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Phosphorus movement characteristics of typical soils in the upper reaches of the Minjiang River, China

XU Guang-rong, ZHANG Shi-rong’, ZHONG Qin-mei, WANG Gui-yin

(College of Environmental Sciences, Sichuan Agricultural University, Chengdu 611130, China)

Abstract: In recent years, there has been an increasing interest in the non—point source pollution caused by the movement of soil phospho-
rus (P). The fractions and fixation capacities of soil phosphorus of four kinds of typical soils, including cinnamon soil, yellow—brown earth,
dark—brown earth, and subalpine meadow soil, were assessed in this study to explore the characteristics of P movement. The results showed
that the concentrations of H;O—P and NaHCO;—P were 3.39~10.91 mg- kg™ and 5.70~51.97 mg - kg™, respectively. P was easily lost by run-
off in the process of soil erosion. HCI-P was the main fraction in the cinnamon soil and yellow—brown earth while NaOH-P had the largest
share in dark—brown earth and subalpine meadow soil, and correspondingly the percentages of total P in these P fractions were 71.36%,
24.75%, 62.16% and 53.04%, respectively. Therefore, NaOH-P and HCI-P in these soils had high P-release potentials. The maximum
sorption capacity, maximum buffer capacity, and P sorption index of soil P demonstrated that the risks of P movement from cinnamon soil
and yellow—brown earth to the liquid phase were higher than those from dark—brown earth and subalpine meadow soil. The equilibrium P
concentrations at zero sorption of soil P in the four soils ranged between 19.44 mg- L™ and 24.08 mg- L', which is larger than 0.35 mg- L™
for eutrophication. In summary, the soils in the Minjiang River have a higher risk of P movement.

Keywords: Minjiang River; soil phosphorus; isothermal adsorption; phosphorus movement
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124 WEE K LA 43 KB Ry 55 W 7S
B KA 45 A A B (NaOH-P) F145 45 & 25 B (HCI-
P)E, Hodr K IEYERE (HL0-P) Rl R S0 AN 2 UGS
(NaHCOs—P) ¥ J& T 55 W B 250k . BAR e NTHE 23 rh
R A (ELERTHC IR 028 14 1 2 B RE B0 BB RE A )
TTBUIN Gy AT, A9 3R o BEAR I A 2 440K
K. NaOH-P FlIl HCI-P 43 51 J& th £k 40 42 J S AL 9 24
WFNBRBRER S5 5T LB B, FEA o L 335 R A 28 B
JE o H L IEURL T 2% 2K M, KA pH (I B0 % 4R
SEARAFUE 4 )R S B 5 G R R, IX R WY
FETICRE 1 ST L 5 W A i B ik . B2, IR SR
TR RS /RS R B AT G [l 32 3 5 A

ULAF SR 2 WF T AN Wik 56 5 56 35 1T 1) PRIE Y
TR RNk, BT A LR RS i
MBC (Maximum buffer capacity )" il 2% 55 W [ - 15 e
J EPC, (Equilibrium phosphorus concentration at zero
sorption) | i W+ #8 %4 PSI (Phosphorus sorption in-
dex )" RN W 435161 F1 B DPS(Degree of phosphorus sat-
uration)"55 . Hirp  MBC , EPC, Al PSI{E K /NEAE £
8 [ 5 AR 1) R 10, DPS R 4 T O S e 2% 3k
A SRV ME S R, SR, X BEH5 AR 24 T
i H -3l 3R T AL R X T AR S PR G 58 X 13
B DT RS A I T 1 i LA

UL 30 57 T A 25 05 AR 0 5 B o AR
UTAFER 2 X8 T Ml R 6 R 0 A B 2 B
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B 75 2 AR 2B W) 5 8 AR I, B 2R Rl
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(s | IR SR N R w7 7 NA SR 2 8 9 A % S o N
SO AR SRR SR I P B2, PRIT I X
SR - SR K SR BRI L S R 0T
P LA PR B S 4

1 MREFE

1.1 ARXEER

A BT E WA R0 Xk, A b
S Eh PO L ] A< B 2R BTG e 3 TR A 4 3 BE U 5B 43
T BEAE 30~35° 2 [A] . | T4t B AN B | K
59 SAE ZHE N Z Hh R 1 R A A A A Bl XA
AR R A W I VA AR T Bl s LT ARy 4
BESE B Al Ao BE RO IR 7% X A A IR B A e 55
TRURME:

WFFE X AE AR 5.7~13.5 °C, SRR 2 Ky 490.7~
835.8 mm, 7EHE 1 J5 ] b ATA] 25 - 5 A A4 i 1] W /55
(TR RSN SO S I o i R L O ¥ (7 iR |
B LY R, — I MK ZET A, 2R W
SRR, G W 5 — 5, AR R RO,
S SLTR R AR DI - RN EARE | AR
FE ey 1L R A 4o 3, Herp SRR A - B8 2 A
FE 45 H s
1.2 HmRE

HR AR YT, _F il A ] % B | B K FIRA G Hh X+
HEAY A ABO A AT N SR Mo FEIR B S AE LS
JE 3 SR AT A8 AR DXL AR DX R TR X AT R
FET AR AR X BOR A 1, 70 AR AR KR4 B b1 1%
PrAg  FE R R DX ORAE W = L R ) £ gD 1Y
RAE 3AFEN(0~20 em) , FLHREASFR S 35 34K
TFRERA A, ST 4 Fp g + HEHORAE T 12154
dho B AR I SEG % R BRI, I F AR KT A FES
101 (2 mm) , PAEs = NARIR 08T .

1.3 LS
1.3.1 -k s PR B S o6

AHIF 5T H A 39 42 R F NaOH 45 Bl ik 5 o 1
053 R FAZE T Tiesser J7 ik oGl i i i 3= 42 5 1512
Wik 2 mm 075 SRR 2.5 ¢, A 50 mL R 3R], B
Vi B L UE IR VE WO A KaS:0s TH £ , 43 BT TH
Jo BB A . A SEE AR — AP A 25 B K ER ERUK
VA W (H.0-P) 5 55 25 il A 0.5 mol - L' NaHCO;s
PR B2 A A0 25 B B (NaHCOs—P) ;5 26 = A
0.5 mol - L' NaOH #& B8k #5845 & 28 5% (NaOH-P) 5
VU 1 mol - L HCI 42 BUES 25 4 75 B i (HCI-
P)o SR AVEHBEPT % T B2 o R T L R
FE I E 3IRE A .

1.3.2 - S m 55 T R B 552 3

7 3 T LA 1.5 g F 50 mL B804, 4350
A 30 mL i1 0.01 mol - L™ CaCl, % & ¢, il 19 & 1)
KHPOL W B, A S 56 AR B0 B 20 B8 Bl 5. 10,
15.20.40.60.80 mg- L™, [l B IIA 3 35 G805 LA il 134
WA . FE25 CHEIRZMAF TR 24 h, &0 L
W&, R R PT H o ) 2 8 TP B B, A
il E 3R E A
1.4 TEBRZIRMMHIEE
1.4.1 Langmuir J7 &

EN A S o 20 N L Ry S R P i)
Langmuir J5 F£ 4 :
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Q:Q,,.KLC/< 1+KLC) ( 1 )
(DTSR LTI
ClO=1/K.Q.+CIQ., (2)

2 s C R W B I ) B R B, mg - L5 Q SRy R AP
7 ST B ) I BT, mg = kg™ 5 Qi 1 S X0 B8 14 i R IR f
i, mg kg s KO AR L kg

A (2) AL, BLCrQ y Y, € o X e A4
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1.4.2 Freundlich J5 2

ABIFFE v A B R A5 T W AP R LR P Y
Freundlich J7 B — =00 -

Q=K:C" (3)
B3 (3) AT X i 4o
1gQ=1gK:+(1/n) 1gC (4)

KA Ko oy HIEWR 25 TS50, L kg™ s n o 5 IR T i
AR SHL
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P LR A R R TR AE T8 Ke Al n (B
1.5 TIEBRWMFESE
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R RS- 8 B (EPCo) | A 398 0 28 W 545 %5 (PST)
T - STERAE R 5 10 R EE (DPS ) %5 4 AN BRI S50k
TEH R T UK
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MBC=K, (., (5)
A Qo T Y B KRB i, mg - ket Ko R
B2, Lokg s
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EPCo(mg- L") {H &t QX CEE, HEL S5 ¢
B2 S BN EPCofl . HATE AR R

O=K,xC-S, (6)

EPCy=S0/K, (7)
AP So WIS T BB fE , mg - kg™ s Ko R AMEMK
B E, Lekg o

1.5.3 BER RS (PSI)

PSR I E S2 4 55 1 g B IEH A 1.5 mg P (B
BRER) , IFEAEK LM 10: 1S R RS RA .25 C
TEIRZZMF T ¥RT% 24 h, FeJa 2 4 30 i X (mg -
100 g ) FF- i W P A BV B C (pumol - L7 o ARSEEG
FEGRIE MR BRI A AR () 500, S i AR B2
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1.6 BE\AEIT 55

s A e 15 4 ok SPSS 21.0 # Rk 4T, &
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.0, .MBC EPC,,PSI 1 DPS {E 3% FH 2 [H & Jr 224y
BT (One—way ANOVA) , H:FH S—-N-K 435I 7€ 1% FI
5% KT AT BB ER T . SR H Pearson #H ¢
PRI BT E B 2H 5 W B ARE S B A GG &R

2 #ER5iTie

2.1 ANELIEEBBEE AN HFE

WF MR YT b e B A4 £ | TR IS A AN f
L ) W R R, B S T T I e - S
o EEAHIE, LR 1. BACKE AR 428 (TP)
TN 114240 mg- ke, B = T H A 3 Fh 4R (P<
0.01) , Ly 0 = 1l ) 4 82 3 5 F AR A4
(P<0.05) , T B AR HE A4 1= 5 18 2 18] 22 55 A i 2 (P>
0.05) . # + FEEREE B2 73 L HCL-P 2 3, 73 5l
9308.25 mg-kg ' H1138.10 mg-kg ™", Horfr, # + HCI-P
i TP 1Y H A6 25 35 71.36% 5 111 Fis A 1 7. 25 1L 2 )
WLA NaOH-P 2k 2240 43, H G FRIFE) NaOH-P 5 5
SR 1 ) Y 1.80 75 (P<0.01) o

M1 HRTAT, H0—P Fl NaHCOs—P 3% 2 4~ 2H 4
W& B AE 3.39~51.97 mg- kg Z 0], "EAT] & TP A 43
FEIHE 7% LR o WFFE3R W, B 4 v 2 - SR il
BT R0 55 1, IRYT F el m b b Rk
A IR B AR, HaO—P 4 B4 0 26 3 AK 14
NaHCO;—P 3 PR FLAG 3 P AN 5 11 A 4= 3 42 o 3l 7 o
Al B ARWHTE RS S A ok 2K

I B 49 19 NaOH-P 41 73 % i B 3 = TR 3 F
148 (P<0.01) , FUE T 5 Ll Ff) - 8 2 5 T4 1A
Wik (P<0.01), 7EHCI-P 440, W04 + 8
FE T HA 3 L8 (P<0.01), il B RS
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Table 1 Characteristics of phosphorus fractions in different soil types

T oy Phosphorus fractions #5 1 Cinnamon soil  #1E5E Yellow—brown earth 54533 Dark—brown earth V= 111 28] 1 Subalpine meadow soil

TP Sit/mgekg!  432.51+47.83Cc 557.83+37.21BCc 1 142.40£124.70Aa 745.67+52.01Bb
H,0-P i /mg kg™ 3.39+0.97Bc 6.87+1.84Bb 10.91+1.97Aa 3.41+0.40Bc
&5 TP EL /% 0.78 1.22 0.96 0.46
NaHCO,—P &t /mg kg 5.70+2.33Cc 28.07+6.90Bb 48.41+8.86Aa 51.97+8.10Aa
i TP Fe /% 1.29 5.01 421 6.98
NaOH-P &t /mg kg 28.61+7.22Cc 134.47£13.94Cc 712.47£110.60Aa 395.35+26.69Bb
i TP L 51/% 6.55 24.09 62.16 53.04
HCI-P Frit/mg-kg'  308.25+30.84Aa 138.10+12.23Bb 76.56+15.36Cc 55.94+5.16Cc
A7 TP EL /% 71.36 24.75 6.69 7.51

TE: REFRRVNG F RN IFIRTE 1% F1 5% KT 1922 55 351k

Note : Capital letters and lowercase letters indicate the significant difference at the levels of 1% and 5% ,respectively.

B 2o 3 KR B 35 AR, FEARIR 5T P, 48 1 A
AR A HCL-P 55 573531 0 308.25 mg- kg™ #1138.10
mg- kg™, IG5 R 3 0 WP i LU ) + ) NaOH-P 55 184351
H712.47 mg-kg " F1395.35 mg-kg, EAT G T 44
TP i R ER 4> HL B . B4R NaOH-P F1 HCI-P [H 5 4 )&
ALY A o B E PR e AT A AT s T
H,0-P I NaHCO;-P, 4 1 HEJWOR Fifi 7K 4 37 2% ik 7K
5 KA pH (B 807 i 58 A5 28, NaOH-P il
HCI-P i) 7K P4 B8 Tl 1) BB o0 0 351 K, iX T B 2= 7|
AR E E A 25 IR RV IR i
PR BB o
2.2 AN[E] 1 35 2 BYHE 3R IR B4R AE
2.2.1 R SR 2

LAl A0 G v J3E R i AR, Tl O 2 Sl A Al
B, SR IRV _F U4 - | BRI AR 1L B )
B SR B R . R R L RTINS v i
DAL I A AT v L ) - A Bl I B 2 2 R4 =
TR, TV A P A R o Bl 4 A ) e R B P B4
FRELHE A, W A T A 38 SR AR A | X e B RS A
BN =7 L R = % vh AN IS B 1Y RE D HAR RN A
e . SOULKE b R B AR A i R et A A #, R
R e NG V5%, SR B FH A 5 21 -y
RS BB S MR VS I 2 A AS T RE o, 46 1 RN ¥
o T Tt O O 9 R /D, L SR R B A B, 57
h AN 1 BE T .
2.2.2 BEER S b AR

Ry ik — 2 SR - BERRHE AR Ry L B
o) - Wl B 5 AT R B 2 R ) R O R AR
3% % H Langmuir I Freundlich #5 B % 1+ 458 08k 11 25 5

1000 [

750

500

AN e /mg + kg™

Phosphorus adsorption capacity

250

o

SMNRBERI IR R fmg - 1

Initial concentrations of exogenous phosphorus

B 1 RELESRERRM %

Figure 1 Isotherm adsorption of soil phosphorus

WL R EA AL . SRR, X 2 A R RE AT
Hi AU G - B 2R A IR LB R, H R TE 0.932~0.994
Z A (F£2,P<0.01) , X5 ¥ EE" W5 He B 1)1 42
b b DX A S8 198 28 46 T R A UL 2 SR A 0

K H Langmuir 5 BT8G5 0& 0 715 H 1186k
R e W B Q) o ASIF 2T P IS AR BE Y Q1B K
981.48 mg - kg™, & & 11 H A 4 | B AR IE A 119
1.24 . 2.18 5% 11 2.74 4% (P<0.05) . i L1 % Am) £ 14 Q.
{H 4 790.60 mg - kg™, i 3 & T4 1 F B AR (P<
0.05). e AZEEAE 1 /Y Q. (E 2 KA 22 57 %
JKFE(P>0.05) .

WF5E Ml 22 S W B R, AN A5 ol 28 0
R B S, 34 1 25 IR B B g 1Y) L R FREE o Freun-
dlich 77 5 Hh A 8 6 B0 K FH A SR AE - 33 8 W W I
N F R FREEN, ARWFIE R, 4 R Ko IR,
FATEH R TRV fE A R T WSR3 Ko W i
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K, BBV 1 [ TR 5k, X 9 %) W e e g e
AR AH R, 4 1 Ke i, B R FREEAN & XY
W BfHRE 885 . B2 b AR R GR nh N R ) Al
A AR g 1 B 5
23 AELIEXBBEZ TR

WF MR IT 1 e B A4 £ | TR | A N 0 v
Ly ) B ) 3 B R, 38 I 45 110 e R % i
(MBC) 2 i W B -1 vk B2 (EPCo) R 48 £ (PST)
FBAE W7 1 0 EE (DPS) S5 85 28 IR EE 17 2 800 1M
T B S3HT o

Horh B MBC AR T OR 4 rT E w
fie ), i FRoR HL G v AMEBERE T R 551, BRI 2 0]
I REREHE R BE R MBC K, B m FH A3+
HE(P<0.05) 5 HLWIE: W g 1 ) A, I T B R
F# £ (P<0.05) 5 #3 - Fl 85 AR 458 19 % 25 MBC {8043 %)
4 16.22 mg-kg ' F135.36 mg- kg™, A H. 22 [A] A ik 22 57
HBEK-(P>0.05) . ik, 5t 5w MBCIE T 7,
AF 5% DX = 0B A 38 1 Wl 0 A XS B W A S I 5
TR R =

15 2 EPCofE 22 /1 WK B 5 ff W Ak~ 3 251 Al B F-
v W TP T B, LA RO, SRAE 3 [ B Y E
/N BRI EPCo i B 5 , WS AR Y EPCofH fix
i, {HLIX 4 Ff 3 (1) EPCo{H 1 oKk 80 22 5 8 5
(P>0.05) ., BA W BRI E & 31k 1k 2 I 7
{84 0.02~0.35 mg- L', 25 EPCo B % e FAl , + 35
o R R KA B SR R . AR

FR )+ 3% EPCofH AE 19.44~24.08 mg- L7 Z ], ¥Ji K
Tz & E IR A, R — @ 5T R85
ST ANERE R AT, B R B AR ARSI
AMRIT KA

H &1 2 R, 4 1 R AR Y PSTE YY) B T
M5 A 1 R E  L Bf) £, FLRG A 1) PSTE 22 S AN 8
#(P>0.05),435 4 10.16 F1114.88, EATWF7E % H +
2 PSUAFAE I FLAEL, HL PSTELBE /N 7R + HE vh il s
M 5 R AR, BNk e SIS GE | 2
() PSHE/N T 25 B, B InSMIE B 25 5 5| e - ek i
T A EPCo fEL A 386 01, K S0 498 7 2 Wl 2% 1 W A 14
Ko A GIZAEA LA A8 R A7 A9 PSTE MK T
25, R IAWFFE X A4 + R Ak 2 B XS K

-3 DPS (IR FH R IEAG B 2 B e, L B
K IER XU SE B R . BRI | I AR R 5 1L )
+ B DPSAE =3 Al ARk 3] 22 7 B 7K1 (P>0.05) 0
AT B E S T 1 (P<0.05) . BFE R, B %
DPS{E IR FE I SHE , (H e 5 A 38 0 3 fly Ak o
ST X ISR 0 45 22l R 25 0%, AR MR FH 11 7 19 -+
HEDPS I FAAE™, Pk, X AR IS i 55 A A R 3k
BB INEE W IR YT 0 AT IR AW . A5 IX
T+ DPSTH A T 2.65%~7.14% Z 8] , 1% 45 FALF B X
Saf, A TR 1) W A TR R B ARG AN

PEOIRYL b I A A Sl S AT R R, 10
T S R W FRES BRI R . AR &
H1(#£3),H,0-P 5 MBC 2 B # 1IEH 5L R (P<0.05),

2 AR TEMBERE R B Langmuir F1 Freundlich F2E X 2%

Table 2 Related parameters of Langmuir and Freundlich equations for isothermal adsorption of soil phosphorus

Langmuir J7 2

Freundlich J5 &

AHFMSoil ypes v equation On/mETke” K e Freundlich equation Ks ln e
¥ b Cinnamon il Y=3.400X+71.636  357.78:102.64c  0.047  0.979 Y=0.574X+1.358 2280 0574 0.956
¥=2.139X+50.092 0042 0981 ¥=0.548X+1.570 3717 0548 0994
¥=3.342X+66.712 0.049 0979 Y=0.496X+1.483 3039 0496 0983
Wk Yellow-brown earth  Y=2.012¥+26.843  450.48243.83¢ 0075  0.954 ¥=0.469X+1.807 64.14 0469 0958
Y=2.404X+30.468 0079 0971 Y=0.387X+1.851 7099 0387 0965
Y=2.285X+27.866 0082 0987 Y=0.467X+1.771 5898 0467 0.8l
WibRHE Dark-brown carth  ¥=0.993X+3.969  981.48x139.81a 0250  0.958 ¥=0.333X+2.439 27479 0333 0972
Y=0.946X+6.101 0.148 0956 ¥=0.397X+2.328 21286 0397 0989
Y=1.201X+5.060 0235  0.989 ¥=0.339X+2.345 2131 0339 0975
W A Y=1.202X+7.685  790.60+37.01b  0.156  0.980 Y=0.349X+2.282 19143 0349 0983
Subalpine meadow soil ~ Y=1.323X+10.124 0.129 0932 Y=0.342X+2.231 17022 0342 0982
Y=1.327X+8.003 0.163 0987 Y=0.371X+2.224 16749 0371 0.990

T /NG FRERORAN R 1 SR Q109 22 57 2.3 1 (P<0.05) 3 Roos=0.666 , Roi=0.798 .
Note: Lowercase letters indicate the significant difference in ., for different soil types(P<0.05). Ro0s=0.666 , Ro0i=0.798
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Figure 2 MBC, EPCoy, PSI and DPS of phosphorus under different soil types

8 A RN A A3 A MBC L Fb I R AT =7 1 ) £
FAR, RIS L R EE AR HLO-P O 5 FLIE R K .
NaHCO; - P 5 MBC. PSI 1 DPS # & 3 1F #H ¢ (P<
0.01), T3 NaHCO,—P & Ht i =5 , MBC A1 DPS
L AR T R b AMIEBE I RE ST 24 DPS
bl FE S, Ho R B KBS s 3 K. NaOH-P Al
HCI-P 43515 MBC  PST 24 & 2% A1 ¢ (P<0.01) , Bl 4
R IEAH G, J5 & R A O, R BH NaOH - P % &2 1K 1
HCI-P & 2 5 (1 £ e 22 o AN B (1 BE 1 4555 , i B ik
TR WL, 27 G L3R4 4 & i R % MBC.

x3 TEBAES SEHFESHNXR
Table 3 Correlation between soil phosphorus fractions and the

parameters of phosphorus adsorption characteristic

H,0-P NaHCO;-P NaOH-P HCI-P
MBC 0.619% 0.800%* 0.989%* =0.711%%*
EPCo NS NS NS NS
PSI NS 0.849%* 0.9497+* -0.800%*
DPS NS 0.725%%* NS -0.698*

R P<0.01, #4832 P<0.05, NS FER T #4E , n=12,

Note: #**means P<0.01,* means P<0.05,NS means not significant, n=
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