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Table 1 Comparison of extracted P with varied forms and corresponding extraction agents using SMT and seven-step methods

L R SMT #:
W 2SR
B Step1 0.5g+3E+1 mol-L ' MgCl,(pH=8. 0)
(Ex—P)
mah b
Step2 0.5mol-L " NH,F (pH=8. 2
(Al—P) P e (b )
Lk A ! _ L' Na,CO. N .
f— (Frnjp;*- Step 3 (()ElAmi)l L' NaOH—0. 5mol-L ' Na,CO, 05 g:l:ﬁ%Jrl Mol ! Sfp 3:0.5 gii
(In—P) ¢ il Step 1 NaOH Vidg)5, FisH Je+1mol-L
MEEBE 0.3 mol-L RPN .1 mol 1 'NaHCO, 3.5 mol-L " HCI HCl#
(Oc—P) " P% 10,675 g NaS,ORA
i Step5 1mol-L 7' NaAc—HAc (pH=4) iR &k
(Au—P) St 2 1 mol-L ™" NaCl i f5
B % P mol- 1 THCIHR
Step 6 1 mol-L "HCL¥A}
(Ca—p) PP 1Mo i
HHL#E(Or—P)  Step 7 HBe5H 1 mol-L "HCIE AR Step4  B#E(TP)— In—P
BRI A (Res—P)  Step8  Bi(TP)—In—P—Or—P
2 fEHEES Al=P Oc—P #4753 25 $E B SR FHAS [ A S UGR) , 5531
JEAE B OMER A= WA H B Oc—P i FH B9 BGR) 2 5mas
2.1 ZHBHRE A ERLEFIZE JE R AR FR 4N (Na,S,0,) , JEHUCR A & o 1 SMT
2.1.1 SMT %ﬁukﬁ%ﬁﬂfx‘éﬁ#}b%éﬁ lftiF';i ]%’fi%ﬁﬁ@ﬁ(l mOl'L_lHC])%W}%\%M@&9%?§%§&

PR T RR A JOHLRAE o 5 18 M v ) i e AR 1
F8 AR AR T AT AR 3 St i R, - s A
ZHBEAEEE TR R SR B A
BB A A S USRS LE SMT By

I 2 AT, BRI YRS, (] SMT 2§12 JUH: &
IR TCHLBE B AR IE B R U Y 79%0~60% , B Ik
T PIRR 5 X AN TR S e sl RN R . X e
b7 vk B P A S BGR al LU B A A X Fe—P

F2 SMTHEMESZRBMHEENBESE (mg kg ')

Table 2 Extracted total inorganic P (mg-kg™) by SMT and seven-step sequential extraction method (mg-kg™")

L4
N 7K R JKF H | R S Fre e TR TRk
HE 0-20em  20~40cm 0-20cem 20~40cm 0~20cm 20~40 cm ) 0~5 cm 5~15 cm
Jrik
SMT i 21. 084+ 7.16+ 205. 47+ 7.41+ 9. 30+ 3.41+ 554.47+  44.72+ 13.19+
0.52 0.63 6.77 0.17 0.35 0.90 25.13 0.79 1.51
Lt 118.5 93. 83 342.48 91.57 64. 45 47.56 416. 97 104. 39 58.76
SMT#/
T 17.78% 7.63% 59.99% 8.09% 14.43% 7.18% 132.98%  42.84% 22.45%

B T B R A TCHL#E N Ex—P \Al-P Fe-P .Oc-P  Au—P Fl Ca—P Z Fll,

SMT ¥4 T I8 h i A 4R R B TARR i1t (1) Ve b i 8 32 2R IR T L HERY AR Tk,
e TR AT R« XX VR0 W T RS PR U W LA I R X i
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Al=P, 1 SMT AV 1 mol - L™ NaOH HA%TTHE Fr A 1Y
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Fig. 1

SMT &R ERH) Fe/AUMn-P & & (B A) F£ HESHREUE (B B) IRENE A Fe/Al/Oc-P R & (mg-kg™')
Content of Fe/Al/Mn—P (mg-kg™") by SMT (A) and Fe/Al/Oc—P by seven—step sequential extraction method (B)
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2.1.3 SMT xFe k¥ iE LR BUERI LA P Ca—P
L&

Ca—P J& THIGHEMBEAL 7, 85 PN EAEY
MER R R 7 o R 3R BT VA AR R R L Ca—P, HH
2 7] UL, B3 SMIT 725 % i U8 7 (1 Ca—P A7 B I 1) $2 B
PLFSS 0 H e SO L0k L, SO PR AR
Y Y T EESS AAS T AR (AN AR K 0~5
em . K8 A5 H A 0~20 em 1 20~40 em L) K 5 Bl Y

7}(%5 BE]O~20 cm gﬁﬁ*&!ﬁ*{:}
7J( *‘TE, EE] 20~40 cm gﬂflf}ﬂﬂﬂﬁ
HFE0~20 cm
HIE20~40 om S

7 0~20 cm ff

Btk

20~40 cm) , &AL AR Z I A0 B EOEBR bl A S
FIARETE—E R LR T Ca-P RYMKAFIEZS , I
P T Ca-PRREEAIRICR o MIXTBEAES &L A LA
B L HE (IR R I8 ) , £ E AR B A AE B (Au-P)
Bt I pH O 4 B9 2181 - £ R (NaAc—HAc) 2 1
APRESR I TR Ca—P, T FEAR T Ca-P AYFEHUE
T, £ AL B 2 20 S B T RE i i Ca—P — 2 HY
k.

B SMT#:

0 20 40 60 80 100 120 140 160 180
BiE & P/ mgkg!
B2 SMTEMEHHRMEHER Ca-PHFE(mg-keg')
Fig. 2 Content of Ca—P (mg-kg™') by SMT and seven-step sequential extraction method
®3 SMTEMESEMRNE Ca—P EEMWERT K
Table 3 Two-sample T-test of Ca—P content by SMT method and by seven-step method
. KFEH KFEH bl APl Fri Tt e UL FEZIN
vl
0~20cm 20~40cm 0~20cm 20~40cm  0~20cm  20~40 cm 0~5cm 5~15cm
SMT S EP2E —9.95%  —9.78%* 9.13 —05.84xx  —G.57%  —8.70%* 125.74** —0.41 —10.24

FERTEREZE(P<0.05), " RINERMEE (P<0.01)0

IS b, 78 SMT i H 82 B In—P 1 AL 75 Fe/Al/
Mn—P 1 Ca—P. {HEFJEVE L IEHN , SMT 4L BT 1511
Fe/Al/Mn—P 1 Ca—P B B A1 KT In-P(& 3) . Xfk
T B A TR A In—P B S BGRI X T 52 42 4565 2 B
1) U3 RARG o 1717 53 25 i BB v Je P i i P i e
FICAE T W AT S, N2 7 T Fe/Al/Mn—P J
Ca—P WFEIGHCR . L5 7E 0 In-P N S22 BT A5
BB A S TOHLBEAY BRI i AR )R B

e
2.2 EARBHABTIERAFRESHENESEND
A4S

i DL B 25 SRR UL, 20 A LA SMIT 75 BE fig 4

AT ERCaa S i we e b= ) W e NS s il
BRI Aoy & B RHIE . R AR A
IR e TP & &l 148. 58~673. 11 mg-kg™',
HRRYE Y TP & i i 2, HKOESZ N 52 AR iy
KRS ARG, S i TP & i dpe /b Wit -4 TP 7
T I TR M AR AR 43 (FE 0~5 em A1 5~10 em 3
35201072, 59 mg-kg™ 11 001. 54 mg-kg™) .

HH 2% 4 FIE 3 TN, 4 7 - 8 b oA HLBE S5 o HL
BT i HERA 2 . 5 D Res—P (5 TP I LRy
3.85%~30.53%. AHLLARM A4, A HIEPSIES
e 4 ORI T, O ML 7E Sl b BT o LB
R HIERE PR AL T RIE R AR . A TR B
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7}(%§0~20 cm B_//_//g{ AL R A A A R A, i & Ca-P
7J(f‘§20~4() cm A T T T A A AT {
....................... Fe/Al/Mn-P
RIE0~20 om [Eiiiiiiriz s ozzze el
BH20~40 cm EZz T I A — Bin-P
FEHh0~20 om [z
Fieh20~40 cm
R P LSS
BR0~5 om Przzzzr
FRIRS5~15 cm T
0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
3 SMTERELEHR RAS R & BRI LHI (%)
Fig. 3 Proportions of P with varied forms in total soil P (%) extracted by SMT method
F4 AELHF AL EABRNSHELESEE(mg kg')
Table 4 Contents of P forms (mg-kg™) in soil under different landuse types
KAEHE  KFEH SRebel eI Iic Hh JicHh oo PO FUN
0~20cm 20~40cm  0~20cm  20~40cm  0~20 cm 20~40 cm ) 0~5cm 5~15cm
e B 2k 1.68+  2.43+  30.86+ 7.59+ 52.63+  28.25+
2.20+0.95 4.00=+0. 32 6.17=+0. 26
Ex—P 1.13 1.35 0.69 1.59 1.27 0.95
MAGAR 165+ 1.84+ 3.52+ 2.02+  11.38+
3.52+0.75 3.89+0.37 3.64+1.31 3.27+0.22
Al—P 0.00 0.26 0.53 0.75 0.53
BREE A AT 75.524+  50.39 £ 198.514 50.25 £+ 15.76 £+ 16. 32 += 275. 34+ 26. 08+ 20.83 £
Fe—P 7.93 0.64 5. 62 0.84 1.31 2.55 0.64 0. 40 0.79
P2 A 5.15+ 2.24+ 4.21+  13.90 £+ 3.18%+ 14. 374
5.86+0.67 3.97+0.67 1.9340.98
Oc—P 0.33 0.55 1. 00 0. 67 0.72 0.67
H 21.744+ 25.48 £ 67.02+ 17.35 = 21.18 = 10. 61 += 58. 04+ 13.70+ 17.63 +
Au—P 1.41 0. 00 3.68 0.40 3. 38 0.40 1.59 0.56 3.93
EEEEAAEE 12,76+ 11,45+ 36.71+ 8. 65+ 25.76+ 10. 61+
) 7.52+0.97 9.024+0.32 8.93+1.98
Ca—P 2.53 0.79 1.12 0. 56 1.19 1.98
TR ]
TPt 118.50 93.83 342.48 91.57 64.45 47.56 416. 97 104. 39 58. 76
ZERVIR (- 127.00£ 96.31 + 104.36-+E 85.46 £ 92.01 + 65.63 £ 138. 22+ 178. 38+ 171. 71+
Or—P 5.29 1. 06 0. 26 6. 56 3.44 10. 56 1.06 20. 21 1.85
Bt A
N 30. 54 — — 7.09 68. 75 35. 39 117.92 789. 82 771.07
Res—P |
L 276.04+ 157.35+ 418.19+ 184. 12+ 225.21+ 148. 58+ 673.114+ 1072.594 1001. 54+
TP 0.52 1.05 50.73 0.52 17.28 4.71 4.19 21.98 16. 93

T T ORTCHUEE, RIS LB A5 2 s T SR A5l , O Sl 15 0TI A5 1y JC AL AT HLIA A B 22 22 5 % T /K % 1 (20~40 em) R (0~

20 em) , T ZE (0 S, AN
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TN 23 A1l 0 A T AL A 7 K LR AR
F2 EHE(0~20 em) i, /KRG HE RIS [ 4= 48 op i JE AL
BB Ny 1.84 A1 5. 31 1% . 2 L3R ICHL
BEEEE T PR L HHE R LT WER
ZESFBR, — I E T AR b T 2
VR R AR, 53— T R e T B
(A NE S 16 Sh 3l T H R B . KRS
Vo Ik i B IR A AT AL AR T IR R 3 AR IR Y
& B WY TCALEE 5 5 Rk 416. 97 mg-
kg, B N 673, 11 mg-kg ™, IS BN H V5 YL K
N S SR Y o S e 5 b N =
R EE N IEBEE . fEA W B LT, Fe-P
I o R, HOOR: Au-P, AI-P &R /D, AR
Ivi] 24 R B 140 R %o 5 £ o ) O X D R B IR 3%
AR 454 22 5

221 KEFRRBELEPRRABEHRLSZOS>H

4 AE

BTN R a5 e e wh: LA DAE s e =1 A
Pl - e OR DR A & S AR —3, 08 Fe-P>
Au-P>Ca—P>Ex-P>0c-P>Al-P, #H It /K 8 M, 5
)2+ H 8 Ex-P Fe-P ., Au-P Fil Ca—P 11 & & #B 1
8B, 4y R 30.86 mg-kg!, 198.51 mg-kg.
67.02 mg-kg' F136. 71 mg-kg ™", /&K H A 3~18 %,
X PR A AR A T K R T, R el ) 22 B AR 2 3 v it TS
SRR EBEAEAE S Z 0 R AR 10%~25% ",
It AAE SR T+ AR 28R B T 8 2 RO Bk
JeE - 5% pH A 6. 53, # b HE 5 i 4 1) pH
(7. 13~7. 58) A A AR, 1 =38 v iy 8k 2 7[5 32 A 45
(1) S A 30 i A7 P 52 T, 7 TR PR PR 58 T 3R 2 o [T
T B RS UE R T Fe-P Y
Wi 57 i ol S Sk ) 38 0T 5 A K M A A PLR
FIVERT 28 500 Ca—P I 1 SR | )2 4 s
Au-P & KRG L2 0 345, X B H T Au-P Y
T 15 B v i A 0 3R AA B DD AE O, TR AR 2R
R TE Y%, AR Y A Y b 3 0 e
YifE HRE I P i AL TE B Au-P , {H Au-P & —
PR E W, A TER SRR IREE T, i@ i A AR
RO UM HLERVE T, A Re e A A= W ) i)
Ex—P A Jy —F 4 0 B 20 7K A 0 AN R e i , T Bk
AW SORI AT 5 10 Fe—P AR — R 7E O BRI, 02 1
BB SR A Ry, X AR S B WA - e
1) R A S A TSR 1 AR (R 3G 1 SR el
T A KU

2.2.2 RHFTRENESEFLSEG A HFIE

Sic Hb o ELHE 52 N R B 5 ) 5 TR g 3
TR TR 0 3 A 8 v B O b - SR AE L, SR
AL T AR K. Hor Res—P B & LMl 23. 82%~
30. 53%, 0r—P } 40. 86% ~ 44. 17% , A5 A5 TEHL
B ) B s AR AR, 0 A 1 100 5 AR AR A — B
LFRRE g AR ZE RO, Rl )R s
T3S TCALBE A AE X 5 18 K/NIF 4 Au-P>Fe—P>0c—
P>Ca-P>Al-P>Ex-P, F J2 + 5 Fe-P>Au-P>Ca—P>
Ex-P>0c-P>Al-P, I T JZ & ' Au-P Fl Fe-P iy &
BERBEIES, B2 0 Fe-P & & 4 15. 76 mg-kg ™',
5 4 MK RS £ 8 Fe—P &5 5 (198. 51 mg- kg™ il
75.52 mg-kg ) AH LGB/, BEAE TREE W3S, S oo rh
() Ca—P 7 R B H BN a4, &Rl Ca—P 222
K A A KA . Au-P Fl Ca-P # 8 T ik 2 1Y
W, LA f e 1 v, e e Ak Sl AR e R Y
W, AN Gy WK ERS , R AR SR T H e 3 i & A4
BRI ) XU /) , e D gl S Y 2 o
T RRIE T R BT A b o A AR AR

MR e AL SR & R T H AR
5 35 0 M R 2 0 AR TS K HE R R SR R
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Occurrence forms of inorganic phosphorus in soils of karst wetland under
different landuses and comparison of two analysis methods

CHEN Liuhuan', QIN Yingfeng"**, WANG Ziying', HUANG Dezhou',ZHANG Yuan',

LIANG Jianhong*,ZHU Jing"**

(1. College of Environment and Resources, Guangxi Normal University, Guilin, Guangxi 541004, China ;2. Key Laboratory of Karst Ecology
and Environment Change of Guangxi Department of Education , Guangxi Normal University , Guilin,Guangxi 541004, China;3. Key
Laboratory of Ecology of Rare and Endangered Species and Environmental Protection, Ministry of Education , Guangxi Normal University ,
Guilin, Guangxi 541004, China;4. Institute of Karst Geology, CAGS/Key Laboratory of Karst Dynamics , MNR&GZAR/Key Laboratory of Karst
Ecosystem and Treatment of Rocky Desertification , Guilin , Guangxi 541004, China)

Abstract The content and speciation of phosphorus (P) determine soil fertility and the risk of P leaching from soils.
This work uses standard, measurement and testing (SMT) and seven-step sequential extraction methods ( “seven-step
method” ) to investigate the occurrence of inorganic P (In—P)in typical karst soils (paddy land, orchard, barren land)
and river sediment in the Huixian karst wetland of Guilin, to analyze the effects of different land utilization on the dis-
tribution of In—P in karst soils and compares the two methods on this issue. The results show that total P content in the
karst wetland soils from high to low is river sediment, orchard, paddy land, and barren land. This value is the highest
in the river sediment (416.97 mg - kg™ ), in which highly bioavailable exchangeable P (Ex—P)and iron P (Fe-P)are
dominant. In the barren land soil,, organic P (Or—P) and residual P (Res—P) are the major forms; while In—P content
(64.45 and 47.56 mg-kg™" for 0-20 ¢cm and 20-40 cm depth)is the lowest in all four soils. The autologous P(Au-P),
which has low bioavailability , has the highest proportion in In—P of this soil compared to that in other soils. In compari-
son, the surface soil of the paddy land and orchard has relatively high In—P content (276.04 and 418.19 mg-kg™, re-
spectively)in which Fe—P is the dominant form. In this analysis, the seven-step method has advantages in the extrac-
tion of P with complex binding states. Specifically for the karst soils,, which are characterized by high Ca content and al-
kalinity, the seven-step method is more effective in the extraction of Ca=P. The In—P constitutes a great share in the to-
tal P in karst soils, therefore the P pool is more active. Human disturbance greatly increases the In—P content and its
bioavailability. Especially, the surface orchard soil has a great potential risk of P leaching. The barren soil has low In—
P content and bioavailability, indicating its high P buffering capacity. The enrichment of P in sediment via leaching
suggests the sediment is a risk source for river eutrophication. In general, the seven-step method is a more suitable ap-

proach for P speciation analysis in karst soils.

Key words karst wetland, soil inorganic phosphorus forms, SMT method, seven-step sequential extraction method,

eutrophication
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