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Changes in pools and heterogeneity of soil organic carbon, nitrogen and
phosphorus under different vegetation types in Karst mountainous area of
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Abstract: The karst areas of Southwest China had been considered as one of four ecotones in China. To understand the
impacts of the succession of vegetation on soil nutrient pool and the heterogeneity in the karst ecosystems, quadram sampling
of topsoil was done and pools (total and available contents) and the spatial distribution were analysed under three different
vegetation types (forest, shrubs and grassland) in karst mountainous area from central Guizhou province,China. The results
showed that, both total and vailable pool of OC, N and P was highest under forest and decreased under shrub and
grasslands, with the more prominent descending trend for available pools. However, highest satial heterogeneity of nutrient
pools was found under schrub and associated with soil P. This indicated changes both in total pool and in spatial distribution
with vegetation degrdation in the karst area. Nutrient availability was shown in prompt response to vegetation degradation.
Changs in littering and the associated soil biochemical transfromation may occur under vegetation degradation which, in
turn, may result in reduction of nutrient pool and increase in spatial variability. These changes in soil nutrient status may

ultimastely impact on ecosystem cycling of life elements and the productivity in the long run.
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1.1 Bryeiise

AW SRR AL T 5N 4 22Nt X i EL RO AR EA 388 5K FEL At IX — L R e i e /N 48 4 (26°16. 397
~26°18.05'N,105°46.72' ~105°48. 61'E) , ¥k 1300 ~ 1500m Z [&] , S &R A0, 4R 15. 1°C, F W E N &
1396. 9mm , HZEFT 73 A K], 29 70% LA ERIFEREF T 5 ~9 Af, FEHEXHREE 80% , 434 H Himf % 1202h,
J& R KR X o T A DAV e, e A B AR B R R TR AR AR AR R, +
BRI AR AT A K £
1.2 Reiiks®

AT AR a1 I 1w O 8 S SR AP S AR D) EL SR 4B Y 3 AN Sz g SRR I A L B D XS 42, BT 43 531 o
TR FEARMRAHER N 3 PR PR AT B i . TERTIE XA, Selin &R X RO B AT TR &
FRBEREXEAFIME 1 7R,

F1 BUHESREEBERER
Table 1 Site description of the studied karst ecosystems

2 ==
R e e L RN [ B oo | e
Site GPS position Altitude (m) Slope Richness
types (%) (m)
N FrARM(FO) E105°46'46. 56" o
XTI Forest N 26°15'58. 447 1410 SE 31 83.5 34.2 12.99
WEARMK(SR) E105°46'36. 84" R
e Shras N a6e16%4. 6" 1375 SE 29 70.4 35.5 1.31
WEE(GS) E105°46'43. 08" o
EALEE Shrub — grassland N 26°16'36. 20" 1380 SE 32 30.7 21.6 0.89
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3 PRSI EEAFAEN : (1) FEAMCERFE RS, FO) MATTARZ ERBEMEARZ EE
b, FERE— B A EFARBRMET AR, R T AM R B X 1Tm YL, Y IREAEE R, U
[ 5467 ( Plotycarya longipes) \FARE( Quercus fabri) AAEXTLHEWFl . (2) HEAMK(SR) , BA EEHKHEARZH
AR, EARRERE 70.4% , ¥R EE 1. 3m, EELEF Jg/NRE B (Rosa cymosa) | KR ( Pyracantha
Jortuneana) FTHH( Zanthoxylum) o (3) HEFE(GS) , H T ZARLFh 5 HEASRAR L, [H AR 93 25 R KW
FHEEREAKRE TR,

1.3 R oREE Bl 05k

2007 427 A, FEM AP BB R A 3 1L e b, 20 BB I3 35 3 BE SRR R, FEAE M A
VI B A AT PUAS TR REBRORAT: o 4538 B 7 16 (] BE. 10m, 7K F- 75 1) (6] BE. 20m 3 /€ e Bk, G\ 1) FIR 1) 45 2m g —
A HERFE R, BEREHIRAE 50 A~ (RR A PIAE Al T2 A R 98 T 0 SR 4R 2 48t fy , AR RSB R RO
250 4N) o BIGTEFTAMRPIRAE R LA A 37 A, BEARMRANRE AT IR EBIHEA 44 F148 4>,

REERE I SERR BRI, )5 Eijkelkamp L 85HR)Z (0 ~ 10em WREL) T 3AE M AR A 248
A ESERE, BRT, 1 RAR A BRI R ARG AR 0 , f et Sl e
L4 ik

IR AT SR I R AR AT TR o A HUR I S R PR B R - B A MR SNk , 4
R RCR PR BRI 2 -SLFE RIE B 2R R I O T 2 , 3R R VR B R - SR TH R S BA I LL
@5, BHBER A Olsen-P UI5E o
1.5 HEabs 550t

A SLHBAR 73T R F Excel2003 J% SPSS13. 0 #EAT4EHH AT Ak . Geit /MR D5 227047 (ANOVA) Fl
ZE LI BOT SRR R . T 22T, KR X HEUE R B W R IES A R T 2R T RA ST
P, QAR , XA LA BT R B AT R DT 2 TSR . T EATE ARG , 3R A Tukey KaB03 257K P ¥ {H
T o
2 H#RESH
2.1 ARMEHT LRI

AREERGHEN T R S RERANHBER (K 2) . LEAIIR . SAMEBK & BX T
AR > FEARM ~FERN AP BEAMAE A IR UK 2 R & B LT AN FIFEAR T 29 26% 1 20% , T
EPET RN T 30% Li L. RN, TRAR PR A P& BT A ToARM > JEARM >
Mo HIEEMEA S BIEEARNT LIFARMTREAR 20% DA b ER T AR T REARL 30% o T H8mE &
BIEHEAMT I AM TR 30% DAL, BEREN T EHEARM T FEAR T3 40% o XLEEERULI Mg R 1P By
BT AR R B R 1 R3S IR s R o 2 R UL, IR EBRTE A R B T M (L 2 AAAE
PURE BRI R — DRI R , ARES S BB EBW BRI EFA T 3 MEmTRT, hF
AREIHE N B (WA S &) FTH B (PR 40% ) BE R TAIRMAR .

x2 ARAEFHEEBETRHHESRERIFITESRSGIT
Table 2 Soil pool of organic C, N and Punder different vegetation types in the karst ecosystems

HEH ALK 2R X AR AR
Sampling Organic carbon Total N Total P Alkaline-dehydrolysed N Available P
quadrom (g/ks) (g/ks) (g/ksg) (mg/kg) (mg/kg)

FO 65.56 + 10.74 A 5.19 +0.92 A 0.28 + 0.089 A 430.46 + 87.22 A 3.96 + 1.28 A
SR 49.68 + 20.50 B 4.30 + 1.38 B 0.19 + 0.038 B 338.79 + 73.23 B 2.55 + 0.79 B
GS 51.32 + 11.70 B 4.07 + 0.83 B 0.19 + 0.037 B 244.60 + 72.39 C 1.66 + 0.57 C

TP BUE R BME + v, W3 AR E) F R RN 1% K F 25 (Tukey $:5) Data are means + SD; Different letters in the same column

indicate significant difference at P < 0.01 (Tukey test)
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Fig. 1 Frequency distributions of soil organic carbon,total N and total P of the three studied vegetation plots
FO: FFAKAMK Forest, SR: #AAM Shrub, GS: #EE I Shrub-grassland, SOC; + 3% PR Soil organic carbon, TN, + 34> % Total nitrogen,
TP: +3%4 B Total phosphorus
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MAIBEAM A T 32% , W/ NTHEFIN(34% ) o ARIKIERBESTR & B2 18] 5 AR RHEA [, 4 390d 300k & =
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Fig. 2 Frequency distributions of soil alkaline hydrolytic nitrogen and available phosphorus of the studied 3 vegetation plots

FO: Fr/K#k Forest, SR: #EARAM Shrub, GS: #EH M Shrub-grassland, AN: FEf% alkaline hydrolytic nitrogen, AP #%{(# available phosphorus
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Fig. 3 Change of nutrient activation rate under different vegetation types

AR F R RAF R A A B EM 257 Different letters on the column indicate significant differences at P < 0.01 ( Tukey test )
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s BT A 38 IR PR RS I AR VE SR A P Th R, R 2R RIZTER LB SFIE
SEHEEMBM, —ERE Ll IMRE L3R 0N WK . A IR H8 1398 h 5 B P R SR
MFRA TR A Y EGER & &) [ 3 b T SR Y 5 ORI K 37 0 e R S & W R B S AR
o N HBITTR M TR N, X BIEREFRT &' S 2SR ILRENZITR AR, HHHE
RWE 3 Fin, AR A SR ARMRMEAM D B2 S FERENA(P <0.01) , HIFAKIEAN, AR
BT BEEHL(P >0.05) , FFANKT HEHRABIEFEBILAEAMNG BEEM(P <0.01) ,HMRHE
AR ARG, TR AR R B E RS (P <0.01) o XATRRE H THER AP T B R ER
Z R R R AR B, A A A 38 1 T B AR AN 4 AR FR 4 W S T SRR S N B R A A
RN TR N I R AR

WA B ML R S50 &R RS REDAT BTG BB, 375078 M I 23 (8] 5 R MR g3, 7v
AR AR FIE R H R A AR F R B 503K 24.09% ,36.00% F1 34.52% B R A MM S R
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FEFBEZ 2 E R s Aa s X S R R e A (8] E A B S R R
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FEA R, TR R R MR RSB ISR WIR TR, IR IR 02 A R R A
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sis) o BT #E4T KMO Fi1 Bartlett” s #; 36, EAG 56 45 52 5 KMO {H 2N 0. 692, Bartlett’ s BRIE 6 56 {H N
160.032,df =10,3i5 BEMKFE(P <0.01) , BEE A HITEF (K 3) .

M 3 AR AR KA B A LA E RS RGN
IR TOR EBRZPIRE R A, EREAE
MR H TR THRHE—, AR 2RSSR H
TRTHER —. BEAMENHSEEZRET L
YA S 15 A, TR W e A 32 B R R O R L B
B, B AR R — w4 R R . R A PR
MERNERERRREENEYEITEE, BT Lok
R AHEPA R BRE—ERANREE T X
REE AVBRMAREASREFHEZ W, HE
W2y B2 P BT YK B . IEAME
POL AT @ R0 IR K AR A R B AR A
HT207 3, 45 & L A Y L3S Y e A
G ARG 2 33— 2B AR P T I DU AL
BRI IO B B YBER L2 AR IR, AT 22 Wi
B R HTETE S 20

4 it

x3 ANFVEREENRFINER
Table 3 Results of analysis on five soil fertile indicators by factor

analysis
K £ Factor
22t Variance UK HEREE ﬂﬂ%
Soil factor Plant factor emmunaiies
1 A HLax SOC 0.079 0.845* 0.721
2 2R TN 0.231 0.778* 0.685
3. WA AN 0.667* 0.330 0.554
4. 7% TP 0.880* -0.007 0.774
5. BRI AP 0.861* 0.234 0.796
F#E{E Eigenvalues 2.466 1.038 3.504
iiﬁaifj %ariance values 49.310% 20.758%
BRI

Cumulative explained 49.310% 70.068%

variance values

ABR TN W e b XA [ R BN 5 T B T3 ML e R PRG3R e 1L S 2 (8] 53 BRAR AR AT R 5 4R
o GERERM, A FMEERE T LRI 20 B3, Ho I A 84 37 43 P 349 O B i, i 8 5 A rp Dy
o TIHEARMR LSRN T 102 B 22 S Z B s M A o, B e iR o 78 3 NSRS H R
AR A AT H IR RS IR R AR 2 B IR B3 R A BRI EIMIT I B SRR R
MRl o SRS 5 B AN S ) S B M b R At A R B TR R S P LIRER T AR v B
BRAIVER TR B E A DI R . AL, R RORR R, EERZME R R W, d RN TR
AT RESE 2 32 3| TR A Wb iE v R . MBOE I SR RS Y RS B AR AR W3R S T A S RGN
TSR IR IR AN, TSR GRS 2s 8] A 2 S R AR PR R A S A o e RR AR
BRGEPYER; TIRA BRI TR ML, R AR BB M R BN A SRR R E RAEREE

References :

[ 1] Orazinska D L, Bardgett R D, Blauw M B, et al. Relationships at the aboveground below ground interface: plants, soil biota, and soil processes.

Ecological Monographs, 2003, 73 (3) : 377 —395.

[2] PabloLP, Vernica G, Pastur G M. Above- and belowground nutrients storage and biomass accumulation in marginal Nothofagus antarctica forests

in Southern Patagonia. Forest Ecology and Management, 2008, 255 (7); 2502 —2511.

[3] Yuan D X. China Karstology. Beijing: Geology Press, 1993. 1 —30.

[4] PanG X, CaoJ H. Karstification in epikarst zone: the earth surface ecosystem processes taking soil as a medium-case of the YaJi karst experiment

site, GuiLin. Carsologica Sinica, 1999,18 (4) . 287 —296.

[5] LonglJ, Jiang X L, Deng Q Q, et al. Characteristics of soil rocky desertification in the karst region Of Guizhou Province. Acta Pedologica Sinica,

2005, 42 (3) ; 419 —427.

[6] LiuF, WangSJ, Liu Y S, et al. Changes of soil quality in the process of karst rocky desertification ion and evaluation of impact on ecological

environment. Acta Ecologica Sinica, 2005, 25 (3) : 639 —644.

[7] WuHY, Peng W X, Song T Q, et al. Changes of soil nutrients in process of natural vegetation restoration in karst disturbed area in northwest

Guangxi. Journal of Soil and Water Conservation, 2008, 22 (4) :143 —147.

[ 8] RenJC, Zhang P J,Pan G X, et al. Indices of eco-geochemical characteristics in a degradation-reclaimation sequence of soils in mountainous karst

http ://www. ecologica. cn



4194 B Ox ¥ R 29 %

area: a case study in Guanling-Zhenfeng region, Guizhou, China. Advances in Earth Science, 2006, 21(5) : 504 —512.

[9] Zhang W, Chen H'S, Wang K L, et al. Spatial variability of soil organic carbon and available phosphorus in a typical Karst depression, northwest
of Guangxi. Acta Ecologica Sinica, 2007, 27 (12) : 5169 —5175.

[10] Liu F, Wang S J, Luo H B, et al. Micro-habitats in karst forest ecosystem and variability of soils. Acta Pedologica Sinica, 2008, 45 (6) : 1055
—1062.

[11] SiB, Yao X H, Ren HD, et al. Species composition and diversity in the process of natural succession of karst vegetation in central Guizhou:; case
study of Puding country in Guizhou. Forest Research, 2008, 21 (5) : 669 —674.

[12] Lu R K, ed. Methods of soil and Agro-Chemistry Analysis. Beijing: China Agriculture Technology Press, 2000. 106 — 185.

[13] Jian Chen, John M Stark. Plant species effects and carbon and nitrogen cycling in a sagebrush crested wheatgrass soil. Soil Biology & Biochemistry,
2000, 32 (1) 47 —57.

[14] Chen F S, Zeng D H, He X Y. Soil nitrogen transformation and cycling in forest ecosystem. Chinese Journal of Ecology, 2004, 23 (5): 126
—133.

[15] Zhao Q, Zeng D H. Phosphorus cycling in terrestrial ecosystems and its controlling factors. Acta Phytoecologica Sinica, 2005, 29 (1) : 153 —163

[16] Cleveland C C, Townsend A R, Schmidt S K. Phosphorus limitation on microbial process in moist tropical forests: evidence from short-term
laboratory incubation and field studies. Ecosystems, 2002, 5 (7) : 680 —691.

[17] Nilsson C, Xiong S, Johansson M E, et al. Effects of leaf-litter accumulation on riparian plant diversity across Europe. Ecology, 1999, 80 (5) :
1770 —1775.

[18] Huttl R F, Schaa F W. Nutrient supply of forest soils in relation to management and site history. Plant & Soil, 1995, 169 (1) : 31 —41.

[19] Yan E R, Wang X H, Zhou W. characteristics of litterfall in relation to soil nutrients in mature and degraded evergreen broad-leaved forests of
Tiantong east China. Journal of Plant Ecology, 2008, 32 (1):1—12.

[20] Gang W, Jing W, Hong B D, et al. Nutrient cycling in an Alpine tundra ecosystem on Changbai Mountain, Northeast China. Applied Soil
Ecology, 2006, 32 (2): 199 —209.

[21] Chen XL, AnSQ, Li Y, et al. The individual distribution patterns and soil elements heterogeneity during the degradation of grassland in Ordos.
Acta Phytoecologica Sinica, 2003, 27 (4) : 503 —509.

[22] Xiong X G, Han X G. Spatial heterogeneity in soil carbon and nitrogen resources , caused by Caragana microphylla, in the thicketization of
semiarid grassland , Inner Mongolia. Acta Ecologica Sinica, 2005, 25 (7). 1678 —1683.

[23] Robertson G P, Crum J R, Eillis BG. The spatial variability of soil resources following long-term disturbance. Oecologia, 1993, 96 (4 ) :451
—456.

[24] Wangk L, Su Y R, Zeng F P, et al. Ecological process and vegetation restoration in karst region of southwest China. Research of Agricultural
Modernization, 2008, 29 (6) :641 —645.

[25] Peng Q, Dong Y S, Qi Y C. Influence of external nitrogen input on key processes of carbon cycle in terrestrial ecosystem. Advance in Earth
Sciences, 2008, 23 (8) : 874 —882.

[26] Marfa C. R J, Mitchell A T. Vegetation structure, species diversity, and ecosystem processes as measures of restoration success. Forest Ecology
and Management, 2005, 21 (8): 159 —173.

[27] Yan E R, Wang X H, Chen X Y. Impacts of evergreen broad-leaved forest, degradation on soil nutrients and carbon pools in Tiantong, Zhejiang
Province. Acta Ecologica Sinica, 2007, 27(4) ;1646 —1655.

SEHK:

[3] =S PEAEFRE LB, 1993. 1~30

[ 4] WA WaE REWARER: U EAEA MR R B E S REN R —— DA AT RGP P EER, 1999, 18 (4):
287 ~296.

[S] Jefd, Boe, ARG X7, SR X - e A A BRRHMEAT Y. L3524, 2005, 42(3) : 419 ~427.

(6] XJ5, EHA, Mook, & R AR R B RS B AR R BREITAY. AR, 2005, 25(3) : 639 ~644

(7] RueH, ZHE, REE, & HEIGIEEIRE A  THR KRS A ARE S R0 8. K LIRRp23R, 2008, 22(4) : 143 ~147

[8] fERUR, 5KPR, B, 5. AW DA S ER AL SRR AE B AR 78 B SC—— DA BN DT -5 i L X O ). Rl kg

2006, 21(5) : 504 ~512

http ://www. ecologica. cn



83

BB R & BUM BRI L KR FIAE A T 3 C NP & 0 2 (8] 57t i 4195

(9]
(10]
[11]

[12]
[14]
[15]
(18]
[22]
(23]

[25]
[26]
[27]

A, PR, ETEA, 5. EEPUIUMEITRE A DU BB I 2 [ A 5. AR AR, 2007, 27 (12) @ 5169 ~5175.

X7, EWMA, BUEH, & EHRERWESRER/NMES IR . 3R, 2008, 45(6) : 1055 ~1062.

FIM, BhNE, AR, 4. B PIETRAERE B ARER R T R R B SRR —— A SN E B O . Mol BLEEESY, 2008,
21(5) : 669 ~674.

Bansh. R M. bR P ERLBE AR, 1999. 106 ~ 185

BRIRAE, B, (0. AR R RN SRR, 4520, 2004, 23 (5): 126 ~133.

BB, B, A SRERERMEI AR, YA, 2005, 29(1) « 153 ~163.

RS, Ea4, M. REWGEM AR W REEY LS LR EENRR. MR, 2008, 32 (1) 1~12.
FREH], W, i, %, WRSH MRS P MR R S L HOT R . AR, 2003, 27(4) : 503 ~509.
fE/NRL, B, ST R B AR /N 40 X8 LT | A SR R IR 2 () S B A, AR 2482441, 2005, 25(7) « 1678
~1683.

Eeb, LA, BHOF, 4. PRI LA AR R G RAE SR OB R TIE. ARBUARAEHTESE , 2008, 29(6) : 641 ~645.
BE, Huth, FEE. RIMANRMASRERIEIR IR Y. HIRBAIERE, 2008, 23(8) : 874 ~882.

RS, EAHE, BN, WiTTREH R S AR X SR 2 PEANBRIE . A2 2524, 2007, 27(4) : 1646 ~1655.

http ://www. ecologica. cn



	08b41.pdf
	08b42.pdf
	08b43.pdf
	08b44.pdf
	08b45.pdf
	08b46.pdf
	08b47.pdf
	08b48.pdf
	08b49.pdf

