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Characteristics of soil phosphorous loss under different ecological planting patterns in hilly
red soil regions of southern Hunan Province, China. YUAN Min, WEN Shi-lin, XU Ming-
gang, DONG Chun-hua, QIN Lin, ZHANG Lu ( Qiyang National Observation Station of Agri-eco-
lolgy System, Institute of Agricultural Resources and Regional Planning, Chinese Academy of Agri-
cultural Sciences, Qiyang 426182, Hunan, China). -Chin. J. Appl. Ecol. ,2013,24 (11); 3162 -
3168.

Abstract: Taking a large standard runoff plot on a red soil slope in Qiyang County, southern Hunan
Province as a case, this paper studied the surface soil phosphorus loss characteristics in the hilly red
soil regions of southern Hunan under eight ecological planting patterns. The phosphorus loss from
wasteland (T,) was most serious, followed by that from natural sloped cropping patterns (T, and
T, ), while the phosphorus loss amount from terrace cropping patterns (T,—T,) was the least, only
occupying 9.9% , 37% , 0.7% , 2.3% , and 1.9% of T,, respectively. The ecological planting
patterns directly affected the forms of surface-lost soil phosphorus, with the particulate phosphorus
(PP) as the main lost form. Under the condition of rainstorm ( daily rainfall >50 mm) , rainfall had
lesser effects on the phosphorus loss among different planting patterns. However, the phosphorus
loss increased with increasing rain intensity. The surface soil phosphorus loss mainly occurred from
June to September. Both the rainfall and the rain intensity were the factors directly affected the time
distribution of surface soil phosphorus loss in hilly red soil regions of southern Hunan.

Key words: hilly red soil region; ecological planting pattern; surface runoff; phosphorus loss.
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1.1 WFFRIXARAL

W78 XA T RS 44 e 0, LMK LD B ok 3=, h ol
PO WA FFIE T 02 R AP XL IZIXAERR,
I17.9~20. 1 °C AEFERT i 1196 ~ 1451 mm, 4E 7€
Kt 1470 ~ 1614 mm, FFTCFEIAZ 300 d, 4 H HEAT
$01610 ~ 1620 h, 4F K FHER i 4550 MJ - m™ i
6 UK BEIR S H A A AR A — i 7—9
A T 2T R L A B R A A
FH BB LU 2P AT 110 21 33 3 b R FR bR v A2 3 34 9 (26°
45'12" N, 111°52'32" E) . ik 56 /N X AE LB g
BB Y E AL MR 140 ~ 150 m, BEEE 10° 45747,
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Table 1 Experimental treatments

T HERAU UL ARG £ & B R IR R L,
MY BRI R R A M2 TR A O R 4T P X A
ARAF AR . 0 b LA B, St 31 T R
JppH 4. 92, FHHLEF# 7.59 ¢ - kg, RS =
0.76 ¢ + kg™, W& 0.30 g - kg™, &8 & &
22.94 g - kg™ WHAE A FE 38.76 mg - kg, AL
T 0.94 mg - kg, HALH i 85.90 mg - kg
1.2 5t

A 105 b X L G R M 2 PR VR R 4B A
BAE SRR A7 R 78 1 R 21048 B i 3 i, | SO
KRR T KA E Y —— 250, b TRy =X
b T 7 i P 40 25 SR AR K - AR PR A S AN ).
h T X e 2 TR A PR K PR IE AR, $AS [R] 52
LU VEWA R A AR T AS [ i 1 7 s s i T
8 AP AL A AL B (R 1) . sl i 45 2R %
ZAE ARSI 0T, e A A 3 Kk, I
A2 TR IX 4, X N BEDLHES . AR
A 24 MEFL/NX DR KN R T HEFE S mx
20 m(Wix ) WEEGE— V#0100, DU R B IR Bkt
I, T 7 A A T A% 3 Tt B SR /K A, 25 1 40 Ky
1.26 2.74 F12.74 m’. A VEY) X4 24 > AR 5
FIVE B AR YR A G Ol S ). BRIE S b HLAh
LR 7 A A B 18 A i FH 0 A (], ATk Ao 288 Sy 5 5
WAL it 9 90 kg P,O5 « hm™2. FFA K6 /N X 2
I3 6 NBRZE (BEZ M5 mx3.33 m=16.65 m*).
1.3 g Rk

IREG LI ZE 2011 4F 1—12 H PEAT, FE R R
X 400 m 2247 1S I p 4RI

i AR e v - AR AR I v P oK R 3
BW(RRE) HERT . BREHERES ARG,

AL BAG S FE A ERHEIE

Treatment code Planting pattern Main measures

T, PEFE (X)) 2010 ARMICF-HEF5 , JE AR T8, FE0 SRR REZBE

T, e iy vied ATRRIEN 0.4 mx0.3 m, 7GAEKEH —2 4 H 21 HiA, 55— 5 H 11 HiEA) o™it
[ 7E 7 A

T, TGS ol 25 J TTREEE N 0.5 mx0.5 m, 7GRN —2F 4 A 21 HiEA, 55 —¥5 A 11 HitEA),11 A3
H ™

T, o A6 A+ AEAEATRRIE 0.3 mx0.2 m, BB HIAMUFD B AL, BRI 40 om, i 2 BRAGHT , 7CREAE R (4 H 21
HitA),8 A 13 Hill™

Ts B - 2% IMASHRA 2010 4F 3 H B, @& ARBEE 1200 £k - hm™ PRI 50 em, 7GEICEN(3 A 12
HiEA)

Ts ol - S + PR R 75 FE Ts M 2ERE L 3 RE R (11250 kg - hm™?)  HEH ST 2/NX 4 A 14 B

T, B 2% + A6 A A 3 WA P —F 4B, AR it S T, A1)

Ty B - R + SRR

SRR B WG S H =2 3 R RUEACKEL(4 H 21 HEEA) 11 A 5 BiHIZ s
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PR SR AORBOKEE 500 mL; BU5E KRG 12 12 HE
JCHE bR K AR Je Y BUR G JE TP RE A 1 kg
e, WA Tt IS 4 # U8 Y0 B HL o (B B — 5 o
PR FREL, B2 e v B ) 5 fefa A K
PR TG Ve T, A& N — YRR

R NI E T 5 5 07 [ 7 IS i R
PR b o AR TR R R Dl e YD AR I 2. KIS
1% ( dissolved phosphorus, DP) : #2 i # FH 0. 65 pm
DR U R TR R SR T AL, SHIRR £ 43060k
I 5 5 JORE % ( particulate phosphorus, PP) ;R
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JIT A B I SE 153 BT B AE Excel 2003 K44 il
SAS 8.1 5 fF L BEAT , P A B 2 45 R L3 Ik
HEMPFBIERR. AR Z BRI XSG T
28 5 W E R g

2 ZEREHHR
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KA HEH TS b AR IR R E B RIRAE 47
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2011 4% WF SR IXOR A A S R AL 0T L 4%
AR KRR AN R EER. AR 2 TUE
WA 8 ANARE R T, T, AT AR BRI AR HoA
5 A4 PR FEASE . A X ) - Ml 3R 9 ko
KT RS, 45 A B 4 Al 28 T 2 B i AR B/
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Table 2  Soil phosphorus loss under different ecological
planting patterns (kg + hm™)

LR BB WRBE kAR
Treatment Total A i Wk E
P loss Particulate Dissolved Available
P loss P loss P loss
T, 20.57a 20.13a 0.44a 0.52a
T, 20.39a 20.08a 0.31ab 0.48a
T, 12.91b 12.72b 0. 19bc 0.28b
T, 2.03d 1.84d 0. 19be 0.21b
Ts 7.62¢ 7.16¢ 0.46a 0.52a
Ts 0.14d 0.02d 0.12¢ 0.12b
T, 0.47d 0.28d 0. 19be 0.19b
Ty 0.38d 0.20d 0. 18hbc 0.19b

[RIFARIR /NG 8RR 22 53 1 3% (P<0. 01) Different small letters
within the same column indicated significant difference at 0.01 level.
IR N . T, | T,>T,>T>T, , T, , T, , Ty, T, AL F 5 T,
AL B A 25 S 2 HA AR b B T [A) 22 S p
FE(P<0.01). BB HE DL T, 5™ 5, A=
PSR B (T, Ty ) H, A FHASE =X 4 344 i A R4k
D BB R . ZEAR B A | T Ak 3 PTG b T
S, T AT AL A B, b PR 55 ARG, B R R
B2 M4 3 /N 7 35 15t 0 B B XA 34 (T
T, 1 Ty ) By H 3wk k% > H 22 RN, A
B T A BRI () - R 2R I K i 22 A L M
T HEEBR R B S R e 5 4
— X WAL U O A R el /D 21 R b 1 S
EN NP

AN [R) A 25 A e Ak B8 ) AR I R /K V5 S i It
SRAFOUXT LRI e 218 s X A 1l R b 3R U
FILBGASFEBR A E VI, FERINAEA
A SRR A 2 ALk L A OB B AT K VS A5 R R
R BRI BN E]. FER R B R T, ~ T b3
WURE B o5 B B Y L ) 4 i oA 97, 9% 98, 5% |
98.5% 90.6% 94.0% .14.3% 59.6% .52.6% ,3%
BT X B I TR A, T, ~ T A2 DLSUR B
TR AR B, T A B DK BRI R  E, T, |
T AL B 1) SR 1l 5 7K 5 A5l T 2 A 25 AN K. R
WA TR Tt 55 Bl It 2K it 1) K/ IN I A (], AR A%
5 R B IEA I R | Pearson AR
M 0.9448 (P<0.01) . e i 2% 2 e /MR T, Ak
PRI PR oy LR B 16 AT R D T AR e v i A
T T URLRA I8 2 5 7K I 245 Wl Tt 2R X6 s gl U 2 o
SRR/, TR R FE T ey 21 48 [l R ) ik eV i
JEAK, S EAR T K AT PR B A IR

TR R AU e A R B I R & 7 LRAR /DS,
T A Ay it 3 b I S ARG O R Y
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ROBEEL . T, ~ Ty AbFRAK S PR &5 78 500 i %
1 e 151 43 51 R 84. 6% . 64. 6% . 67. 9% .90. 5% .
88.5% .100% .100% 94. 7% , Herh T, [T, T, Fl T,
Ab P SR B K R Wl o A OB U S i 90% LA I
A LATA R R K IR PR B 4% 1 3983 25 1A /%
W, R PR AL B (T, ) VAT it AR, A P A R )
Fr AR, H R A O R 2 | 3R R AR
L A R ) U 2 e AN T MR B B KD
I H oK 92k 5 R/, T AR 3 £ LR
PP AR HA RS
2.2 WARIREN T AFAESARE T LR
Hb R R AR A

2011 AR50 X 2% A A PR AR = b B % A b 3%
FTUERR S 220 17 (RN T 24 h B9 FETR
PAERRRRLTA 1 IR) AR, TR & B i &
HERPERER VR VD4R 1h, 1E 8 AN AL EL R #EA AT YT
(YRIETE FT & BT > 1 kg) MU FAR VR & A OB
R 10 Uk, Horp B HH -3 A% + e o 7 o AR U Ak B
(T ) = VR B 3 R, 4 IR ETES H4 |
6 117 HF16 H 25 H. Mk, ASCEERA A S
BN IIA AR P U LAY 2 A /T
SR AT R A R AR A

M3 T LIE AR AR e v Y A
RIS, AU AT RR i, 3 G0 455 [ FR R B A
R T R I N s R N B N L 5
Ab PR A AR I AR PR VD 2 R RN R )
LM AR /N fE6 H 17 HFl6 H25 H

®3 ARRERM TEM T IERR MR IR KT

IRERT 2% b BRAR i it AR Tl Dl v i HE U 2R A
[] , Ui PR [ B3 25 A7 A 28 oA A 0T 38 s A28
AR R VD S e U

PO VR 22 W T e T %A () A B s A Wl Tk
WK S AR NI R B . 56 A 17 HIY
FERIEOLAH L, 6 J1 25 H R R 128 /0N | o RN o B 1
WK RE 6 H 25 HEER &AL/, [HBUR B I K
SEIG N, K A UL S WA /)N 1 B R TR 8 R R
/INBF S 5 ) - AR 2R U S T A AR A, BRIV oA T R
G, I Hh A A S o R i 1) L B8] A8 /)N
XA ) LS ) R L % 1k

6 J125 HA A3 By S i i 2k 1 I e s T 6
17 H BIE TR RE A 1.1 ~7.9 5. PIREE
FIE LT TSR B 22 5 FE R B AIES
2= 5 Bk, RIK i A/ ORS8N | BV AL 2 ot
R S K i A7 T SR S i A RN 9 ) 1
K, B 2 F 300 5 AN [m] A PR A2 Ak 3 S i
2% 1 7 A TR 5 B 1) R T B AT I W 25 R O A —
TR, R TR 5 B AR KT, T, ~ Ty Ab PR A BB I 5%
B 1. 38 1. 78 .2. 20.,.0. 01 .0. 07..0. 01,
0.02.0.02 kg » hm™ AL /NX (T, ~T,) 30
EYI>1, B BN (T, ~Ty) U B <1, HARH
R B 55 BEAIR Y T, /N DX i B 8 v F LAt A
A /N
2.3 LIERER MR BT ] A REIE

2011 4F, I P 21398 Fr i IX AN ) A 25 P AR = Ak
HUKBESBER R A3 —11 7 Wb A -4

Table 3 Characteristic of phosphorus loss from sloped land under two typical storms

R H 3 Wee Tk Ab 3 TR b KA WUk S KA §s¥i
Rain date Rainfall Treatment Runoff Sediment Dp pp Bk A B TP
(mm) (m® - hm™?) (t+hm™?) (kg - hm™2) (kg - hm™2) DP/PP (kg - hm™2)
06-17 67.4 T, 187.08 7.33 0.06 2.26 0.03 2.32
T, 63.70 0.61 0.02 0.24 0.07 0.26
T, 82.95 2.15 0.02 0.65 0.03 0.67
T, 28.00 0.95 0.02 0.12 0.18 0.14
Ts 141.59 0.53 0.05 0.28 0.16 0.32
Ts 21.70 0.01 0.01 0.00 4.33 0.02
T, 34.65 0.02 0.02 0.01 1.67 0.02
Ty 78.05 0.05 0.03 0.02 1.38 0.05
06-25 51.0 T, 163.96 11.60 0.06 3.65 0.02 3.70
T, 124.03 5.56 0.03 2.01 0.02 2.04
T, 144.02 8.25 0.04 2.84 0.01 2.88
T, 58.80 1.12 0.01 0.14 0.08 0.16
Ts 136.75 0.41 0.04 0.35 0.12 0.39
Ts 16.80 0.02 0.01 0.01 0.70 0.02
T, 44.10 0.08 0.02 0.03 0.72 0.04
Ty 63.35 0.13 0.02 0.04 0.55 0.07
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kg « hm™ 7051 5 24E B K 219 99. 7% .99. 7% |
99.7% 97.6% 99.3% 66.2% .89.7% .88.8% ; H:
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Fig. 1

under different ecological planting patterns.

Time distribution of phosphorus loss from sloped land

REH N 99.4% BEE Ak 5 H W R I TCIE
ORI FR ;10 ARk T 6 H,m T8 A, H
WL B ANARAS. 456 2 W0 H 0y A& A= Uk R TR 1 B T
SRIERE 6.8 AR ER AL, 5SRWALEH
By ( HREFRE>50 mm [F N &4 4 ¥k ,6 H 8 H
%2 ) SEEWIA T 10 A BAR BN R (H 18
RAERBEM R E L, BEDia N5 AR /N
ZINFRT R R R T

Ief T 1 A T 4 32 357 S 5 W T T 2148 e B IX
B F ARSI ) A i B R LR H R
I >50 mm 19 52 T X B 2 b 24 38 2K R i K
2.4.2 AESFRB i+ RIS R W
MMHNERZ, B—NE RN
FHIRI B R 251 T, AN ) Az A5 iR A6 Ak 3 B T
P AR AR b e YD L b IR0 I 4 vk BT ) 22
S L R RAERE I A T ) R ARSI AL
WP FRE M 251, 10 5 & AR SRR A =0/ N X T R
(T SR ETARRIE A AR KOG R, DT 3 B0HE A JR 4F 9
FHh A A A T O R B AR AR, A 1
LA H,6.8 H AR [R] A 25 oA AR X Ak 3 4 e
WK BEESEKWA G, XA SRR =
JERT 3 AL BRI AL AL B (T, | T, Ty ) , HR &
Ty, HAx 4 Flkh AR AL B (T, T, T, \T,) HHERE 2
TR/ N TR, B RS R A R R
AR A P A 308 1) AR Y 2 LR I R 1)
WA OBt I A A B K - 300 2% P 5 A A= rp
R T Ah B 2 78 55 ARG, /K 9 0 R R, LI
T, T, Ty Ty AR 1 394 -+ S 2 0 2k 2 220 A
HEXFAH T, T, T, TALBE R A3 il T e A4
T 2t R 1 P A, LA A, | 24 s R A1
TR NN AR T M b 3 U T IR R S
A RCHA TR AR DA T 5 3 2 A Bl R
R B[] A i AT 2%.

33

4 e U A R B 2011 4R BFSY
XA [ A 25 A AR A A 1 Ml B b R T Ok i
REVNGUF K Ty Ty >Ty>Ts>T, [ Tg [T, Ty, i B
i3S A 2 A6 AR S /INIX (T, ) S8 S (T, ) [A] 22
SN FETRAL (T, ) 5 H A A B R 22 S
B (P<0.01). 16 205 s X, 4% F 78 7 B ok
MR B AL SR 2 IR 4G Z AR AR 2 BRI, i T
TS R84 A 255 e AR, A SR R ISR oAy =X
FEHCAERE ], TR R R, K R SR TR
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F o AR T, AT, AR PR I R R
R ISR AR A SRR AR AR AR B (T, ) 1 3 b
IR TN L. e, AR T 2 g1
O R I SE VR SR A A= 0 AT DK £
FNFEAF TR T2 2 T B 20 38 B 1% X ) — b o 22 34l
BHEY) , TR 4 F UM IR & AL RN AT, 3
BT RS R AH . (eI 2 A K i
P T e 2 i AT B SR T AR K -
FROPTRRATIIR A 50 3 (T5) . WA A KR, 7
ofs TR PR A A AR, W398 o v 7 5 A A RO
PRI By AN S L T A s w5 | B0 Y AN
55 ) Bk TR VE YD, R RS R 55 1) 5 KBk
A7 T M TET 8Dk AR AR SRR R K
Sy RN+ A LT L, 36 A B AR =T
ARGy b Bl 23R, A 5T ARG 00 AR 5 4D
UESE T3k — i, Al g s AT T T, (T b3
BIREAT S0k 3k b 4 SRR I 2 H A B ) 25 55 AN
B ETEHL (T, ) PR = AR 0 Y 55, K SR R
P B AR, R e R Rt B T
A3, PRI I RS o 3 AR ST A K R K.

BER M RIE ST R W AE 8 P AL A A
ANDR R SR A TR B S K A R AR
A IR RT3 2 1) 5% E SO R — 3, B
R R R R E BRI, X SRR
AT AR ARSI oY 2 R — B0 R TR AR S A A
AN DX ORS00 7K 5 A B 5 D %o L 2R B TF
FEIX T, ~ Ty A B 3 b 1 28 119 3 2R I8 25 LA JBORE 25
W T AR A3 i TR e v AR 2 LK
AT E T, T RO BRIk hl FURE B 8 2K 2t FHOK %5
SRR EHZEAK.

LAY YR BT AN [F) A S R AR T i b
FEU R AT o3BT 22 B . AR TR 2 % gl 2% M R 0 2 )5
M AN 0 ok R 56 38 B . o4 I 8 5 30 ok 5 i) AT T 11
i i B I Bl R M R LA — A % R 5
JEERE A, FOURLIA 7 % BN, AR S B/ R S i A
AN XS RTABFFE S5 WA R R [ A
A FPAAR 2 /N X I 2R o 1 5 A7 AE B B 25 5
XA RN (T, ~ Ty ) M R, 2 i AR Y T
Ab BRIV, ok HAthAsf B AR /N X2 T /)8

SR 2R b I A B[R] 43 A RRIE A R e ]
RO, B R Rk FEE P 69
A, LL 6.8 H 5 325 A 5 e N o8 9 3 o 44) 2
32 YR P 148 g X - S8 2 b 3 U G B[] A1 1Y
HERZE,JLHIE B B & >50 mm 15 W X8R

i ZE WL B K, X 5 Nash Fi1 Murdoch'® | Gbu-
rek FllI Sharpleym()1 P ST 25 R —2, O TR R 1Y
Tk EEAR AR LR R B TR I A . 32 AN [] A 25
PR B0, T, (T, T, Fl TR0 PRAE R 38 6 H Fi 8
Y1 58 22 T P 7K 2 ™ i PR T 1l 2% L 3 0 2k
EBAMEX 2 DA T, T [T, M T A B T84
T 2 b B 5 FE AR, H o AR A s A1
TR AT BURLAS B R 3 0 PG, R I AR SR
VL2 I ] A fHh 2 A P22

TIF 5 o T 0T - S 98 3R b 3 i 2R I S e I ol T
TS B R, A5 306 V5 SR 4R W B TR 7 3k 7 10
AR AR | SICAN BE AT 5 7K T A 5 R AL Tl A BT
IEE R 7 U N 1) 22 JRe 118 728 A it 2k, U it X LA G & 70 B
T R R B R AR T R Y AR B B R SR

X b R SR BRI R R R B EVERT RS R A T
TERE— L BRACWT S T AT BRI
S 3k
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