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Abstract: [ Objective ] After receiving precipitation, exposed rock surface in a rocky desertification area exposed to bedrock is
easy to form rock surface flow, which carries organic and inorganic substances on the rock surface to the surrounding soil. This
has a significant impact on the change of soil nutrients at the rock-soil interface. [ Method] This study was designed to
investigate the effect of rock surface flow on the leaching and input of nitrogen and phosphorus in the soil at the rock-soil
interface. Three plots: fallow land (one-year rock surface flow), abandoned irrigated grassland (five-year rock surface flow), and
sloping farmland (no/little rock surface flow) with obvious bedrock exposure, were chosen. We chose three special shapes of the
rock surface, namely convex, straight, and concave, at different horizontal distances from the rock surface and soil layer to study
the variation characteristics of total nitrogen and total phosphorus in the soil at rock-soil interfaces and non-rock-soil interfaces.
[ Result ] The results indicated that rock surface flow contributed either to the input or leaching of nitrogen and phosphorus in the
0-10 cm surface of the rock-soil interface soil. However, it had a minimal effect on nitrogen and phosphorus in the 10-20 cm deep
rock-soil interface soil. The intensity of the leaching and input of nitrogen and phosphorus in the surface soil of the rock-soil
interface formed by different rock surface shapes followed concave > straight > convex. In the 1-year fallow land, under the
action of rock surface flow, the influence of rock surface flow formed by concave rock surface on soil nitrogen at the rock-soil
interface was mainly manifested as leaching, while flat and convex rock surfaces exhibited input effects. Also, the effects of rock
surface flow with different shapes on soil phosphorus at the rock-soil interface showed leaching. For the 5-year rock surface flow,
the result depicted mainly an input phenomenon. [ Conclusion ] These results can provide a scientific basis for further
understanding the influence of exposed rock on soil characteristics of the karst ecosystem.

Key words: Rock surface flow; Exposed stone shape; Nitrogen and phosphorus; Leaching and input; Rock-soil interface
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Fig. 1 Schematic diagram of rock surface morphology and soil sampling location
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x2 A-IRELIRRAMESEEFNEERATENSN

Table 2 Multifactor variance analysis of nitrogen and phosphorus content difference in rock - soil interface soil

TR#f it T et
e Fallow land Shrubby grassland Sloping farmland
Factor
N P N P N P
A 0 0 0.013 0 0 0.013
0 0.457 0 0 0 0
C 0 0 0 0.135 0 0.001
AxB 0 0 0 0 0 0.027
BxC 0 0.295 0 0 0 0.451
AxC 0 0 0 0.01 0 0.373
AxBxC 0 0 0 0 0 0

e R A HWJEIR, B: LR C: AKPIER, B RPIs-FUm A & .34k (P<0.05) . Note: Table A: rock surface
shape, B: soil depth, C: horizontal distance, the number shows that the content of nitrogen and phosphorus in the rock-interface is significant
(P<0.05) .

R3 A-IREEABMEER

Table 3 Enrichment rate of nitrogen and phosphorus at the rock-soil interface

PRA b et
EaN )] 2/ KPS
Fallow land Shrubby grassland Sloping farmland
Rock surface  Horizontal distance
shape fom  —
N P N P N P
PATEL 0~2 0.48 -0.24 0.48 0.08 0.48 0.05
Convex 2~4 8.51 -0.39 8.51 0.02 8.51 0.01
4~6 —0.99 —0.38 —0.99 0.15 -0.99 —-0.02
6~8 —0.08 -0.33 —0.08 0.14 —0.08 —0.35
8~10 0.67 —-0.16 0.67 0.00 0.67 0.00
S E A 0~2 0.30 -0.16 0.30 -0.17 0.30 0.02
Straight 2~4 -0.22 —0.05 —0.22 —-0.09 -0.22 —0.35
4~6 —0.40 —-0.01 -0.40 -0.01 -0.40 -0.41
6~8 —0.90 0.01 —-0.90 —-0.31 -0.90 0.01
8~10 -0.74 -0.13 -0.74 -0.32 -0.74 -0.11
P 138 0~2 -0.74 —-0.05 -0.74 0.01 -0.74 0.01
Concave 2~4 —-0.20 —-0.09 -0.20 —0.04 —-0.20 -0.17
4~6 0.82 —-0.02 0.82 —0.04 0.82 -0.18
6~8 0.28 0.02 0.28 —-0.05 0.28 -0.32
8~10 -0.79 -0.21 -0.79 —-0.06 -0.79 0.03

20 cm AbRYAESS SR REAR L, 1 AR A AR o aBAE 5 AERERC MR, AN R T - SR
RBfrh, TIRAREEERNNE, RICIMEIE  EEMR ., WHECS e RAR, LRSI T A

http://pedologica.issas.ac.cn



94 + b1

=

61 %

RS FED A AR bk g rh 0
Hh R R R

3 ¥ ®

PR R 1) A 2 R e o DX et 5 AR AE , PR R
A AR T i . IR RIS A #E S mT L
VERWCEEN , P TE2U B . ARARZE S M TR 0T
R A X R Sk e AR S T RE AR IR A
9%, WidEARIEREW (B 2EiE ) B R0 i A
T IEE X SRR AR Z B ER, 5
oAt b DCAH P, 75 T 0T L DX 25 A R S
ARG T WY I A R AR B 2R, X RR
B T AR 35 50 1Y 7S 18] o0 A P R B AR LT 260,
TER A TR = R, MR A BRI R Ay B
WAL T, X RR 58 10 A B R 43 1Y
23 ) S M AT 2 27 Conn PR 3,
A R S N L R K A AT — s, {HSZ R )
T B BT TR A A7 0 7 55 SR A8 P 1
R R AE; BLAh, BREE S A AR T AT RE X BT A P )
EFRYE BN FEAE Y AR OR RS HEAR
IR 75 - A 1 AS ] 7K ST B 8 %) 4 18 RO & 4R 1Y R
Wi, 255 E S 2

ARG, 7 1 AR, R
FATIEAR T 0~10 cm FJZ2 M 10~20 cm K2
- A AR S E /MRy SRR P
AUFI MRS, 28 RSB se s s i — 3k, b
"y TR T X T AR AN T AR R, TR
AR A T H IR R G B ik, s Al
A - R e/ E RN, SR AR
b, 7EIRHF 5 AR A R 2 B3 RD T T AT
FHEIBEHE L 0~ 10 cm FRJZ A1 10~20 cm W3R )2 + 1
o, WA R SORBE AR S, o8 MR T -
bz o Al R e R N PV E R (T = e o1 1wk
EAGE, XATREEH T AR 7 L
W, B T A RE A MR LI rp I3 A 332 43 P02,
TN -+ P AL H 35 i 2 itk . A- R
TH] - R WOSCRN i B SR A R AR, X SRR
LT RE S F 4 ik A . RIS FIORAERE T . AR T
A DTHR . KT LA B A= ) K SCad 7 22 ) 4 4
VERIAG 508 229 B — L0 F .

KEWR IR, BREE S AVE BRI 575

(B B o, I a ae o TR R A L AR
SEER A EC R L eep e 1 AR g b, BB 5 AR
R R = AR R A, B - B RO
B 0~2 cm (Y HIERR G EEER THAN A
i, R RS ARMARES- LR+
B, SR T A-ERmEER, X5 EAWE 2
TIARBE b b A S BRI B A T Y 45 2R 15 L
Ho—H, A MR s - A 0~2 em Y R4
R E R T AL A &, X SRS HE — 2L,
EEJE I TP AR BARRE, B MR
TR S5 7 A BT SR A, X - B AT e
Wi, AT 3 v B R ™ A T RO . TR
Horhr, BB TR - S SRR AR
BRI, PR TR R v U g - B v 4
FERIARER, RIEEERARAICEIE R, 7E8
R BB 3 e % 8 0 0] 0 RO 2R A A A O A
AU, EEE N 3Rk & ARG 3,
o B AR T - Bl SRR R 0 A, T
FEUESE

ABEFEH, AR W WO o> Fe w54 1L
JRCET TR, AT B 20 3 1) SR R 3 R B AN )
AACREAIE . FEARBFML AR, AR DR A T i) 2 i 5
BR/MRUCH . NI, RSN A, H =
TR T B U 2402 20 om Ab AR - 1 5 4 34k
A, e A0 - b AT A B A T
AR A AR E TR R h, AR REAR
L A R T RN R AR AR, (EX R R
PR TRV O o 3 T BE SR A Ay 8 R ST K P G

B, X5 Pefiuelas ZEPOR BT R —3 . fEHLIR b
PR ZHMIX, WARTHARKEZ TR, I
W 2% AT RE T o 210t A A XU ) 2R 3R ABORE |, B
JBT 18 RV RHRH DG 1Y) - S Ak 2 i o 2 Wl i) 2 2R U
AR FERIFEDS ) X B Z it —2
5%

a7 RN S SR A, R
BT BT H L B R R S R 1 R R R 0
A1 PR 2R 0T - B A 52 ) 23 Bt A )2 TR B 1 R T 7 9
59, LM TREBMWRZ, RIZ LR R Z BN
P T a7/ RN N S s SO 30N e - S S TR S
MK S TE B T s ik 2 on 8 R igErh, R ZE -
SR A B AERT . HAE 10~20 cm AL

http://pedologica.issas.ac.cn



139 W B A AL DX A T X - T 9 U VS s AR TR RIESY 95

RIZ LT, RREAFEMAREBNHIRAR SRS E
EHERERTAMEASA -, HEEBESEER
AEE. e TSR e R g, bEE
R S T AR AU S B — AN R B A ]
R, HETRASR SR TS T EER e
REAN L2 e AR F A T . T R MR
W . CAATRRIR N SN R, W TR X
B 5 RIS R AR AT B v
M XA [R] A J2 R A 382 (Rl R () AR R, 18T
PRSI IR AT

AN A T AR P 88 A5 R L kA7 T 5
WE . ZHRFSVTMERS T, IS 2w
RO R IA S AR . 2R A se g R
PR ML rr i) S TR T 2 - L T U T Ak
JOF, PN T 2 T AR A T R R b e L T B BT
P R BE S AR, AT - A
A T AR R ER AR,
5 AT B B4 2 T AL o R 2 - L TS S 4 b R
RO MABX AR KR, KiEft
T SN A 1 BT Y SRR Tk K R R
T ARAEN YO R A A B T AT R G
FARUL, FH KA (K 51T 5 R0 e - 39 T 2k
Goransson /WA KRR ER 1 240K 5 37 T ik &
ISR L3, B X K R B VE R, R
9 N PRIy S a2 A 2 O A A S LAY
e R 11 O R R ST A AR B A B 8
ARBIFTE 1 25 5% 1T 8 N — 7 T A B A 2224 3 3 TR
AT AL X B A A A TEPEY, (A b X e 4
BRI AT IE AR, RSB i ERE K, A
W98 HBE BT AL, A B8 T 2 T BT IR
KRV S A A . RS RRAE X A T AR
YER, DT RE R 5, SRIE R A
F4 2 ThT TR TR I R 25

4 % ik

AT A e F L A AR, DL A iR
(8 TR ARBIE e 5 T - S RO b I R AL, 7531
PURE5E: (1) BRI SR A a i H KR e
Tk 20 g rh e R R
SN 2B )RR BRI TR - £ 0~10 cm KJZ
A TR - o B AT S AR A i A Bk A

A5 7€ 10~20 em V)2, AT - 5 A
BERERAAHE., (2) FE=Maseritd, HEs
AT U T 0 2 )2 3 b ) R 3 A i A Bk
WAERT, ASIRLE TR T TSV FH Hh o 3 559
WKy MRS RISAMNY AL, (3) 1 AR TR
YEFT B RBP4 A 2 T R R
W, ST BRI B T Y 80 2 T I ) - S
ANRFE; ZFIRREAE T B 2 T % - 1 A
TIERE R A T . TER R KA IR B R
Horb, A R A T ) A R R

S %3k ( References )

[ 1] HuangYQ, ZhaoP, Zhang ZF, et al. Transpiration of
Cyclobalanopsis glauca ( syn. Quercus glauca ) stand
measured by sap-flow method in a Karst rocky terrain
during dry season[J]. Ecological Research, 2009, 24( 4 ):
791—801.

[ 2] JiangZC, Lian Y Q, Qin X Q. Rocky desertification in
southwest China: Impacts, causes, and restoration[J].
Earth-Science Reviews, 2014, 132: 1—I12.

[ 3] ZhangJG, ChenHS, SuYR, etal. Spatial variability
of soil moisturein surface layerin depressed Karst region
andits scale effect[J]. Acta Pedologica Sinica, 2008, 45
(3): 544—549. [FRAKSE, BRULRS, IRLISE, 4% welf
R R )2 e K A3 (4 S T e B R R RUBE RN [T].
T HE2EdR, 2008, 45 (3): 544—549.]

[ 4] WangSJ. Concept deduction and its connotation of Karst
rocky desertification[J]. Carsologica Sinica, 2002, 21
(2): 101—105. [FEAEZA. W7 A0 U A ARE & 0 2 2 L
B2 R R BT (0], R IEE #2002, 21 (2):
101—105.]

[ 5] Zhang XB, Wang SJ, CaoJH, etal. Characteristics of
water loss and soil erosion and some scientific problems
on Karst rocky desertification in Southwest China Karst
area[J]. Carsologica Sinica, 2010, 29( 3 ): 274—279. [k
fE3, THEA, W, . PR g TRl MoK Rk
S N A B B LA B R U] b A
2010, 29 (3): 274—279.]

[ 6] Peng WX, Song T Q, Zeng F P, et al. The coupling
relationships between vegetation, soil, and topography
factors in Karst mixed evergreen and deciduous broadleaf
forest[J]. Acta Ecologica Sinica, 2010, 30 ( 13 ):
3472—3481. [ E, RE, BRF, 5. Rk
SR E 0 PR S MR S R R RS DGR ]
HEZSAEIR, 2010, 30 (13): 3472—3481.]

[ 7] Zhang Z H, Hu G, Ni J. Interspecific segregation of
old-growth Karst forests in Maolan, Southwest China[J].
Acta Ecologica Sinica, 2010, 30 (9): 2235—2245. [k
A WD, (R 5 2 R AR T D ] 43 B

http://pedologica.issas.ac.cn



96 + o IR 61 &
AE[T]. A74S24#, 2010, 30 (9). 2235—2245.] Stoichiometric  distribution  models Ecological

[ 8] Zhang W, Chen HS, Wang K L, et al. The heterogeneity stoichiometry at the landscape extent[J]. Ecology
of soil nutrients and their influencing factors in Letters, 2017, 20 (12) : 1495—1506.
peak-cluster depression areas of Karst region[J]. Scientia [19] He YL, Qi Y C, Peng Q, et al. Carbon availability
Agricultura Sinica, 2006, 39 (9): 1828—1835. [3kff, affects soil respiration response to drying-rewetting
PREERS , Erobk, 4. WEHrRRIGE A i 385 43 25 (] 43 cycles in semiarid grasslands of China under nitrogen
SEERAE B i R 0] RO R, 2006, 39 deposition[J]. European Journal of Soil Biology, 2019,
(9): 1828—1835.] 93: 103089.

[9] Zhang Z H, Hu G, Zhu J D, et al. Spatial [ 20 ] Gao X L, Li X G, Zhao L, et al. Regulation of soil
heterogeneity of soil nutrients and its impact on tree phosphorus cycling in grasslands by shrubs[J]. Soil
species distribution in a karst forest of Southwest Biology and Biochemistry, 2019, 133: 1—11.
China[J]. Chinese Journal of Plant Ecology, 2011. [3K /& [ 21 ] XiaoD, Xiao LM, Che R X, et al. Phosphorus but not
A&, R, BAAR, Ll IR IR AR LR A s ] nitrogen addition significantly changes diazotroph
S M T G o o A S e [T A A S 2R 3R, 2011, diversity and community composition in typical Karst
35 (10): 1038—1049.] grassland  soil[J].  Agriculture , Ecosystems &

[ 10 ] Shen Y X, Wang D J, Chen Q Q, et al. Large Environment, 2020, 301: 106987.
heterogeneity of water and nutrient supply derived from [ 22 ] Piao H C, Li S L, Yan Z F, et al. Understanding
runoff of nearby rock outcrops in Karst ecosystems in nutrient allocation based on leaf nitrogen isotopes and
SW China[J]. Catena, 2019, 172: 125—131. elemental ratios in the Karst region of Southwest

[ 11 ] WangKL, SuYR, ZengFP, etal. Ecological process China[J]. Agriculture, Ecosystems & Environment,
and vegetation restoration in Karst region of southwest 2020, 294: 106864.

China[J]. Research of Agricultural Modernization, 2008, [ 23 ] Crowther J. Ecological observations in tropical Karst
29 (6): 641—645. [Eritk, FRLIZR, HHV, & W terrain, west Malaysia. III. dynamics of the vegetation-
P W% BT R LR A S R - AR A 5 R S I M R R A soil-bedrock system[J]. Journal of Biogeography ,
X9, AN IARALBTSE, 2008, 29 (6): 641—645.] 1987, 14 (2) . 157.

[ 12 ] Jiang Z C, Luo W Q, Deng Y, et al. The leakage of water [ 24 ] Descroix L, Viramontes D, Vauclin M, et al. Influence of
and soil in the Karst peak cluster depression and its soil surface features and vegetation on runoff and erosion
prevention and treatment[J]. Acta Geoscientica Sinica, in the Western Sierra Madre ( Durango, Northwest
2014, 35(5): 535542, (B, 2 NEE, XBH, 5. Mexico ) [J]. Catena, 2001, 43 (2): 115—135.

R UG N EE M K R e K iAW SR ()], BRI, [25] Zhan Y'Y, Xue ZY, Ren W, et al. Characteristics of
2014, 35 (5): 535—542.] nitrogen content between rhizosphere and bulk soil under

[ 13 ] Zhang Z C, Chen X, ShiP, et al. Influences of rock on seven shrubs in arid desert area of China[J]. Acta
soil moisture distribution in the Karst cluster-peach Ecologica Sinica, 2009, 29 (1): 59—66. [EIEIE, @
mountains[J]. Bulletin of Soil and Water Conservation, Fes, ARG, 55 TRIGEXARRE AR RS IERPR -
2008, 28 (6): 41—44. [ikK&A, BRE, AM, 5. & R R & R RIED]. AR, 2009, 29 (1):
A X 1 R W A R R R A R AR AR R (). K L 59—66.]

R4 4R, 2008, 28 (6): 41—44.] [ 26 ] Clark K, Nadkarni N, Schaefer D, et al. Atmospheric

[ 14 ] Goransson H, Edwards P J, Perreijn K, et al. Rocks create deposition and net retention of ions by the canopy in a
nitrogen hotspots and N: P heterogeneity by funnelling tropical montane forest, Monteverde, Costa Rica[J].
rain[J]. Biogeochemistry, 2014, 121 (2): 329—338. Journal of Tropical Ecology, 1998, 14: 27—45.

[ 15 ] Wang D J, Shen Y X, Huang J, et al. Rock outcrops [ 27 ] LiS, RenHD, XueL, etal. Influence of bare rocks on
redistribute water to nearby soil patches in Karst surrounding soil moisture in the Karst rocky
landscapes[J]. Environmental Science and Pollution desertification regions under drought conditions[J].
Research, 2016, 23 (9): 8610—8616. Catena, 2014, 116: 157—162.

[ 16 ] Wang D J, Shen Y X, Li Y H, et al. Rock outcrops [ 28 ] Conn J, Snyder-Conn E. The relationship of the rock
redistribute organic carbon and nutrients to nearby soil outcrop microhabitat to germination, water relations, and
patches in three Karst ecosystems in SW China[J]. PLoS phenology of Erythrina flabelliformis ( Fabaceae ) in
One, 2016, 11 (8): €0160773. southern Arizona[J]. Southwestern Naturalist, 1981, 25:

[ 17 ] Clements R, Sodhi N S, Schilthuizen M, et al. Limestone 443—451.
karsts of Southeast Asia: Imperiled arks of biodiversity[J]. [ 29 ] Zhao ZM, ShenY X, Jiang R H, et al. Rock outcrops
BioScience, 2006, 56 (9): 733—742. change infiltrability and water flow behavior in a Karst

[ 18] Leroux S J, Wal E V, Wiersma Y F, et al soil[J]. Vadose Zone Journal, 2020, 19 (1): €20002.

http://pedologica.issas.ac.cn



144

W B A X R A A T A

Xt - St i RIS i AR AT 5T 97

[ 31]

[ 32]

[ 34 ]

[ 36 ]

[ 37 ]

[ 38 ]

[ 39 ]

Alcock M, Morton A. Nutrient content of throughfall and

stem-flow in woodland established on
heathland[J]. Journal of Ecology, 1985, 73: 625—632.
Wang L X, Zhang Z Q. Advances in the study of

effects

recently

ecohydrological from vegetation changes[J].
World Forestry Research, 1998, 11 (6): 14—23. [I%L
P, KRR . FRARA B A A Y 7K SC A ARV B 5 i R
AR IFFE, 1998, 11 (6): 14—23.]

Liu W, LuoQ, LiJ, etal. The effects of conversion of
tropical rainforest to rubber plantation on splash erosion
in Xishuangbanna, SW China[J]. Hydrology Research,
2015, 46 (1): 168—174

Eaton J, Likens G, Bormann F. Throughfall and stemflow
chemistry in a northern hardwood forest[J]. Journal of
Ecology, 1973, 61: 495.

Gersper P L, Holowaychuk N. Some effects of stem flow
from forest canopy trees on chemical properties of
soils[J]. Ecology, 1971, 52 (4): 691—702.

Kidron G J, Starinsky A. Chemical composition of dew
and rain in an extreme desert( Negev ) : Cobbles serve as
sink for nutrients[J]. Journal of Hydrology, 2012,
420/421: 284—291.

Pefiuelas J, Poulter B, Sardans J, et al. Human-induced
alter natural and

globe[J].

nitrogen—phosphorus  imbalances

managed across the Nature
Communications, 2013, 4: 2934.

Walker T W, Syers J K. The fate of phosphorus during
pedogenesis[J]. Geoderma, 1976, 15 (1) : 1—19.

Liptzin D, Sanford R L, Seastedt T R. Spatial patterns

ecosystems

of total and available N and P at alpine treeline[J]. Plant
and Soil, 2013, 365 (1/2) : 127—140.

Liu F, Wang S J, Luo H B, et al. Micro-habitats in Karst
ecosystem and variability of soils[J]. Acta
Pedologica Sinica, 2008, 45 (6): 1055—1062. [XI 77,
FAHA, PR, . IR RMAE S RGN
HAREMED]. RHE2ER, 2008, 45(6): 1055—1062.]
Zhang J G, ChenHS, SuYR,

of soil moisture content and reasonable sampling number

forest

et al. Spatial variability

[ 41 ]

[ 42 ]

[ 43 ]

[ 44 ]

[ 45 ]

[ 46 ]

[ 47 ]

[ 48 ]

in cluster-peak depression areas of Karst region[J].
Journal of Soil and Water Conservation, 2006, 20 (2 ):

114—117, 134, [3k4k6, BRUbRY, JRLIZR, % meir
e i [XC L R e A 3 s 6 S R K 3 ] AR SR R A T

BRI
134.]
LiuHL, Jiang T M, Liu H B, et al. Impact of land use on

1. K AR, 2006, 20(2): 114—117,

spatio-temporal variation of soil moisture of sloping
upland in Karst mountainous area[J].
Sinica, 2005, 42 (3): 428—433. [XIMEHE, F5AKWI,
XUULK , 55 A - O O L X5 A - e
mﬁﬁ‘ﬁ%WWWm.i@#ﬁ,mm,n<n:
428—433.]

Pachepsky Y A, Guber A K,

persistence in vertical distributions of soil moisture

Acta Pedologica

Jacques D. Temporal

contents[J]. Soil Science Society of America Journal,
2005, 69 (2) : 347—352

Martinez-Fernandez J, Ceballos A. Temporal stability of
soil moisture in a large-field experiment in Spain[J]. Soil
Science Society of America Journal, 2003, 67 (6) :
1647—1656.

Guber A K, Gish TJ, Pachepsky Y A, et al. Temporal
stability in soil water content patterns across agricultural
fields[J]. Catena, 2008, 73 (1) : 125—133.
Vanderlinden K, Vereecken H, Hardelauf H, et al.
A review of
2012, 11

Temporal stability of soil water contents:
data and analyses[J]. Vadose Zone Journal,
(4) : vzj2011.0178.

Poesen J, Lavee H. Rock fragments in top soils:

Significance and processes[J]. Catena , 1994 , 23
(172) : 1—-28.

Poesen J, de Luna E, Franca A, et al. Concentrated flow
erosion rates as affected by rock fragment cover and
initial soil moisture content[J]. Catena, 1999, 36 (4):

315—329.

Chesson P. Mechanisms of maintenance of species
diversity[J]. Annual Review of Ecology and Systematics,

2000, 31 (1) : 343—366.

(RERE: AAH)

http://pedologica.issas.ac.cn



