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Characteristic of Picea crassifolia forest soil organic carbon and relationship with

environment factors in the Qilian Mountain

HE Zhi-Bin, ZHAO Wen-Zhi, LIU Hu, SU Yong-Zhong ( Cold and Arid Regions Environmental and Engineering Research Institute , Chinese
Academy of Sciences , Linze Inland River Basin Comprehensive Research Station, Laboratory of Basin Hydrology and Applied Ecology , Lanzhou 730000, China).
Acta Ecologica Sinica ,2006,26(8) :2572 ~ 2577,

Abstract: Soil organic carbon, the main part of terrestrial carbon pool, plays an important role in terrestrial carbon cycle, and is
one of the most important components in the research of global change. This paper aims to analyze soil organic carbon content
(SOC) distribution patterns of the Picea crassifolia forest patches in Qilian Mountain and to determine which factors affect those
patterns. We have investigated the relationships between edaphic environmental factors (soil, forest floor, topography, and
canopy) and understory vegetation ( composition and biomass) among 67 plots representing four major patch types which include:
(1) big forest patch in the shady slope; (2) small forest patches in the semi-shady slope; (3) forest gaps; and (4) grassland in
the sunny slope. The area of each plot is 10m x 10m, and the data of elevation, slope grade, plant cover, biomass, canopy
density and diameter at breast height of Picea crassifolia in the each plot have been estimated. Soil samples have been taken and
analyzed in the laboratory for SOC content, nitrogen, moisture, and bulk density. The results indicate that the average SOC
content is (84.9 + 26.7) g/kg in the surface layer (0 — 20cm depth) of soil under Picea crassifolia forest patches. The SOC
content is significantly greater under shade forest patch ((101.6 + 31.8)g/kg) compared to the semi-shade forest patches ( (64 .2
+£10.3) g/kg) and sunny slope grassland ((23.2 + 5.6) g/kg). Correlation analysis shows that SOC content is positively
correlated with elevation, soil water content, soil bulk density and shrub biomass, and negatively correlated with canopy density of
Picea crassifolia forest; the patch areas of forest gaps (0.02 — 0.12hm’) and smaller forest patches (0.17 —0.89hm’) in the

semi-shady slope have not significant effect on SOC content. Further principal component analysis shows that elevation and soil
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water content are the first principal component affecting SOC content, followed by the canopy density of Picea crassifolia forest and
shrub biomass, which account for 83.8% of the variance of SOC content.

Key words: soil organic carbon; patch; Picea crassifolia forest; Qilian Mountain

ESERETPHREARE-THSTEESR, TEZISRGE MG LEAFIURM BT . THERE
R, SEAESR, CO, HEM B T M IR SRAS TR T 1 B 50 Ik 4 25 R 46 ik T 48 LA R e
MM XE. E2RRE FHARE, tHRERMMAESREPRAMHORE , LB HEMKRS
FF i FE B B B 20 9 20 (1750 = 250) PgC, (550 + 100) PgC 1 760PgC(1PgC = 10°gC)™" , H Iy, +3EH VLB I 2 76
BHFEALH B 2 A VR B R MR A" AN RS EE AR BRENE L,

FTRURFHRERIERG, AT LHRAVNKERFIANRE, HEEANIER”, e RREBEIEANE
ROURBHEEHIAERWERS . B, RN ERENEFAN TELUXBHAEETEREGEEEL. 5
S REDERAVBREEZ W T EE AT 5. B, ASCUUARE LB B R R IR, 2 Ak
KR DA VBRIFIE L HEZEE.

1 MRERE
1.1 BIRXHER

BT X AL T 4R 3 L AP BE(100°17°E(38°24'N) H 7 48 7 B B 75 /K AR X i HF 58 4 o 3, o 3o 5 T AR 2,95k,
K 4.25km, S LLFE 1:4.19; 14K 2600 ~ 3800m., 2 W38 FH 3% 8 Ll T R, BRSBON BESR ZR AKR L, BR Ak 8L IED
B8k’ , EHEF 40.1%. FHKE -0.6~2.0C,7 ABFHSIE 10~ 14C, FFEKE 435.5mm, B L &
1051.7mm, 4 H BRAS %1 1892.6h, E VA BE K 60% . MR BEMIEHNERMERA RN EE 6
Ho LATF W =M ( Picea crassifolia) I ERBEBEFF 2 BREHUR A8 TRAYE 2FFAYE, # K :E LI 2 7 18 ( Potentilla
Sfruticosa Linn. ) | £} #& #8 ( Potentilla glabra lodd. ). 5 W M ( Salix cupularis Rehd. ) . 5 W A 88 ( Rhododendron
lapponicum (Linn.) Wahl. ) % & EEEM, MR T8 EE L& Bk E (Polygonum viviparum Linn. ), K B
( Ephedra equisetina Bunge) ¥R ¥, THEER IMKB T MEFHILENES T, 28, LIKHWHRAE, K
THRFERERSE S EOBU A%, pHE 7.0~8.0,

1.2 RRIE

2004 4 7~ 8 A4y, FEAR#E WL P BT K MR X
MHEBARB L AET 0 HFEBEEAR, KPP 13
T AR K AR BE 7 F B 8, o B S R SOAR B T BN
50% LA b, WEAREBE BRGSO HE R REVE AR B 2R
G AR B2 MR TR HREBE T LR S FIARBE T R % Sh
WIEARBEMR 6 FEAEHLA, BREFLRE 5 M
(B 1A), T H A 9 B/MRBEAL T K (K 1B) , EH
ANNHRBEN T ARBE L4 ARBE P L FIARBE T i & it W1 RESASHE
%3 NEEMH, YEAXTER ZERASEARBE NI BE FIRHIE B Fig.1  The picture describes the distribution patterns of sample plots
HWAIRAH S MM, IR NMFRR LR 67 REEH, B A:FBANRE, B BB/ MK A: Big forest pattern located in the
HokE H AL 10m x 10m., J8 25 4% 3 [N (O A5 AR 75 A 5 fip |, shade slope, B: Small forest patierns located in the semi-shade slope
M1z REHUPRARARPH E FIE RS E B SR MAYR., A ERMAESERA RS D Inx 1m/»
BT VREEAYMHE THEE THEEMEAYR E&#NEE SEAEYR, REKMAN 0~ 20cm £
BI3ANEE, WRXZRESNNE T EAR .2 NDREE, TEESKEMHEEERM L 8B, 20cm
R—KHE,HIE5A0)ZF.

1.3 BERAE RBE A

THAVBMNERAEERAARE, L5 28R A EME I K (K,S0,-CuS0,-Se Hi#H). KH
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SPSS11.0 A4 #4748 115 M7 A = B4 5347 o
2 BR
2.1 1A YUBKFIAE R RRAE

Y, EIRAVBRERRE TR ZIMEAREET LR N EZIINEARZE L MBE BEARKW
ARV, BKME N 156.2g/keg, B /NME R 46.2g/kg, B F REAE 11.0% ~33.7% 2B, IWXFHELX, KB F
BEEAR/N, MEHREEN K, EAMEAREY R ZARKNERH EH XM/, &8 EHFHER (R
o WO LM /IMARER O L BRI BAE R FLE, HEEMMN T BAINK S BE/D((23.2
5.6)g/kg) o

1 HEUMESZEHRBENEHRATN T WEHERNSAE
Table 1 Characteristic of vegetation and soil organic carbon of Picea crassifolia forest patches

Y HE ZEYHK
AR E & Average 12 Average

E-EIR S IWMEE MAEYER FALEYER BEHEYE

i

sl = F=¢ Soil organic Soil bulk c densit di ¢ Biomass of Biomass of Biomass of
ope Sample spot carbon density dano?y :fn& ); 1a;neter ° shrub herbage moss
aspect ensity oftores! reast
(g/k /em® kg/m’ kg/m* kg/m?
gke) (g/cm) (indi/100m?)  height (cm) (kg/m’) (kg/m”) (kg/m)
B3 HTER 83.7+26.3a 0.7320.3a — — — 0.44:+0.17a 0.48+0.1a 0.120.la
Shade slope Shrub of low forest
B> 91.0+30.0a 0.62+0.0a 0.5320.12a 48.1x11.3a 49.2x10.1a 0.0420.02b 0.10x0.1b 2.1x0.9b
Sideline of low forest
b TR 98.8+24.6a 0.56+0.la 0.52+0.09a 54.6x12.1a 54.6+13.1a 0.01x0.0lb 0.07:x0.1b 7.2+3.5¢
Middle of patch forest
b b2k 93.8+46.1a 0.34+0.0b 0.49+0.07a 62.6x8.1a 62.6+18.1a 0.02:0.03b 0.08x0.1b 7.9x1.8¢c
Middle of patch forest
BB 122.8+26.5b 0.37:0.1b 0.2820.11b 90.0x15.2b 90.0x18.7b 0.1220.06b 0.26x0.2a 1.7x1.4b
Sideline of up forest
B 105.3+11.0b 0.56+0.1a — — — 1.91+0.71c 0.37+0.1a 1.2:1.4b
Shrub of up forest
B Forest gap 99.0+14.5a 0.38+0.1b 0.24+0.13b 43.6+6.7a 43.6+6.0a 0.03:0.04b 0.36+0.3a 2.4:2.3b

A A _EF14L Upper forest 58.429.1c 0.72:0.1a 0.51+0.12a 44.3x7.2a 44.3:22.6a 0.0320.04b 0.29:0.2a 0.921.2a
Semi-shade  #k 7 Middle forest 71.6+9.3c  0.66+0.la 0.70+0.02a 53.6+5.9a 53.6+28.8a 0.01:0.0lb 0.10:0.1b 4.5:3.4c
slope T ALK Low forest 62.7+12.6c 0.66+0.la 0.54x0.15a 50.5+8.5a 50.5x18.2a 0.05:+0.06b 0.25+0.la 1.0x0.7a

FH 35 ¥ 34 Elevation 23.2+5.6d 1.34+0.2 — — — — 0.32+0.4a —
Sunny slope 2700 ~ 3000m

A—3 PR B RRFHHRERE 5% KF LEREBFE  Values marked with the same letter within a column means not significantly different (p >
0.05) using one-sample T test of SPSS software
2.2 TEAVBKESESHERTFXAR
2.2.1 HEAVBEHMEBEREFXR B2RBTEHEAIBIBRSEAREFHXREEBIEMZL. AE
2A[UEH, TERIBR IR SEBREBEE EMEEXR MHXREEHF 0.515,p =0.000, HEME AKX soOC
=0.07h - 119.15,R* =0.27(SOC + A VRS B (g/kg) ., h R (m)), EERAS, LEAVHK S E 2% N
AR, BAHEEHEEXRIMRBEAN A, LIEAEVBRSBEEZWMER, S&L AN L ERIHRIES
FAHASE A, LEFIBRESERERE TN ELRBE AR N :S0C=0.3g +77.69, R’ =0.02(SOC L1EH
LB S B (g/kg) g AYE) . 0WE%E, LIEAVBESEEAFEREEMXXR(EK2),
2.2.2 HEAVBMEBSHEHER FHXE AREHELAN HEAIRSEOEWEZ AR, AE 2 MK 2
AUEN, LEAIBERSHFEUANBAEE B ERHEXKR, HHEXREN -0.393(p =0.002), &
EABEN, LERIBRSESEAREYEESEEHXXR HHXEEHN 0.26(p =0.045) , T 5 =2 HAF
BlGE EXEYBENMEHEYBRABERHEXLXR,
2.2.3 tEAVKERESLEBATHEFXR MRXKE LT pHEEEE 0.7 ~0.8 Z 6], L IEHLBAM
IR . FEMBERE L pH i BRAREFAEES . WM, FEFKBIFF R pH 8 + 620
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Hg O ° = ° R=041 0
.(E 0 L L 1 I | ) 0 ) | I L ] L ) )
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+394 7k #& Soil water content (%) 4% Soil nitrogen content (g/kg)
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0
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zg E 150 & ° o R2=0.46 150 - ° Rt=0.15
& £
= S 100 - 100
7§ 0F 50
g 0 1 L 1 1 1 1 i 0
020 030 040 050 060 070 080 090 0 01 02 03 04 05 06 07 08 09 10
+HIWZA X Soil bulk density (g/cm?) #R P Canopy density
—~ 200 200
0
_ y=527x+837
- £} 150 Lo y=0.12x+822 150 | o R = 0.001
& 5 % R=007 o o° .
& & o ° ogo o o° o
= ° 100 fgo ° o °° 0 o
§ E o g’a:; %0 ° 8 2 °
-] ° o ° og o
H5 50 o ° %o o
;E 0 I | ] ) 0 j ] L ]
0 100.0 200.0 300.0 400.0 0 0.20 0.40 0.60 0.80
#K 44 & Shrub biomass (kg/100m?) B AR 4B Grass biomass (kg/m2)
~ 200 — 200
% v=149x+ 807 y=03x+777
B — 50| ° RE=003 150 | o ° R2=0.02
§: ® o o o S L.®
£ ° °
= 5 100 ?o% : . . o 100 b - gg o ° o oo
T 2 P-4 % ° ° 2 _S» ) :t
.. 8 &P q:’o° ° ° o o 8—_F“go°o°0 0%o ° °
H %0 50 % 50 | %0 © o %?©° ° o
;g O 1 1 l | | 3 O Il 1 1 Il 1 L J
0 2.00 4.00 6.00 8.00 1000 1200 0 10 20 30 40 50 60 70
E % 4] Moss biomass (kg/m?) 3 B Slope
. 200 — 100
o0
L 3
L § 150 - o ° 80 s ° §
o o
%ﬂ ‘g oow o ° ° o 60 ‘;;é.-"'—_u——_:/——g
< o
= g 100 o 20 L ° o
i E s o 9° oo‘P v=17.29x + 56.49
(-] _
B os0p" o oo¥ & ¥y=007x+11915 20 | Re=0.12
= R*=027
2 0 I 1 ! I I ! L j 0 ! i I ! ]
2600 2700 2800 2900 3000 3100 3200 3300 3400 0 0.20 0.40 0.60 0.80 1.00
#§3R Elevation (m) BEH B Patch area (m?)

B2 mANKSEEETFHEEXR

Fig.2 Regression relationship between soil organic carbon and environment factors

TIEAEVBRAE I, A LK FEL T EHATHT. AR2FIUEL, T EAIRS L EEKE LEE
EMeEAHGFEREEMEX HP+EEKENLAS T ERIIKSBEEEMX HXRAE D 5IH 0.641
(p=0.000)F10.832(p=0.000), ME5 T EAFEEHMEERHXL HXREE N -0.68(p =0.000),
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224 THEAEHRSESHEEMAXE MAREEH ®2 IMANBHAFRETFORXRK
E}%% ﬂﬁ] @JM V‘] /J\/‘:—C {ﬁﬂ:ﬁ LR MF *ﬁ H ﬁﬂ , Mﬁf Table 2 Correlation coefficient of soil organic carbon and environment
521 . . i ; factors
HERE/D, ZARSBERAFOZ BB, AR T TRET AR
%ﬁ \E\{ﬁé{*% —‘:‘j Eﬂ @ ﬂ:ﬁ@ *E {U\ o E:I: % %?{ Bﬁ H Xd. Environment factors Correlation coefficient p
FAEAE 0.17 ~ 0.89hm® B9 /N BT B Ak o 5% 14, BT zz Elevation (m) 0.515" " 0.000
Gradient 0.145 0.270
ERX ARG R B BEOBE, THRAT s potm Sol water coment (%) e om0
HAEMTESKEEETSHWEWMETF., 4,5 F 10 +MAE Soil bulk density (g/em’) —0.68"" 0.000
T N 1 3% A Total nitrogen (g/kg) 0.832° " 0.000
~ 15a ﬁﬁ%&ﬁﬁ%%ﬁ%&,ﬁ%&ﬁﬁkiﬁk M B Canopy density -0.393" " 0.002

Tl EAMMEREE \ﬁiiﬁﬁﬁlﬁiiﬁﬂﬂ,@iﬁﬁ TS F 42 Diameter of breast height (cm) 0.119 0.366
VRS ETHAEE XEH L EAVBRUaESTA # A 44 B Biomass of shrub (kg/100m’) 0.260" 0.045

e L . - . AL YR Bio of herbage (kg/m®) 0.035 0.792
R—AHABREEE, N THRIHIRETFEN L fg @ boms of me kgt o 17s o 156
BEVBRNERATEFERK M EEER, BESE A Patch area (m?) 0.348 0.075
2.3 WA EAEVBRESERTFHERSOW * * ]ARFE0.01 K¥ EBFEHMX Significant correlation in the 0.01

MEITUBE . FS—ERS SRS EMN -2 level; * FARTE 0.05 /KF £ 8 F M X Significant correlation in the 0.05
SKBERAWEME, CRBT LRAEREK. 5
KEER , FIUBRSEBEREENIERE, F TR0 5 o EEREENEXXER, ERBETHT
ZERBEHFERNARARARE . AFTFHREY >, F=ITR - 5EAREYEBERERPEMEEL, X3 MER
S BITREBEER N 83.3%,

F3 HRATHEIHIIFER
Table 3 Matrix of principal component of environment factors
% Component

AF B Variable
1 2 3 4 5 6
¥ 3R Elevation 0.850 0.608 0.053 -0.042 0.213 -0.260
W E Gradient 0.143 0.521 -0.422 0.400 -0.186 0.254
Yy FP B Number of species 0.310 -0.478 -0.022 0.084 -0.016 0.075
4> Total nitrogen 0.628 0.175 0.185 -0.339 0.000 0.493
+ A KB Soil water content 0.829 0.538 0.111 -0.172 0.018 -0.117
T A E Soil bulk density -0.223 0.126 0.434 0.488 0.302 0.212
ZRZHHB A B Canopy density -0.306 -0.751 -0.186 0.010 0.123 0.148
ZIEE Density of forest -0.423 0.154 -0.233 -0.286 0.415 - 0.052
HEAREYE Biomass of shrub 0.455 0.380 0.602 0.330 0.282 0.081
HEA 4 YR Biomass of herbage 0.509 -0.548 -0.015 0.176 0.077 -0.088
EH# L YR Biomass of moss -0.461 0.417 0.359 0.048 -0.417 -0.084
3 itig
THANBRFERETEY Y HEVRENRRSIUY L TAESBSERNISTRE, Bl
THEAVRSBREASERAEFERMG THHSFEME, ERRMEYUBRFGEMALNLS T, LEA K

BENRBEAERAZR" . BENEFBE R EESHEREMERSE, KRS LXEREEHN
3200 ~ 3300m, MBTRZRKRE EHRASG LRENBR T BN HERFREEZHEKEMAETILNZ
. oM FERIE R X, MoK AR, LSRR K, 3F HIR AR, B R S A R AR B o A R, R A LUA L
Y OUFRAE L rp " o MRS LD X A0 R 4K 8 T3 L 3% U 058 °C./100m 5 W 7K Bt Bl VA 4K 7 78 T 5
BB A 18.6mm/100m " . WA EEEF A - HEANBREREAENEREEFHEERE.

SHBEAMEEARE, LAV S EEEAREYRIEE M S, AR M2 RS KE BE
KEWHW ., HMELLAZEABFEN L BANKRIES THR T AZEAFEN TERHEENR LK
BE GBEMR. LESKES (B 3),3F HILFARZ B T,


http://www.cqvip.com

.0 0 0 http://www.cqvip.com|

8 fE® F:MELEFEZEAREZEZ L EFIBRSLCELREEHEE 2577
AL BT 2 0 0 6K B 8 40 75 7 0 9 AR BE 80 £ AR Soil water content (%)
B, AR B I ALZE 0.02 ~ 0. 12hm? 2 8], ECAE BE R AL T P RRRI RV NBN
SHBNE, EAMH SR A RE SR, O :
B A A0 A LR A AL i § O
o> BB > M EN., SEA-SREEOAKRE 5 | | .
B AR SO BB AR LA ERRAELE B0 =
ERBHEL, XRESHEERIRRGREKES § 120 /\ T S e o
BT — T e o %ﬁg Vil o i e
B S A A LR A RIE RS, T o BT WA Shas of up fores

HEARZROEWBEEAR, EA R EmBAMALE BT

BEFHEUAR, E2ERFSHRABREEMN L

A3 ARAAZFATHLIESKE

Fig.3 Average soil vater content of different sapling lines

WEKBEEEZ W LHEAIRSENE — TR0, AR

MERE RS EXEYEBRE=ZF05, BilERBREN83.8%., MM, B /MARBEA B EAX
WA YRR H BB A5, 53X 7] B8 2 B b AR AL R B0, BT B /N SR IR I e A — B,

4 #Hig

RE L F 1 AL HRBE £ B A T B A0 B ALTERAS B KBSt + R 8, — MR FE 50 ~ 100em 72

A RKELRAVRSEZER LRI KE EEER KAMAENEREYRSOL W, FHESE LF
FEBRRWZESR, FHAIRER N (84.9£26.7)g/kg, EFRB N 31.5%, HXAHNERR . L HENKSRS
THEKE BR LRAFENEALYBRESEEHXXAR MERAMAELEERMEXLE,

AR R R E R, RS R AR REA,  EAYHEERE ARG SN, E LR IBE

BRUARE . X T HITH/DARBERSE, HBER BN R B w - WA YL s B2k,
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