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Organic carbon density in Pinus tabulaeformis forest ecosystem on the south slope

of the middle Qinling Mountains, China

SHEN Biao, DANG Kunliang™ , WU Penghui, ZHU Chenggong
College of Forestry, Northwest Agriculture & Forest University, Yangling 712100, China

Abstract: Organic carbon density (OCD) in different carbon pools of Pinus tabulaeformis forest ecosystem and its
relationship with different geocentric factors are important for estimating forest carbon budgets, and helpful to understand
forest carbon cycles.In this study, we established fifty sample plots at different site conditions using typical sampling method
on the south slope of the Middle Qinling Mountains, where Pinus tabulaeformis is widely distributed. Organic carbon density
in different carbon pools of Pinus tabulaeformis forest ecosystem and its relationship with different geocentric factors were
estimated and analyzed. Our objective was to estimate OCD in different carbon pools of Pinus tabulaeformis forest ecosystem
and its distribution on different geocentric factors, to understand the effects of geocentric factors on forest carbon budgets.
The results showed that the total OCD of Pinus tabulaeformis forest ecosystem was 150.12 t/hm” in this region. The
proportion of soil pool OCD was 56.74% and comprised the major part of the OCD of ecosystem. The OCD of litter pool was
2.66 t/hm*, accounting for 1.77% of the ecosystem. Carbon density of vegetation pool was 62.29 t/hm’ ,taking up 41.49%
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of the OCD of ecosystem. The OCD of vegetation layer in this region was much higher than the average vegetation pool OCD
of forest ecosystem in China, and mere carbon sequestrations are expected. The tree OCD was 61.22 t/hm’, accounting
98.3% of the whole vegetation OCD. The OCD of shrub and herb were 0.65 t/hm” and 0.41 t/hm’, accounting for 1.04%
and 0.66% of the vegetation pool respectively. The OCD of different compositions of tree ranked as stem>branch>roots>leaf
>bark. Effects of geocentric factors on the OCD of shrub and herb were insignificant. With the increase of elevation, the
OCD of tree first increased and then decreased, peaking at 1500—1700 (a.s.l.). Variations of OCD in litter, soil and the
ecosystem were insignificant. With the increase of slope gradient, the OCD of litter, soil and the ecosystem significantly
decreased. In comparison, the OCD of tree first increased and then decreased, reaching its maximum on the slope gradient
of 26—35°. The OCD of soil was higher in the lower slope compared with that of the middle and the upper slope, while the
OCD of tree and the ecosystem was larger in the middle slope. Nevertheless, effects of slope position on the OCD of litter
were slight. The OCD of tree at sun-facing slope appeared higher than that of back slope. While effects of slope aspect on the
OCD of litter, soil layer and ecosystem were insignificant. It was concluded that effects of geocentric factors on the OCD of
Pinus tabulaeformis forest ecosystem were mainly on the tree pool and soil pool on the south slope of the Middle Qinling
Mountains. Effects of elevation, slope gradient, slope position, slope aspect were significant on tree pool, and effects of
slope gradient, slope position were significant on soil pool. Geocentric factors should be considered in researches on forest

ecosystem carbon cycles and estimation of carbon storage of forest ecosystem.

Key Words: organic carbon density; Pinus tabulaeformis ;ecosystem; the south slope of the Qinling Mountains
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TR NSRRI TS 2 4 [ AR AR S R G RSS2

1 M5 F®

1.1 5T IXHENL

R4 h B TR ZR I TREPT A iy — 35, BFSE XA T B m 28 B 1Ll M 656, Mo BRAY B T 32°53'—
33°57'N,105°53'—111°01'E, BT X 484 km®, V4K 700—3071 m, 4EFH)SR 11.5 C  Bommik 41.3 C L1
U -25.1 °C . AFFE/K B 563—1274 mm, 24ERK HE093—140 d, JCFHW 210 d, HEYAE KW 130—206
do DX P AR A i 1L I ik B 3 v ] e AT | R A T s Ll X RS B R A R A AR, BT
A DX FRARAE 20 4 50—70 4EARE T T ik FERAAAH , PR s AR AR LT 5 SR 0 A7, 31 20 42 90 4F4X, 7%
MRIEARWK ., T B T B KR R A MR T AR
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NELIR R ( Ouercus aliena var. Acuteserrata ) FE 1KY ( Pinus armandi) . 21LHE ( Betula albo-sinensis) . 5 VE W ( Acer
davidii) \ T4 ( Carpinus cordata) 5% , FRYFBETEAE 2006 4 FRARGEIRE A 70RL, A2 23 I ARIX, T AA AR 20 A3 AR
h 34.55km” | LRI 32, th i b b i A MBS AR I B 23 2 LR E
1.2 W57k
1.2.1 R E

ARBIFFE LA ZR 0 vh B SN AR A ™ | T AR R A BV 45 K ROl R AR MR (20 BR) P AL AR
B K HIE IR (10 ) BRVEA T AR MOl R B FHIARS (10 B) (BRVEA T P MOl R =587 FEAR I 7
WFFE AT (10 Bo) AT 20 mx20 m B THAFEHD S0 B, JAA R Hb i 8 78 B AR DOR RIS Hb 2 1  , MRor A
PR AT DA DXl A P 24K B A alibk epr i e oy 2 S AR rh i bR, I GPS i 44> 1l 1) £
B IFIC AR SR AL I ) S ST R AT R ARG R IC SRR AR i AR, A AR
AP AR SRR FEAEYIRNS , RAERES . S OTFE X SR DL D36 1,

R1 HRMBEAZHERREMARISIKE

Table 1 General situation of study sites and characteristics of the forest

WHFTHLAE L FEHBREDL
General situation of study sites Characteristics of the forest
FE AR AR/ C Yy

- B E s s N IYERIE/ Eilis
swdysies  PEOE g il R em RHOOD RRRE M o S
Geographic . . (¥R/hm?) Crown

. Aliitude average Annual Type of soil Number Stand age . .
position . Density density

temperature  precipitation
33°42'—33°54'N
TORIRARIX 1280—3120 2—I1 725—1029 AR L 20 36 1057 0.6

107°31'—107°42'E.
) 33°18'—33°28'N i
KHBIER X ’ — — — b {0 7% .
KHIERIX 10820 108o0 . 4302470 8—10 900—1200 R L 10 40 941 0.7
33°25'—33°35'N,
108°27'—108°57'E.
33°28'—33%48'N,

KT EERE — — — %3 .
XTI 108° 11— 108°A4'E 732—2964 3—8 800—1027 AR L 10 38 1197 0.7

f PHM 824—2616 6—10 900—1133  FFEEFRM L 10 37 1158 0.7

1.2.2 LT %53

P IR P AE B ARG 75 H AR Y ) S M R T AR R 43 5 8k, A A AR 5T BT AR A PR, AR SCAE b R T
BRI AT M3 4% 1300 m LA 1300 m—1500 m 1500 m—1700 m 1700 m Ph_ERI48 K 4 25 3 s 437
Hi(<5°) BB (5°—15°) BHE(15°—25°) Bl (25°—35°) 2l (35°—45°) Badk (>45°) Rl 6 4%
G Y% N (MR BRI TR T 2/3 Ab K AR BB | FRSEAE (L3 R 3 A 22 8] A4 3 T
53 B (HIE R ERE BT 1/3 b R L)L B3 ) )43 3 AN AR B Ay S BB (PR AR EdE AR
IEAR) FIPHYE (AR IE RS PE R L IEVE) TINS5,
1.2.3 RN

(D) FARZEYRAME L2 em — DR, ERA T RAK R, 8RR R B 3445
RPAEFAREAR 3—5 #k . ABFFRIERGRAEAR 184 &, fRBIFRHEATF FISCRIESZ AR, 73 R AR EAR 1Y
F(EH) B B MRS E AT S0 BORAEIAS ISR 85 C ML EAE T I A AR E SR I
PREARS A B AR & JEmA AR AR S 2B B & AT AR Z AR AR .

5
B, =Y Wy Xn/s (1)
j=1

2, B R TR A 2 B B I AVE YR (v/hm) 57=1,2,3,4,5 S8 BIURERARER h R MR W A
AR G E AR (V) s AWREGS HFEHLTETFL(0.04 hm?)
(2) HEARJZ FEARJZAEY R BN TE YR 768 AE b N DU A R0 b R A3 IR B 2 mx2 m (T A e
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D5 LA K38 R T AR A P B TR R | AR 453 B R i S Y5 W i

(3) FH B 550G v 0 U2 B B AR AR G AR S A W P U R SRR R AR B 2 200 H A 48
ELEMENTAR /A 5] LIQUIC TOC I1 847 AU 53 B 4300 1 4535 70 1 e 2, 45 38 43 B A7 1T AR A 4 4 e LA 5 Al 3 )
Sy FLRR

(4) EHERE B RIAGTE FER R AR M P DO F S Je A5 PR B 1T A 9T e BR - 4 AR R A AR Ay
A B C3 M ZRAANREE,IC R4S 2 WRE (AP H A B C 3 MNZKFEEE SR 11,25 em il 30
em) , PRI AT P R YR, KT 2 mm B9TRA, I8 &8 (AR | 7 BUCERE KT 5
e, 3 200 H i, % E ELEMENTAR 2 & LIQUIC TOC I S MUBR A 18 B 3 ik R | 3 4% 2 B 4%
HRAKXT .

SOCD = Y (pi x (1 -6,) x¢, xd, +10) (2)
i=1

K, SOCD A 3350 1 A WL (Vhm?) ,n=3 p, N5 i |2 TIEEY AT (g/em’) 0, 05 i J2>2
mm AFRE (%) e, B i )2 HIREBR (g/ke) ,d, A5 1 2 IR (em)

B w2 ol | B s N w2 A s = 5 SR IR i [T TR G S [ = 8 w2
1.2.4 BHEHHr

BAE AL FE 43 M R EXCEL K SPSS Bt 47, M MMl oe A 8 R G A Ao B R Y E R i
FHOT 2250 BT U TRIVEER. AN TR) 35 B AN R e 28 P 2 5, 25 5 o S5 MR R B0 R A LSD i, I ST REAS ¢ K 6
FLAEAN [ 395 [ e 28 2 S R

2 HRE5H

2.1 ZEU B T AN AR AR S R GERR I SR A R E

FROMA S R G R TR 53 B AFLRI B 53 P2 VA 9 Wi o JE =38 4 LR, 38 mIF ST RN HARL 220 v
B R B AR AR 25 2R Gk B i 25 BE Sl 89.81—202.35 t/hm?, 3B EE K 150.12 t/hm?, Horp - 3R 43
HIBR S 39.97—117.70 t/hm® , F-XIBRE By 85.17 v/hm?® , i WIAA R AE 25 22 Go b P B 55 B Y 56.74%
BB 53 B B B 18.93—112.22 v/hm?, RT3 Bk 62.29 v/hm?, (7 AR AR A 25 28 G ik J22 6 Al 285 &2 114
41. 49% ; K 5 )20 % E R 0. 37—6. 50 v/hm® P3R5 R 2. 66 t/hm?, (5 IMASRAR 25 RGeS 1Y
1.77% (% 2) .

R2 HBEHRESRERHESREE

Table 2 Carbon density of each component in the Pinus tabulaeformis forest ecosystem

A5y ¥/ (/hm?) brifi2: 5 R He/IME/ (v/hm?) W KA/ (Vhm?)
Component Mean value Standard deviation ~ Variable coefficient Minimum Maximum
Hi#)Z Vegetation layer TR AJZ 61.22 20.01 0.33 17.89 111.48
AR 0.65 0.45 0.69 0.09 2.07
TR 0.41 0.31 0.75 0.03 1.25
/N Subtotal 62.29 19.96 0.32 18.93 112.22
7Y 2 Litter layer 2.66 1.45 0.55 0.37 6.50
+338)2 Soil layer A 43.07 11.20 0.26 19.30 74.74
33.31 7.12 0.21 16.27 46.73
8.80 5.52 0.63 0.51 21.56
/it Subtotal 85.17 18.41 0.22 39.97 117.70
At Total 150.12 26.31 0.18 89.81 202.35
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MMM S R G IR A 2 RIS N 19.30—74.74 v/hm®  SEYRREE A 43.07 v/hm®, 4
TSR PR S BREEREIY 50.56% ;B JREREEEE N 16.27—46.73 v/hm?* , F-HIBR B N 33.31 v/hm?, (5 356853
SR L 39.11% ;C JZBREEE R 0.51—21.56 v/hm®, V34955 25 B 0 8.80 t/hm?, (i 3R 20 12 BB 45 JEE 1)
10.33%,

TEIMPARAE 25 R G A E h , FE AR 2R E N 17.89—111.48 v/hm?* , SF-HIHR % M 61.22 t/hm®,
LRI B 93 P B 5 B 1) 98.28% s ME AR JZ BB M 0.09—2.07 t/hm?® , -8 %5 B 4 0.65 +/hm? , L Fi WER5 43 P Bk
WL 1.04% ; HUARJZRRE BE R 0.03—1.25 v/hm® SPIBRE BEN 0.41 v/hm? | b AR B 43 P B 6 B2 114 0.66% .,
2.2 FEARZAAIRLGE 15 H

FERRMAES R G AR R R B AR S R Gl T H AW AR R R AN ] DRI T AR 2 B A2 AN [ #45% BF
P Bt BAT I B8 22 5 AETMAAMRAE S R GE T, TR RJZ R T8 2% B o 34.18 v/hm?, (4 I R J2 G 25 BE 1Y)
55. 82% ; K A%t B FE A 13.01 vV hm? 5 (5 TR A2 BV BE 1Y) 21.25% ; AR AR B 0 6.30 v/hm? | (5 T2 A2 Bk
JE 11 10.28% ; B -2 B o 4.50 v/hm? , o7 TR A2 BB 3 BE 11 7.35% s 4% B B8 R 3.24 v/hm? | (5 7R AR )2 Bl
WIEN 5.30% (3R 3) o WL, BT 2 A B MRA: 25 58 G2 T AR 2 k%% B 1) 32 B4 R 43, el T EL A AR
REBIE,

R3 FAEFERERTE

Table 3 Carbon density of different organs of the arbor

wH B/ (/hm?) bR RS /M (/b ) BRAE/ (v/hm?)
Organ Mean value Standard deviation Variable coefficient Minimum Maximum
A% Branch 13.01(21.25%) 4.10 0.32 3.60 23.48
Wit Leaf 4.50(7.35%) 1.28 0.29 2.22 7.53

BT Trunk 34.18(55.82%) 12.24 0.36 3.52 64.20

B K Bark 3.24(5.30%) 1.00 0.31 1.56 5.37
AR Root 6.30(10.28%) 2.02 0.32 3.02 11.38

2.3 OR[RIX BN A 25 R Geik % FE 25 5 0

FEZRUE T B AN R X8, R T 45 DX | 3R 6 S S A [R] | T A PR AR 25 3R G0 i 286 AL A7
HE—EER XM ZERAE 4 DX ZEIEARE (P>0.05) (£ 4), T ARJZ005 B K/NBUT Ky . A) FH 3
(71. 83 v/hm?) > THE(69.13 t/hm?) > K Hi 3 (65.34 t/hm?) >EAAYR (49.90 v/hm?) , Tr A JZ 5k %5 B BEAATR AR
DR B AR T HA 3 AN HB X, TS5~ FF I R BHIL 3 ASFRIX 2 6] 77 A2 0% T 22 5 1 5 TR 2 B 8% &
PLSE TP X f g, SF 3408 1.09 v/hm?, -5 oAt 3 A4~ XIS A 2 0k 85 5 A7 76 10 35 25 57 5 SRR IX 22 i) A
JZ T ) )2 BB B 2 SN 2 5 4 AR DA PRI IR B AR 40 JL PN AETE 25 575 AT UL, 3
AN DCIGPA R AR 25 R Gee 2 B 22 57 1) B2 R R N TR AR 2% J3E , (HL B 285 B 2 S AN W 3, T I TE 22 0 v Bt
A 3K — A TR Bl A A T AL PR A 2 B8 ) i B P LA RS2 DX S A B 85 B 118 B A KT

R4 EMRHBRKESRERZE (Vhn®)

Table 4 Carbon density of Pinus tabulaeformis forest ecosystem in each study sites

HF5 Hh HEAKL T2 HEARZ FAZ I3~ T3 it
Study sites Sample size  Arbor layer  Shrub layer ~ Herb layer  Litter layer  Soil layer Total
AKX, Huangbaiyuan forest region 20 49.90+18.22 b 0.64+0.38 b  0.48+0.34  2.52+1.38 84.76+17.90 138.30+24.07
ST AKX Caiziping forest region 10 69.13£13.06 a 1.09+0.59a  0.26+0.14  3.28+1.23 85.94+19.61 159.70£26.76
K HIERRIX. Huoditang forest region 10 65.34+23.38a 0.37£0.22b  0.43+0.33  2.4121.06 85.72+19.26 154.28+26.60
AJBH Xunyangba forest region 10 71.83£16.20a 0.52+0.29b  0.40+0.30  2.59+1.45 84.67+20.32 160.01+24.13

ARIFHFRER BE (a=0.05)
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2.4 S7HBIA T XA R AR 25 2R GERR A T R SR
2,41 HFHOIIAAARAE 28 R GERK R S Y52 0]

MG BTG | 45 2 WA 23 04 v B e S PA MR AR Hh 43 A R SRCE FELIN YA PR AR 28 R G Bk
JE (F, 4=1.364,P=0.266) . THEZBBE (F, ,,=0.1.277,P=0.293) JEARJZMEE (F, ,,=0.199,P=0.897) |
RUARJEBRBEE (Fy 46 =0.742,P=0.532) FIATE W) 200 B (F 44 =0.329,P=0.804) S5¥FREA —E MR (A
IXFROC R AN W3 5 N 2 BV HOR TR ISR A 25 3R G0 S B 85 B 5 4 398 2 0k % B B v A T v A
Bk (B 1) o e [ B A MRAE S R R TR E R AN B 2R (F, ,,=4.686,P =
0.006) , 7EH#EHK 1500—1700 m 5 Fl N, I AA MR AE 28 R G ARJZ 0% T2 B 2 5 T H B IESGEH, 53] 76.08
t/hm? ; AR AR T 1500 m, B & WK B FHET, Fe A28 85 BERG N, G405 T 1700 m, IR 200 % BE A T B
g

180.00 [ 3.50

el

S~ 160.00 | 300 =
?ﬁ'é £ a0} £<o
%ﬂ A 2.50 gﬁ g

o~ L ~
REz 120.00 -
.« & 100.00 [ 2.00 Z2g
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Fig.1 Carbon density of Pinus tabulaeformis forest ecosystem of different elevation

2.4.2  BEPEERHMIPARAR A5 R G B 5 m)

B RE X 2R vh BE R SR A R R G DR B (F5 4, = 8.296,P=0.000) FF A 2085 i (F = 3.342,
P=0.012) W5V ZBRERE (F5 ,,=4.771,P=0.001) K +HERRFEFE (F, ,, = 16.025,P=0.000) HA 1 hy F 5 A
SOMm B S WA OCOC R . TR B E B 4 R 5 e IS Wl i 3 RH 5 BE ST R 2 ik E
BT HABYEE (P<0.05)  FEBES IR B i K (H 74.23 v/hm? |, + 322 R K745 4 J2 00 5 15 S BBk 2% i W 0% )
BRI 2 2 N (181 2) o AR FEARZ IR L (F5 = 1.127,P=0.360) FIHA R (Fs 4, =0.615,
P=0.689) 5 AN,

2.4.3 BT RIMAAMRAE 2R R GERR S B A5 R

T TEZRIS Th B p 3 AR AE S R GE 0 BB B (F, 4, =4.594,P=0.015) FrR)ZBRFFE(F, ;=
5.249,P=0.009) , TIEZRE L (F, ,=4.815,P=0.013) ZH AP BN B (K 5) . Hri, LR T3
Pk, P30 94.62 v/hm? 5 F A7 (75.34 vhm?) 225 83, A7 (86.42 v/hm®) A F LA AL R B4 2
] G B T A2 B % BE AR L K T 3R R, AR EARZE (F, 4, =0.038,P=0.962) |
FARJR(F, ;=0.088,P=0.916) Mivg¥J=(F, ,=1.121,P=0.334) B 5% 5 22 52 AN B3 (HASvE )2 0 8 7
BHER/NRIR FHA(2.98 v/hm?) >HHEA7(2.78 v/hm?) > EHEA (2.23 vhm?) #a¥,

2.4.4 B REHBAPRA 25 3R G B 5 R

¢ KB A AR W] R R AR AE S R T AR B % B 25 55 3 (3R 6) , PRI (68.39 v/hm?) 35 5 T
A3 (54.61 vhm?®) 3K SAA A B AR Y 2R M &, BERZ BAZE VR 2 DA 3R e
SR T B, SVBik 28 B2 BB T B3 (H 22 S A 12 25 (P>0.05 ), 1 A 1] of Jf M AR A 285 3 e ik 7 B2 1Y 52
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Fig.2 Carbon density of Pinus tabulaeformis forest ecosystem of different gradient
RS FEEMMRHRESREREE
Table 5 Carbon density of Pinus tabulaeformis forest ecosystem of different slope position
N " PR Carbon density/ (t/hm?)
s PR - — — — o
Slope position Number EI N HEARZ B %92 T HEZE it
Arbor layer Shrub layer Herb layer Litter layer Soil layer Total
L
.. 14 51.12+16.40 b 0.62+0.34 0.40+0.24 2.98+1.45 94.62+13.82 a 149.74+22.59 ab
Lower slope position
LRk DA
. .. 20 71.11+19.94 a 0.65+0.56 0.40+0.28 2.78+1.17 86.42+13.91 ab 161.37+£23.82 a
Middle slope position
st 24
16 57.71£18.22 b 0.67+0.42 0.44+0.40 2.23+1.74 75.34+£22.55b 136.39+27.04 b

Upper slope position

R6 TREEABMKESREREE

Table 6 Carbon density of Pinus tabulaeformis forest ecosystem of different slope aspect

TR % Carbon density/ (t/hm?)

e BeAs \ i i _ _

Slope position N FAJZ AR AL HEIR e e
Arbor layer Shrub layer Herb layer Litter layer Soil layer Total

B3¢ shady slopes 24 54.61+17.85b 0.72+0.52 0.44+0.35 2.73+1.68 87.62+16.19  146.13+24.26

A3 sunny slopes 26 68.39+20.07 a 0.57+0.36 0.38+0.26 2.58+1.18 82.52+£20.57  154.45+28.25

3.1 EASARA RS R G AL T R B

BFTELE AR W, 280 rh Be g S A AR A 25 R Gl B2 340 150.12 v/hm? , TR AR 25 R RS R 4L
BRIE R AR, R AR R G BIRAR R 97% VA b o JE REBRBRAE T 62.29 vhm® , 5855 45 Al o — 28R
A2 ORI B 1 T B EL A MRBR AR BE (63.90 t/hm? ) PSVRRSE | s 4 46 0 A A 0 1 oo il MR P 28 e
(20.94 t/hm?) 511 41.35 t/hm? , FLRXEE(41.32 /hm?) (2 87 B (38.56 t/hm?) ) 1§ 2 (41.0 t/hm?) ™
25 NARE (10 3% [ AR 7 KB 2 B 40 BI85 1 20,97 t/hm® 23,73 t/hm® [ 21.29 v/hm?®, A WLiZ b X Il AA AR TR
A JE B B 5 A BRI L1 24 (LA L b T RO 8 K P (RS AEE T 1iE P2 4 (86 v/hm®) 1T 3
BEESEH N 85.17 vVhm® , 2 HABEE Y 1.4 45, HIXT T2 BRZEAR - 2R A% 2t 20 R R B R A e 1 2.2 50 T o5
BRI, X F BRI D Z U MR IX T LAl 3 LB BRI A bR 22 730 SR B A I M BT B, AL
WA, 3 1 AT LA AR K AR 3 B4 K ARSI AE 2—11°C  AEREK 78l , E R R (L 2R bk £, 3R
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6 4] K 45 R0 vh BER M AR 25 R GURR 1805

B & A A A K A KOS ARIE 35—40a, LR 4 A =, IR A 8 R BRI 7

A 5T 25 e F WA Z2 0 v BE R AR PRI R AR 2 i 8 FEAE AN R B A A3, B e T (55.82%) |
PR (21.25%) FIMR R (10.28% ) 1, X S RE s SEge /NS L AT 2 6 7 e 22 I i e e — 3,
B SR 5 TR 2 AR B LU BIAR /N RFEAS [ XA AR 22 S H 22 5N R . ARBIFSE TP Tk BE 7R TR AR )2 Bk
BEET T S A FE R (55.82% ) i T/INBELL (48.76% ) 5751 22111 (44.95% ) o TR AR SRR BEAEAN [R) 4% B H (09 43 Tid
S5 Mt DL AR S O, X S A K AR A2 37 M A5 DA BB AR AR S (RS2, /NI LR DX AR 24 R K
460—900 mm , 7% & 5 989—1658 mm , B 2= AR IXAFE S K 5 420 mm , AR BRIK A9 FRBEAE AR 02518 KAR
2, VIARBUR B K 4, iR R TE/INBIE LLUPRIX 5788 22 LLURR DX A PRl 28 B AF o 149 L E 43501 A 17.78% A1 17.43%
WA = TARISY (10.28%) . BT T AS 5 P b A8, FH T 8 95k v] AAE B B X A7 T ARbkrp . 8%
o ARtk 285 A ) Tl D i1 AT b 2 0 v B 3BT MR AG AR G g [ e E T
3.2 HUJE P RHMAARA S SR Ge k% A 453 15 )

AR RGN I AR)Z 5 3200 % B2 A0 31 S BE 1Y 97.52% , R, P PR A bR AR 28 &R
Gt S B PR T R k) B 3 R e 7 AR 2 R 8 ke R R S

AWFFELE I, A RIS A A PR AR 25 2R B0 i 2% 5 TG 3 25 57, VG ROCHIMAA AR A 28 R et 2% T
2 M EARINAE TR AR W HADAS 2 A 2 R AN S8 1, VR B AR A &5 DK SR DL 22 5% B
VAR RN, AT T AR, T AR B 7 RS AT 2R 0 K i I DX A A 9T, AT [ K o B VAT 4 St e 1 S D
T, A7 [ R B R R AR 2000 m, B 7 ZR AR 45 25 B3 210 R R0 A 9k R WA TR 800—1000 m,
AERR R 13—14 C, = 10°CAEFRE 4000—4500 °C ;4K 1200—1500 4EH4E 6—10 °C, =10 C AR 1700—
2500 °C ; ¥R 2000 m LA FAEIGIRAE 6 CLAF, =10 CAEFIRAE 1700 °C, WA E R S %, T FERE J148
568, R G THPA PRI A JZ2 (R B8 2% FEAETRE AR 1500 me AT A 826 AR 1T /0N 118 ] 68 Dt A1 g A1V ¢ g B2 7K il 2 1
T EE T AN A SOAS W A IR B 3kt 2 VAN AR DX 01 T Sk 5 R A A % S A1 5 T v vl A X
TR, AR b A KA 2 IR T R A 22 . MR AR AR 1 A5 BT 2 I A AE i B K (X 36
HEHEAR A 1560—1640 m, iX 5 AHFFEIMAMRT T A E 00k % FE AR R 1500—1700 m 3 B PN 35 31 5 KA — 3

TEIZHLIX, I BEXHMAA R AE 28 RGeS 7E e R 2 | R 2 MV 1) )2 24038 31 W 2 sl 2 8 K F
X AEAF I DX AN [R]85 B8 A A PR AL 25 2R 0 e 2 38 S B 3 25 5 . ARAR AR 45 SR B | b ATBE S T A p A
BRGTOA)Z 0 B w TIHASE G, BH S P45 78 K LR AS R 355 B b AR ORI A B e
GEE SRR AR R AR A R T MR BES AR SR S5 A5 AR, 3R T2 R M )2 T A R Ol R DA
S IR AR, 5552 b33 B T DARS ARGt J22 12 32 6 BB T AR, 3 A3 A1 T IR AR B A R P I [l €O, . fH)2&
FETE b, B YRS B3I, A B R s b i 2 IR AR R A R R T E IR, 1
IR A3 ME VIR ; [ sf 35 B8 P38 AT >R - 3855 3 B A T Bt 5 B3 ) 485 i/, B R AR
ZAFAS ORI B LA A R 22 s BRI . ARSI 5 BH 8 P45 0 R Ll BT 58 AR Fad 395 B A AN []—
AT BE A SR PR R LU AR B AR T 23 08, 33 B DR 38 oK 43 s 3K T 2 08 e 3 v B Pl Tk a0 2 R e, ol
WSRO R L35 . FEASHFSE D AR S R GE 582 AT )2 Wt 5 e B ) 388 DR i/ ), 35 )
W S K, AERCRIE BE TS AR e A& 0 T8 ), MR AR U LA S XAV F 1) I 3 sl s it 2% | A
MR R I R R A I, 5 AT R A K 300 2% R A/ 1T 35 A, e T X TR oA
T HEUL AL V&) 2 10 S 2 5 0], 2 DX YA AR A 285 2R i 5 A2 Pt 38 32 1 15 DRI i sl

A XHIMARRAE S RGBSR R IAE T A2 5 L2 ARHESE A 45 SR 28 LT X 45 2 £k
U AE LRI AR ) L K B RIS | e B e R 307 S T ey v eP 0 - R B A T
DT (B S W 22 5 A R HATReny IR R ER 1 - SRR DL KA 5 ) ) T is #% (3558 B AEADE R v
Hili e 400 2 Rl 88 FEEAE A [ B (S A R B R 3407 (2.98 v/hm? ) S>HIHEA7 (2.78 /hm?®) > B34 (2.23 v/hm?)
P05 EBAL LR G, TRARIZ IR B A 2 T R AR e, ISR K 4 )
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T IER LUK B A Y R A A PR L b3 8 S S A B AR TR S AR A K IE SR A TR TR
AJZ B LA, Honl eI 22— R AL A T4 U 20, P BRI 1A ARBR R, X R AEA
WFSE PP MM MR AR 25 R Getpe o FEAE IR TAR /INBORE T Ao ot B s JEE /N B B IR 22—

TN AT A JZ 0 85 FEE A AN [RS8 1) B A BH 3 8 38 KT A, R 2R g i b BOK MR FEIF I IS L R Ol
MR RN AR R BB AR A BRI AR , BRSSO BEAS AR R 4022 AR T Il A 9 A BRI Bl 4 2
AR R, MRS AE RS2 BK o B IR0 DEIRSE 2R A R A ER 552, BSR4 0 T B 35, AR A
R, MR B AT IR IR A TR S BN RREARR RS R B B SR T B 2R, B3
P LR, AFN TR V& W 70k | T Bkl v Wy 2= 08 E BRSSO T PRI, (FUR X S8 22 O AN 3%

4 ZHie

Z U v B i SR VAN AR 5 R G M DR A PR AR 28 R Gk % B s e LR IAE T R Z M 58 )=
WY VR B B Y TR AR 2 B R FE S i 2 (P<0.05) |, T8 B RN A0 X -+ 38 )2 mik 0% B ELA B 3 5
Mo (P<0.05) . FRMAS RGEMRR S BEAEA R L A T Y25 5 s 2232 G IR R K 70 S A58 A F A 25
Ao [R5 AR A A RRAE A DG . FEAS TR M X 22 S R A AU S5 O [R] I R AMRR, jpRA 2
R EAEAN RIS M 55T 095 A T REA AT 22 5 0 X (A5 AR 28 R Guie I 24 9 A 9 L SR FH AR MR ]
ORI TR B e it S Ak AT, 07 45 5 b T DRl RN A 25 A0 5 Al e S A ) 4 ) J A, DA ORI I 5% sl i 58 1 vl
%‘I{:EO
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