continuous
distribution of P. schrenkiana var. tianschanica, one of the major tree species in northwestern Chinese alpine and sub-
alpine forest, across a range of altitude may have resulted from the combined effects of water-heat conditions and pedological
factors. We investigated changes in ratio of leaf length and width (LL/LW) , leaf area (L.LA), stomatal density (SD) , leaf

nitrogen concentration per unit mass ( LNC), leaf phosphorus concentration per unit mass ( LPC), leaf potassium
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concentration per unit mass (LKC) , pigment contents ( Chla +b) , leaf dry matter content (LDMC), leaf mass per unit
area (LMA) and leaf saturated water content (LWC) in P. schrenkiana var. tianschanica along an altitudinal gradient
(1420, 1505, 1622, 1757, 1850, 1962, 2045, 2110, 2240, 2300 m) on the northern slopes of the Tianshan Mountains
in northwest China. The objectives were to understand adaptation of leaf functional traits to varying abiotic factors associated
with changes in altitude and to identify the main soil factors driving variation in leaf functional traits along the altitudinal
gradient. We used regression analysis to evaluate the relationships between elevation and leaf functional traits and stepwise
regression analyses to determine the main soil factors that control variation in leaf functional traits. We observed that all the
leaf functional traits differed significantly among different positions along the altitudinal gradient P <0.001). We also found
that LL/LW, LA, SD, LPC, LKC increased linearly with increasing elevation, whereas LNC, Chla + b, LDMC, LMA and
LWC varied non-linearly with changes in altitude. Below 2100 m, LNC, Chla +b and LWC increased, while LDMC and
LMA decreased, significantly with increasing altitude. The maximum values of LNC (15.42 +0.38) mg/g, Chla + b
(2.44 £0.37) mg/g and LWC (55.01 £0.48) % and the minimum values of LDMC (451.80 +6.28) mg/g, and LMA
(252.33 +3.60) g/m’ were obtained at an altitude of about 2100 m. Moreover, stepwise regression analysis between leaf
functional traits and soil factors suggested that LPC was influenced primarily by pH and soil water content (SWC). LNC,
LKC, Chla+b, LDMC, LMA and LWC were mainly influenced by soil total nitrogen (TN). LA, SD and LL/LW were
influenced by SWC. TN and SWC were the main drivers of variation in the leaf functional traits in P. schrenkiana var.
tianschanica along the altitudinal gradient. In their superior environment, plants have a relatively high photosynthetic rate
and growth rate associated with greater LNC and chlorophyll contents and LA, respectively. However, high photosynthetic
and relative growth rates are achieved under lower utilization of resources, which are indicated by low-LDMC and low-LMA.
Based on the observed maximum values in LNC, Chla + b and LA and the minimum values in LMA and LDMC at the
elevation of 2100 m, we concluded that the best growing elevation for P. schrenkiana var. tianschanica in the Tianshan

Mountains was approximately 2100 m.

Key Words: Picea schrenkiana var. tianschanica; leaf functional traits; altitude; ecological adaptation; soil factors
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IR BB HR BRI 2 5 P [ AR U7 3£ B (Leymus chinensis) SD A5 {k f) 32 B
FTF o kRS BT B K BOK 12042 (Larix chinensis) MK T8 ECIE AN H- 25 Bz A 50 RE P B 728 4 A0 98 , T
AE R K B I R A R AR R ARG - oh B R R B A A A A T B
HIRHE, GG RIIEFM R TR 2R 54 MA R Z E WA TR, U SGXF X EY) £ K
FAET= SRR, A B T8 0 A0 A S 45 B R AR BRRFALE o

VIR 22 Sl H R BORBE JREK O RRR HIEIA R R R AR N Y R AL, 3 BERER RIK 3 R A I, AR
WA K RS SR BE R S A%, W AR i )RR PHIR X BRI 7 A A2 R Y R MR Ak . BFSRR B, BT 2 5
118 FEYBEE KT, HARA R S BRI o 48 E AR AL 4 A Fh B 3R T 5 s
B/ LA PR SD 3 L SR AR R BB ST I, IR RIR S A K AR A R 4
HELEAERRIN SR AL (Pinus sylvestris L. ) FIHREL 5 A2 ( Picea abies L. ) M- 75 iy K& 25 B ¥ 3% 1) 3 fin 22 3 finé
F TR MBS KU, T RERRRA N, R A S E HSE SR Y NEER L
BRI, ST A R AN, T 2R A A KGR o RILEAZ (Picea schrenkiana var. tianschanica)
T B 038 B PG R G AL X, 41 K BE oK, B B/, FLHRIR 738 S 2 ot £ B3 R 45 SR . B
FEH) 53 A B SR AR R N E B AR K 385, LA (SD \LDMC . LMA \LWC \LNC £t 3 R P 7E Y5l
I BEWARL, ALK B #2 (Abies georgei var. smithii) ") 3§ Z 42 (Picea crassifolia) "> M %
#( Picea asperata Mast. ) " 2&

KILZ 42 ( Picea schrenkiana var. tianschanica) 72 I &R LA 4FA F , ER B T8, 3 H 25 E
AR bR A B B AR RR I AR o ZER LR PG K 2 1000km 7P LR B DA S A2 W BE R
BIEE AR, AR A7 1 1 S R R LI AL AR B 8 B PU BB A [R]SUA% STE 2 7K P & S 1R
TR, X VLA BRK VEIRBE 4, HIER B R ILZ MRS E S T R R Hl e A X R w5
BRI B AR AT | PR 5L 5514728 R8BS D BRRRPE @ R AR AL, B AT TR R 1L = A2 D B R
P IR R T PR AR DB 08, R I A SGEBCR IS AZ 1 10 MR ARRER M D e R Ta 4R , BF
SEHR: (1) HZhREHIRTE 1420—2300m FYMEERARBE T BT 2 BRI PRI IE B 1R A 2R AL MU 5 (2) BRDTRZ AN [R]
HIIRETER ) AR 15 (3) HIMT R I m 2 &0d BA K BIRTEHE .

1 HRREBERASHRSE
1.1 B XEEEA

PR AL TR UL R 1420—2300m [ = AZ BL BRI 4345 X, £ iAo A X B4R SR TEE - 2. 8—
2.5C ARk B B 400—600mm ) i TF K LAk 32 b 4 B VG RVHE B L ok 1B KPS R A L vk B I
TSN PE 7 B VAL I T RO, B2 R LB , BTSSR, SR T R, 7E P I BB KRR &, X R L L
WilidA AR B EER R, b 5—8 AWM A RKSE, R EKEY G 60% ™ . T LR IK
WEFRM L. RSB LR LS 2400 3, bR A BRI E R, AN R R R
LISPIAR BL (Alchemilla tianschanica Juz) Bk Z3E ( Polygonum viviparum L. ) | 546 =M-¥5 ( Trifolium repens L. ) HK
Hh R BOR (Poa nemoralis L. ) .25 T /A9 ( Taraxaccum officinale Weber. ) 5%

WA XK SRA FEHTE S g3k = R BB I , e BB LB B . VR RAF SRR M S & AR FFR LR /)
IRTFIREF G RIS GRS REEAE R (R 1) , RERXES R SRS —ENEE , IR H
BARSE—3HA] DUR B R I B2 0 A0 Rk SR i 2.

1.2 X#t

2007 48 9 H7ER WLt oh o T LU A 20 % SR 1 48006 B 10 o A2 BL BU 237 DX R AT SRAE , AT 50 X I 5 83°
04’41"—87°12'54"E,43°10’57"—44°05'06"N, 1 T [E]FRZ) 100m # 10 A [F #3451 2 1420.,1505
1622.1757.1850.,1962.2045.2110.2240.2300m ) 434 IFP£E , ZE B3R P RENLIEEL 5 #R Y Sm B 7 BEE.
MR B IR R /NEEA — B AR , B R U 5 b R AR K R B R I 0 1) B TR (LA 3 5 016 R 4 A 1 349 38
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HIRENE ) MAEAE RS S R, BBCR AR AR T 258 20 F rh ) 4R A B o B fif i e A o 2 B SEORLAE
i, SLED AR SE AR, AR R A TS LA T A8 R T , B MB IR E E REFHRM T 3 1
RN 0—20em ) HI3EREAS , V4K 5 8 B T4 GPS(Magellan GPS315, Magellan, USA ) Jilj45 .

*1 HRESKEH
Table 1 Meteorological data of located stations within the research area

L EE/C T £/

s £ N i B/a fEm o mA FLIFE 5t/ mm

. . . - . Mean annual Mean annual
Station Latitude Longitude Time Altitude .

temperature precipitation

15, £ K 5% Urumchi 43°78' 87°65’ 1961—2000 935 6.8 265.2
INEF Xiaoqiizi 43°29' 87°06’ 1971—2000 1871.8 2.3 541.5
RINAZS
Tianshan forest ecosystem 43°26’ 87°28’' 2005—2006 1905 2.0 572.7
research station
J5 Ik Houxia 43°29' 87°07' 1978—2002 2350.4 1.5 444.8

B ARFF GG IEIRYOR i R GRS IOR A DB, TR A A SRR ORI 1 SCHRTTY /NI TR U e
SRR SRS

1.3 MR IRtk e

WK IE G (LL/LW) M HEFR(LA) (SSLEEE(SD) AL TERMA S & (LNC) B & & (LPC) FIs &
B (LKC) &R & & (Chla + b) M TH & & (LDMC) | b2 (LMA) faFI& K & (LWC) 10 847,
e B S A K HEE B 6—12h U I 8T K 48, B MG IR B AR e 8E 100 R Y 4F A e BBt
TR EEN 0.0001g) FFREURMEE )T , B FHEHAR R R OB 0. 02mm ) Il & i< i & 5
ekt , 715 LL/LW ; SR J5 K b AR i fo P 8 BA ey [ 2 , A LI-3000A i Y (Li-Cor, Lincoln ,NE , USA) 5 ##
T A AR I A BB 4 ST A R A 2 AN RLEF IX 38, 3@ 1 200 4% KEYENCE VHX-Z100R Yt 8 55
(Keyence , Japan ) FEATWREE AHARE , T LB, BR DASE R KIS TR, AR5 SRE S ALE B (AN B/ mm?) 5 8
3ot s F A AR A I 78 80°C 4t 48h AR E , FHH T RF- (RS Bl 0.0001g) FREUH TE , iTE TY RS &
(LDMC = M- TEH /M Fif 2 ) A&k &, e mAR (LA) 7155 M 2 (LMA = T E/LA) R4t T /5 1
M AR R, o IR A B R e B IR TEHE LA TENA B R, P ASER
T SR FRL G S R, MR & SR FH LR B LB s, A0 B SR OB B 5 5B g NI 3R A o) e %
30 A AR SRR B A B R K (a +b) &8, KA DMF FERUMEE BB SIS RIEH 50 4
B
1.4 SR HME

BELT 6 1~ L3647 . 138 pH [EF AR , LA VUE S & (SOM) il R A K, Cr,0, A&k, 11§
2R E(TN) e R YLK ERE, TELS & (TP) il & HCIO,-H,S0, M & -HE b b rks, 118
S5 8 (TK) R 5E SR Al HF-HCIO, 1 - K E B v, HIRA /K& (SWC) Fyill s R T ArE LD . H
Fehratit 30 HEEE,
1.5 BRI

K Fl One-Way ANOVA 437 A [R5 BE R 7 DHREFFES BN R . TELHIRUS B AR B, RAAR
[ (4 R B I - D BB ARRAE S50 5 1 4k 50 B 1Y 56 R AEAT IR 43T, D45 [0 05 =2 v 32 S T 0 38R 50 o o SR 1)
o FH Pearson AH2E R EHIE 2 ATl BRAFAE 22 8] 1) EAHSZ WA AE A , 2 — 251 Fl 2 08 25 8] JE VA 5 2 2 1
THREFFE R EEAEH 7. BARMZETH T [BH 247 F1 2 508 25 |15 43 7R SPSS 16. 0 34, EITE 4 #r
SR Origin 7.5 2254,
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2 ZER5H5H
2.1 MIhEBRREV SRS AR L
RIT A 7 DI REAFAETE G R B B AR AL AN BT 1 B, T B FE PR MR B B3 B B2 R (P <0.001)
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- S
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E 35 P <0.0001 g 8 Ess0l P<0.001 ©
£ 8 S g
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g 30} . 9 S s00f 8 ¥
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20 . ) L . 1 ) 400 . . . . L )
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B r=0.665 g @ o
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4 = § g 8 o
— ° o 8
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o S2601 o 8o
g 8t R 8
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£ 8r <] B 55
&) —
5 6f 8 i
= S P
ey 8 o ?E 50k
g £
= 2t
0 . . . . . s 45 . . . . . )
1200 1400 1600 1800 2000 2200 2400 1200 1400 1600 1800 2000 2200 2400
¥R Altitude/m IR Altitude/m
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Fig. 1 Variation in leaf functional traits in P. schrenkiana var. tianschanica along the altitudinal gradient in Tianshan mountains n =50
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LNC.Chla + b LWC ,LDMC 1 LMA {74kt B8 (b R B4 . 7EMFIRZ) 2100m AL R = TUHE4R K9 {H
KBB4 (15.42 £0.38 ) mg/g. (2.44 £0.37)mg/g F1(55.01 £0.48) % ,Bid X MEREE T
#. LDMC F1 LMA FZ546 ) 5 Z A% , 29 2100m Ak 435135 3] 5% /ME (451. 80 £ 6. 28 ) mg/g F1(252.33 £3.60)
g/m’, LL/LW LA SD .LPC I LKC 5545 b5 i ¥ S B8 BE 1 22 P LR M T o s 4, {52 036 A 1 7 B (475 18
2100m J5 & P TR
2.2 MIhERRRIEZ (] AR S

Pearson X MHTRM T RILEAZH A DI BERHE Z B BAH M (2 2) o Hod LNC\LPC il LKC 2 [6] i 3
1EAH5C,LNC 5 Chla + b R B FEAHR, LA 5§ LI/LW B IEHK, LA 5 LPC LKC 735K 2.3 [EAH5E, LWC
4 LNC LPCLKC # Chla + b 735 B Z IEAR, LMA 55 LNC fR B ZHAARK . WHFFEX B PR (R 1) AT
B BEE R R  RERERTRE K B30, 5T E duds B 78 1800—2400m #Y H AR X2 K I = 42 B B
B X, R BE AR K AR ELBGE &), T LA SRR R S5 (6 A BE D ARt - R B E RS %, B
TTBIFR SR LA B K SRR RIE B, A2 B RS Mt s o R T A R 7 1) o

®2 HIHRESFAEISIRZ ERYEXHE

Table 2 Correlation coefficients among leaf functional traits

R Indices M/ e S g gt

LL/LW 1

LA/em? 0.746 * 1

SD/(4~/mm?) 0.330 0.581 1

LNC/ (mg/g) 0.455 0.529 -0.115 1

LPC/(mg/g) 0.740 " 0.832** 0.435 0.712* 1

LKC/ (mg/g) 0.662* 0.675* 0.501 0.715* 0.860**

Chla +b/(mg/g) 0.550 0.623** -0.038 0.922** 0.822**

LDMC/ (mg/g) -0.357 -0.650* -0.115 -0.519 -0.644*

LMA/(g/m?) -0.664* -0.611 -0.180 -0.799 ** -0.831**

LWC/% 0.397 0.397 -0.173 0.852* 0.652*

$557 Indices LKC Chla +b LDMC LMA LWC
/(mg/g) /(mg/g) /(mg/g) /(g/m?) /%

LL/LW

LA/em?

SD/ (A~/mm?)

LNC/ (mg/g)

LPC/(mg/g)

LKC/ (mg/g) 1

Chla +b/(mg/g) 0.730* 1

LDMC/ (mg/g) -0.431 -0.741* 1

LMA/(g/m?) -0.785** -0.711* 0.344 1

LWC/% 0.652* 0.937** -0.731* -0.244 1

# P <0.05 % % P <0.01 LL/LW iR SEH ;LA it SD AL % B2 s LNC S 8 TH I & &\ LPC A B TV BFS &
LKC 2 54 TH I8 & & ; Chla + b Sy IH4- 3 (a + b) &8 LDMC S i T4 B % & s LMA S5 LUM HE LWC St i &7k &

2.3 WOIRERHES HIRA TR R

B2 25 TR IR R R 7 R A A O, B Tk T i K3 i, SWC B3R w7, TN il TK U B
MR — B3N E] 2100m J5 AR/, TP BB 2., SOM F pH A I/ NEH . A5 M B L8 I BE A I
5 IR TR B A — R 8 BAE S , PR R A B U5 23 R i R 5 I - Zh BE R 1R 9 2 22 3R 7, 45 R L
&3, MM ERR AR L £ B IR T AR, fE ¥ b, LNC (LKC ,Chla + b ,LDMC,LMA HI LWC
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W& TN &8 A2k aefk, LA SD Ml LL/LW [ SWC N3 A, LPC B pH {ERII/NFT SWC 35 K
ﬁ!ﬁiﬁﬁﬁj(o

F3 MIssESTEETZEEXENZREEESH
Table 3 Stepwise regression analyses between leaf functional traits and soil factors

o HAFE 0 R A RN .
Leaf traits Stepwise regression equations Multiple R

LL/LW LL/LW =0. 153SWC +12. 152 0.673 0.003
LA/cm? LA =0.329SWC +5.704 0.774 0. 009
SD/ (A4/mm?) SD =0.301SWC +20. 622 0.850 0.002
LNC/(mg/g) LNC =0.374TN +8.503 0.732 0.016
LPC/(mg/g) LPC = -3.566pH +0.304SWC -31.320 0.897 0.003
LKC/(mg/g) LKC =0.447TN +2.930 0.844 0.002
Chla +b/(mg/g) Chla +b =0.078TN +0.718 0.744 0.014
LDMC/(mg/g) LDMC = -3.822TN +513. 589 0.674 0.033
LMA/ (g/m?) LMA = -2.236TN +292. 664 0.712 0.021
LWC/ % LWC =0.255TN +49. 675 0.678 0.031

LL/LW S8 L LA Dy iR SD S <AL BE s LNC 5 T BN i TR I R & B\ LPC D3k T B fr M T F0 M98 B s LKC Dy 26T B fiznt
TEKHE & ;Chla + b A4 (a +b) A& LDMC N T B & LMA Sy it 2 LWC gk &

3 g

WK FH LS BN SA A ESBNERERE TS NS EEHSHEY LS ERYRE
EER, B NE /D EEEEY LS E KRS . KM RAETE TH S &S, MR B B
A (U0 RuBP 3RALES) 198 BAEE, B — 8 iuxt CO, MRIfbE R, TR I &L afeh™ . Hg
ZEHEBAM RS ERIE BT XFRERE , AT P ML R R R E(F£2,r=0.922,P <0.05) ,FH L —
IS s —3L : Chla + b FI LNC BEZ MR THS U A, 20 2100m ALK BRI BHT FRE. BB
F N TR IR A 1) 1T A3 ( Quercus liaotungensis ) Fet. , M43 2 £ B (9388 12 X B M3 T 786 O F 44
f—FE R 7 3, AR TAEA R TR T R ERDY . RILSHEEEERRRRE R, BRI
EORFDEREAE . T RIS HITTERILE T I, b5 IR T 6 B3R B3 38 , Chla + b 76 2100m L)
R ERI48 10 T BBt ot B4R T G BRI SR R I o TR VB A 0 K P S A 6 A2 R ST I TR, B &
F A BB/ G RER N R S SRR S 4R 4, B 2100m JF Chla + b TR, LNC 1 F
W, B 78 R ML IR A A LA R E P RERZHAS . MR SR —E SHEYA LR
IE R AT 56, B — T2 B+ TR R AR RN, B R — 7 T T RSl S R
Y& BRI, 5 — 7 T AT B3 R AN AR B, SEUH G R MR, Wi 7 A S A S
E5E, PEOLEEEHAL . BHEHBERAIREEE L TN BEMXE LIz M} Chla +b W EER T
(#3,R=0.744,P =0.014) , HHFFLIE HBEE R ILWGEHRBEBE_FAKRSAFEA T, FEHE R AR B 038 , 3 1 458
A IR AR AR S B SR A e TN W2 FEE K & g i, H 2 2100m JFRA T, B
AP N SRS AE KIS PR N SRR, BT LIE R E | TN R EMR Iz 4 LNC fEE
HF(F3,R=0.732,P =0.016) , HA{k—F,

YRR B EBRTE, B2 E—BEREMX LR XERLEHZPHERI(FE2),
R IR P 3% 43 T2 8 AR R K 393 40 IR , 8 48 [0 9 43 T 3 B M 4R B BE | LNC 1 LKC #8552 TN & &%
Wi, LPC &5 832 + 458 pH {HF0 SWC {3t RIS . BEMEIR TR, T4 pH (K, SWC Fhw, 1358 pH %
AT DU S P B AR BV A, 1R TR BB R Y IR T 42 LPC MRk, BERIUR IR JBAE
24y , RS RE 4, S SE BRI AL & BERR AL , BN T 12 A B A1 T A R Ve AT, S U e
P KRR RE R A, SR AP o BEMEIR BT , LPC 0 LKC f 3 B — F g hn, Yo B it i 7k 4
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Fig. 2 Soil properties of 10 altitudinal gradients in Tianshan mountains

P « bk, n =30

AR A R PT i AE 358, Y K 5 2108 B SE TR I EDE A 28 B AR A 2 LUE B R i IR
AR B B AR 2 e R Y

YEIRBRE B S ILB LR T SYIRh A B Rt S0, 1B 2 HAm 3R 55 R T B smig -2 ak 43 RA
TR B A A S FL B AR A B A R T IR B R K A AT RAE Y . S FRILE A2
J2: SWC 1% SD fy2AE{k (£ 3,R =0.850,P =0.002) , % 3R T+ SWC 3Bl SD A5 K, HYH H &K E
MEEWAERBYIMER, E—EBRE i kBB AR SR K RRE ™ . RILEZEREBRSET R
I M AR IR T 3 B A 7K 20 o3 T P2 A B B LWC, T ZE A BV 3R 58 B SR P b BE = A 3 R B LWC, 31X
RSN KPS BB R, ST T R A BIBFFR 5 R o SRR X T Rk P&, TN S35 20 i §2 0 LWC
(%3,R=0.678,P=0.031),

LDMC 7E— @2 LR THYIST FE—IRBE R A R RE S, 18R H 8 A £ 2> LMA I 7E— 52
FRBE FARR T YN TRk E R IR R A8 7 %) B LMA (fik SLA) MY T B sk B W VB LA 3%
ST PR B BE T, P AR A3 I SR BE = AR BT 5 AIK LMA (7R SLA) MAEYE ¥ A B E WA= e 1, B EHAE
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TETEVRIEFEmi A s 0 3@ % SLA 5 LNC IEAEK, 5 arfisse, B LMA(fi SLA) it &
BE/N, B ERTEAR R, LNC &, BRI B B B & R, (B HH 8 8 AR X 2R 50 | T LMA ()%
SLA) FAE i H AR K — BB 439 P AU g AR T AR s e R 4 B 2% B, TR SRR I /N e, 38 e e e 3
KA M F R T B A RE B BB ST, T DARRAE P B0k kR o R AR R A A K A A A, A A
K A, ML 1 A, TR B A 28 R D, BB A BE R e KBNS YR
RFRR/D, AR RE AR IR ) | cH U BRI R 2 B TN R AR, B R A P R R B AR
B KA RS  LMA 3507 AT KBS RN L S S PR RN IR T B AR BT, R I E M A BOE S
E/7REZ LNC A Chla +b S8 ANk, LL/LW B8N B6RA B W AE K, Y64 7= i T v T AR i ek 8,
LA LMA 288/ . LWC 3550, {848 LDMC /. BEEMEIRIKSETHR , RIR S B L3P ik AR A K, R 5
PR R TR, SBOK M Y, 1R S T, J6A RE B8 LNC F1 Chla + b /N FRE,
LA 1 LWC W4 Frgi/)y, LMA F1 LDMC 3 i, 2§ LDMC F1 LMA 37355 6], BhAR 20 Fb 4 F 30 58 B U8 i 1
FIREFARE , N BRATAT LA K 1Lz A2 G IR B A P BE 0 R R 7 1 B, PR MR 45 K L 25 A2 0 B U G
I P B 7 AR5, T A B A R85 v K 1L A X YRR B i BE D AR, X S5 A A BB g ie— 3 o)
R Z A2 T LDMCLMA 281 - Zh B MR B O3 & B AR BREE o 7845 81 T th 2 BA AR N SR S R R G
TN RZIE 0% R Lz A2 - LDMC Fl LMA (£ 3) .

TE ALY S AT (MR VS Bl P9 A LA X I B A A R BRI, I A e 7 I VS BT P R B B R AL, 15 2
REBH I RINSEARIIE L REK B EARZ,BREBEZ R EE A B K S R5E K
HRZBEHRAMAKAERMET , RIS BRE > R T B AR 08 8 R TR 4
K, MEFFBIREKE S REEE, DIBEEERKMIRRO R4, BT F AR A R L= A
KEHWERZH , BEARKEERR LM DR 50E , 7E1EK 1420—2300m XK, BE#& K 4%
HHEELT, BIEESKBEM LEERT WS BB, R 2SR R EEEAG S ERK R, B
M LL/LW LA SD. i K- &% 5% .Chla + b f1 LWC Z ¥k, LNC.LPC 5 LKC,LNC 5 Chla +b,LA 5 LL/
LW,LMA 5 LNC % 53 ECE 880 fed A KAy R E AR 18 b5 2 18 50 B2 M55 (32 2) d il At — 25
E— BB PRE B RK IS, RILB 2 R FOEE E iR AE 17858 , R BT BB MR A 58 IS B 3 55 19 7 1+
KR, MTEPLMAIEREE P F BAR LA B 1A BE S AN AR A K R, (B S R U i A R BB
BEARARDT* . 7£ 2100m [ff i LNCChla + b LA fF-H{H R K, LMA LDMC P {E K/ LNC -4
EHRENFLARESE, LA BN R K d AP, LMA 1 LDMC RN 3 B b T4 b i 35 55 17 ot 5 88
FRF IR , R LSBT L T 4R R R L B B AR KT L
4 %Zig

KL MR L E=A4Z LA LL/LW ,SD \LPC FiI LKC #FRE%EHE TH 55 2 3 hi# %y, LNC ,Chla + b . LDMC ,.LMA
1 LWC 2H LA L,2100m KR I EHZEKRERE EKTE, B85 EEMERBBR T LPC 3% 13 pH i
F1 SWC 3[R, Chla + b LNC .LKC .LDMC.LMA F1 LWC #85% TN fj5Znm, LA . SD Fi1 LL/LW %85 SWC 1
SR, AT L SWC A TN B R 1Lz A2 DI REF AR 4k bR BE ARk i BLIR B 7
Bt 22 N KB I LR ] F RS540 SO IR 0 SRR 24 T 45 B 5 Lt R rh 45 3] 22 N K 5 X 4 304
IR 7. IR e 5 B, e BB
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