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Table 1 Basic properties of soils tested

THE AR 2% EX: - ERE  ERE CEC CaCO; bip
e OM. Total N Total P Aval P Avail K pHuo cmol Clay
Soil No. g/ kg g/ kg g/ kg mg/ kg mg/ kg (+)/ kg g/ kg 0.001mm
g/ kg
1(# 1) 17.7 1.23 0.633 9.71 183 7.92 240 134 399
2.(# 1) 15.5 1.13 0.690 16.7 174 8.22 238 132 468
5.8 1) 19.2 1.34 0.716 10.8 116 7.98 20.3 113 452
3(maEL) 134 0.99 0.642 7.65 53.0 8.03 10.7 71.4 284
4.(WEL) 152 1.03 0.690 17.4 414 8.01 6.94 84.4 236
6(FEL) 122 0.92 0.672 7.96 56.7 7.95 11.1 94.5 239

®2 HEABEEERMAR

Table 2 Basic properties of rice straw used

R X' 2% X 4 C/N C/P #/YE

Sample Total C Total N Towal P Total K Note
8/ kg g/ kg g/kg g/ kg

BEI 410 3.40 0.89 14.6 121 460 AR

BE2 401 4.06 0.78 12.3 98.8 513 EHiR%

¥ OBEAE (SP). BB ¥ +SP UM LbEE, AR K B - ABEE 10g/ke, BEAE 0.15g P.Os/ kg, BB AEERN N.K &
PRARAE AL, 2 07 RARBUE R A 48, B & 3kg . HIEK A LMFT /MRS G RA RS, ik E HE
FKEK 70% EE =R, #REYE—ER/ME 1991 4 10 A 22 AEF, 19924 5 A 25 B ),
BEEYAKRE(19924F 6 A 20 BBR, 10 A 5 AR, SEMEYRIST, 2 518 T EEFE sAE L
GHAT.
122 HEABRRAR  HHFIRR IEUEHA). R H R E 1, BE (P.05) A B 37.5mg/ 100g, %8
HHEN 5.0g/100g. RBSTEMLE, FERKK, RBFE: 7 RHEBRBEMEBEMRE A 200.00g
tof, AR, A 250ml BRMBEAR R, Ak U 2 E AR K B 70%, 58 (25C + 1) HBE R 90 X
fa, B KR 2—3em/KEEBER O R, ERBREFRES IS HHRAK 2(EA-EE). B
AE AEFARTIERFRAL 1. TRSEHEIRYE, £ BB K (R 23 cmkB)ER
(25C £ 1C)HEF O XBHE T, HE. 1H18 (70% HIEFFKR) #3590 XJg, 4 BIBUREHL 47 15 551K % 3.
P15 2.4 51, BN AR RAEEEFRK 1. R8T, FREGL M 4R T3 600.0g, IR A&
RABEMARK, £4HESEEA 1000ml KBRS, BHFLNT.

(D mkEZE B R KRR 70%, HEEREFE 7. 15,30, 60,90 X5, FHE K 7. 15.30. 60,90
K, EMBREFEHFIRELH.

() 5B AKERIEIR 7.15.30.60.90 K5% T, BER. HEFH 7. 15.30.60.90 X, BN BELE KRG
REEZH.
123 A B SRR AT e,



384

4k

# 34 #

2 Z#ER5i1E

21 TEXBIEPIEIRHOTL

£ 3 BAKHLROIsen-PHIF IR (mgP/kg)
Table 3 Effect of flooding on soil Olsen—P (mgP/kg)

THPEE R # K £ # " FH¥E s+
Soil sample Dry land Flooding Difference Increment Mean increment CK
(a) (b) (b—a) (%) (%)

1@ L) 8.85 10.4 1.55 17.1 — 9.71
208 1) 16.8 19.3 2.50 19.5 - 16.7
5(# 1) 12.5 16.3 3.80 30.2 226 11.9
3(FWE L) 8.09 10.2 2.11 26.5 — 7.65
4(AE 1) 14.8 17.2 2.40 16.5 — 17.4
6(FE 1) 5.83 9.73 2.90 425 28.4 7.96

1) #1458 (%) =(b~a)/ax 100
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Fig.1 Dynamics of soil avaliable P during

dryland—flooding process

21,1 WB-EKERES RS
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BT HERLLI, EREXA. B
KRR TIHRESHNTR,. BESW
hes £ (B & ©), ¥ H K
2.90mg P/ kg, & T 42.5%, BKH
K15 @R, BEN1.55mg P/
ke, RET 17.1%. HHBHBKESF
WAL ER R, RN AR
— TN BB, K EER
BEREA KR, BAx LB IEE
R AFE L+ > Bt (CFYsiEEK
WA 28.4% F 22.6%). XAIRESH 1
FEAYEERS, MEMELER
KA x,

BKETE L RERBN SHERAEREE (B 1). B 1 R, 8k 30 Xef, 1%
ERBHEEREE, UEXATREYE. REAFS &S B

FHHE SRR TS L TR R, R A B A B, MK A T RS B AR RETE AL
THBER, ES DEENBARIERR (X 4.5). BRAIGRTH BAKEGTHEEN L
RBENERERARNIEE b8 EH), FHRERAKXDN FWEL > Bt i THESS
R, AT B EEATT, AR SR RERBE M, TR TREEBRIETENEA
PRERES, BLO T I EABMEE. RN, BG4 T 150 E AR m %MW B,
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F4a BAREHTHEMBER L LA K (mgP/ke)
Table 4 Effect of rice straw addition on soil Olsen—P under flooding condition (mgP/kg)
Xt B (CK) i & (Straw)
- | Mg % K A 18 & K B B-A
Soil Dryland Flooding Dryland Fooding
(a) (b) (b-a) (c) (d) (d-c)
1Rt) 8.85 104 1.55 11.2 15.7 4.50 295
20 1) 16.0 19.3 330 17.9 21.3 3.40 0.10
S5t t) 19.1 239 4.80 19.2 249 5.70 0.90
(FE L) 8.09 10.2 2.11 8.97 12.3 3.33 1.22
4(AE 1) 14.8 172 2.40 13.4 18.7 5.30 2.90
F5 AAKFHTREN LTINS M (meP/ke)
Table 5 Effect of rice straw on soil resin—P under flooding condition (mgP/kg)
28+ (Soil 2) 451+ (Sail 4)
& =
: 15 30 60 90 7 15 30 60 90
Treatment
X (days) X (days)

CK(a) 19.2 19.0 18.3 17.5 17.0 9.97 11.6 12.9 11.7 10.3
BE (b) 21.0 214 23.5 17.5 19.8 15.1 153 15.0 13.7 12.7
Z{f (b—a) 1.80 2.40 5.20 0 2.80 5.13 3.70 2.10 2.00 2.40

HEASGBBRES).

BKIRE T LEIEABRA B, BATHISE TAMNMBEIE X TR E BB TR, K64
REH, PURMB AR, SMMBEMET FRT HRAKBEE, HHE KIS, ERBHR
R E/ANT MBS, UL QS 1) A6, U, S mBEEE L RERBRT T
265%:; T KB, (VR 159%, HE LR BB, XREI LS LR EBIRE RN, BK
BT LB WA, AT REAR T B A AR, X — WA E B E RIS R TIEEY.,

LR -k 38 7% i B2 oh Sh IR B XY L R MBS A SRR (mg P/ kg)
Table 6 Contnbution of added P to soil Olsen-P during dryland—flooding process (mgP/kg)

*e6

Olsen-PH# {H (Increase of Olsen—P)
T 3 il 2 (Dryland) # 7K (Fooding)
Soil ApY oA % apY Ao %
Relative increment Relative increment

1 t) 51.7 584 36.2 417

208 1) 42.4 265 31t 159
st 50.9 407 33.0 258
4(WE 1) 66.4 449 54.1 315
3(FAE L) 52.8 653 41.5 506
6(FA 1) 52.0 476 438 606

1) APKHERE 5 3t AL B 2 .
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B BEN 23.9mg P/ kg, El RIS MK E 149mg P / kg, T FEIEE H 37.5%.

£7 Wk-EIRIED T IWERBEAI I (mgP/ ke)
Table 7 Changes of soil Olsen—P during flooding—draining process (mgP/ kg)

Olsen—P
& WK B2 (a) [ 5% (b) £ 0w
ot Flooding Dryland Difference
1R 1) 10.4 9.64 —-0.76
2(# 1) 19.3 17.2 ~-2.10
s( L) 239 14.9 -9.00
4(mE L) 17.2 12.1 -5.10
3(FAL) 10.2 8.20 —2.00
6(mat) 5.41 3.38 -2.03

22 TRIZHFEIETIRMENBOESEACRREDERN

221 AKEIRETIHOAS? SHRALEERVBSASWNESHERES. SRKRHA,
(DB L CaPRHE, Ca-PHSTF, Car PN S EHLBEER B 2% &4, AI-P. Fe-P &
BAALH5—15% Car PG HKBIBEKR, QQOPEERR I KTHA L. ML PR
126mg P/ kg, W& 18 73.0mg P/ kg; M Ca-P B & L& T+, B+ F¥H 279mg
P/ kg, i& 1 WE 5 393mg P/ kg, Fe-P fl AI-P & R+ AM U T L8 2 445,

222 E-WEAEPLELHIBAINEEREEYA BT THGE B IR LR
WHHOK PR EERR. AWSSHIARY, 48 S8 A-P REMBH T EXREY, T
AR EM LA Ca-P hE, HIKA £ Fe-P fl AI-P?, PRI EFES HHITHBES R
%GR Dumbar 5 Baker B AR M MAKY. BEMILE KENMEFRASH
FE LR B B 7] 2 49 J5 35, Dumbar 5 Baker i\ N, 8P R R X F 4 6 B #HIT 4 &
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Table 8 Contents (mgP/kg) and relative percentages of inorganic P fractions in tested soils

+ i & (mgP/kg) & FEHLBE R A X E 2 8 (%)
Soil Content Relative percentage
CarP CaP AP Fe-P OP Ca¢P CaP CasP AP Fe-P O-P Ca¢P
1 t) 8.10 180 415 758 136 260 1.50  3.33 7.69 14.1 253 481
20 1) 13.8 13.3 435 903 169 264 231 223 7.31 15.2 285 445
5(1) 114 126 438 454 738 314 227 252 875 9.08 147  62.6
4(W4&t) 180 285 204 381 834 404 3.03 481 3.45 642 141 682
3MEL) 603 29.1 25.1 52.6 127 381 097 469  4.05 847 204 614
6(F&t) 103 168 273 479 626 404 1.80 294 480 842 110 710

RO MEMEANTLIN PHEERESES EEHETIN

Table 9 *°P specific activity and the relative percentages of active P in different soils before wheat planting

*r 5 H 4 +MPHIEE “TEYEE A
Soil No. Fraction Specific activity of P Active P(%)
Bg/gt Bq/ugP- gt
Ca-P 1.96x 10 1.75x10° 100
CasP 9.77%x10° 3.42x10° 19.5
se+ Al-P 2.26x10* 3.85%x10° 220
Fe-P 9.70x 10" 6.88% 10° 329
o-P 7.713x10° 50.0 2.85
Cao-P 1.59%10° 5.51 0.574
Car-P 2.65x10° 2.45x10° 100
Cas-P 1.14x10* 6.92x 10 28.3
65+ Al-P 2.26x10* 6.25x 10 25.5
Fe-P 5.96x10° 1.10x 10’ 45,0
o-P 8.03x10° 87.7 3.58
Caio-P 1.15x10° 6.70 0.274

ST, B RARBUR T BT M B E B B SRR B4, TR XA B B
M R IFIR R, ZEETTE LRI Car-P B2 B W EAEBE”, LA HEEH 100%, B
REZHE.

ROPHEAMUEE MEFNAA IR F-PRBNEHEABRES, 23X
32.9% (1) F 45.0% (B A& 1), HiK R AI-P4 5128 22.0% (3 1) 1 25.5% (4 1), BIX
H CagP, 7354 19. 5% (B 1) #128.3% (BA L), XiLIABIRh L3+ Ca—P R R BEE,
Fe-P R ZMBEIR, Car P55 AI-PHI Y, HA KK T Fe-P, N B B K BEUR, T O-PAI
CaoP MR EEBR.

MR 10 ERTUF H/PEYOKGE, L3P Fe-PRE & 1B AEBE” BT 5 LA R
(30.7—72.3%), K £ Al-P(17.2—43.5%) , H N CasP(10.3—24.7%) , B BT W, &%
EETNBE A MEITF R Ca—P > Fe—P > Al-P > Cas—P, X UL A KM LB KB
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£10 NEWRRETRPHE (Bq/gP/g) REASFEUHSE (%)

Table 10 *°P specific activity and relative percentages of active P in different soils afterwheat harvesting

+5 4
Soil  Treat. Ca;~P Ca—P Al-P Fe-P o-P Ca,-P
No. ment 1" 27 1 2 1 2 1 2 1 2 1 2

ZA 495 100 524 106 854 172 152 307 128 259 149 0301
389 100 484 124 128 329 135 348 103 265 240 0.618
5 B/E 375 100 5.49 146 746 199 1.62 433 093 248 199  0.530
5 SP 1.90 100 470 247 682 359 104 547 110 579 191 1.004
+ sp
+ 2.14 100 443 207 598 279 122 569 111 519 17F 0.800
H/E
ZTH 382 100 708 185 I1S6 409 242 634 148 387 220 0576
ME O 3.6l 100 6.61 183 157 435 261 723 129 357 184 0.509

6 B 7.19 100 3.37 10.3 14.1 19.6 3.45 48.0 1.36 1.89 209 0.287
5 SP 3.09 100 7.35 23.8 10.1 327 1.83 39.2 1.09 3.53 1.49  0.483
+ SP
+ 3.51 100 7.09 202 8.85 252 1.90 54.2 1.13 3.22 1.70  0.483
mE

1) TPHIE; 2) BESEHRA R (%),

11 PMEFKBREEES A I (mgP/ ke R IXK)

Table 11 Relative content of different P fractions assimilated by wheat and rice in the pot experiment (mgP/kg)

THET Ap"

Soil No. © CarP Cag—P Al-P Fe-P O-P Ca—P
hE 5 1.20 17.1 3.85 ~-1.73 -0.37 -3.13
WE 6 0.96 2.89 0.03 ~1.48 —1.60 0
KAg S 241 1.68 -156 149 17.7 —14.1
Wi 6 1.68 9.62 -0.96 471 8.02 -193

) APACKEZH CRAEY B EHF B IR %,

PEHEBAORES, SHEP P PAEYUXR. ISR ENHEN FPERRERETHE
X, HfFi— R,

R E, BT F WA R B (7R B IR F BE BT A% IR HE S A 8B ) ¥Ric P K BE K id 42
B, Br LUK RS ORI X T 0 8 Sk BB AT, i, AT SR Ml ik BT T R LB A R
Gt FRRESRIIT R 11, ¥PAEMKBREEZT A LB (RAEEAREY) TBESH
S LR (RERERMEY), REAAIEYRESAIBWHENE. AR 1 TH, B/EL
4T Cas—P, AI-P ZHE K, 5351 8 17.1mg P/ kg 1 3.85mg P/ kg (3 1), 2.89mg P/ kg #
0.03mg P/ kg (Fi& 1), i8] Cas—P 1 AI-P /) F) 69 BRUBEIR, T KH & H T, Fe—P Al
O-PEMBEEK, B/KBREMW EERE. AR A6, 5518 149mgP / kg M 17.7mg P/
kg, K& Cas—P 5 1.68mg P/ kg, M Al-P TTERE/), LA KRS Fe-PRIAMHERRA,
4 & AR T UK R WA .
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F LAY S 5 R AR R BEEOR A X, KB KJG Fe-P. O-P5 T3 Bk
RIAR SR YESR B, 20 5 0.6684 * #2755 %) 0.7688 " F1H 0.3775 &3 0.7350" . W/ E &
# B B8 R 2 Ca,—P, KR Ca, P, AI-PHI Fe-P, K #i N 2 Ca,-P. Ca,—P. Fe-P. O-P#I
Al-P, FFRBRERBE .

B LRI BRI SHERHEmMILR 12, EREW, B AKEFTA L#E Ca,-PH
CaPHAH N, AI-PH O-PRE A FEAR, Fe-PEHLA K. XERBRRBER -8, URLQ
SE)ABI. EKIG Ca, PHEANT 8.20mg P/ kg, Ca, PN T 5.10mg P / kg, # K {# Ca,~P
M CaPirAlIRE T 78.1% M 48.1%, T Al-PHI Fe-PAEAL B/, Ui A KM ¥ K G £
WHE A AR, TER CaPHRAMEMR R ITE, KK A B FePA AP R M 1E
. DRIV BE A 1 s B LA B — BUERKH).

F12 RANBIMENBASRRENS R

Table 12 Contents and relative percentages of inorganic P fractions before and after flooding

+2 Car-P Cac-P Al-P Fe-P o-P CaP
Soil No. a b a b a b a b a b a b
& #H 4 B & B (mgPke)
Content
1 889 918 182 203 420 404  80.5 784 140 885 206 299
2105 187 106 157 420 442 997 845 142 137 252 280
S 114 162 153 290 612  SI8 857 958 IS8 105 295 28l
4 146 123 134 285 300 207 445 477 06 693 448 470
3 732 9.7 106 246 281 214 484 451 964 644 408 390
6 606 894 109 169 313 236 485 472 106 709 420 422

& H 4 B 4 Kk OH OB 2 B M OB 4 K (%
Relative percentage

1 1.52 1.71 3.10 3.77 7.16 7.89 13.8 14.6 24.0 16.5 50.5 55.6
2 1.88 322 1.90 2.71 7.64 7.62 17.9 14.6 255 23.6 452 483
5 1.82 2.80 245 5.01 9.76 8.96 13.7 16.6 25.2 18.1 47.1 48.6
4 2.22 1.90 2.05 4.39 4,57 3.20 6.78 7.36 161 10.7 68.3 72.5
3 1.24 1.65 1.80 4.43 4.76 3.86 8.20 8.14 163 11.6 67.7 70.3
6 0.97 1.52 1.76 2.87 5.02 4.01 7.78 8.01 17.0 12.0 67.5 71.6

AR b AR,
FERNMNHAENERGER"ATUEL, BAKEAKSE L EAEXEEMEEFNTE
. (D)@K 5 pHREK, A A TR EMB ApHE L EEHBE2EHAX (=
0.8108, n = 5); ()M K5 TS B E Y 17 T & B E 1k, FeA(pH6.0,0.2mol / L
(NH),C,0,~H,C,0,R#) S B3N, FeA 5 Fe-PEE FIEHMX (r = 0.9367",n = 5); (3)
K S5 R 4 ot B A R B 588 o, (A R th, 8, R B A X B 40 B A I ST I R A
B () ASCGEREY, BKE L CaPH Ca, PR ERER, FBIRSHEMANSHL.

1) BEE RE K RRERM FTREDRCNBYE AL REREOR ).
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#13 R~ TE I EEE L INE A 564 A4 XTI (%)

Table 13 Effects of added P on the increase (%) of different soil P fractions during dryland—flooding process

15 Cay P CagP Al-P Fe-P o-pP CayP

Soil No. a b a b a b a b a b a b
1 §77 409 130 140 121 647 489 499 113 236 187 114
2 506 171 267 185 150 636 484 657 154 197 104 /
5 489 207 185 880 867 450 531 382 / 245 / 15.4
4 488 506 232 843 104 938 575 632 / 13.8 / 252
3 760 S04 383 176 128 144 536 889 165 249 193 125
6 986  S63 161 176 121 115 238 768 104 181 I 0.666

afBlE; bk,

#14 Mk—ERIED LMEVIBHE R T (meP/ke)
Table 14 Changes of soil inorganic P fractions during flooding—draining process (mgP/kg)

+5 Ca,P CagP Al-P Fe-P O-P Ca,-P

Soil No. a b a b a b a b a b a b

1 918 774 203 330 424 475 784 412 885 138 299 207

2 187 179 210 224 400 171 845 710  9LI 199 270 323

s 162 389 290 617 S18 311 958 635 105 146 381 357
4 123 126 285 366 207 990 477 427 693 789 470 458
3
6

9.17 8.46 246 340 214 894 451 36.3 64.4 72.4 390 381
8.94 292 16.9 313 236 18.8 47.2 36.8 70.9 82.1 422 410

a ¥k bEIR,

AR RS OBERM T, KEHS RBHEL, EZHMAN Ca,PH Ca P, HIKA £

Fe-P#l Al-P, B} Ca,~PEEALA KRS, HA & HT WA I, H o+ Ca,-PH N 2—6 15, Ca,
-PH 1—2f%, Fe-PHI A-PRE A /M. M KTEERBHXHNET . (1)EKEBRIERT Ca,
—PHI Ca PRITTARIESS; A 2 5 1 (W L) A#l, RIEFRE Ca, PIRE T 5.06 %, Ca, P& T
2.67 4%, THEKIEFEN 4 BIRE T 171 580 1.85 6% (2)BAKHIF T /MmBEAExT Al-PRI R
BR, M T Fe-PA%, (B 1 5 1 56, BHEFReTHIMBEAE Al-P. Fe-P7r 5112 & 121% M
48.9%, W KB MM R E T 64.7% 1 49.9%, XMHEHREMARERENHE. L
R EKEGT, S B EEHR Ca, PHIERESH Ca-P, HK N Fe-P. Al-P, HEI A
#1531t R (3R 13).
223 HAK—ERFHEG 1R BEHRKEL [ B LLE T 3% LB 5 BR Ca, P
AR KRS, HAAS A AL, BANS LEFH S, Ca,—P. AlI-P. Fe-PH L ¥ £ BEK
#¥. Ca PR O-PHFTIRE. I, [R5 T WBHKH MR, DRSS
th(F14), THRENBATHHETUERBEZ B

8 £ X W

1. B, £, 1965 BEIEX KB EEMNERELERNBR, LR E 1352 8,152—159 ",
2. B, A, 1990 AR T RENR S RO WETTIE. T, 56 22 % 2 #,101—102 |,
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TRANSFORMATION AND AVAILABILITY OF INORGANIC
PHOSPHORUS IN CALCAREOUS SOILS DURING
FLOODING AND DRAINING ALTERNATING PROCESS

Cheng Chuanmin and Cao Cuiyu
(Nanjing Agricultural University, 210095)

Summary

Pot and incubation experiments were carried out to study the effect of alternate
flooding and drying on the transformation and availability of phosphorus in calcareous
soils. The results indicated that flooding significantly increased P availability in
calcareous soil and enhanced the transformation of inorganic phosphate into more
available fractions such as Ca,-P and Fe-P. After draining and drying the process
reversed in the soils.

Key words Fooding—draining alternating, Calcareous soils, Inorganic phosphorus

fractions



