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Abstract: [ Objectives ] When applied to soil, phosphorus (P) is easily converted to Fe-P and O-P, which might
be affected by the redox process of iron oxide. Here, we studied the valent state and form of iron under flooding
condition, and its relationship with the transformation of inorganic P fractions. [ Methods ] A slurry incubation
experiment was employed to simulate flooding condition in the laboratory, using calcareous soil receiving 0 and
78.6 kg/hm’ of P for 6 years (PO, P180). Soil samples were loaded into silling vials, sealed and incubated for 40
days at (30 = 1) °C under illumination and dark conditions. Available P and inorganic P fractions were measured
before and after incubation. Soil Fe (Il ) content was monitored regularly during the incubation process. The
relationship between inorganic P fractions and the iron redox process was discussed. [ Results ] Soil available P
increased dramatically as a result of P fertilization. Soil available P in PO and P180 treatments were (7.65 £ 1.65)
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mg/kg and (33.5 +£ 2.01) mg/kg. The applied P existed mainly as Ca,,-P, Ca,-P, Al-P, and Fe-P fraction, and less
than 1% existed as Ca,-P. Flooding incubation in the dark increased soil available P by 8.44 mg/kg and 2.95
mg/kg in PO and P180 treatments. After flooding incubation, the Ca,-P content decreased while Fe-P, O-P and Al-
P increased in P180 treatment. Under illumination and dark condition, Cas-P decreased by 106.8 and 156.2 mg/kg,
Fe-P increased by 23.4 and 47.0 mg/kg, O-P increased by 64.1 and 92.9 mg/kg, and Al-P increased by 33.8 and
34.7 mg/kg, respectively. The observed decrease in Ca;-P under dark conditions was higher than under
illumination, while Fe-P and O-P recorded a higher increase in the dark condition than under illumination. We
found a significant negative correlation ( P < 0.05) between the amount and maximum velocity of Fe (1)
reduction and the variation of Cas-P content, and a significant negative correlation with the increased amount of
Fe-P and O-P contents. [ Conclusions ] Under flooding conditions, Fe (1) is reduced to Fe (I ), leading to the
formation of Fe (1) and Fe (Ill) mixtures. Consequently, the mixtures have a larger specific surface area and
more P adsorption sites, leading to the formation of O-P, Fe-P, and Al-P fractions. Illumination decreases Fe (1)
reduction, which may be responsible for the lower transformation rate of Ca,-P fraction to O-P, Fe-P, and Al-P
fractions.

Key words: calcareous soil; available phosphorus; inorganic phosphorus fraction; illumination; Fe (II) redox;
phosphorus fraction transform
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Fig. 1 Changes in Olsen-P contents of soil with long-term
P application
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0.05) Different letters above the bars indicate significant difference
between treatments (P < 0.05).]
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Fig. 4 Changes in inorganic P fraction content of soil after flooding incubation
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Table 1 Correlation matrix of changes in inorganic P fraction contents after dark incubation

JiUH Ttem Olsen-P Ca,-P Ca,-P Al-P Fe-P O-P
Ca,-P —0.144
Ca,P 0.761* -0.360
Al-P -0.828" 0.435 -0.875"
Fe-P -0.631" 0.483" —0.788" 0.822*
O-p -0.725" 0.517" —0.943™ 0.821* 0.784
Ca,,-P -0.557" -0.211 —0.420 0.454 0.271 0.327

# (Note) : FHAHIZRECH Person #7¢ Z % The correlation coefficient in the table is Person correlation coefficient. *—P < 0.05, **—P <

0.01.

®2 ARBEFREREESIRTNBEUERXKXRIER

Table 2 Correlation matrix of changes in inorganic phosphorus fraction contents of soil after illuminated incubation

i H Item Olsen-P Ca,-P Ca,-P Al-P Fe-P O-P
Ca,-P 0.501"
Ca,-P 0.698" 0.213
Al-P -0.615™ -0.041 -0.873*
Fe-P -0.136 0.088 -0.422 0.392
0-P —0.593* -0.004 -0.837" 0.841* 0.567"
Ca,,-P —0.265 -0.181 —0.405 0.467 —0.208 0.312

£ (Note) : FHHIFEZRECH Person #2E 2R %X The correlation coefficient in the table is Person correlation coefficient. *—P < 0.05; ¥*—P <

0.01.
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Fig. 5 The dynamic change in Fe (II) content across the
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Table 3 Key parameters of Fe (III) reduction process under dark condition

b Fe (I X5 5 (mg/g) AR FGHEA [mg/(g-d)] PE BB PlE
Treatment Reduction amount of Fe (1l Rate constant Max velocity R? P-value

PO 574+029b 0.17+0.03 b 0.25+0.03b 0.96 <0.01

P180 6.18+025a 0.19+0.03a 0.30+0.03a 0.97 <0.01

TE (Note) = [FFNEHE G AS R F-H: 3R A B 22 235 3 . 27K (P < 0.05) Values followed by different small letters in a column indicate
significant difference between treatments (P < 0.05).

T4 HBEHT Fe (ID) B[R Fe (II) EHTIEXESH

Table 4 Key parameters of Fe (III) reduction and Fe (II) oxidation process under illumination

Fe () if J5i 2 . N Fe () & fbim Fe (II) Afbig %
s e (1) IR Fe (1) ULFFAAR T (1) e e (Il it %
Reduction amount of Fe (1l) . . Fe (II') oxidation amount Velocity of Fe (1) oxidation
Treatment Initial days for Fe (1) oxidation
(mg/g) (mg/g) [mg/(g-d)]
PO 232+0.50a 12 0.88+0.27b 0.03+0.01b
P180 2.56+0.76 a 12 1.26+0.38 a 0.04+0.01a

H (Note) : [RIZIEE G A R 71 7 b #E) 22 555 ) 2 3 /KSF (P < 0.05) Values followed by different small letters in a column indicate
significant difference between treatments (P < 0.05).

x5 REUEREHS LR TNBSLTUERXXRIER

Table 5 Correlation matrix between iron redox parameters and changes in inorganic P fractions of soil

W H Item Olsen-P  Ca,-P CagP Al-P Fe-P O-P Ca,-P

#HEBERIAJF R Fe reduction in darkness -0.826" 0.689  —0.954"  0.957" 0.912° 0.963"  0.537

A SRR TH R Max velocity of Fe reduction in darkness -0.936™  0.085 —0.897 0.835" 0.833*  0.826" 0.896"

St REEkiAJF R Fe reduction under illumination -0.023 0.537 0.046 0.060 -0.515  -0.057  0.167

YeREE A AL Fe oxidation under illumination —-0.243 0433  —0.349 0.438 —0.276 0304  0.550
JE IR AR Velocity of Fe oxidation under illumination —0.032 0.506  —0.089 0.184 —0.501 0.061 0467

# (Note) : *—P<0.05; **—P<0.01.
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FEHRHE K FTIA Fe (M) A58 Fe (1), JEHHER
Fe (II) B Fe (), A B J5ae /N Tk
St KA H 43 pH FHE & 7.94, X AT BRI EE
FREE R Fe-P & i AR 3 N0 H Y 0 0 't e /K i
PO 11 P180 &b 43 5K 37.4% 1 50.3% 1) 5 %
W, B Fe (1) SHMEMLEARE AN Fe
(T, {A Fe (1) KA AT AT H = 1 L %
T AR RN T 22 VS AE A R ER W A7 59, W RBZE BT £

MR FAh, SRR Fe-P Mok /N TG Al fE S
H Fe () HRIFLRTROCEKMF, H&RAAT N
TEWERY Fe (I1) A%,

/K 5 B e R EHLBE RS 2 O-P, ]
ik 92.9 mg/kg, O-P BHIA N & &R/ o I BB IR R4
B% Fe,O, BRALZE T B>, ARG K 2 — A
RIS JEIE , [H2 5 Fe (1) dLyiiE sl 2 L v
F Fe () KA E AL RGN Fe-P, 7] BB 5%
LT W BT T B Ak R T S R O-P Y
B, #KJG O-P i 5 Al-P fil Fe-P i1 A1 /E7EM)
2 TEAE DG OC R BRI 6 B 13X — a5, {HAT
T B — B WFIE O-P IS5 #4) B2 2k W 4 2544 1ok
i — RS,

AR K A R S o B e Rk %) R Ak D R
i Fe-P 5 Ca-P Z MM B4k, H Al-P [ &/
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