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FAXS 150 ~ 186 m, HEE8° ~30°, XM
M201H 22 8O4E AR R RE AR, ARIEZ204F, >2
m A AR IR AE2.9 ~ 5 m. S AN FRAE AT AL
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Table 1  Characteristics of the gullies under study

5 — IGPNC S R@bA3i JARS Y9 R
Gully en () Maximum Average Length Average e e
number depth (m) depth (m) (m) width (m) Slope (° )
I 744.5 6.1 3.2 41.2 18.1 12
| 842.3 11.6 6.4 67.1 12.7 25
1 644.7 6.5 4.1 40.4 15.7 30

115°630"E 115°6'50"E

25°52'10"N

FEHE
Sample plot
O AP REHE On ridge slope
T EREBUEAEME On saddle slope
A AR In gully

1
115°6'30"E
1
Fig. 1
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Distribution of sample plots
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ST HE BB 4= 1l X D R P AR 4 ol b O 19 4 38
PRALAE T b 5 2 B ALAR AL kLA (FR2)
HoAth A8 b5 52 A2 1Y (52 ) 25 S5 W 2 LR S 10
A AR PAME RN, A M BEE R £
Bk, ik E0.51 ¢ kg 10,11 g kg™
AL, . A . AR SR MpHYY
FEVIA M £ R K, 43 013519.67 ¢ k'
33.79 g kg™'. 92.40 mg kg'. 0.56 mg kg ',
60.31 mg kg 'F14.59. 11 -5 S K RN,
F12.82%, YIHN &K ER K, H15.28%.
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A N92.40 mg kg™, KFN3L, JE FHEAKTE, #%
Y R 1L S ) R A TSR, SR T B KOT
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Table 2 Physical and chemical properties of the soil in erosional landform

=i Y A WL EA B0 ] Tl e A A 3w
Erosional Organic C Total N Total P Total K Alkaline N Available P
landform (gkg") (gkg™) (gkg™) (gkg™) (mgkg™") (mgkg™)
WP Ridge  7.50£0.73a  0.24+0.03a 0.08 £0.01a 25.07 + 1.86a 43.99 +4.93a 0.13 £0.05a
ey Saddle  14.99 = 1.50b  0.51 = 0.05b 0.11 £0.02a 30.82 +2.10ab 55.97 + 4.20ab 0.41 +0.15ab
Y1 Gully  19.67 £3.00¢c  0.47 +0.14b 0.10 = 0.02a 33.79 + 1.36b 92.40 + 8.83h 0.56 0.12b
BT A HUBE 4L Mechanical composition ( % ) +- 3K 4y Soil
Erosional Available K pH FRL Sand R Silt ZRE Clay moisture
land—form (mgkg™) (2mm~0.02mm) (0.02mm~0.002mm) ( <0.002 mm) (%)
5 W Ridge  21.61+2.73a  4.53 +0.07ab 59.96 +3.93a 22.33 +4.53a 17.71 + 1.69a 12.82 + 0.46a
Bk Saddle  32.70£4.13b  4.37 £0.05a 60.16 + 3.28a 15.50 + 2.40ab 24.34 +2.46b 14.96 + 0.84b
YIAGully  60.31+5.87c  4.59+0.02b 69.56 + 4.14a 9.81+1.38b 20.63 + 3.55ab 15.28 + 1.31be

e RFIARFEFRRp < 0.05KF2EF 03, FHMH « #r7EIR; FFE Note: Different letters in the same column mean significant

difference (p<0.05) , mean value = standard error. The same below

®3 R R IR YIS

Table 3 Characteristic of soil microbes relative to erosional landform

12 il b JE 4l Bacterias H B Fungi JLZR ] Actinomycetes WA B Microorganismamount
Erosional landform (10*crug™) (10*crug™) (10'CFUg™) (10*crug™)
AP Ridge 8.20 = 1.30a 3.36 + 0.44a 8.65 % 1.33a 20.21 +2.87a
#R Y Saddle 16.65 + 2.46ab 6.47 £ 0.85ah 7.27«1.11a 30.39 + 3.55ab
YV Gully 30.06 = 3.50b 10.59 + 1.35h 4.64 +0.62a 4529 +5.15h
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Table 4 Soil enzyme activity relative to erosional landform

(S EviA HEAE R Invertase WK Urease P& B2 il Acid phosphatase i AL A Catalase
Erosional (mg glucose g”' (24h) ') (mg NHjg™"' (24h) ')  (mg p-nitrophenol g h™")  (ml 0.02molL™' KMnO, g™ )
landform (37°C) (37°C) (37°C) (20min) ™

AP Ridge 24.54 £ 1.83a 0.06 £0.01a 0.16 £ 0.02a 0.77+0.11a

S Saddle 28.00 + 1.25a 0.18+£0.01b 0.20 £ 0.04a 1.27 £ 0.09he
Y1 Gully 30.18 +3.34a 0.19 £ 0.02b 0.21 £0.02a 1.54 +0.12¢

4359 HE L3RR 7 T G 1 5 218.29% 1101.3% . AH
X AR AT | U707 ) O A 2o 4 A AT P
=, BB UIVA Y 3 A EE TEA R T AR AL R
AL S i
22 BERMMEHITIEBAMRS LIEBMHME

PSS

O B e (2 bl X R AN R LA 3
o UA e B EURT e K A 5 4 e s i R
WML (£5) . 2S5 HE (r=0.819) |
HE (r=0.730) . MW (r=0.875) KMEY
Mt (r=0.888) Wi EFIEMX, X5HMAEYE
AR A —3 T LA e B R
ARG, AR A W 0 R B b B
Bl ff R 5 MR AR B A E (r=0.669 )
X 5 0K G E A o il AR AR A — ., 8K g
5 MM AR AR, Kb 5k
(r=-0.698) . MVEWERREE (r=-0.548 ) Flid &1k
AR (r=-0.574) W0 EFBEERC, X FERE

WS 0 HHOK MK, REUE KA R R+ i
TG HOKEAR ), LA, S Ky
AEXT e (T 2 1 SR ARG AL, TR ) 2 R U5 A A
P KSR i, ISR

21 HE B B 47 o DX D 2 e RTS8 3 39 ) - g op
4 BB pHAN LK A 5 RN PR e AR Y
I B O A OC (K6 o LIS HMR
PR R B 2 (A OC (r=-0.626) , THipHE I
B EEA X (r=0.836) , BRSCHMLER
RS 2 RN R — Y . A RS
H#BEIEAHE (r=0.623) , X 5649 24
BEVE A 56 LK 4 5 IR B T P B 0 35 1E AR G
(r=0.755) , X2 P Ay $c S48 100 ALk 2% 171 R X 8¢
U, LIRS — B IR B T, MRk X
IR % LA R A

CIHE A2l X S R AN T U0 3 i
MUl . 2R . B AR S R TS 1 e
s A WA S (KT o H LS R

®5 WWERTIRBAM RS TIREAEE YRR X

Table 5 Relationship between soil physicochemical properties and soil enzymes and microbes in the soil on ridges

RERERGY i3 PR R AL E Y K WATET e R

AR -0.224 0.184 -0.240 -0.043 0.230 0.211 0.213 0.236
2RY 0.306 0.306 -0.106 0.068 0.257 0.232 0.345 0.309

S 0.254 0.148 -0.278 -0.130 0.819” 0.730" 0.875" 0.888"
Lo 0.387 0.200 -0.331 -0.252 0.326 0.277 0.269 0.318
A 0.018 0.669"” 0.386 0.399 -0.128 -0.064 -0.036 -0.087
AR -0.160 -0.037 -0.265 0.257 0.243 0.114 0.193 0.218
A -0.054 0.148 -0.402 -0.231 0.136 0.117 0.110 0.132
pH 0.398 -0.136 0.196 -0.183 -0.124 -0.275 -0.114 -0.154
k4 -0.487 -0.698" -0.548" -0.574 -0.083 -0.093 -0.039 -0.072

H: *p< 0.05; *p<0.01, FllNote: *p< 0.05 ; **p<0.01.DInvertase (INV) ,

@ Urease (URE) , ® Acid phosphatase

(ACP) , @Catalase (CAT) , ®Bacteria, ©@Fungi, @Actinomycetes, @Microorganismamount, @Organic C, @0Total N, @Total P,
2Total K, @)AlkalineN, (4 AvailableP, @5 Available K, @6Soil moisture. The same below

http: //pedologica. issas. ac. cn



3 1 TEHAR AT (R X 5 AR -8R 1 52 i 813
6 EARE HIEIBAM RS TIRE MM EMRNE XM
Table 6 Relationship between soil physicochemical properties and soil enzymes and microbes in the soil on saddles
TEREREY  IRAG® WL I i A B T B (PGS i
A B -0.015 -0.160 -0.114 -0.130 -0.191 -0.120 -0.138 -0.242
2R" 0.106 0.064 0.091 -0.061 0.004 -0.244 -0.281 -0.151
L -0.105 -0.083 0.014 0.002 -0.331 0.321 -0.069 -0.221
A -0.372 0.129 -0.626" 0.081 0.110 -0.032 0.245 0.163
A -0.124 -0.229 -0.050 -0.404 -0.134 -0.172 0.059 -0.146
A" -0.169 0.007 -0.139 0.037 -0.224 0.623" -0.074 -0.047
e -0.025 0.177 -0.417 0.016 -0.345 0.411 -0.042 -0.200
pH -0.085 -0.050 -0.257 -0.064 0.180 0.836" 0.152 0.433
THGKAT -0.096 0.755" -0.042 0.152 -0.096 0.158 -0.241 -0.115
=7 YA TIEBAMRS DIEEMAEIRE XM
Table 7 Relationships between soil physicochemical properties and soil enzymes and microbes in the soil in gullies
iR iR Tt > el R R Ai® O WY R
A Bl 0.054 0.785" 0.541 -0.007 -0.376 0.101 0.289 -0.226
EY -0.290 0.533 -0.049 -0.349 0.604" 0.664" 0.203 0.265
2R 0.019 0.047 -0.121 0.385 0.044 0.590 -0.209 0.267
Sopp 0.103 -0.498 0.444 0.517 -0.464 0.119 -0.309 -0.412
A" 0.076 0.213 0.094 -0.124 0.573 0.149 0.173 0.603
A -0.251 0.747" -0.255 0.209 0.640" -0.163 -0.275 0.431
AT 0.064 -0.191 -0.014 -0.358 0.219 0.268 0.450 0.402
pH 0.193 0.463 -0.274 0.274 0.044 0.063 -0.510 -0.033
LKA 0.298 -0.222 0.008 -0.409 -0.019 0.170 0.349 0.130

BFEML (r=0.785) 5 A SAME (r=0.604) 3

it

i®

MAER (r=0.664) WFHEAHE; mfERS LM
AW R EIEASE (r=0.603) 5 A RS IR
(r=0.747) . 4 (r=0.640) B FEIFF K, XL
FASEPE g SR 1 IR I AR T IR
2.3 RS TIEFHRNXEE

Ry iE 25 0 b A SR X AR ol Bl T 1 g
H AR TG N 5k B R AR B, SEBUR il
1 25 I+ BEREPE A8 A b 1) S AR A8 AR AR 2 LT
G, Az e B R AR AE N LT, R
FH R A8 G I B 15 43 A 1 SRR PR 5542 Tk i O 11 G Bk
JE, SRS, EHEREE S Rk Y 0 SCER K
NI U078 (0.93) > #EEE (0.61) > B
(0.39) , HHERHES YA CHE B K. Ui IIAH
Fb LU Sl R s ke, B0 90 %o 21 M9 I 4 ol [X 25 FE A
R B - B AR M B e e K

3.1 FEEMmBR T EEMENES

ST 4 Fr b5 45 b X Th R AA MR R R 3R 40 A5 A
X, R Rl M i 1 e v 2 R L A
WA LR . A0 TR . AR . R
DA B MK S em (R2) , MM RRZ
(%£3) , FHEEERK (F4) o X8R ER
RIS EEEm R MmTRRY 2 Ko g
B F SR, TSR AR K S
Figl e R 2 L IR R LRI
ol RN (¥ 2118 1 AT IR S 7 AV E L1
E, LIS, e IR LTR
Pt LIVLAUCN ERVNA AR S i, RN
TS A PLTRE 2 2 5 B R
BE T MR A SRR T R s Y L
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Table 8 Correlation coefficients between soil property indices and correlativity between soil properties and erosional landform

FIE Z B Correlation coefficient

Z L7 3

55 Index L b 13 Reference
Ridge Saddle gully sequence
TREAE G 0.33 0.56 1.00 1.00
iR g 0.33 0.86 1.00 1.00
TG P T i 0.33 0.95 1.00 1.00
i ALY 0.33 0.59 1.00 1.00
B 0.33 0.45 1.00 1.00
HE 0.33 0.47 1.00 1.00
AT 1.00 0.59 0.33 1.00
TERII=Y S 0.33 0.46 1.00 1.00
AR 0.33 0.57 1.00 1.00
2" 0.33 1.00 0.79 1.00
A" 0.33 1.00 0.69 1.00
St 0.33 0.59 1.00 1.00
A 0.33 0.40 1.00 1.00
A " 0.33 0.58 1.00 1.00
R 0.33 0.41 1.00 1.00
pH 0.64 0.33 1.00 1.00
+ 1k 40 0.33 0.59 1.00 1.00
KRB r, 0.39 0.61 0.93

DL, ML B ) e il 8 00 R e R v, 3%
U A B RRL BB 2 A B A R, A
T HERRL . A HUT RV G A R R Y R
SRRRIR I 87 T < o) 2

B — 3 ) FH 04 A HEOK 5325 0] 23 A 2 A7
Rl e R s mi 00 (R ph IR ek 4 A
KNG A P13 > R > 1E Y, A3 R
— 2 DA LU 33— SR 4 — VI V) ) b o) A28 A S
RAEH, W28 isgm, - 3oKEds i F Al
A 1) RN AR s R AL I — e
—UI9E HERRL E W O, DA A A XK
Oy PORFE TG =R e I A VA J2 M1 LT
BISS TGN, BEIR T LN DY L ARBEIE
F KA =R R R Y R AR E S R S
JEL b B RIF ST 45 AR 2

BRICZTE AL, 4 . FLR FRUE Y B R e AN
) (= ik b [ 2 S5 2, 000 v (IR R UV >
W > IESE . —RFE R RMER, 150

(1 8 7% 4 K2 - HE3R 2y R B R as sh L
6T I B s — D e 5 - e
AE S AR HOIR B S 22 200 70 5 ol T U0 R e
1+ AL FE AR A U B R Y R
45 R 5 AR b S DX B 0 T /DN B 43 A A
L5 L SIS A L, e A A ) e AL
A I T VRS RN 765 i - SR A )
B0 SAFFN0. 7545, P G IR BN A — 3. X
TR R AN B A RO RR TR AR BE B E M R, AR AR
A ) B BB TR K, RTINS e A L
EEM AR B PR IR BE S 85 s i AR
HIE s R AN IR A 25 5, IR S EUR I
HIE v A SR W R S A PR — L
3.2 FREEMBFTIEEREEXEER

8 Al 5 A AR e R A R O
SR AEAEN, H AR MR AR, bR
MR R AETE B 2230 1 0 R WG P R R AT 1
R I E AR AR, TS5 N ITA AR,
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S WA e TR A B 2 R E AR
AR A E R R EY T AR KR
SSRGSV =R 0N LW NCEEYE BT S AR
FRBE AT AR (], H: o S R ] 09 AR 56 1 18 2% A
o SR, ABESE A A 45 T ) - S84 b 0] FY
FIEAEAFTEE W 225, i, fElgyh g4
WA SR TR L0 R T S B L OE A
Koy AERIRYE R AW . pHA K A 5 IR
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Effects of Erosional Landform on Soil Properties under Pinus massoniana Forest

WANG Bangwen'  XIA Xiaolin' DUAN Jian®

(1 Anhui Province Key Laboratory of Water Conservancy and Water Resources, Anhui & Huaihe River Institute of Hydraulic Research, Hefei
230088, China )

(2 Key Laboratory of Soil Erosion and Prevention, Jiangxi Institute of Soil and Water Conversation, Nanchang 330029, China )

Abstract The knowledge of properties and distributions of soils is essential to planning and managing sustainable
land use and preventing degradation of the lands, especially lands under Pinus massoniana forest, which are typical
degraded lands in red-soil erosion areas of Southern China, reaching 1.42 x 10° km’ in area at the end of the 1980s. Soil
is an important material basis for vegetation growth and its distribution and development is subject to the influence of soil
erosion. The soil under Pinus massoniana forest in the hilly red soil area of South China is exposed to severe soil erosion,
making the eco-environment therein very fragile. It is, therefore, of great significance to vegetation restoration and ecological
rehabilitation in such areas, to determine impacts of erosional landform on distribution and properties of the soil. For that
end, this study analyzed effects of erosional landform on properties of the soil under Pinus massoniana forests in the region

(25°26' ~26°17'N, 114°42" ~ 115°22'E, ) in Ganxian County of Jiangxi Province, China. The soil in the studied region
is laterite derived from granite with the featured of a calcareous humid ferrisol, coarsein texture ( 60.8% of sand, 18.7%
of silt, and 20.5% of clay ) . Located under the subtropical hilly humid monsoon climate, the region enjoys a mean annual
precipitation of about 1 423.4 mm concentrated mainly in the rainy season lasting from April to June. Soil sampling was carried
out during the mid-and late-April and mid-October 2013. Four hills were selected typical of the study area. On the ridge,
saddle and gully of each hill, a belt transect was laid out at random along the slope and on the upper, mid and lower slope,
a sample plot ( 10 m x 10 m ) was delineated separately, making up a total of 36 sample plots. In order to keep the samples
as consistent as possible in sampling condition, it must be made sure that there had been no rain for 2 weeks before sampling.
Soil volumetric water content ( SWC ) of a sample plot was determined by averaging the soil water contents measured at 9
random sampling points across its topsoil layer (0 ~ 15 ¢m ) with TDR-100 ( a portable Time Domain Reflectometry ) , and
the soil sample of a sample plot was a mixture of soil samples collected from its topsoil layer at 5 random sampling points. After
collection, the soil samples were sieved, separately, to remove plant roots and large stones from the soil with a 2 mm mesh
sieve, and then divided into two portions, one stored at 4°C in an icebox and the other air-dried and sieved again, both
ready for analysis of soil texture, enzyme, edaphon and chemical properties, etc. To improve precision of the analysis,
each soil sample had three replicates in analysis and then means were worked. Statistics and the grey relational degree analysis
were performed of the data obtained in the analysis with the aid of SPSS 19.0 and Excel 2007. In the end of study, the
following conclusions were drawn. 1 ) The soil under Pinus massoniana forests varied significantly with erosional landform in
soil properties. Compared with the soils on the ridge and saddle of the hill, the soil in the gully was higher in the most of the
soil property indices, in number of soil microbes and in soil enzyme activity; 2 ) The correlativity between soil physical and
chemical properties also varied sharply with erosional landform. Compared with the soils on the ridge and saddle of the hill,

the soil in the gully had more soil physical and chemical property indices positively related to the indices of soil microbes and
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soil enzyme activity, and the relationship between soil properties and gully was the highest in correlativity, reaching 0.93;
3) The micro-environment formed in gullies improved soil properties, providing favorable natural conditions for restoration
of vegetation. Therefore, the study on environment of erosional gullies may provide some scientific basis for rapid restoration
of soil and vegetation in the hilly red soil areas of south China.

Key words Soil; Erosional terrains; Pinus massoniana forest; Hilly red soil region
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