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Abstract: The loss of soil phosphorus has become an important threat to the eutrophication of surface water.
Red soil is widely distributed in China, and its distribution area is large. The study on phosphorus accumula-
tion and loss in red soil can provide scientific basis for controlling agricultural non-point source pollution and
preventing regional surface water pollution. In this study, 5 common land use patterns including pasture,
leisure land, dry land corn, vegetable land, and greenhouse were selected, and using artificial rainfall simula-
tion method, the forms of phosphorus accumulation, the characteristics of phosphorus transfer with surface
runoff and the environmental threshold under different land use types in red soil region were studied. The
result showed that: (1) Soil Olsen— P contents of red soils ranged from 6.81 to 178.17 mg/kg, CaCl, —P
contents ranged from 0.29 to 8.26 mg/kg, and NaOH contents ranged from 30.34 to 369.81 mg/kg, P accu-
mulated in red soil among the different land use patterns; (2) The PSI ranged from 31.95 to 47.05 in red soil
under different land use patterns, and the mean values were as follows: Grassland > Corn field > Vegetable

field > Leisure area > Greenhouse; (3) The concentration of TP in surface runoff of red soil was 0.245 ~
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2.073 mg/L, TDP was 0.023 ~ 0.308 mg/L, and PP was 0.223 ~ 1.826 mg/L under different land use pat-
terns. The average concentrations and losses of TP and PP in surface runoff of different rainfall events were
consistent with the Olsen—P content in the soil surface layer, the average concentrations and losses of TDP
in the order of greenhouse > Vegetable field > Corn field > Grassland > Leisure area and Greenhouse >
Vegetable field > Grassland > Leisure area > Corn field, respectively. PP was the dominant form of TP in
runoff under different land use patterns, which account for 82.46% ~ 90.15% of TP; (4) There was a very
significant positive correlation between soil Olsen—P and NaOH—DP and CaCl, —P. As the content of Olsen—P
increased, the NaOH—P and CaCl, —P increased, and there was an obvious “Change— point”, 36.17 mg/kg

was determined as the red soil phosphorus environmental threshold. It was also pointed out that there was a

significant positive correlation between the runoff TP concentration or loss and soil NaOH—P content.

Keywords: land use pattern; red soil; environmental threshold; phosphate sorption index
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K1 0.1 mol/L NaOH % W12 #2 . 50 86 bt b vk
WA 5 4 3 o i S 0E MR (CaCl, — P) R A 0.01
mol/L CaCl, % IR #2 . sH A PL b @k e . + 3
BERFFFE B PSL ek L0k 10+ 1 MR 154
e B INABERR R 1.5 mg P,V 5 0 15 0 4 e %
it X (mg/@) 5 V- #r W P W E C (pmol/L) 19 %F
B Z ek PSILE) PSI=100 X /1g CM', HLIK 4 A%,
SR FH W RS 2 0 2 5 TG 5 T S8 Ab 4k R ) TR V75 VAR 4
Y B E B bl 5 €5, 75 D 2 5 TG S T SR R SR P R i
A W B — R R E gk D
1.5 HESITHH

R BCPE % FH Excel 2016 %R 3E 47 3 3 Ff0/E
P, R SPSS 18.0 # {4 #E47 Jr 22 5y Bt . 2 & LK 5%
Gt o Bt A 45 BB YR F 3 AT R T A BT
MR T 1 .

Y W88 TR AR U 15 Y T O T S A O

Z’f 1Ci;

So

L=



106 KL FRF R

5 34 4

AF L AR (mg/m?) e, NBUREB N TS5 YL W ik
JE (mg/L) s, R HURE A ] Bt 9 A8 TR AR R (L) s R B
WHCRE R B S, AR TS T A (m®) .

+ 3 Olsen—P &5 NaOH— P & CaCl, — P
2 [H] Y 26 28 2R ) 4 B 28 M B AU (Split — line Model)
HEAT LA o RFHECF 7 i s DUAS i 25 28 748 o o FE il
ST E SRR S Olsen—P &5 NaOH—P &5
CaCl, —P Z ] 1 5% 3 J7 R A3 05 K A 6 R 8 = »
m#{K Olsen—P & & 5 NaOH—P 8{ CaCl,— P Z
B] 9 06 2 7 B AR /D B AR AR X 2 A R
BER A HE
2 R 500
21 AEFAARIESEEHRSERBRIFEY

TP B ERE TR REAEEY)
KFR B il 2K B 5 04 [R] B AR R b 3G o T
R R R IR T TE R R R BRI T
MR EBE R AEEERE L, f13R 3 A, 4k
13 Olsen—P &AM E R 6.81~178.17 mg/kg,
HP B KN A R = 32 > K PR M > K > 4
o, B 5 A MR A Olsen—P 52 ES
WA 1 55 00 o bR D AT R RO RN S
kT 1 GARvE R IR MR 3 R oK AL T 2 bR,
WO AL F 4 AR,

3 AEMAAROCETEERARSERBISEY
WETHTS BRAENE AN

T F
o= (NaOH—=P)/ (CaCl,—P)/  (Olsen—P)/ PSI
7
(mg+kg ') (mg+kg ') (mgekg ")
WEH  56.80£7.60d  0.29£0.03c 6.81£0.93d  47.05+4.11a

IR 30.34£3.00e  1.7740.24b  29.07+4.29¢

EXH# 82.01+3.72¢  1.524+0.12b  27.24+2.83¢c  41.77+1.46b
o 138.41+3.57b  1.8340.22b  63.88+4.06b  37.95+2.92be
KM 369.81+26.07a 8.26+0.12a 178.17+14.66a 31.95+2.05d
T« 2 TR A P B M 2 5 7 9 R N S 2R R (R
AT RO LRI ERHE 725 B EF(P<0.05),
TRHE v i 2500 PR (CaCl, — P) % 2 19 75 H
9 0.29~8.26 mg/kg, H i, K - Ay CaCl, — P
S PN 8.26 mg/kg, W FH T HAL £
A 7. b 3 A CaCl, — P & & A,
HAEPBIE N 0.29 mg/kg, i 38 F HoAh £ oo ) H
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4 6.81~178.17 mg/ kg AR A Ir L0 Olsen—P
B RN R M = S M = IR PR b > T oK i > 4
O, YRS R 7 SO0 H R R R
FRISZ I 7EIX 5 b A b A T J7 2K b o M 0 1l Y 8
SRR fe o BB X 0T R S R K K i b e
FHBE AR A 5 AR PR b | T K M %) it IS 2 R it A 56 38
WA KRR H Y KL BT A - Olsen—P 2 FLE
WA TR R =, i R R D,
BRI N ZEIE R R N R BT,
PR, TEASWE ST, A b [ B K R g
Fe 48 8 (PSD 3RIR A [6] I FH 75 =01 e X+ 58 1Y [
RE S AAAE 22 5, T R W 47 4 B (PSD BR R 3L o 4K
F b > K b > 3 > AR R > R, X sk e T
A [ B B FR 25 0T o R 1 438 v 0 1l 3R 1) YR R i
T 1 AU 5 At JL A 4 b R X T R e Y
T U /)N
32 AEFMBAR TAERIBRETESRERNR
TEZ TR, R Ay o W 5 e 4= i R
Wk, RREIFH TR E TP WA REHE A 7.30~
51.80 mg/m?, TDP i 2k = 5 Bl & 0.35~8.47 mg/
m®, PP ik 5 H 4 5.66~45.63 mg/m?* ., A &l F

Jr2CF TP Al PP i 2k d K/ Ry R = 3 > K TR
b= K Ml > M B, TDP 3 2k B R/ o KM > 3
b > A i > PR PR > K M, A R TR A R A
FIERE ) 254N AN ) st R 5 X e rh il R ik
AR KNZES . S H IR A, TRz 2 H K52
M) (1)l 32 2 W BT 1 S0 SR T, - 49 A 9 B b R AR
WAL L, R 2 BB R & R E R
WP R M E B R (2) A H I R e e
MR A TR EAEER; OB T+
A B (B R

FE 5 i H R g 5 e, M N S b AR R
TP #l PP Jii 2k & 48 K, 32 20 b 78 31X 28 4 1 A
J5 2, KO R B S8 Bl AR T v R B W A2 R 4
R a B R, Y S R S BRI
DL A R R PR R R K Hl i T AR
Fivk FL Ry Bk B b, 32 A0 PR T 85 3 2k i 7E )L
Fifr = st 1 b s vt b P R A
(I S TR - = RN e 7 WA N
RN, TDP ik & K/ANE BN K >
S M > B b > K R M > R K M, 5 R R R O AL
TP #l PP it 2k it K/NAE N ] L 7E A B 53 v, 430 b
[ TDP i 2% 5 2K T 0K R R R oK b, =22 R
o TDP ¥ B8 5 ARG, H 2 HL A% O 65 K 1K TR b
K HlL A2 38 oh Rl 7= Vb i /)N s B TDP i 2k 1 K F
PR PR M K

TR U il R AT RS B AR I S B (TDP) ALt
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KL BE (PP AR WO A [W F) JH J5 XLLHE PPk Bz
TP WY 82.47 % ~89.91% , PP Wi st 5 TP #ik
WY 82.46 % ~90.15% ., BRI H LR EBE R LIH
FLwh ol . X 54k S AR [ SR FET A 1 T 400
S b B 22 B AR I U 2 D SORE 25 A T D R ol 5 e A
3 o N TREADL R R 2% T o 7 TR 3 1 52 it O A
FE i 2 Bt MR 2R A SR F AR IR R A E
DIRAP S & 41 PP b R B3R IE & W 24518 — 3L
PR R LA BURL A Bl Oy 32, 32 0 IR Ok 20 M R M A
SR L W B [ 2 AN IR B 2L DRI 22 AR VD 45 A A I 0RE
BN EERRIEE .
3.3 ET 1 Olsen—P =5 NaOH—P #0 CaCl, —P

XEMOERENERHE

TEARBZEH, + 3 Olsen—P & 5 NaOH—P
1 CaCl,— P ¥H B E M, 13 Olsen—P &%
w5 CaCl, — P Z [B1H1& B B 8 () £3 05, B & Ols-
en—P &MY, CaCl, — Pt AH B 38 A0, 108 B9 £ 2
8 1 Bt 0 A% T R VS A A TR R 1 S R R
) 2 W A K S b L R K U RTK R b (Olsen —
P > 20 mg/kg) L HEH, M -3 Olsen—P T &5
CaCl, — P Z [A1 AT HH 3L b 45 50 0% D BT vl il 2 R Oy
mAE KD, ARFH T AXLZE Olsen—P Y
NaOH—P Z [a] 80T & 69 45 5307, H B {E hy 36.17
mg/kg, 24 Olsen—P & &K T ILE , B350 F FH Sk
(NaOH—P) B Olsen—P L TFF 2818, 1 M1t i {8, +
B B ISR AE A SRS 38 3 B RN AR O ok HE
KT g i UK AR E SR AL

H i = AR 9 75 B AR AE BOK R A B 4L 0 B
B o 43 B S AE P A 2 B E AR B B . IR R A
BE 190/ 1) e UG S e T O O XU R L O T
XA T) 4 38 45 00 45 31 A9 1 BB K PR BT (22 5%
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B AT 58 T, B 2 213 I O 1 Olsen— P
B R 36.17 mg/kg, KM B ¢ 1 + 48 7 7% 52 L 5 ok
FE RIS T . RS R BEUK P E S T
MR Olsen— P [, + 5885 It 2 (1 XU B K, 4
Z0 5 | RS R OG0 11 % % 32 3k b - 19 Wl 2 5 ) R A o B
HA, X T LA AR A B AE 3R [E 2 3 o Ao — Se b
T E BN A R 20 mg/kg FIAE M LLIEY
A 2F B AE 43 STV A L 208K RS Olsen—P 1Y)
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51.80 mg/m”, TDP Jiik sy ok 0.35~8.47 mg/m”,
PP ik YLl N 5.66 ~45.63 mg/m*, A [l F] i
KT TP Ml PP i 2k & K/ KM > 5 it > IR TR
M KM > S B, TDP 3 2k B R/ S KBl > 3¢
b > AL b > DA PR L > RO L
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TE—A W1 i 1 5278 G307, VR O 21 R 35 0 A 55 1 1y
36.17 mg/kg, RIBFIAFS 200 TP E SR A ® S
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