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Table 1 Soil quality and agricultural production conditions of typical planting patterns for slope farmland
R E e TR MET

A : " " " N, byt
b A : + T4 + i Tk Bar LA PR 7
m:.j% AT X I, K R }IE JERE * % | :%e» m}!}" )d% = j:%%ﬂ j:.i%)ﬁf&ﬂ% EYIr 4 Productivity

L BEJR Effective ¥ . Y 7] B Soil Cation  Soil total Soil available .
Administrative ., Slope/ . Topsoil . . . . . Crop yield/  grade of

Block . Parent material =~ 5.~ thickness , . Soil Soil Soil organic exchange nitrogen/ phosphorus/ o2 .

region ©) . thickness . . i Bl (thm™)  cultivated
number of soil texture structure compaction matter/ capacity/  (g'kg’) (mgkg)
m 2l 1 land
layer/cm (gkg™) cmol(+)-L
1 TN KEREERTTE 5 40 20  EHE RO ik 19.5 32.1 0.974 12 9 —
2 JIMK KEREORTTE 5 45 22 Y kR B 10 27.6 0.664 10 6~75 "
3 JIMX aigaes 10 50 20 EE O ORR TV 9.69 16.3 0.906 29 45~6 =
4 TIMX AR ERTE 15 20 15 ¥ Rk PV 7.02 19.9 0.41 10 4.5 g
5 JIMK kg aesE 25 20 20 EIE O OROR S 9.93 18.9 0.816 2.6 4.5 in
6 KFFIX RraksE  — 45 20 EE O ORR Bk 10.5 31.5 0.662 16.6 10.5~12 —
7 KA Braks  — 30 18 HEIE Rk i 13.3 22.5 0.97 12.1 9~1.05 -
8 KAEX BrakRs — 45 20  EHE Rk TRV 11 22.5 1.02 12.5 8.25~9 =
9 KHFX Ay — 40 18 EHE kiR s 13.7 22.9 1.07 10.2 7.5~8.25 Iy
10 KFFIX MFIH 25 80 20 R ORPR O RUESE 9.68 21.8 0.665 4 6.75~17.5 i
11 RE YRR — 35 20 hiE o Pk AR 14.9 21.6 0.97 11.3 9~1.05 -
12 REL YR — 35 20 VHE ORDIR B 122 22.1 0.792 20.9 7.5~9 =
13 RE R — 30 20 hEE ORIk Bk 7.37 20.3 0.793 4.04 6~7.5 g
14 e VPR — 20 20 pIEE KPR PV 10.3 17 16.8 0.795 5.86 4.5~6 T
15 RE YRR — 45 20 bl Rk TRV 10.5 £123.8 1.79 1.3 45~6 fi
16 PN ERES FEEBA <6 40 25 i PR B 14.6 1318 0.885 9.39 9.5~10 —
17 Py EE 0 WRR4L 5~10 50 25 W R ¥ 8.99 21.1 0.608 6.61 9~95 -
18 ZPHE AR 10~15 40 24 BBAE R s 19.9 1224 1.36 5.57 7.5~8.5 =
19 PN ERES VEFHA 10~22 40 20 WhHE PR LV 12.3 f724.8 0.72 3.74 6~7 Py
20 PIEEES FEFRA  15~25 20 20 WHE KRR FATL 5.29 17284 0.412 431 4.5~6 fi
FIWREHS s e N
21 X s — 30 20 T ki gy 228 13 1.28 51 9.1~9.75
X AR LSE I STA N L3R £
- B REHS . . N _
22 X . — 40 20 P kIR ECHRRA 15.5 25.8 0.953 8.4 7.75~9.1 -t
CLEg X AR TWhigE FIRVN B
e
23 X %mgi%% — 25 15 & Rk TRV 323 f112.7 1.49 27 6~7.75 =
AL
e
2 pak PUREESE 20 bl MRSR Bk 148 fi214 102 14 5.55~6 Iy
AL
P
25 EFgX %mgi%% 18~25 20 20 WEE /NRRIR TRV 12.6 173 0.845 18 <5.55 fi
AL
26 Jems X YR R4 5 35 20 HhEE Rk AR 12.4 28.4 0.891 18 9 —
27 JefE X YR 5 40 19 W R FiTVN 12.9 24.7 1.02 6.3 7.5~8.25 -
28 JehE X VYRR 10 30 20 hiE R B 16.6 17.4 1.14 45 6.75~7.5 =
29 JefiE X Brknpd — 25 25 REE ORDIR AR 10 20.8 0.606 1.2 6~6.75 g
30 JEmE X MG 25 15 15 P Rk ey 10.6 28.8 0.654 6.1 5.25~6 in

e 1D HODAEGRI R BT ) 4 2) M L3RR BOIHE 0~20 om ABF A LI FTRAR (L, 3) MBRPRIBIHE s ok E T .
Note: 1)The gravitational grading of cultivated land in Chongqing was adopted; 2) The soil quality refers to the soil quality change of the tillage layer at 0-20 cm; 3)The
typical planting pattern refers to “rape - corn / sweet potato”.
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Fig.1 Layout of section of plough layer at uper, middle and lower
part of slope farmland
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Table 2 Evaluation of soil reservoir characteristics and its agricultural value

IS ERgIEs

Application values

b AN
Indicators Calculation formula
tA [E Y n
i TS =0.03.(S, x 1 x H,)
Total reservior storage pury

DS=01Y (W, xr x H
Dead storage g( i % )

SR
Usable storage

=] 7 P n
JRNATHPER MS=0.13((S, ~ W) x5 x H,]
Maximal available storage p
SRR n
'ﬂiﬁgﬂ(ﬂﬁ ' MC =103 (5, x H)
Maximum water capacity pat
LI ROK Sy

SM =10) [(F. -W,)xH
Soil available moisture g[( s mWxH)

FHERER IR, R T HHERIORIE WK AK R D) RE

ARERAE EABTAIAL, AR KB IR K 3= 7 3R

us :0-12[@ =Wyxnx H] ARPAAOK S FTERORIE, 0 SEBR B K Rl e e rh e i, BRI AR A, SO KM
TR REBE IR K IR, AT RE RN MR AR L

T HEE KON, S SRR OK IR B KR RE

IR REBAE IR R SY, SRR KR

TE: SOMWRIRRKAL, %: woOIEEE S KN, Y% o LERE, gom™s H O LRI, oms n b LR CONBEROKE, % FOSFARBKE, %.

Note: S; is the saturation moisture capacity, %; W; is the wilting moisture content, %; r; is the soil bulk density, g~cm'3; Hi; is the soil depth, cm; n is the soil layers; C; is

the capillary moisture capacity , %; F;is the field moisture capacity, %..
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AL R n DR BEE I, BEm g 255
W=0, RGP 2 NI 2R, R
ST IPRRERN, SR I A 7
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S D RS BB W Wy W, SRS
r peoq REER I 2RI
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2.1 WHHEHELIEREFHERER S

0TS B A s ke ke 1 Al AR R T T
o, BHERECR e, KA AR AR S R e,
BT BAT R K o B EPR ) 1) AN s AR
B e EAZ R AR PR AR AL, R 2 e
SHAERAEY - IO RE R I Sh e A TRK . Ry R
R, FEHE 4 A5, SRR bR 3 )R
HIE, PNV 3 Fs; 2R 2R E s8R i, 4
SCH ST AT B IR R AR R AR AR ALRRE . AR
PP TR 30 MHHEREARGH T L (R 3D,
BHZ S s A 1 R SR A S, S B2 R AL
15~25 em Z[W34k, AR AR 12.18%; 1A 2% 1 )28 L
ARAIRBE N 15~80 em, A8 RETIA 37.26%, X Ui
TR 2 R bR e, AH IR RS,
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SRR 13.04 g/kg 25 550 39.88%; BHE 1A # N
23.35 cmol(+)/L, AR RHN 18.42%; T4 %N
SESS TR 0910 12.03 gikg, AHRNAR 2R E Wk
31.87%. 94.51%; TIEAMWAL R REUA, R BEA

TIPSR B R R SN T SRR AR . R
Pk O IR P AARME AR i, BE TR )
H AR, YO R R 5 & FLEAE 20~25 cm
I, A7 )RR G EAEAE 40~60 cm (7]

x3 WHHHELIRRERISHERTL

Table 3 Change of soil diagnosis index of cultivated-layer for slope farmland

W G A

. LR - EE M Effect of diagnostic index
\ - Statistical characteristics .
s bR A for crop yield
Evaluation index FEAMC  BOKM BUME PRI b2 AREM  Suitability
Number Maximum Minimum  Average  Standard Coefficient of eigenvalue S T F G
of sample ~ Value Value Value deviation  variation/%
AR
~ + - - +
Effective thickness of soil layer/cm 30 80 15 35 13.04 37.26 3050
#hJZ JE B Topsoil thickness/cm 30 25 15 20.03 2.44 12.18 18~25 + + + *
HIEH P Soil organic matter/(g-kg™) 30 3230 5.29 13.04 5.20 39.88 8.99~22.8 * + + +
FH 7 A
2 16. 22. 23. 4. 18.42 1~32. * * + *
Cation exchange capacity/(cmol(+)-L™) 0 63 5 335 30 8 252l
434 Soil total nitrogen/(g-kg™) 30 1.79 0.41 0.91 0.29 31.87 0.66~1.02 * * + *
4345 2% Soil available P/(mg-kg™) 30 51 1.20 12.03 11.37 94.51 6.3~18 * * + *

D S-GROKAENL T-BREFEH, F-BRIBIEAD,  GREBHZEMEI. 20 “+7 |
7 FORTWIRIE. SURN . 3) EEIEEHIEA N
Note: 1) S-soil water retention, T-soil retention, F-fertilizer retention, G-Stable plowing effect. 2) “+”,
production in the process of water conservation, soil conservation, fertilizer, stable tillage positive effect, negative effects, respectively,

FEERFHRIERN . HN,

“7 G R WSZFERRTESR L B L R BT RO R DRI,
N YR R AR
“- reflect the indicators in the formation of sloping land
“*” indicating no significant

positive and negative effects. 3) Suitability eigenvalue is the average value of soil index for first-class or first-class slope cultivated land.

FE TS AR RIRTEE T, PR e R A B
(2 Hbn, RN RGEH 45 T 60 - B AN A
TP R AN = B nER 4 FoR. —. 5%
Hb 3 AKOPSBR R L FA SR 0T, BRI R
JEIE 21 em, fTRE)ZIRSE 40~45 ecm, BHEZ B3SO,
Bk, AN BHEFAcHs. %L AR HE
12.60~15.96 g/kg. 23.88~30.67 cmol(+)/L. 0.86~0.94 g/kg.
9.12~21.40 g/kg JuFEAL ;s T AAEH AR, HoH

JAERE19 em, HRCEZEREAN 314 em; BHZ HIERHE 1
4Ky 23.88~30.67 cmol(+)/L, ARFEILH R st
T T3 USRI 5 BN A — 4511 KT 1) 61.65%F1
28.13% RNFFIASE. HEAMNAZER 1 FT M =BH3RE 53
WHACFE, SRR E A, 15° L dHht
AUETVUG . Tk BRGEOR,  BUARBHZ A L.
FHE FACH L . ARSI FEAR AL, (HRIEY i
FKILAK, A1 AKCP 1 42.6%.

R4 TRHAKFRETIFEHIEHE T IRRERHE

Table 4 Soil quality characteristics of cultivated-layer for slope farmland under different soil fertility levels

i +-45 FH 2T 1
+ 15 . +-33 : 2y S 2 .
s R TR gy DR FRUR st R R g g e
b 7554 i . BESEE Soil Cation Total Available i .
Pl Profile . Soil . . . Effective Slope/  Crop yield/
Land productivity level . Soil Soil organic exchange nitrogen/  phosphorus/ R . > 2
thickness/ structure . . P Lol thickness of soil ~ (°) (thm™)
texture compaction matter/  capacity/  (gkg") (mgkg™) laver/
(gkg") /Aemol(+)L™) ayerjem
HiHEJZ Topsoil 21 i FIRIN S 15.96 30.67 0.94 21.40
Leve‘l'l Lot JZ Subsoil  21~38  HhE phBHOlR BESE 9.28 22.63 0.51 5.95 45 0~6 9.6
J& 12 Bottom soil ~ >38 BRSO NRR BUESE 6.76 19.4 0.80 473
B2 Topsoil 21 T FIETN ik 12.60 23.88 0.86 9.12
o - o
L;; 5 LhJE Subsoil  21~42  EEE BHORR BB 2133 23.88 0.66 435 40 5~15 8.63
J& 12 Bottom soil ~ >42 i MR RS 6.57 23.92 0.52 1.51
B2 Topsoil 20 Gig:d PRI TRV 16.95 19.58 1.12 18.98
A
L;§3 Lt Subsoil  20~38  HHE /hHUlk Bk 10.42 18.7 0.72 5.39 37.5 10~15 7.35
Ji&+JZ Bottom soil ~ >38 I AR o 10.30 19.4 0.74 5.90
BEEZ Topsoil 21 fib i FIE7N Bk 10.87 20.98 0.77 7.20
inj 4 L2 Subsoil  21~31 T PMHuR BB 6.96 21.13 0.58 2.75 29.1 10~22 6.30
Ji& 1)z Bottom soil ~ >31 i Yok s 8.54 222 0.52 3.77
BEAE )2 Topsoil 19 i LIRIN B 9.84 23.17 0.85 6.02
ngjlfs tJZE Subsoil  20~40  FEIE /NHOR o 6.22 23.5 0.52 1.8 314 15~25 5.51
Ji& 1 )2 Bottom soil  40~80  FiE Uk P 4.19 21.7 0.526 1.58
e D MO BERI R E R C SRR 2) FREDE L. B FE MM EFEY .

Note: 1) The division of the gravitational hierarchy is based on the grading system of Chongqing; 2) Planting crops are wheat, jade, potato and other local crops.
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ANTA) 1l 77 KT 350 B J2 AR T FR A 38 3 Bk B
EE>0 T E>R T2, DHESEL)ZZRARIEE;
— AR KT BT E R B SRR I N b R s,
T B SRE R TE A A A RE UE RERE J
IR PERE M BN . T =2 LA R KR A
)29 B0 A0 ABA 4 Jf B A S PR T 5 4, 3 T ) J 2 IR
SRR B T X — 4 A, X T EIAhE K, R
. ARIEAE N BB, BRI B AR A P
T F% 50% 2547 o
2.2 HIHHETIENSRHESHT

B 257 KPR 5 R K R B LRk R MR i 4%
AR AR ) BBHE LIRS, TR ER SRR
IR A WUBPERA S IRt R, g T e R 42
T BT 33 G AR IS TN RS I R, AT s BT

B, )2 RE S SRR, BT N KA N
SN )3 3R o AT 3 B (RS o HIEREE R
WL OB 2 R I R bR, 5 R EE A
AR S ARAE DI 2R A KB DA DG o 3R Hb - 18 75 T
RN B (152 glem® > T (1.47 glem®) >l
(126 g/em®) , HEfIEA TSN, XL BT A Ex
biy mbkL. AR LIE S, R )2 H0 )2 FLRRE
BIte ESOR R YRZOR s AN RIS A 38R bt 2 1 158
KEHRIA 0~20. 20~40. 40~60 cm K kI KL%,
LSV o s N S 5 A [T v D w5 OV SRS B 2 e =
e RO, B R EIMEK A T (1.42 mm/min)
>N (0.98 mm/min) > F3% (0.91 mm/min) , BEH
rH A OB P 2 B K P B IR R A T
SN

x5 OWHHTHEDIENSHESRIREIMEHE

Table 5 Soil infiltration characteristics and its runoff erosion of cultivated-layer for slope farmland

1B HuFn A £ 1l TIENBRHE T IEpUEY
Bop /X F* K FIkHE LB Particle composition(%) Soil infiltration rate (mm/min) G PNV
o Bulk Saturated P Soil Penetration
Slope Soil  yensity/ . Porosity/ . . - e N b oy . ;
position  layer enSlt_}}’ hydraulic o, Frki Silt ki Sand ki Clay YUk Faoe 30 min shearing ~ resistance/
depth (g'em™)  conductivity/ (1~0.05 mm) (0.05~0.001 mm) (<0.001mm) Initial Steady strength/ kPa
(mm'min™) (kg~cm’2)
0~20 1.42Ca 1.03Ac 46.26Ac 55.61Bc 24.59Ba 19.80Aa 13.88Bc  2.87Ac  2.15Ac 8.58Ca 227.25Ca
i >20~40 1.56Bb 0.90Bb 41.23Ab 43.60Bb 30.00Bc 26.40Ab 10.68Ab 1.95Ab  0.89Ab 16.24Cb 484.80Bc
Top slope >40~60 1.57Bb 0.81Aa 40.70Aa 39.21Ba 27.99Bb 32.80Cc 0.00Aa 0.00Aa 0.00Aa 19.30Cc 474.70Bb
SEHH 1.52 0.91 42.73 46.14 27.53 26.33 5.85 1.61 1.01 14.71 395.58
0~20 1.14Aa 2.01Cc 56.88Cc 42.80Ac 26.60Ca 30.60Cc 251.67Cc  6.72Cb  9.35Cb 4.92Ba 121.20Ba
1\/‘[':{;&1 >20~40 1.22Ab 1.23Cb 54.08Cb 35.60Aa 37.40c 27.00Ba 3525Bb 10.25Bc 15.12Bc  11.76Bb 611.05Cb
iddle
slope >40~60 1.41Ac 1.02Aa 46.79Ba 37.01Ab 33.99Cb 29.00Bb 8.00Ba 5.14Ba 2.27Aa 16.02Bc  1035.25Cc
P 1.26 1.42 52.58 38.47 32.66 28.87 86.56 1.71 8.91 10.90 589.17
0~20 1.34Ba 1.18Bc 49.40Bc 66.40Cc 11.00Aa 22.60Ba 13.50Aa 4.33Ba 2.95Ba 3.44Aa 165.65Aa
T >20~40 1.50Bb 0.95Bb 43.34Ba 55.00Cb 16.60Ab 28.40Cc 90.67Cb 54.25Cc  26.13Cc 5.91Ab 267.65Ab
Bottom
slope >40~60 1.57Aa 0.82Ba 48.41Cb 51.80Ca 20.40Ac 27.80Ab 120.83Cc 18.50Cb 22.81Cb 8.91Ac 409.05Ac
S 1.47 0.98 47.05 57.73 16.00 26.27 75.00 25.69 17.30 6.09 247.45
W D FSBIEA RS PR R R — R EIR AR RS2 5 B35 (P<0.05) , ANFAVNG PRERIRFE— A AR EEIRE 25 B3 (P<0.05) ; 2) M“ih2a

B R RN 0.49 mm/min, 5 a —IRERFERTRE N 0.63 mm/min, 10 a —BHKFERTHREZY 0.74 mm/min.
Note: 1) Values followed by different capital letters in a column indicate that the same vertical depth and different slope position is significant differences(P<0.05),
different small letters in a column indicate that the same slope position and different vertical depth is significant differences (P<0.05); 2) The maximum rainfall intensity

of the local 2 a is 0.49 mm/min, the maximum rainfall intensity of 5a is 0.63 mm/min, the maximum rainfall intensity of 10a is 0.74 mm/min.

ANFEEAT R L HEZ . AN A T IR ) N B gy
TEZE S B3 (P<0.05) , AFIEAIHHE HIEABBNILR
BUAPIHGENBHF>30 min NBFSFEANBR, X%
BRI T ABYI, AT RMEARE, kS
NS FEAT LA B AR, (RIS - 354 /N ks 76
BRI g LR, T S BN B RN
KBEELE —DANBKN . LEYILE NS LRI
(85.56 mm/min) # K, & B3 FEWIIEANE 14.63 1%
1M I3RS E NS SR R (25.69 mm/min) >
¥ (171 mm/min) > E3f (1.61 mm/min) , X E3EEH
TR BB B2 R RS R AE S0%LL EH S
b AL BRI B A B 1A, R B BOR g R e
VB, 38 T b R FL B RE 2 52 i B 2 B /K P e g T
S

B A H 12 B BTN 4R F B AR
or ok - A B VI AS R AR B, R PP PR ik

PERE S MIETERE . M M - BT BY o FE PSR A b
W (1471 kg/em® ) >3 (1090 kg/em® ) > F 3
(6.09 kg/em®) , HFZ (0~20 cm) FLBTHRE LRI N 1
I (8.58 kg/em® > (4.92 kg/em?)> F 4 (3.44 kg/em®),
X ] E SRR R AT B ARG UBT VIR e g, (RIS
Afym ke tk. X1 3 NS, TiEprsyans
PRIk B b R FE T Ry, LLrh b B 5
Hhnie B R, JOR A E RPN R R 3.24 4%,
SRR S T e B i R N R L, DR 2.5 £
fify, XATRES O RAEVIRR AR AR KR B8 B8 7
FEfiGR 2; MmAHZE (0~20 cm) HKPLBIPIBEAGE ) 555,
AL E L b AT AR R 33 b it ORI B AR Ak
FEGA, DL M= A () DX sl R AR A T
AL o BEAMRAED) IEH AR AR T 3 K IE S AR 4h,
BFTFEAAEE R LIS, Bk 5 T, BePiH 1 IE
SUONBL BAR RO b e (589.17kPa) > b 3



13

SRR AR T R RO S € e B X St B2 S B S ) 275

(395.58 kPa)> I (247.45 kPa) , %37 HFZ (0~20 cm)
FNBH ) B3 (22725 kPa) > RH (165.65 kPa) >
¥ (121.20kPa) , {H 38 53 N BH ) 3 AR 5 22 5 ]
&, R 20~40 cm O LR AE L2 TN K EHE
(1) 5.04 F1 8.54 fi5. — M5, SHTHI AL B AR S BB b
BN Ay, EAR B B K BE IR L A M A A A
s, HREMIR RERKAELLTELIE)ZR, (Y
AT, X AEAND A PR N G L 08 AL
2.3 IHHE T K ER KRS

TR AN A A LR R E KA ], g
FERAIRICIEZS . MR R 2% LK R 7%
X o AT R P E AE  J X AR v A e M
THERP. BHZE BRI AT E KRR IhRE, AEi

SERAENEH A KT R, BKES KRE ) M AR
JIE B35 ) B P S IO ZE T R R . A
)35 A7 SR b b 2 3K BERRAE. (3R 60 mI 4, B #F gt
JEARTRAT AN T R R KA FrKRe =57
FO(P<0.05) ; b HERCPE & LLOEOBE R B B oK
(858.86 t/hm®) , Rk (837.57 thm®) , 1y _E3fHR/
(788.11 t/hm?®) , X 53kt 3B & KR HIE K
L S SKEARWA, BRI PSR > B
TIEFCPE S B R AR — B X U R
AR, LK TCROKEZ « RAED TR K5y 5
B UK EI SRR D KA RE R R
H R (73691 thm?) > B3 (727.82 thm?) >k
(724.91 thm?®) , {H_L3A AN 3 A7 2 0] 22 S AN B

R 6 WHHHE TIRK R IE R K I REFHIE

Table 6  Soil reservoir characteristics and its soil water holding capacity of cultivated-layer for slope farmland

e G KRR FHUK PRI FE ¢
e é‘?lﬁ‘&; T Sloj\l m(j:i'—sture content characteristics/% — Charactei‘iftic reserv?iir (iapaf\i’ty of soi? ie;frvii:/(thm'zkﬁﬁ _
Slop position d;pth?gri) LS):[tui‘;t{:dE EE ] ﬁﬂﬁ% l}ﬁ%’a\ﬂ(% TO;:iE:'::rr.a\ge DeZcEiE‘iilge Act/i\\fe J%tﬁage Flozzi/(iejiﬁion M::imumxf\}figble
water content Field capacity ~ Wilting point capacity capacity capacity storage capacity capacity
0~20 27.86Aa 23.03Aa 2.38Aa 791.22Aa 67.59Aa 586.46Aa 137.17Aa 723.63Aa
o811 >20~40 25.24Ab 22.67Aa 1.83Ab 787.49Aa 57.10Ab 650.21Ab 80.18Ab 730.39Aa
Top slope >40~60 25.02Bb 22.33Aa 1.79Ab 785.63Aa 56.21Ab 644.96Bb 84.47Ac 729.42Aa
P 26.04 22.68 2.00 788.11 60.30 627.21 100.61 727.82
0~20 37.84Ba 31.63Ba 6.13Ba 862.75Ba 139.76Ba 581.40Aa 141.59Ba 722.99Aa
gy >20~40 35.17Bb 30.42Bb 5.50Bb 858.15Ba 134.20Bb 608.05Bb 115.90Bb 723.95Aa
Middle slope  >40~60 30.78Ac 28.36Bc 4.60Bc 855.68Ba 127.88Bc 660.53Bc 67.28Bc 727.80Aa
NRSLIEN 34.26 30.14 5.41 858.86 133.95 616.66 108.25 72491
0~20 35.71Ca 30.40Ba 5.94Ca 957.03Ca 159.20Ca 655.45Ba 142.31Bc 797.76Bc
Tk >20~40 28.10Cb 23.65Bb 2.95Cb 843.00Bb 88.41Cb 621.09Bb 133.50Cb 754.59Bb
Bottom slope >40~60 26.01Bc 23.31Cb 1.98Cc 712.67Cc 54.28Ac 584.41Ac 73.98Ca 658.39Ba
P 29.94 25.79 3.62 837.57 100.65 620.32 116.6 736.91

e RFVEIREA R KE 7 REOR [ — TR FRE AR AL R B3 (P<0.05) , NEVNE FRERORF— A AR E HREZE R B3 (P<0.05) .
Note: Values followed by different big letters in a column indicate that the same vertical depth and different slope position is significant differences (P<0.05), different

small letters in a column indicate that the same slope position and different vertical depth is significant differences (P<0.05).

A OB AS R AT, SRR KV e BB 2 R
FE IR S, BEHEHL SR EZY 0~20 cm BEE A
581.40~655.45 tthm?, 20~40 cm 0>+ 2 7E 608.05~
650.21 thm® 254k, 1 40~60 cm JiE + 24 584.41~
660.53 t/hm’. 7E AR S, IR CH PR AE
KLE, RLESOLEZMZESAYE,; mE N3,
JL R B R e KA B R WER I R L >0+
e, B 20~60 cm T2 KERE R, HE 6
WS K BRI 2 IR KB UK AE I AT oK gy
SEXCATA, SR L PR3 0~40 ecm HEEKE K
el (HURTERKED 205 106.2. 146.02. 127.62 mm, Ff
REFEAN 1) 3T UK A3k 82,98 100.84 £ 90.32 mm,
IR A K O B ARAE IR 240 70% 20484k . WF
GERWIN T ARAEAE PG 2R 3, 4 10%LL EAR R4
AifE 20~35 em L2, RIUGAESE & 3R E R
N ALY B B2 - K R A, P
TZEAT T R RE
2.4 FEHHEH B LB K ERREZITN

HEZEZE TR A3 B 150 B 52 i S Bt 1 498 i A 4k

(1) 32 AR AR R RIS R 25, A STAR R S #F Hb B 2 47 R4
TEEE. HZEE. YR, RS, L
Rt 5 ANRFRGT 30 NMEHHBEEZREA (£ 1) KRB
SEOTRE (Ward 15 HHATAE (Q B RGEKIHT,
h T SR G b e TR SR R R 2 ) 2 e, P S
SEHN S, RIRAF BB 2R S R R, nf
30 MR ZREA N 4 2K

5512840045 19, 27, 9. 22, 164 18. 1. 2. 8. 6.
3. 154 174 124 264 7+ 11 35 17 MRHEFEAR, %02
JEIE K 20.6 cm, AR EEEN 40.9 cm, FIEAHUT A
13.05g/kg, AR N 096 gkg, LA ML
9.87 mg/kg; ANFHFZHRF iR IN TIPTS5 R bR 40 T
eV %M ERI T AR AHZ R 25 em
BHZ 164 17 FEAD o 55 T 8HG 24, 25, 13, 29, 5.
14, 20, 4. 30 3L 9 MHIZFEAR, HMZER N 19.4 cm,
HRAJZEE K 21 cm, LAV 9.77 g/kg, 134
Fh 071 ghkg, FIHEAALRE N 735 mgkg. ARBHEGRA
M EERE (21 em) ARG R4, Has L 8mg
FeAR ¥ TiE A KT B R R KR RS
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25cm (BHZ 29 FEA) o 55 T 8445 21, 28, 23 3L 3
ANBEEREA, BHEZEE N 183 cm, A LIEEE N
28.3 cm, TIEAHUR N 23.9 g/kg, TR 1.03 gikg,
AN 41 mg/kg; RIUNARCL)ZEE (283 cm)
K TIE B KT, 2R TE KT, i aEa U,
AR AR S TIEEACEs 2 23 FEA) T3
HHLR (323 gkg) )= 21 FEAR 5 A Rk
(51.00 mg/kg) b 30 MEAR AE. 5 IV EHARE 10
A, HAXTEEE 80 cm, HZEERE 20cm, HIEE
UK 9.68 gkg, THE4% 0.67 gkg, TIHAH A
4 mg/kg, AEPHEERAJZRE (80 cm) &6 1
RS B AT RSP R (35 em) i L 0
(4 mg/kg) AL T IEH Ko

FIbR2E RGKF
Case label Rescaled distance cluster combine
5 10 15 20 25

Num

(R 19

Jehsix 27 o

A7 X 9

Erglx 22 o

B 16

=B 18

JiM X 1

HHIX 2

Flj; X, 8 -

K A5 X 6 -

MK 3

P17 15

PERE 17

o L 12

Jefisx 26—

KAIX 7

EJ=R5) 1 -

LR X 24

Lpglx 25

wKogH 13

lbfsx 29

JIHX 5 4

P=F 14

py (EREY 20

JiIX 4 4

lefix 30 -

EHglx 21

JEiix 28 }

g [X 23

K7 X 10

B2 ¥t R RARES I ZE
Fig.2 Hierarchical cluster graph for plough layer type of slope
farmland
WA X BEZ R IR, R LR G T L, E et
R 2 g o R P 2R BRI R R R

PRI B I1 38D« BHEJEREMGIAY 5 T 28) 013
Fe07 BRI C35 TV 28 00 B ZAEAC S 30%. 10%.
3%, XIS A FBE 2 N DG
2 R RREZ R W AL &5 A xR
BEOBHE D3R . NBRKMERE T, Wb E A
TEHBZ W R BRI AR EEREE 50~
60 cm. HFZJEREE 20~25 cm. TIEAE 1.2~1.4 glem’.
T WR>14.13 g/hkg BB T A #5>26.14 cmol(+)/L+
1A H>0.898 gkg. TIEARH>20 mg/kg. ASCIAH
Lt 2 vl . A e re p s UGB RS . |
M. LIEEAE. L Fh . B SAKR. LI
A LT by 55 6 1 Bl B b A5 BB 2 VT A 1) e /N B 4R
MDS (Minimum data sets) =T 485458, o FEREZRIE N LA
BHZIEE . AR ZEE . #0250 A 4 - 3 2
A

3 it it

3.1 TIEEMEHEFEMNMHIHREEER

B2 R B A —J7 T L S8 S 80U AL 2 B
¥, T HEEMS s LR . B
B 2 R 8 # J =C, AEAE)2 3 R IR 2
0.8~1.0 cm FMUAIKZ 45K ; R IHHZ i 27
TrEE R R . BERRY], IR IR AL T
O M AR . IR AR R . MRS
WRTERs AL 3 AL RIRR L 4 ASJrmt et
IR ALY S L B R A . SR MR A RN 1 0
B 3 2%, BREHHAREME. Sk, 55
PERFAENS, 1 rp B DX B - R B R4 o K
SERERM, A BHED s - BR 4L  FLBRGE K
A AR NSRS AN R RIAE S B AS B S
Bl =00k 2R [X R (- b - 3R A ) R R U, AR
DSy e 4 1 LV A | R Y s s = i ) S e T
TR AN ETSG SR Z TR IR LR T R R i
SR A T XL (R T

R 7THEES S LRR I HH b REEER

Table 7 Effect of tillage activities and soil erosion on cultivated-layer thickness for slope farmland

A 32 bk - 2 J5 BE Y Effects of soil erosion on soil thickness/mm

BHEE IR P — Sy
primmes o Disturbance 1Bl R Weps EYRR IS IR R SEVIHE R AL
Cultivation activity SV i3 . .
depth/cm Erosion deerce Slope/(%) Annual average loss Annual average soil ~ Annual average topsoil
&r P thickness formation thickness  thinning out thickness
#4H Soil preparation 20-30 Tt Rk 3 0.8 0.96 -0.16
1% Fh Seeding 5~10 I 47 A2k >3~5 >0.8~2 0.96 -0.16~1.04
FRT Weeding 5~10 IR AR >5~8 >2~4 0.96 1.04~3.04
i Hf Intertillage 15~20 VR B2l >8~15 >4~6 0.96 3.04~5.04
53k Harvest >20~30 VAR SR AR >15~25 >6~12 0.96 5.04~11.04
FEFTES SRIEE H
Straw and green manure >30~40 VIRIZR >25 >12 0.96 >11.04
returning
FE: 1) YNERAUE SRR RO 1200 t/(km™a)l'™, HER L TIAE (125 g/om®) THERACIERERSLIERE, HHZHIERILIE 40 om;

2) ARERPHER S SEM A= R R - R L RSB 2 R A >0 I, PRI BR=B 2 0006 )5 A SR 2 5 AR e

Note: 1) The soil formation rate of Shaximiao group and Penglai town group are 1200 t/(km?a)"*)}, according to the average density(1.25g/cm®) of purple soil, calculating
the loss thickness and the soil formation thickness . The initial thickness of the topsoil is 40 cm; 2) Annual average topsoil thinning out thickness = annual average loss
thickness-soil formation thickness; when annual average topsoil thinning out thickness is more than 0, erosion age= initial thickness of the topsoil / annual average

topsoil thinning out thickness.
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I B bR 2 A A B AR A R IR 3, 3
Hb ok T AAPEAR RIS, A2 SRS AE B0 0.16 mm; M7 243
RN I 82 S AR By, SRS 82 R AL (E 9 —0.16~
1.04 mm, T BEAR Pl AR 3 B2 S R ARl 1.04~
3.04 mm; CYBCHFHE KT 2500, JLAEIHEE R
AERT 11 mmo. fELROERXRIED & R
B (R RISRHOC R, A5 10 em
U, Rk KRS 10.5%7; Ak P
RN, 2 R I 5 e I DX RN R AR 45 A 1) S R o)
R, IR R g T R MIE M, 60cm 125
JE AR Rt A P e R 2 R . M, B
S TR A - 2 T P e R s A R - B K
FER1 334 7 AR AR A 41
3.2 FHHHESEHEME KLIEE

PRk & BB R — PRI N, TR Rk
VEMIIE 5 A K HL B SEBUR Tl s I XU H b P S0 Bt 2
TR EIE (benchmark) , KGR E FrfgEs
SR A g A = sk R AN AR s i g E v (B
FRARRAE . AP 25 T 2 4 g ot . AL AL
B . HUBRBE )75 38 b (0 8 B 0 AR AE, TR s MF
JERRITT, BE2 S R A 05 R S B2 K 2
e FRER BRI R . ROERX 73%H 12
JEEAY A E 20~60 cm, P 20~40. 40~60 cm 12 )E
FEHLAT) 43 0k 32%. 41% %), KRR HHEAT o A 5 1 1 X
APz, B R I AR A BHEZ . O
T2 EL)E (B 3a) , HeHHEEN D hEKLZE (0~
15em) FRJEZE (15~20cm) . O+ )2 (20~40 cm)
TR LR R, KA R R, KT E
b As e , v EY) i AR K i 75 K o 1R 422 (340 cm)
KA e B LT3R A REE R . WA BT
WRO T2 B SETIAR S, Bmdh 2 R (E
3b) , AR FRHMEE o hiEsE . A RiEZ.
RIAH AT SCEER R 450 . BRI S TR E, i
i AR LR ANGE AR MEAR R A K &4, ikt
HEE KR ARG, AT SEIRAAED R A8 H b (H
R0 o X AR A N Bk LA S LR PR s, TR
TR0 SO0 S B A2 s S RN ) FH RS e

0m sk

PrEe [

5¢m  Active |Topsoil

Tillage layer |, -
L~ 0 cm Iayer r /’IIIJ K2
— Plow pan| | %
Lot . KGR o (1
Subsoil | £ 40om  StabilityHD Bz |+ 40 cm

+ o+
layer Subsoil 4\‘:72:/\1

Ny
2 TRUEZ |2 ::)%Ai_

Bottom soil Guarantee|Bottom ™=
layer soil ﬁ)%a ra

A T
WO W W W

b. AT FBHE 4
b. Characteristics of tillage layer
under loosening condition

a. BHEZ I 2 IR 1
a. Hierarchical structure of
tillage layer

B3 HELEINEMHE ST
Fig.3 Analysis of soil profile configuration

AT K AR FFAT g A M RURE b S5O BB 2
M EEA AR R R, LI MR LR KPR

P AR PR R S RS A 3 A ) R B, TR
PRSIt - S PR i ) KB . sl 4 WL, X
R REHEAF R C M (L2 EELE a-b JEIH AR 4D Al
D b CHRJEEAE o-d VAL, [AFE 4 em K1)
JEREAR, C Hud = R 10 N, T D MR R
B 0.8 AN, B 2 i b I A b A
JRATE ey PRSI T e AR P it B A 20

< DA
o D block
T e—
i © Ciuh
5 1008/ Chlock
a«TPb — 7} d
KELE

Thickness of surface layer/cm

B4 ERAZIRR P AR

Fig.4 Marginal losses of farmers caused by soil erosion

H A0 B BN R 2 R S R K R
R B HE,  AE e J2E X b 8 R T AR HE
RIZEE<15 em. 212 <50 cm, PARHENEKZE
JEE=20 cm. 4+ )ZEE>50 cm, RSl AEE
“RUSLE” TP, 2+ 3fkk {2 FF RUSLE TF2
RO AE T DA B g Tl Sy b o BB - S b
FOFRFE— @ REMHE L2, DR HEK R B bR s v]
SR S B AOU TR T TR CZERG T L KA AN
YR , DU E IR R ME Rt T R
R PERY . MO ER Y, BIIEAHHE R s h e
FE SRR K 2 R R e Bt 2 a5 0, 2 AR R
XA FRHE M SRR, Y RN LIRS
IR DLk D i R AR RN - 3902 ke A, TNt vy 6
B R, BT RIEDPTRPY,

4 % i

D) O LW Z e B T SR
P, LY EARAR R N TG E R AR AR A BEE R E
15~25 cm. A T)Z)EE 15~80 cm, WHZ ST RE D
A 12.18%. 37.26%; 2 I S i REUR K
(94.51%) 5 FAEM Rt IR0 D FE bR ACHA B R %,
OREZ RS A3 2 R W R AR, P i R BT IA 50%
Fodas T =2 LT g B2 R Bk 2 AL 4 i B4 S T
g58.

2) B A FIS AT . AR R R R
BRE. NS, B EREE. LERE N LI
(1.52 glem®) >R (1.47 g/em®) > (1.26 g/em®)
TR E NB NN Y (2569 mm/min ) > 3
(1.71 mm/min) > F3 (1.61 mm/min) , +3EPUETsH)E
WEEHE (0~20 cm) BRI BT, i
T ONBL R A P S (589.17 kPa) > I
(395.58 kPa) > Nl (247.45kPa) ; K& TIENIBAN, 115
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P PUsR AL BONBHL R IR L 2> 0 b E> Bz .

3) RO T HHI A YA, TIERKERERHTZ
e H RS R I AE 2= R AR, b 1 3 8 PR
DL K (858.86 thm?) , Rk (837.57 tthm®) ,
M b3 (788.11 thm?®) 3 . H. FI 0~40 cm &
S KEKBES 53] 106200 146.02. 127.62 mm, %t
AR E ALK T HARAEI R 70% 447

4) RO B T A Ko B
BN BRI, RSB, AR R
HALME A 1.04~3.04 mm; A BRI g7 DLSCH - 54T
PRAT R R 3R A kR e R EE N Hbw, AR )E R
L BHEERE. FIEAE., HIERTIRE . FEEHUR.
IR E VR TR S B RS FRE R R e N B 4R, BE
JERIT EARh R SR

5) B LY Z RNk 4 28, FRSHHE E
P2 )RR G 1 28) o HF)2 R R R
BT 28 AR BRI GBIV 38, Y e
G R Z S WA AR A R R R 50~60 em. #f
JZJEIE 20~25 cm. FIEZRE 1.2~1.4 glem®. TIEATHL
JF>14.13 g/kg. T8 25>20 mg/kg.
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Effects of soil erosion factors on cultivated-layer quality of slope farmland
in purple hilly area

Shi Dongmei!, Jiang Guangyi?, Jiang ping?, Lou Yibao!, Ding Wenbin®, Jin Huifang®
(1. College of Resources and Environment, Southwest University, Chongqing 400715, China;
2. Chongqing Eco-environment Monitoring Station of Soil and Water Conservation, Chongqing 401147, China;
3. Chongqing Surveying and Design Institute of Water Resources Electric Power and Architecture, Chongqing 400020, China)

Abstract: Cultivated layer soil quality is highly sensitive to both soil erosion and artificial farming tillage in Purple Hilly Area.
Soil erosion is a key factor that causes soil degradation and soil productivity instability of cultivated layer for slope farmland.
Taking slope farmland in purple hilly area as an example, this paper has conducted cluster analysis on soil quality, permeability
and cultivated layer type of slope farmland with different land productivity grades, and further discussed the effect of soil
erosion on thickness of cultivated layer and the soil body configuration with reasonable cultivated layers of slope farmland.
Results indicated that: (1) The soil quality of cultivated layer for purple soil slope farmland presented a moderate variability,
the variation coefficients were 12.18% and 37.26% for the effective soil layer thickness (15-80 cm) and the cultivated layer
thickness (15-25 cm), respectively, and the variation coefficient was 94.51% for the soil available phosphorus, indicating that
the variability of soil physical properties was weaker than that of chemical properties. The cultivated layer configuration below
the third grade of land productivity was almost full virtual or full real profile structures, and meanwhile, the production of
slope farmland with the fifth grade of land productivity fell by about 50%. (2) There were significant (P<0.05) differences in
soil physical properties, water-retention properties and tillage performances of cultivated layer at different slope position and
different vertical depth of purple soil slope farmland, in which the soil bulk density showed upper slope > lower slope > middle
slope, and soil shear strength showed upper slope > middle slope > lower slope, the soil stable infiltration rate showed the
contrary order, and the soil penetration resistance was middle slope > upper slope > lower slope. The soil bulk density, shear
strength and penetration resistance all presented bottom soil layer > subsoil layer > cultivated layer except soil infiltration;
about 70% of the rain stored in 0-40 cm soil layer of slope farmland could be used by crops. (3) The average annual thinning of
cultivated layer thickness varied between 1.04 and 3.04 mm for the moderate erosion degree of slope farmland. The reasonable
cultivated layer of slope farmland could be established effectively by regulating such means as the minimum data set (MDS),
which included soil layer thickness, cultivated layer thickness, soil bulk density, soil shear strength, soil organic matter and soil
infiltration capacity for evaluating the cultivated layer soil quality of slope farmland, and moreover, the reasonable cultivated
layer configuration overall should maintain the type of upper part loose and lower part tight, the cultivated layer thickness of
20-25 cm and the effective soil layer thickness of 50-60 cm. (4) Purple soil slope farmland could be divided into 4 kinds of
cultivated layer types, whose obstacle cultivated layer was mainly manifested as the effective soil layer thickness restricted
type (Class II), the cultivated layer thickness restricted type (Class III) and the soil nutrients restricted type (Class IV),
accounting for 30%, 10% and 3% of total cultivated layer, respectively; so the regulating of reasonable cultivated layer of
purple soil slope farmland should focus on effective soil layer thickness and cultivated layer thickness. These results can not
only deepen the objective understanding of relationship between soil erosion and cultivated layer degradation but provide some
essential parameters and technical supports for constructing reasonable cultivated layer of slope farmland in purple hilly area.
Keywords: soils; erosion; nutrients; cultivated-layer; slope farmland; soil quality; minimum data set; purple hilly area
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