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Abstract: A typical P. crassifolia forest located in the Xishui forest of the Qilian Mountains was investigated using the
gradient method to study changes in carbon density in the arbor and soil layers at 2500 to 3300 m. This study provides a
scientific basis for the accurate estimation of carbon storage in a Picea crassifolia forest and promotes the understanding of
variation trends of organic carbon in forests under the background of climate change. The results showed that; (1) The
mean biomass value of the arbor layer in the P. crassifolia forest was 115.83 t/hm’, and plant carbon density was 60.23
t/hm’. Biomass increased first and showed fluctuated reduction with increasing altitude, and significant differences were
presented in various altitude gradients. The maximum and the minimum values appeared at altitudes of 2800 m and 3300 m
separately , which were 197.10 t/hm” and 7.66 t/hm”, respectively. The allocation pattern of organ biomass followed the
order of stem > root > branch > leaf at all altitudes. (2) The average value of soil organic carbon (SOC) was 54.80 g/kg
with variation range from 31.49 to 76.96 g/kg. Soil carbon density was negatively correlated with soil depths at all altitudes
except at 3200 m and 3300 m. The maximum value (245.40 t/hm’) of soil carbon density existed at 2000 m, while the
minimum value (130.24 t/hm”) appeared at 2700 m. Soil carbon density showed a gentle downward trend from 2500 m to
2700 m altitude then increased sharply at 2800 m, showed no significant fluctuations from altitudes of 2800 m to 3200 m but
decreased sharply at 3300 m. (3) The mean value of carbon density in the P. crassifolia forest ecosystem was 255.15
t/hm*, and the arbor layer and soil layer accounted for 23.61% and 76.39% of the whole carbon density, respectively.
Whole carbon density at different altitudes showed significant differences. Soil organic carbon density was found to be
positively significantly correlated with altitudinal gradient, annual precipitation, soil organic carbon content, and soil total
nitrogen content, but showed obvious opposite correlations with annual temperatures in summer. Carbon density of arbor
layer showed a significant positive correlation with annual temperature in summer, stand density, and basal area, but
presented a significant negative correlation with soil total nitrogen. (4) Due to the influence of hydrothermal conditions,
carbon density of the arbor layer and soil layer of a P. crassifolia forest along altitudinal gradients in the Qilian Mountains
showed regular changes. Carbon density of P. crassifolia forest ecosystems at the altitudes of 2800—3200 m was relatively

higher.
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=42 ( Picea crassifolia’) NI AZ B, & A A, 3550 A E P R ) 7 v H O WS T
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40—60 cm F3 2B AAE R R Z2 R ERER G50 10y A T 3300 m Ak 2R EEAUA 43 em, {UR
324 FEAR AT 105 By Al 1 SEER E PRER P i A H AR NS A U BRIC A B B A5
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Table 1 Basic characteristics of sample plots of P. crassifolia forest

THWE Pt

; - - . MR B . o
A2 R B b A o Wein) AR A TR Mean R
o X Wz Forest . .
Stand Altitudinal”/ ~ Number of Slope/(°) Slope Canopy density/ Mean tree diameter Mean soil
type m samples ope aspect density o ) height/m at breast thickness/
(#k/hm?) .
height/cm cm
HilF AL 2500 3 41 At 0.75 1142 7.89 13.66 62.0
P. crassifolia 2600 3 40 L 0.90 1375 8.58 13.05 63.6
2700 3 29 At 0.85 1766 8.86 13.34 70.5
2800 3 18 A 0.75 2058 9.25 14.65 60.6
2900 3 15 At 0.60 1550 7.62 12.24 60.0
3000 3 16 At 0.70 1500 7.73 15.23 60.0
3100 3 21 b 0.60 1025 6.86 14.05 60.0
3200 3 29 At 0.50 708 8.85 18.90 56.7
3300 3 35 Rk 0.15 108 6.30 14.58 43.0

F2 HELUBEBZUNEREENERNEKTE

Table 2  The relative growth equations of biomass of all the organs of P. crassifolia forest in Qilian Mountains

wE ARXTE R TR TR ZREL wE AR A K 7 AHIEFR KL
Organs Relative growth equation Correlation coefficient || Organs Relative growth equation Correlation coefficient
T Stem Ws=0.0478( D*H) 08665 0.9887 M Leaf W, =0.2650( D*H) *470! 0.8622

k% Branch Wy, =0.0122( D> H) 895 0.9568 M Root Wy, =0.0478( D*H ) *-86 0.9707

Wy FTEY)i | stem biomass; Wy : AW | shoot biomass; Wy A ¥4k, leaf biomass; Wy HRAWH: | root biomass

SRR A A B AR W AR DA B A AR B LR B (W, k) R R PN A AR A i SN A5 B R M 2
Yyt (W, v/hm?) 7 BT RBENE
Wy= Wt Wyt W, + W,

W =10 - 2 W,./s
i=1

K, Wy, Wy , Wy, W o SR B AR T B R AE P i (ke) 5 W, 56 i BRI AR 6 (kg) 5 S A FEHITH
FU(m?) sn AFEH IR BREL ;0 R ARTERE ML N 9 45

(2) FeRZ 5%

TR0k BV Ay B TRIRR b A A J2 A ) 3P LA 2 46 22 850 ( BT Jo e o st 4 0 ) |, 3 5 A ) -l A
R BOEE & 0.44—0.55 , A XS MO A AN T B AW E (T B ) i 4 2 BCF1E 0.52 14
T A2 ) - R A
232 HIEEmREEIA

AU 1 TS IR A -SRI o | I R AR AE

32 B R AT

SOC = 2 (1-0%) xp, xC, xT/10

1, S0C T3 A HLER B (Vhm? ) 50,05 i J2>2 mm Bk A1 & AR (%) 5p, W4 0 ]2 IR E (g/
em®) s CONS o 2 IEADIRE B (g/kg) s TO05 i R LIERIE (em) 0 W5 | RS 5ITE R LIEEREE.
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233 LEBRGWREE

FRARAEZS R Gt 2 B ph LT T RS R A2 A - 2 - 2 i % B AR 3, T s R AR 2
TR V5 0 2 R0 5 T o S VA i 23 B LU )4/ | AR 9 220 W T R AR J2 R 5 00 2 0 3 B AT
234 SEEZREIRE

K2 sp B R PR AR I L 1 = A2 0 A IX I T 28 N4 0 1953—2008 4F 18 ds , 45 A itk g
S T AR A B R 5 MR A RN R P 22 8] ) 2 TR RN R SRl A b S e B R A, ELARk ]
HF RN .

T =- 3.85 — 0.006H + 0.26Lon + 0.18Lat (R*=0.94, F=278)
P =-704.2 + 0.12H + 20.1Lon - 35Lat (R*=0.77, F=61)

K, T HEFVFHRIR(C) ;P HEREIK S (mm) sH Lon Lat 53 &R A HE LR
235 ¥

K H Excel 2013 F1 SPSS 19.0 #AFHEATEARG T 387 , X% B 2R FH B K 28 5 B2 53 H7 (one-way ANOVA) |
Hit17 LSD 28 i, LAk R8s 2 [a] 1 22 7 i #% (P=0.05)

3 ER59MH

3.1 AN[ERRHR A B T U 2 AL MR i N 2% 3 A8 0 B 40 Tic s Sy

A% 3 T SR IX T i = AR 1 115.83 vhm?, 284G FEIFE 7.66—197.10 v/hm? , Fr K J2 B
B354 60.23 t/hm?, 2846 HEI M 3.90—102.49 t/hm” (&l 1) . BETEFRAR RGN, A My R AR A8 A b i 34y S
0 ShREAR A R S 70 A TR0 B ] A R I 35 25 5 (P<0.01) L 4R 2800 m Abfw K ,3300 m AbFAIk, MK
SRS A B R RO T8 2 S IR A S RIS R > E > it Foh P A i S MOy B A i
) 22.23%—72.70% , KR4 My /3 e F R 13.46%—40.24% , KA M /0 e el R 6.94%—23.05% , -4 1)
ST LR 4.83%—15.01% , £ 4 B A W) i B VR R BE AR (L I AE AN 0 35 25 5 (P<0.01) , ARk 34 Sk
Yyt AR b —30, RSB WG NG D SRR B S AR AL iR 2900—3200 m, £ T H A & B3R
AR 2 S EAN B3 (P>0.05) .

R3 BFEIURFARENEREBRBENIERES

Table 3 Distribution pattern of biomass of arbor layer of P. crassifolia forest along altitudinal gradient

RS T AWy Ay L RAEt7/R A= Py A

Altitudinal Stem biomass/ Branch biomass/ Leaf biomass/ Root biomass/ Total biomass/

gradient /m (/hm?) (/hm?) (t/hm?) (/hm?) (/hm?)
2500 43.81+3.73ab 13.68+1.26ab 9.52+0.48bc 26.53+2.87bc 93.54+3.53b
2600 59.25+1.98ab 18.58+0.63ab 12.09:£0.19bc 32.75+0.29hc 122.67+2.48ab
2700 71.42+3.75ab 22.27+1.19ab 15.75+1.15ab 43.36+3.90ab 152.80+8.41ab
2800 93.78+6.70a 29.27+2.19a 20.1220.30a 53.95+0.55a 197.10+8.64a
2900 63.21+18.84ab 19.79+5.95ab 13.53+3.39h 37.53+8.13b 134.06+36.30ab
3000 72.98+8.15ab 23.14+2.79ab 13.30+1.25b 35.61+5.76b 145.03+9.79ab
3100 43.12+10.24b 13.57+3.35b 8.96+2.93hc 23.92+2.60bc 89.26+15.41b
3200 53.30+21.56b 16.89+6.92h 0.86+0.22¢ 21.24x6.11¢ 100.39+37.19h
3300 3.27+1.13¢ 1.01+0.35¢ 0.86+0.22d 2.52+0.51d 7.66+2.20¢

F At BN Mean = SE, [FIFIARRI TR R R 227 RE (P < 0.05)

T3 AN, R TR AR 2 R T AR R RN R B R TR I TV 2 A2 T R 2 0k 23 B VA 4R AR A 5
Yt A A —2 28 IR A TN y=-3.3986x%+28.877x+23.471, P<0.01, F-3IE H 60.23 t/hm?,
B KAB H PAETEFK 2800 m,H 197.10 t/hm? , Fe/ME HERFEEA 3300 m, 4 7.66 t/hm*,
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3.2 A[FBHALEET i S A2 A HL & AR A 120 y="-3.3986x>+ 28.877x + 23.471
TR 2 Ffr 7 | AN R ER SR 0 B 1) 77 1 5 AZ PR 33 Bl 100 1 R
S B {E Y 53.99 o/kg, ZEMLIE TR 31.49—75.02 w0 |- >
b

g/kg , AN R TR RC06 B2 0] B2 4 35 22 5% (P <0.01) , {XTE 60 | be
2500—2700 m FA i E AL AM, 2700—3300 m A% i w0 1
BN R A Bl - R 2 R A BE N, BRIEAR 3200 m 20 b H\ﬁ\
3300 m E@i%ﬁ*ﬂ%@%*%fﬂm%mﬁ%{tﬂ‘,,ﬁ\:’ﬂﬁ 0 2500 2600 2700 2800 2900 3000 3100 3200 3

TEEER A B DU 121 A 32 W AT e 9, HLAXAE 2700 m A1 3000 R Altitude/m

m [} ,40—60 cm HIEA PR & B E N THR 3 )Z L 1 R e R A T
igﬁ*ﬂﬁﬁ(l)<o'05> ’ ﬁﬁﬁ{m?ﬁi%i%Eﬁﬁ*ﬂ Fig.1 Distribution characteristics of carbon density of arbor

=N 2
ﬁf% i E‘Ij‘[u {&ﬁﬁﬁﬁ% fﬁ{% %’: ( P >O'05) ° layer of P. crassifolia forest in the different altitudinal gradient
Pl AN R AR AR R AN R 42 22 [0 22 5 1 35 (P<0.05)

W% g Carbon density/(t/hm?)

90

g0 - M 0—10cm a a ab
B 10—20cm a a L., A, b
70 |- E20—40cm a 2
[0 40—60cm a . a ab —L

60 aaa b
il

50 T l
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B2 TRBRBERELERRTEANHRSEEN
Fig.2 Changes on the content of soil organic carbon in different soil layer in the different altitudinal gradient

P R R PR AN ] )2 2 [0 28 53 .3 (P<0.05)

3.3 R[RIEHR R BT 1 o AR - A BLAR A B S o3 A Rk

3 4 AT AL, 7518 4% 586 DURR 25 BE SE (8 R 194.62 tv/hm?, 4 1 3 86 BE M AEAE ML B 35 2% B (P<
0.0001) , ZEVEH4 2900 m A B K AH, 4 245.40 v/hm* | FEIEAR 2700 m A A, 4 130.24 v/hm® , BEE VG0 E
FRE R 2500—2700 m RIS IR 2800 m 4b 28] T, 29 814K 2700 m 1 HEhK
WY 1.88 i, HIfFHK 2800—3200 m EINFR LI 24810, T i Pk 25 55 763K 3300 m S 2URIBEAIR , HAE A
43200 m Ab1Y 59.48% , MANIR] 38 2 Uk 1 490 2 58 Bl VG PR B BE AR AL R ,0—10 em 2 - 45805 5 ARk i il
£ 26.41—43.28 t/hm* , RN W BIASAL | H OGS B HA R I 3 22 5% (P<0.01) , #£ 2900 m 4bi K ,2700 m
R E /N5 10—20 em 2 3R 25 BE AR AL TG F17E23.51—40.58 t/hm? , 2 AL Ak sh 28 1k, B W i 3 25 7 (P<
0.001) , £ 2800 m #bH: K ,2600 m Abf/)N;20—40 em JZ2 4 ek 2 AR A5 [l 7E 46.39—85.73 t/hm”, Bl IR
s B8 1A TN R AR S S B IS B AR R 3 - HA Bt 3 25 57 (P<0.001) ,3100 m Abi K, 2700 m 4b /)N ;40—60
em J2 e AR AL EIFE 30.49—83.56 v/hm® , HE 1A 2 S PR AL S BE A& 35, 78 3200 m AbdR K, 2700 m Ab

R/
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Table 4 Distribution characteristics of soil organic carbon density of P. crassifolia forest along altitudinal gradient

HEHABE FHEZ YK Soil layer /em 25t
Altitudinal gradient/m 0—10 10—20 20—40 40—60 Total
2500 27.35+5.49a 29.53+4.09bc 52.38+2.14b 52.04+8.21b 161.30+9.17b
2600 27.44+0.84a 23.51+4.47¢ 54.98+8.99b 45.55+3.57be 151.49+14.97b
2700 26.41+1.69a 26.95+0.55bc 46.39+5.56bc 30.49+8.43¢ 130.24+14.43b
2800 40.67+0.76b 46.47+1.65a 77.98+3.90a 80.28+6.05a 245.40+6.15a
2900 43.28+1.29b 42.30+3.10a 78.62+7.94a 81.91+9.60a 246.12+20.13a
3000 31.78+1.88a 38.58+3.52ab 83.27+2.12a 72.35+5.95ab 225.97+11.41a
3100 28.75+2.76a 40.58+1.12ab 85.73+3.14a 80.43+5.47a 235.49+9.83a
3200 27.13+3.56a 32.86+2.43b 81.07+5.04a 83.56+4.94a 224.63+11.89a
3300 31.00£0.56a 33.61+1.83b 69.00+7.92ab — 133.61+£7.95b

KA B A Mean + SE, [RIFIAR/NG FRUE2E 5 B3 (P<0.05)

3.4 AN[ERBE S S A2 MAE S RGN

Tl AR RGBS A 255.15 vhm? o TR 2 582 |5 Soms 2 4 1) L8530 23.61%
1 76.39% , HAS[G) 140 2 1R AR AR S35 22 5 (P<0.0001) . BEWEHR A6 EE B b T, 2630y S8 s ek iy i
#HATE 2500—2700 m FeZ I, 7E 2800 m A E | KAE , O 347.89 v/hm®, Bifi 5 SUZ WIS, 7E 14K 3300
m A FIRAKAE, N 137.60 v/hm® (& 3) . MFEA)Z F - 82 05 5% B T o7 JEumie 2 B LU R (1] 4) | AST)TEH Ao
BE b FRARZB G AR AR TG L 2.89%—37.89% , 3382 Fr o5 LA A8 AR S Bl R 62.119%—97.11%

400 B RAREHREE 0O TEEREE
~ ol 2 b 100 T 1 — — — —
E b
S 300 h2 e 2 i
< T oo £ o0
2 250 ¢ c C 4%0
é = 1
3 200 g 60
g d &
= 100 g
g 5 20 H
% %
0 0
2500 2600 2700 2800 2900 3000 3100 3200 3300 2500 2600 2700 2800 2900 3000 3100 3200 3300
HFk Alititude/m ¥k Alititude/m
B3 SEZURESRESBTERSRHBETK E4 SEZEAFTABENLIEEHRZESSSBRTERLGE
Fig.3 Variation of total carbon density of P. crassifolia forest BB
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Table 5 Correlations of between arbor, soil layer carbon density and different impact factors
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temperature precipitation  content nitrogen density area density

1R Altitudinal 1
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-0.998"" 1

Summer average temperature
AEAE 4 7] =X
TR 0.980"" -0.987"" 1
Average annual precipitation

2 LA L
LA 0874 -0.868"° 088" 1
Soil organic carbon content
AR I

SR 0.601°" ~0.595°"  0576%"  0.739° 1
Soil total nitrogen
B H:. . 0.390" -0.476" 0.443 " 0.502**  -0.194 1
The ratio of carbon to nitrogen

W
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Soil bulk density
A LRI
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Soil carbon organic density
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-0.449 " 0.425° -0.319 -0417*  -0.433* -0.015 -0.166 -0.087 0.854** 0.970" 1

Vegetation carbon density
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