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Effects of phosphorus fertilization on soil phosphorus fractions and availability in

an alpine grassland of northwestern Sichuan

LIU Dan, YOU Guohong, SONG Xiaoyan, HU Lei, LIU Yang, WANG Changting "
Institute of Qinghai-Tibetan Plateaw, Southwest Minzu University, Chengdu 610041, China

Abstract: In order to reveal the effect of phosphorus fertilization on soil phosphorus fractions and availability in alpine
grassland, 0, 10, 20, 30, 40, 50 and 60 g/m” of phosphorus (P,0, 16%) fertilization gradients were set with random
block design in northwestern Sichuan. The content of soil phosphorus fractions and available phosphorus ( Olsen-P) were
estimated. The results showed that: (1) Soil total phosphorus (TP ) increased firstly and then varied slightly but Olsen-P
decreased significantly with increasing phosphorus fertilization doses. NaOH-Po and Residual-P were the main fractions
accumulated in 50 and 60 g/m’ phosphorus fertilization treatments in alpine grassland, and their contents were significantly
higher than that in non-fertilization treatment; (2) Soil Resin-Pi, NaHCO,-Pi, NaHCO,-Po and NaOH-Pi increased firstly
and then decreased with increasing phosphorus fertilization doses, and they peaked at 21.54, 22.94, 65.86 and 64.48 mg/
kg®, respectively, under 30 g/m’ phosphorus fertilization treatment in the topsoil. HCI-Pi decreased with phosphorus
fertilization doses; (3) Random Forest regression and Path analysis showed that NaOH-Po and Residual-P were the sinks of
Olsen-P transformation. NaOH-Po negatively correlated with soil pH and Residual-P positively correlated with Fe, Al

content and microbial biomass phosphorus ( MBP ). Thus, when we applied phosphorus fertilization to alpine grassland,
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Olsen-P content could be enhanced by reducing NaOH-Po and Residual-P accumulation through regulating soil pH, Fe, Al
content and MBP. The results are expected to provide clues for future fertilization management in alpine grassland of the

northwestern Sichuan.

Key Words: alpine grassland; phosphorus fertilization ; soil; phosphorus fractions; available phosphorus
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Resin-Pi NaHCO,-Pi NaOH-Pi Al HCI-Pi 2" Ciampitti 257" & 308 b 0 AR Al K-/ 22 - K G484 £ 5
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3516 m, %X JE SR e B S AT 2 M e KU, T AR R AT R SR T AE 5—9 Ay AR IR K
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nutans) FEHE I (Poa pratensis) 11 P59 WS ( Agrostis hugoniana) 5 €36 (Aster alpinus ) A 35 E
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XA 286 PER I AT 15 3 NI, BN XA E 74 2 mx2 m WREDY , S RE TR BR =D 2 m, TERAN XA
M, BEHLIE 0.10.20 .30 .40 .50 .60 g/m’ L BEIRES (P,O,,16%) . ZJGH84E 5 A FAERYIRE Z aj ity
— R FHBEIE . 2021 4F 8 A Hf) , 7ERE T P BEALIEER 1 4 50 emx50 em B)/INETT , 7E/NEE 7 2R FH Y
125 em MIAEEPEF S TEHL S £53R)Z (0—10 cm) FIEFRJZ (10—20 cm) LFEEFE S B Wl [ 548, H'5 )5
W RISEEeEE , ESC00 S, 2 mm AOFRI0E ) 58 S 055 09 5 B IR SR G50, SR U 43I 500 g
2T I F TR A R B A S 2
1.3 e e bs i
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TR 2.5.1) , HEEER (TC) FLEZ(TN) K AL SR LA E . 13 Fe (Al Ca JTHE & & ] 5 mL HNO,
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AR A Olsen 3L AE , 30 E Wy ol R A S0 2L 2 | 3R 241 43 $2 HUS IR Tiessen 2
PE ) Hedley SEZERBUT 7, 0.5 g 33 2 mm G 9T +F 50 mL B0 | 15 3% 2 1) FH TS 73 i g i,
0.5 mol/L NaHCO,,0.1 mol/L NaOH, 1 mol/L HCl 24, B IR 16 h, Jki% )5 485 OFE I E I, e _H i
MBS i, IR AT (P1) & AR BT HL il 2 , 5 OB (PY) S 2 B iR %4 [ (NH,),S, 05 ]
TR AR L B ™ AU (Po) S P2 Pi i, (EARTRSE o, R R R I 42 , W Eh iR
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4 Resin-Pi NaHCO,-Pi Fll NaHCO,-Po; -3 450G MBS NaOH-Pi 5 NaOH-Po; +3EF & 4 HCI-Pi 5
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P) & A2 T W 2215 ( Duncan ) #1753 J5 Z H L3, I Pearson 00T, Koy HIELBHE S S
W FZ RN E R, M E 7 il v f /N ALC [ R T H X Olsen-P 5k i 35 (1 I 45 N
W FZ50, 71 F RandomForest £ F4 B FEHL AR AR 0] IS A5 RY | LUAT R0 o0 R 28 o BT S FIERBE IR o0 [ 45
A R 25 5 (IneMSE ) SRV A [ A8 56 PR AR 5t (152 AR 8, [ AR 5 1) 2 35 M AL ofPermute A0 3E AT
Ke38 . PR agricolae fUFIE 2434 (Path Analysis ) SRR BEIE A IR FXF Olsen-P Y HL 122 FlH]FE 5200

2 #R

2.1 ERIE PR XoF it 9 114 o g AR A

Jiti g £ %F 14 MC (F=0.03,P>0.05) F Ca JLER & &t (F=1.42,P>0.05) 520 3 %+ pH(F =
2.93,P<0.05) .TN(F=4.40,P<0.01) TC(F=5.15,P<0.01) MBP(F=4.80,P<0.01) Al( F=4.85,P<0.01) il
Fe BE F &8 (F=3.51,P<0.01) M 8%, KZ L pH 7£ 50 .60 g/m’ i T 2 &K T A hEwE AL HE (P<
0.05,% 1), XEMFRZELHE TN 7E 10 o¢/m’ a4 P T 18 B F K B 8 KT 50,60 o/m’ it kb ¥ (P<
0.05) . [FIFE,10 o/m EREALFE T +3 TC W ZEET 50 .60 o/ m? AL B ( P<0.05) , FJZ I 32)Z 14 MBP
16 20—60 o/ m* B BN B 255 T AMBEL B (P<0.05) . MBI T , R)Z2 MW R)JZE 1 AL FI Fe TR S
D E = T AR AL (P<0.05) .
2.2 AFjE#E T HHE S A AL

it i . 25 4 v )2 ANV 6 2 3 TP, 10,20 .30 .40 .50 .60 o/ m*fli WAL B T 262 35 TP B0 A it i ik 2 42
T 12.82% .5.82% 20.91% ,16.48% .19.47% 17.51% i . 3)2 M 435182 55 T 2.91% .7.00% 4.82% .11.02% .
8.65% .16.24% (& 1) , Ak I, 145 TP Bt 3% hn 2 e e ERa ke g, A, 14 Olsen-P Fifi it i it
B A R R R 50 .60 g/ m* Tl T 2 T Olsen-P B RN I8 B A T 8.219% 1 10.08% i IF.
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FZMFEAR T 11.91%F1 12.25% ( P<0.05) ,

R1 RGBS ETIRERFES CF9EARER)

Table 1 Environmental properties under different P fertilization doses( Mean+SD)

+E P ettt A ik ok CEREER ) AV Fe/

Soil layer/cm doses/ pH N/% TC/% MC/% MBP/ (g/kg) (g/kg) (e/kg)
() (mg/kg)

0—10 0 5.86+0.05a  1.98+02la  6.55:0.53%a  38.64x0.57a  55.21¢21.01d  4.15:055a  9.48031d  7.90+0.28d
10 5.91:0.06a  038:0.07¢  4.92:0.10c  38.03+2.50a  65.91:6.94cd  3.54:029a  16.74x0.34b  11.39+0.12b
20 5.88+0.06a  0.41x0.06e  5.76x0.13b  38.23x1.63a 154.44:32.03ab 3.72:0.55  13.28:0.95¢  9.66x0.54c
30 5.88+0.04a  0.56x0.12de  4.59+0.19¢  38.96+2.1a  157.81£35.14ab 3.64:0.34a  14.11x0.74c  10.04x0.31c
40 5.83:0.09ah  0.70:0.02cd  5.55:0.09b  40.37£0.54a 158.41£38.99ab 3.55:0.15a  19.98+0.49a  13.61+0.54a
50 5.69+0.05b  0.93+0.07b  6.44x0.39a  38.19:0.28a 116.44x41.31bc  3.86:0.52a  17.46:1.15b  13.31£1.0la
60 5.69+0.13b  0.84+0.09bc  6.88+0.40a  35.84+3.52a 179.13:21.32a  3.68+0.14a  19.3xl.14a  12.94%0.52a

10—20 0 5.88+0.07a  0.46:0.04ab  4.76:0.32bc  16.68£0.83a  38.07¢4.55¢  3.50£0.082  6.08£0.70e  5.15+0.71f
10 5.97:0.06a  0.14+0.0le 4212029  17.76:1.92a  43.00£3.77bc  3.17:020a  13.90£1.00bc  9.90+0.59c
20 5.89+0.09a  0.33:0.04cd  4.32:026bc  17.50£1.65a  60.42£18.52b  3.25:0.24a  15.372.18ab  13.43x1.47a
30 59240082 0.34x0.05¢d  3.24:031d  16.98+4.49a 95.83x154a  3.10£0.05a  17.31x1.12a  11.71x0.34b
40 5.92+0.06a  0.28:0.01d  4.58:0.46bc  16.36x3.28a  84.86:4.06a  3.50:03da  13.10£0.72¢c  9.31x0.45¢d
50 5.89+0.04a  0.39:0.05bc  4.85:0.15ab  16.47+1.08a 89.28+6.75a  3.37:033a  10.92¢0.68d  8.07x1.13de
60 5.84:0.06a  0.49:0.09a  5.36x0.16a 15472452 93.86:7.63a  3.64:0.16a  9.41x1.01d  7.09+0.64e

TN: B4 Total nitrogen, TC: &8k Total carbon, MC; 757Kt Moisture content, MBP ; #/E i HE Microbial biomass phosphorus. AN [F)/ING FAEFR A [ F Ak
BRI 2 5 B (P<0.05)
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1 AREHETIESHRSENAUHSETL
Fig.1 Changes in soil TP and Olsen-P from different P fertilization doses
ARG TSR IEAS R B 4 AL R Y 22 53 T 3 (P<0.05) ; Pl P Bl AP BE AR 22 (n=3)

2.3 AFaga T HESE A S AL

T FERH 0—20 om ML 7> LIFA E MEBEE N 3, Residual-P A1 HCI-Pi 4351 7 B8 &5 5119 46.36% Al
10.56% , -4 G TEPEREE & EBE B 2 1Y 36.47% , IS PEBE AL 7 B 2= 1Y 6.62% ., Resin-Pi, NaHCO,-
Pi NaHCO,-Po 535! &7 TP &A1Y 1.03% .1.32% M1 4.27%,
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Fig.2 Changes in labile P content from different P fertilization doses
Resin-Pi; #AEsCHASHE, NaHCO,-Pi. BREREUHNICHLEE , NaHCO5-Po. BRERZUNA HLEE. A [F/NE FRAR A [FIBE A  A0 310 22 5 8 35 v
(P<0.05) ; P R i o PR AR IEZE (n=3)

2.3.1  A[EitEsE T e TR A R AR

)2 14 Resin-Pi S8 7E 10,3040 o/ m’ Jiti B b Pt 35 v LAl Ak 14 T 7 3V 38 )2 = JE 00 gt 250K 1 LAt Ak
PH(P<0.05,[&12) , Fififita % & 38, 322 A1 2 )2 13 NaHCO,-Pi 7 & 34 2 e 3 i 5 ket 3, £ )2 115
NaHCO,-Pi 3 7E 30 o/m* B it T ey 2 82 H 37 40 o/m* BEAE 5 F e HL2 5035 i T A A 2 ( P<
0.05), 0—10 em F4 NaHCO,-Po 75 it i 38 hin £ R ka3, 60 o/ m® i B AL 1Y) NaHCO,-Po 25 B (1%
F 0—30 ¢/m it AL ( P<0.05) , 10—20 cm 13 NaHCO,-Po & RFEAS AR 25 55 A B3 (P>0.05)

iR/ (g/m?)

oo

=10
20
230
=40
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o ATl
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Fig.3 Changes in moderately labile P content from different P fertilization doses
NaOH-Pi; S ALEIICHLIE, NaOH-Po: SR DL, AIR/ING FRRE A R0 A B Y 22 5 B35 1 (P<0.05) 5 I8 Fp 8l o F- 34 ff +
FREZE (n=3)
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2.3.2 AR T B3P SRS R A R A

FZLHEF 40 .50 .60 o/m*BEAEALFE T NaOH-Pi & & B LT 30 o/m’ B AL AL 3L, 1t W 2% )2 + 8¢ 40—
60 o/ m’BEALALEE T ) NaOH-Pi 7% & B (KT 20 o/m’ BEALALBE (P<0.05, & 3) , Bt &3 fin, NaOH-Po %%
RS HY 50 .60 g/ m>BEALALFRAY NaOH-Po &1 B 5 T 0—30 o/ m*BEARALFE ( P<0.05) .

i L/ (g/m?)
800 | 0o

ol
030 o
=40 :
600 - @ 50
B 60

400

FasE e
Stable P content/(mg/kg)

0—10 10—20
Residual-P
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4 TEEHETHEREEHIETN
Fig.4 Changes in stable P content from different P fertilization doses

HCI-Pi: FRIEVETCHLIE, Residual-P: GREBE. A/NE FREARTEA RS RAL B 2252 B E(P<0.05) s BB o I AR ERE (n=3)

2.3.3 AFEfE T~ R e & B b

RIZMURZ TN 60 o/m* LT HCL-Pi & B ELT 0—50 g/m’jlafiib 3 ( P<0.05, 181 4) , Bk
b, RIZ AW 3 JZ 1 Residual -P Bl B 488 0 52 618 5 8 TP Fa i %, 50 .60 o/m it & T Residual-P 75
I E R T 0—20 o/m @b 3 ( P<0.05) ,(H#L 40 o/ m’ b BEAR A A 1 2 (P>0.05)
2.4 U B IREE R R

14 Resin-Pi fil NaHCO,-Pi #J5 TC MC MBP (Al Fl Fe JUE % & I # IFAHIC (P<0.05,% 2) , H 5 14
MC HH 5 B 5 . NaHCO,-Po 5 TN TC MC il Ca JCZ & .35 IEAHC H 55 1+ 38 MC #9HH C R B0
(0.74) . A TIEIREE 7, 1 MC 5 NaOH-Pi YA G IR 58 (0.75) , NaOH-Po {25 13 pH 1 % i
K (-0.38) ,HCI-Pi {¥ 5 TC £ g F A (-0.43) . 133 Residual-P 5 MBP(0.47) (Al1(0.39) fll Fe(0.34)JC
R B IR,

F2 FEMIHSHEE T Pearson HESH

Table 2 Pearson correlations between P fractions and environmental properties

WIEAS P fractions pH TN TC MC MBP Ca Al Fe
PEREAEHeAS5 W Resin-Pi -0.29 0.24 0.32* 0.81*" 0.49** 0.30 0.43*" 0.35"
AR S AN IEHLBE NaHCO;-Pi -0.39* 0.14 0.38" 0.79 ** 0.75** 0.23 0.61" 0.51**
BRIR A HLIE NaHCO;-Po -0.14 0.34* 0.34" 0.74** 0.30 0.42**  0.26 0.28
LA AN TCHLE NaOH-Pi -0.15 0.21 0.18 0.75"" 0.36" 0.25 0.32* 0.30
2L ML NaOH-Po -0.38" -0.03 0.17 -0.25 0.12 -0.02 0.06 0.06
PR 7 TCHL#E HCL-Pi 0.25 -0.09 -0.43" 0.10 -0.15 -0.18 -0.12 -0.10
5% B3 Residual-P -0.27 -0.28 0.05 0.07 0.47** -0.05 0.39" 0.34"

x % Fll # 43 HIFIR P<0.01 Fl P<0.05 B E/KF

2 AR EI ) e A A rh 11 TN MC \MBP \Fe JUZ i #t \NaOH-Pi ,NaOH-Po Fll Residual-P 3]
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fit B 63.13% [ Olsen-P A8 5 (P <0.01), H
Residual-P \NaOH-Po #1 MBP X} Olsen-P B% 51 fik bz i & 30

Kk

1000, 19 4553 32 50CK 6, S AEBEDLECH 2, PRSI 7 i Bt
56.11%M) Olsen-P & 28 55 (& 5) , ¥EEIFXF Olsen-P
A4 2 A R B/ IMEK YR Sl - NaOH-Po>Residual-P>MBP >

(P<0.01), U477 7K Olsen-P = 51.20— 1. 11TN+ =
0.09MC=0.01 MBP +0.13Fe—0.08NaOH-Pi—0.02NaOH-Po % ol =
—-0.01Residual -P m]i{
Olsen-P Bl BLAE MK B0 FE B M sk i 0 &
=

n
]

[

e 5 %5 WzsEg = ¢

TN>MC > NaOH-Pi >Fe, H NaOH-Po Fl Residual-P X} % 2 iﬂ{%g s o f. = % =
S - >
Olsen-P A 5. & 520 ( P<0.01) , Z 2 g z

WAL AT W, X6 Olsen-P 7= A= 1 422 17 %500 19 IR 7
MK BN /IMER M Residual-P ( -0.43) >NaOH-Po( -0.41)
>MBP (-0.33) >TN(-0.33) >NaOH-Pi (-0.29) , WX oo
Olsen-P 7= A= AL IEALM AN T2 MC(0.51) Fl Fe JLZR TN, #4 Total nitrogen, MC: 7k 1t Moisture content, MBP: fi
5 (0.19) (£ 3), Residual-P NaOH-Po 1 MBP 5  ‘E#: 8% Microbial biomass phosphorus. * * /5% P<0.01 %
Olsen-P {3 A5G HH: B8R0 18 K T Bl s, & KF
A H 2530 38 B 42 19 53400 2 ) Olsen-P 2 5, TN\ MC
S NaOH-Pi 5 Olsen-P AHOCAS ik 2, {HH: S RI4238 42 R 40503118 0.31,-0.43 F10.42, 3K B] TN MC 1 NaOH-Pi
X} Olsen-P FYRIVERLN K, Fe X Olsen-P [ GL R FERUN ( —0.19) 55 Fe X Olsen-P ) B H2A00 (0.19) #H K
1 ,Fe LR &5 Olsen-P [IAHCHEAR B3E

Bs5 MENFRAEETERTEEEEHF

Fig.5 Random Forest regression model variable importance

R 3 BHESRIMERE T XA B BN EEm

Table 3 Direct and indirect effects of P fractions and environmental properties on Olsen-P

SR —
S . LB £ K
AR & MR AHL AT Indirect path coefficient

= Correlation ERE P o
Independent . X

. coefficient Direct path
variable th d B oeffici

with dependent  coeflicient TN MC MBP Fe NaOH-Pi NaOH-Po Residual-P #it
variable

TN -0.02 -0.33 — 0.27 -0.03 -0.00 -0.06 0.01 0.12 0.31
MC 0.08 0.51 -0.17 — -0.18 0.07 -0.22 0.10 -0.03 -0.43
MBP -0.36" -0.33 -0.03 0.28 — -0.33 0.08 -0.11 -0.05 -0.16
Fe -0.00 0.19 0.01 0.20 -0.14 — -0.09 -0.02 -0.15 -0.19
NaOH-Pi 0.13 -0.29 -0.07 0.38 -0.12 0.06 — 0.17 0.00 0.42
NaOH-Po -0.62"" -0.41 0.01 -0.13 -0.04 0.01 0.12 — -0.19 -0.22
Residual-P -0.57"" -0.43 0.09 0.04 -0.16 0.06 0.00 -0.18 — -0.15

% % Fll # 43 BIFR P<0.01 Fil P<0.05 i /KT
3 itig

3.1 gtk BRI A A S

Jiti A 2 A S AP I A S R AR N - S AR B R it R TP Y 5.82%—
20.91% (KJZ) M 2.91%—16.24% (W.3)Z, K 1) , X SHTABFEERAM > Btk L3 SR B 72
5 Fe 1 Al 81 K HAL S WVE IR BUA i FE AR A AIPO, Al FePO, UTTE , £ 8 1 B2 FUAR/NEY Fe/ AL E AL IR
AL ZEIE A O-P , gl AE W il s ' Ao oy, Wil B 5 B AR T 3R 2 AN 82 3 Fe/Al ST ZE AY I

http ; //www.ecologica.cn



6 1) XUPE A TS PG b g St S 25 S A AR 5 ) 2385

e 2T T HHEMBP (1), REMTEZE HIE Y Fes Al FICZE YT E BB WS BERTE . I0Ah T 33
13 pH R AT ISR S5 + A HLIE (40, NaOH-Po) Y2542 BE I N + 4% TP &4, Y@t
1 KAF (50,60 g/m?) , TP & AR T 1A%, FLIR PR AT RE 2 R S 8 38 , 3wl i 45 & iz i e 1
YRR AS | 2 A% A i s 2505 s e >

Jtat 2 T #h 78 3 Olsen-P & i #& S AE Y nl FIH 8K . AWFFE D Olsen-P Bt i &2 35 g /R 22
BEHA, X Wang %517V 78 8¢ 1 8 J5U& B A I B A 2 5 19 0 Olsen-P OS5 IRA—30(E 1), RN AT # +
SR RYE DL Ca-P 32 a5 | e AR BE WA R 43 Ca-P, MATTTHE il 1+ 58 Olsen-P % £, 1fii R M: iy FE B fay)
+ LA Fe-P F1 Al-P & Jtith5 21 pH FEEAT{EHE Fe/ AL XF B [ E ff Olsen-P FFE 7 AN, ABFSE i
BEFRAEST SIAE 5 ARIAN 8 A HhaIEAT , 2 B (B AR W AN B AR 0% - 39l 1 W LA, Fe/ AL 5 F- B FL LA X
WA RE TOE S AR E T, ST RE 2L Olsen-P T [m]— M X AT 55 4 4B W it v Wl 5 i At = 349 n
RGN, SO P 8 4 R P T BEJ Olsen-P R FEAYJEA
3.2 JtaBEXTAS AR S 1 R

Resin-Pi & T HEA B AL T 80K 25 19 JCHLBE , 117 NaHCO,-Pi \NaHCO,-Po 1 NaOH-Pi J& W [ff T~ 1 e %
17 Fe/ Al 9 F1 SR (AR (0 , - S0 Y Ll T 30 350 2l vl b A - 390 VR AL A 9 vl R I R 3R L AR
W5, 13 Resin-Pi, NaHCO,-Pi , NaHCO,-Po il NaOH-Pi 7 it 52 Jfi B 5 1) 3% | 30 o/m> &b #1132 )2 - 458
Resin-Pi ,NaHCO,-Pi ,NaHCO,-Po il NaOH-Pi ¥ #4% 0,50 .60 ¢/m* b ¥ =5 (& 2,3) , X 7] fE 1 T Resin-Pi 7£
IR AT A TR S0 K AR i R R A B S 2 - MR S R Y 30 o/mP b PR, 4 4
MC %5 0.50 .60 ¢/m*Zb P (52 1) , [} Resin-Pi \NaHCO,-Pi NaHCO,-Po F1 NaOH-Pi ] 55 13 MC # [ % 1E
M (F2) . BRI, Miller %2 I Fes Al AL 23 Bifi 25 7K 43 (14 U/ 1 384 T, 28 v 4t v o 8 174 W A D 66
NaHCO,-Pi A1 NaOH-Pi &34/, AWFFE 48 MC AE7E I S HI R 827K, K2 T REE Z24E H T i e
M SRR A B EAE 48 S R . KM S VR O AN A R AR, 14t A 19 SR k™ A W A
BRI 050,60 ¢/m* B FHHR T NaHCO,-Pi Fll NaOH-Pi 75 fE 4K,

NaOH-Po J&: 5 Ji 5 B2 2K 1) 5 405 4 WO, ml Bl K 0907k S v 9 vl R F B R £ 2% 0 50,60 g¢/m” AbHLF
NaOH-Po 5 0—20 g/m* b3 = (&1 3) , R W & /K Vit il vl 42 32 Ji B R 25 ot 5 A AL 2565 . NaOH-Po 5 1
B pH A (3 2) , i —25 R R R S5 LSS A nTRERE N NaOH-Po 5, HCI-Pi Fifiita Y
I A SRR, 60 ¢/m? PR HCI-Pi & & i K T A B A IRACE i AL 21 (18] 4) X T REHT T HCL-Pi
S5 Ca Z5A M08, B I iR =26 MR FE REVA R 7> Ca 455 1B . Residual-P (45 Fe E ALY I IE
AP AIBERREE |50 .60 o/ m i i T Fe SO & LR EHOANHE RS AL B R (3% 1) H Residual-P & EHEA
Jta b B (B 4) 2B 50,60 g/ m’ T L1 Fe JC 3R I8/ 0 ] BEINH B 1) 141 5 11 5
3.3 itk R EREE N R A S VR

FEALARAR [T 7B 2 B XS Olsen-P 5200 i3 A9 1 & NaOH-Po F1 Residual-P ( 18] 5) , [7] B 38 4% 43y 2 HH
NaOH-Po Fil Residual-P 5 Olsen-P 2.3 A AH5¢, HH HAZE 2 R AR BREGE AR R B0R (2 3) . [RFE, i i
B (0—7.9 ¢ P/m*) # + 55 O-P 5 Olsen-P BG4 RECN 71" AR5 I (0—9.6 ¢ P/m”) 5# +
15 St AL, 2 B I T R 2 5 B 13 Olsen-P [7] Residual-P $54k ., 35 )6 5l 12 259 o vl B0 1 T 7K AT
B -3 2 1T 1A LB [E] 2 S NaOH-Po , Fe/ Al 50 A0 10 5 5 T 440 375 7RI B6 1 - 48 3 T 1) TG AL B 450 5 T i
Residual-P , 1133 £ 37 T 7K RIS 43 W% B T 1 338 3% a1 A0 B /2 Olsen-P 2H 5843, i NaOH-Po #1 Residual-P 5
Olsen-P fE7EAHH AL %1 . NaOH-Po #il Residual-P J& Olsen-P 5 KAYH LI (£ 3) , X & H T NaOH-Po FiI
Residual-P J& - 3E7E G SMEBE R FE 06 PEBE REWE A4 K TR R I —FEfAIEAS X - (e pi e 2 v B

13 MBP TN Fl MC S5 A X Olsen-P A —E M (K 5,3 3), FAVLARMZE P MBP X} Olsen-P
A RAEA R E MR MR MBP 5 Olsen-P i fiAH¢, MBP #1 LITE#E Olsen-P N RIHE, A4
WU Olsen-P Je %5748 Ky I BPAZ TR K W RE 540 5, WO 5 | 2 1) MBP 34 n] RS2 S /K F- i T Olsen-P 18/ 1
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JEHZ 1 BB R AN RE S R A S R G BERR > AR L A TN 5 Olsen-P fAHCH
FUE RSO NN, BT AR AE T, K I T 24 58 T RE At 2 W B S WAV A7 , i MC X Olsen-P 2 L% 1E

R

BN
4 g

NaOH-Po Fil Residual-P &)1 PGt FEH Ml Olsen-P 11 EEHALIEAS, HERES IR pH FEAIR, Fe F1 AL R
W/ K MBP 3411 0] 8 /& NaOH-Po il Residual-P R HZ A ; = 2K E it (50—60 g/m*) T Olsen-P A
/DA BE R e 2R S A . PRI 7 it 0% [ R 9T SRR B | Fe/ AL JUER LA W), 182> NaOH-Po
Residual-P %) 2R, 14l 45 Olsen-P 7K, &)1 VUL & FE B M 3R i A A R MRS S8 ik,
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