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Forest soil organic carbon density and its distribution characteristics along an altitudinal gra-
dient in Lushan Mountains of China. DU You-xin', WU Cong-jian’, ZHOU Sai-xia' , HUANG
Liang’ , HAN Shi-ming', XU Xue-feng', DING Yuan® ('Lushan Botanical Garden, Jiangxi Prov-
ince & Chinese Academy of Sciences, Lushan 332900, Jiangxi, China; >College of Envioronmental
Chemistry Engineering, Nanchang Hang Kong University, Nanchang 330063, China; ° Jiujiang
Foresiry Bureau, Jiyiang 332000, Jiangxi, China).-Chin. J. Appl. Ecol. ,2011,22(7); 1675-
1681.

Abstract; To understand the spatial distribution characteristics of organic carbon in northern sub-
tropical forest soils along an altitudinal gradient in Lushan Mountains of China, six and five sam-
pling plots with a 200 —m interval of elevation and covered by different vegetation types were in-
stalled on the southern and northern slopes, respectively in July—August in 2010 to collect soil pro-
files, with the soil thickness, bulk density, organic carbon content, and organic carbon density of
0-10 em, 10-20 em, 20-30 c¢m, 30-40 cm, and >40 cm layers measured. The soil organic car-
bon density was significantly affected by altitude and slope. On northern slope, soil organic carbon
content increased with increasing altitude, and had significant negative correlations with soil bulk
density and pH value. On southern slope, soil organic carbon content had no obvious variation pat-
tern along the altitudinal gradient and had less correlation with soil bulk density and pH value, but
soil organic carbon density decreased with increasing soil depth. The soil organic carbon density on
northern and southern slopes was within the range of 7.07 — 10.34 kg -+ m™ and 6.03-
12.89 kg - m™, respectively. The larger variation of soil organic carbon density along altitudinal
gradient and soil depth on southern slope suggested that the destruction of original vegetation and the
establishment of forest plantation could be one of the important factors affecting the spatial distribu-

tion of soil organic carbon.

Key words: Lushan; altitudinal gradient; forest soil; organic carbon density.
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1.1 AR

J 1L (29°26'—29°41" N,115°52'—116°08' E)
b AR T YA B 381 S P AL i BT e 1L A
M SR K kAR IR A A = A — AR A2 T A
FoUL, B AL 302 km? | MRS E R 40 ~ 1474 m,
H AR 0E—— PHIE R 1474 m. 2 X 8 Wy b
P Ly b P P e KU AR R 11 4 °C, B
e A 32,8 °C, M e IRk - 16. 8 °C AR [
JKEE 1929. 2 mm, L[] 45 B2 7 M X 55 500 mm A2
O EWRESRT 4—7 A, 245 S4EKKER 70%

AFEIRINHERE 80% .

HT T N 2 X BRARAE B 1) 1 5 B2 A ] AR R 3
AR, A PE A B TR BT IS C A A B 7K
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Table 1 Vegetation characteristics and soil condition among sampling plots ( mean+SD)
Mo B K L EiE i T i F g 0~20 cm )2 pH R R
Geographical Altitude Vegetation type Community Soil type pH in 0-20 cm Soil thickness
location (m) height (m) soil layer (em)
Jek 270 RN Ak R bk 12 £ Red soil 4.43+0.25a 70.2+11. 2a
Northern 470 YR A= T XA Ly X A0 Pk 5 213 Red soil 4.12+0.21a 49.5+13. 8ab
slope 670 TR AT XU BR I EOR i A 6 #HE Yellow soil 4.17+0. 16a 58.9x17. 4ab
870 N LAIAZ AR 12.5 HIE Yellow soil 4.08=0.33a 52.7+15. 6ab
1070 KRB ILAAA 6 HHRHE Yellow brown soil 4.100. 26a 26.3+11.9b
223 270 N LS EARFIRZ ARSI 11 274 Red soil 4.71£0.09b 67.8+7. 8a
Southern 470 UL PSR R AR 4 213 Red soil 5.1120. 16a 32.8+13.2b
slope 670 NTEARMEBATIRH 12 ZT45 Red soil 5.02+0. 12a 36.7+15.9b
870 WA /N2 X AR 8 I Yellow soil 5.01+0.22a 71.2+12.7a
1070 ANT AR 13 HAFHE Yellow brown soil 5.00+0. 17a 36.3+12.8b
1170 FAR BT FAK 8 1732 Brown soil 4.43+0. 13¢ 29.2+24.7h

FFAR NG
plots on the same slope aspect at 0. 05 level. T [A] The same below.

(soc, kg - m-z)iJr%;/AJtﬁn?-
S0C = ZSOC = 20()0(1 - V,)/100

Kp.c, ﬁéﬁ Fiﬁ%ﬁm%ﬁé(g kg™) 5 Q, A
IE AT (g em™) D, K Z IR (em) 5
V. R R HARKRT 2 mm B4R & A AR L
(%).

K Z N ET7 22501 (ANOVA ) 122 & L4 H)
Wr 22 K. Jr 2250 BT RS |, SR H Tukey (HSD) A
HEHAT W E PRI, GEiH 53 P 7 Excel 2003 Fil SPSS
13. 0 %At F5e L.

2 HRE5HMH

2.1 R[RITEAOMS AR L A LR & R Ak
DAL 1 J22 T B i 1 AR J3E 720 S R, AR SC R 3 #ir
JFAESE 0 ~30 em FIFGHE 0 ~40 em REEM) L1
BLB 3 A AR AR U, A AL % 1 e 122
TR REAT  (E AT AR FE I S R (181 1) -
b A LR & S TR TR S T N E‘J
TR A B AR, N A LR TR T K
670 m AR, 1 HAE MR 670 m LU R AR 4K, X
A RE AR H TR £ DN 28 T P01 3l (i S5 pk T
Tie JEUHC UGS ) B, T BOR MO W R A AR AR, I
T LA LK
2.2 N[RIEACRS FE ARAR - A LR B S A
mZFE2 A IEH,0~20 cm + /2 HHEH LR
JIE SRR I B T 4 B T e kg ke B, Je 3+
SRAT LRI E PR AL HH BRAE TR 470 m &b, 22670 m
FREE TR, SR 5 BT b T OB s . pe i 13
PLBR 2 FE BE AR TR B B0 ~20 em &

3 TR F R [ — 3 W) AN R R 22 7] 22 5 i 2 ( P<0. 05) Different lower case letters meant significant difference among different altitudinal
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Fig.1 Variation of soil organic carbon content along altitudinal
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gradient and soil depth on northern (A) and southern slopes
(B) of Lushan Mountains ( mean+SD).
AR NG =P RERR Rl — SO R 4+ J22 ] 22 53 8. 2 (P<0. 05) Differ-

ent lower case letters meant significant difference among different soil lay-

ers at the same altitude at 0. 05 level.

J2 A BB BE A (R LD BRAE V4K 870 m Ab, Fie
AMEHEE TR 670 m Ab. FE M R AR R )2 (0 ~
20 cm) TP, Y - HEA HLIR A 29 5 e, an
B RZ HIEA PR E N 3.12 ~5.77 kg - m ™,
W H3.23 ~6.82 kg - m”. B EW L
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Table 2
(kg + m™, mean+SD)

Distribution characteristics of soil organic carbon density along altitudinal gradient in Lushan Mountains

PR B WK + )2 Soil layer (cm)
Geographical Altitude
location (m) 0~20 20 ~40 >40 AT Total
b3 270 3.570. 62b 2.96+0.43a 3.9210. 88a 10. 14x1. 81a
Northern slope 470 4.95+1. 00a 3.41+0.71a 1. 53+0. 28a 10. 34£2. 06a
670 3. 63+0. 86ab 2. 62+0. 34a 2.73x1.20a 8.98+1. 83ab
870 4.4120. 17ab 3.37+£0. 12a 1.38+0. 05a 9.16+0. 34a
1070 4.16+0. 71ab 2. 86+0. 30a 0. 00+0. 00b 7.07+1.01b
g 270 5.13+x1.48a 2.88+0.42b 3.36+0. 63ab 11.37+2.61ab
Southern slope 470 5.24+1.0la 2.90+1. 76b 1. 67+x1. 00be 9.81+2.37ab
670 3.48+0. 36b 2.55+0. 35b 0.20+0. 36¢ 6.03+0. 74¢
870 5.70+0. 69a 3.38+0. 64ab 3.80+1.33a 12.89+2. 14a
1070 5.51+0. 17a 4.64+0.49a 0.26+0.41c 10. 15+0. 76a
1170 5.53+0.78a 2.37+0. 50b 0. 05+0. 10¢ 7.90x1. 28hbe

A3 A LR B B 43 3R 7. 07 ~10. 34 kg + m™
6.03 ~12.89 kg » m™.

A B B A T TR A A R Rl
JE TR BE BB I 3ok s, 2 )2 A ML R A Y
W5 R A e Bt A K, (AN [ R 3% 2 + 8 BLAK
BEMBR THRZE (R 2). Horp Jeiisg 4k
270 m ALY 10 ~20 em T EA VIR B E RS, MG
BB 7E RS 470 F11070 m AL ,20 ~30 cm

A HLB% B Organic carbon density (kg *+ m™)
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Fig.2 Vertical distribution of soil organic carbon density along
soil depth on northern ( A) and southern slopes ( B) of Lushan

Mountains ( mean+SD).
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3 i it

3.1 JA I ARAR A BB Y 43 A REAE

FRAR A LA 1t 32 B M R A W V5 P e
o3t e Ak RS S 0 WORE it R I 2R G
M O [ VAR A AT 2K A 1 G A AN ) 5 B
A IR WA T B FVRE AR — e 25 5. b
JERIK 432 A Wi M R R, 2
AU DL R G % R LS
SRR I RS (R 1) BN Y
TR BOREE T [, A A A LR R 3
REAIRS 7 AT 5 2 5 (0 R | AL R AR REATT TR 35 T
Lyl DX AR BB 3 A ) S 7R AR ARAE B 2R Y (H g
AR AR A A HLRK 1Y A2 A B A B R R MR
470 m4b 0 ~ 10 em + )2 H HLBK & = (28.36 +
1.32 g+ kg™ ) A 870 m &b 0 ~30 cm +JZH PLIK A
H(22.6125.73 g - kg™') 5 AR I " WHF 5T 45 H
FHIE , (HEER 1200 m 4b 3R )2 58 (0 ~30 em) A HL
WS (26.33+£10.01 g - kg') WEMRTEH
(83.09 g - kg™ ). Jo LI & A AR L S5 ALK &
K- W B A ) 4 o P AR (R R LT R
470 m ALREMHARO ~ 10 em F110 ~20 em + )24 HLEK
S o AL T 23.88 ~39.57 g - kg F1 19,12 ~
35.93 g - kg™, 4K 1000 ~ 1200 m A ILAASK O ~
10 ecm A1 10 ~ 20 em £ )2 A HLAK & & 7 5 A T
30.89 ~42.09 g - kg™ F124.44 ~33.69 ¢ - kg™, &
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TR E I 500 m Ak i &% 5 i HOR 1200 m
Ab BT IR 9 MR S i R T 4R [RS8
(R 22 S A, = bR O = 5 B 1 8 ko T g
SR BRAR - A A Ut 1Y S A

Bl U EERE n, - SEA B & i R A
P A B R A (B 1,3k 2) , FE P
Sh b BRI 75 2 A AL ) R TR
117 5 SIS IR K A FISR 43 ) R A= i
PERE 1 JZ MR 2 R R 5 X AR R 2 £
(0 ~20 cm) UKL (3. 12 ~6. 82 kg - m™) Ab
FRIFERAE 2 K e A PORL B A 7T
S8 AT LR 25 FE Y5l (2. 66 ~6.88 kg - m™)
P, Ak T A Sk Al AR (4. 533,19 kg - m™?)
FH ey R R AR (6. 68+3. 76 kg - m™) flik
SEE T 2 A VLR AR,
Wbk 270 m 4k 10 ~20 em + 2 A PR B
T 3 T S BB 8 WA (L B TR 470 m b Y
20 ~30 em + )3, g2 B A AT PR - Ak
PR LR AR, S 3 R RS B AR,
MNTTTBE i T A LA it o

A R DL S RS | R M R A
BUBCIR AL , 177 118 pH 2 5% e + 338 38 Ak P ot 1)
BRSSP RS R T R B |
ARE IR RS ALYy as 22 SRR S A 1 ik
IR BRI b - 58550 18 A S BRI Y e R, 3
APl RS HIEAREEA B ENIMHCLR. &
BAEPUI R I, b % 4 pH H PR, HIEA ML
fehifi LR . AR EE R R R 1) -3 PR
TS R E M pH (M SCBERIE R, Jh 3+
HEA MRS A TR pH (E A7 7F 35 19 FAH 566
R HPNBAMELR (] 3).

TR B S 7 o FE RN i R ], FEAG B
T AR LA ML 2 B AR e e K e AR
TS AR SR 150 0% L DX b 4 39 P
WEAE 7.07 ~10.34 kg - m”, BN 6.03 ~
12.89 kg « m™ AR A (6.03 ~11.37 kg - m™)
FIREHHAR(8. 98 ~ 12. 89 kg - m™?) TIEAH WK K
T 25 B A R W UL B B 1L A2 R AR (12,57 =
6.85 kg -m™) F fE M oA £ B (1542 =
10. 80 kg « m™) , 17 H. B¢ 1L # bR + 58 B AR 2 B
(7.07 ~7.90 kg - m™ ) & & Tl B AY 28 L1 B 11 4%
ARAIE(30. 12£22. 76 kg - m™) 11O, ARSI B R}
FEARBIOR I DL 56 42 1o 5 1 38 MUK 19 25 8] 53 ik
R AR S5 Bl T A il DX bR A ARV AR B 1
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Fig.3 Relationships of soil organic carbon content to soil bulk
density and pH value along altitudinal gradient on northern (A)
and southern slopes (B) of Lushan Mountains.
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i, — 77 TR A AR A S Y RIAR B A 7™ ) ) 728 A 5 i)
A A T IA VL G ORI, 55— T 3G i
T EE AR 345 A S R T B AR R A A PSR
SR AR B AL R T AP - b A Y
S AL AR A ML B e 2 B Z RN R 2R G
SN XL IR BEAIE ST - Stk 12 Bl 2528 1h i R
z—.



1680 AR N 2%
K3 HZHRTEFVNRZENTESHT in China. Acta Ecologica Sinica (*EAZR) , 1996, 16
Table 3  Analysis of variances of organic carbon density (5) : 497-508 (in Chinese)
from forest soils in Lushan Mountain (4] XuX-L (BFE), Cao MoK (#HIZE) | Li K-R (2
ﬁzs qsi?jt? 4 il\/}/fezz F P 52il). Temporal-spatial dynamics of carbon storage of

squares square forest vegetation in China. Progress in Geography (i
BE 7] Slope aspect 4607 1 4607 13.076  <0.001 FlEiig) | 2007, 26(6) : 1-10 (in Chinese)
WK Altitude 10.240 5 2.048 6.730  <0.001 [5] Xie G-W (IfE3C), Liu Y-X (X HF5). Diversity of
Az Soil layer 5.757 4 2.878 8.378  <0.001 wild ornamental plant resource on Lushan Mountain.
i Total 37.021 3 Journal of South Agricultural University (TEr Ll K2
F3R) , 2004, 25(3) ; 39-42 (in Chinese)
52 W) R PR 38 b T V5 0 1) i L I fb ok AR A [6] Zhao G-C (#X#:M), Cheng Y (£ #+). Vegetation
T AL RN B FR g L R = B SRR and soil in Lushan Mountain. Journal of Dandong
BEIRI3E (AR RIK ) 5 24 8 36 (v 26 70 A Teachers College (FIARIT M) , 1997, 19(3) : 53-
EHUEPERIE) A A BRI T R, 2 n Cnese) ‘
. . N [7] XuX (#& %), Chen Y-Q (BEHZE), Wang J-S (7
DA A3l 7 =X 58 2 0ok - A BB A R ) . L :
12,1019 e e ZA4t), et al. Variations of soil labile organic carbon
52 ’ﬂn AR BRI IS IR I U A4 AR along an altitude gradient in Wuyi Mountain. Chinese
E’(J ﬁifzﬁﬁﬁ F%'ﬂi&[zﬂ . }}45 111 3, [Zﬁﬂ‘j:%i}%iﬁ% Journal of Applied Ecology (A2 , 2008, 19
(26.3~71.2 em) , X EHEWEIMLEREH (3): 539-544 (in Chinese)
AR A ke A L X ZE AR 4 0 ~ 10 em A [8] ShiZ (Ji Br), Wang J-S (VEF ), He R (fi]
0 ~20 em T 2 HLERER BE 4051 5 40 B35 R %), et al. Soil respiration and its regulating factor
Y 1 27. 6% (15.6% ~ 41.1%) Fl 50.5% along arll elevatl‘on gradient in Wuyi Mountain “()f South-
L . N . east China. Chinese Journal of Ecology (4E75224%&) ,
(35.2% ~70.0% ) , = Tt 3 1L PR DX bk - At 2008, 27(4) : 563568 (in Chinese)
mi%ﬂg%ﬁ@tﬁ(ﬁ%uy\j26l%$ﬂ 45.7% ) S [9] Ouyang X-J (BXFH2:4), Zhou G-Y (JAIEI®R), Wei
JXU‘EHEA?@K%ﬂﬂ’ﬂ?ﬁ(ﬁﬁ]ﬁﬂ@%iﬁﬁiﬁIJJﬂﬁ S-G (BLHTT), et al. Soil organic carbon and nitrogen
XK g o hn s T 43 ik 0P 57/ G mineralization along a successional gradient in Southern
53 [ 43305 50 B b X AR ) 2R MORE B I R 11 4 China. Chinese Journal of Applied Ecology (I FHH4 75
SEATBURR KA L, 95 L 960K - A LR T 7, 2007, A8(8) ; 16851694 (in Chinese)
R, Y R B A L b g 00 7hone O O ), Wane SQ CERED, Yu O
. o S o T v b L L s (T 5%i), et al. Soil organic carbon storage in typical
% ,jtﬁ(;ﬁ;k*fkii%ﬁﬁﬂﬁi}%ﬁ E%ﬁﬂﬁiﬁ{ﬁiﬁ forestland in East China. Resources Science ( %% Ji Bk
St T B85 3 A B R0 25 1 ) 2006, 2821 97103 (in Chinecey
I A A A A R, T LA R TR IR H S [11] Fang Y-T (J7i8%2), Mo J-M (ZZVTH1), Brown S, et
i B2 S . A BIWFSE AR it = R A 5 al. Storage and distribution of soil organic carbon in
ﬁﬁ?%{%,?ﬂ?iﬁ*ﬁ%ﬁ%ﬂ T 3 L 7% ) I o %o - 35 Dinghushan Biosphere Reserve. Acta Ecologica Sinica
R Al (HEZ2FR) , 2004, 24(1) : 135-142 (in Chinese)
[12]  Zhu X-F (Z£0EF), Guan X-Q (XFW), Fu J-Y
S 3k (f}54%%). Research on the factor affecting the content
of total nitrogen in soil. Journal of Anhui Agriculture Sci-

[1] Fang J-Y (Jifi ), Chen A-P (BRZF). Dynamic ences (BAI L) , 2008, 36(16) ; 68686869

forest biomass carbon pools in China and their signifi- (in Chinese)

cance. Acta Botanica Sinica (FH¥)2F#), 2001, 43 [13] Du Y-X (HA#), Zhang Q-S (3K7#), Pang H-D

(9): 967-973 (in Chinese) (PEZZR), et al. Early adaptability of Eastern Asian
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