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Chemical forms, availability and cycling of soil phosphorus in

wetland farming systems
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Abstract: The investigated region is located in the centre of Jianhan plain + in the middle reach of Yangtse
River. China. It is a low-lying alluvial plain influenced frequently by [loods of Yangtse River. Due 1o
water logging and poor drainage. gleyed paddy soils are widely distribnted in that area. taking abour 39%
of the total arable land . and deficiency in phasphorus supply is common . In order to study the chemical
forms. availability and cycling of soil phasphorus in wetland {farming systems in this area, an experimental
site with typical topographical feature of rhar area was chasen to conduct the soil investigation and [eld
trials. Soil investigation was done in autumn, after late rice harvest in 1996. Soil sampling sites were
planned to be evenly distributed in the studied area, one sample of surface soil was collected far every A
hm". in which some soil profiles were dug and samples from differcnt horizons were collected. Those soil
samples werc used {for measurement of total P, available P (Olsen-P). organic P and different forms of
inorganic I' (Al-P. Fe-P, (3-P and Ca P). It was found that both total P and available P in soils decreased
with drop of tupographical location. It suggested that the lower topographical location was. rhe more
deficient the soil was in P supply. Both total P and available P in gleyed paddy soils were significantly less
than in normal paddy soils. It was also found that Ca-P, Al-P and Fe P in gleyed paddy soils were §0. 0.
10. 2 and 21. 1 mg/kg. significantly lower than those in normal paddy =oils. Tt demonstrated that losses of

Ca-P. Al P and Fe-P were possibly respansible for P decrease in gleyed paddy soils. Regression analysis
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indicated that Ca P and Al-P were highly positively correlated with available P oin puddy soils. (
00928677, (0. 90387 7 ).

Three years’ field trials in gleyed paddy soils were conducted 10 study the cycling of <oil P in weotland
farming systems of this area. Five cropping svstems commonly practised by local farmers. i.e. rap-mddle
rice » wheat-middle rice, broad bean-middle rice, rape-carly rice-late rice and green manure-carly rice-late
rice . were sclected as experimental farming systems. Rainiall, irrigation, seeds. scedling and feriiliser
were considered as major inputs of P [Jux into the farming systems . and crop harvesting ., drainag. and
lcaching loss were considered 10 be the output of IP flux. It was showed that the total P input varied
hetween 36. 1~ 32. 45 kg/hm* = a, with a mean amount of 41, 85 kg/(hm” * a), in which the mput from
fertiliser took about 90% of the total P input. The rotal P output was 24. 4~ 30, 6 kg/{thm® » u)
averaged 29. 0 kg/thm® « a) . in which output from crop harvesting took 57 %~ 70 % of the toral P oatput
. Thus. the balance of P flux in these five cropping systems was 2, 3~27. 9 kg/(hm” » a) ,and the ratio of
input to output (I/0) was 1. 06 ~ |, 88 Although the balance of P flux in this area was quite low
compared with other =imilar areas, e. g. 39. 9~ 115 kg/Chm’ » a) ([/(} 2. 11) in Taihu areas of J'ansu
Province. China, there was still a potentiality of excessive use of phosphate fertiliser. More attention
should be paid to increase the availability of residual ® in soil.

The efficiency uf phosphate fertiliser application in P-deficient gleyed paddy soils (Olsen-P< 5mg/kg?
was tested by field trials with different treatments of phosphate application i.e. 0, 15. 30, 45. 60, 7h. 90
and 105 P.(}, kg/hm”. The mathematical models of phosphate fertiliser application for double-carly rice.
middle rice and double-late rice were respectively developed. It was found that the amounts of phosphate
application with the highest rice yields for double-early rice. middle rice and double-late rice were 72, 15,
73, 95 and 26. 7 P{), kg/hm? respectively, in which the amount of phosphate appiication for double-late
rice was tnuch lower than those for the other two ¢rops. This demonsirated that both double-carly rice and
middle rice demanded much more P supply than double-late rice. It was predicted by the models that.
when 67, 5 P,Q, kg/hm? was used in combination with 150 kg N /hm? and 67. § K.O kg “hm®. 1he
economic benefits per kg P,0. for double-early rice and middle rice were 16, 8 and 24. 2 kg rice vield.
othcrwise. the vield of double-late rice start to decrease . [t was suggested that phosphate fertiliser should
be predominantly used in double-carly rice and middle rice in order that double late riee conld use its
residual P, and daulile-late rice should be allocated with much less amount of phesphate [ertiliser thar the
aother two crops.
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1.1 LTHRBEESRE

1996 F Bk B RUOK IS IR M0 R HEA N B2 TR & i B P e T R AR O K #5 IR B Ahm
mME—TRFES, S mAENEEARMETERRE. LIEERER TER R4 54 20,60 1 160 [
i U A5 8% A .
1.2 BEEIENHEKE

TEF MEEEE S B EHFOHET VT a M EREBER M abl s a5 2H /. %
. 9-F -RE-R -5 A R i JLAR E R &l s, A0 5 R PR 2 e ol o 1R LT
REMBARZOIETRN EM B BREEE.EHRE. FRKSERAABENBHRIT, BBHNR
BEMEEAFRIBENEL. AU ERRESRHEYR FWENNEN TN F™ & W00 K E
MO MBEATHEES SRR G TE 80 C b+ B MK (BRAF K Y HF 5 SR 58 18 35 08 i CGERAF KO S fE il & I BT A K
MRHEK M ELE:BRAEERS SEMNBEMNEHEREMARERUNE24BH L. TAIBE
E—WHKES HHRSHAEREERT TRESH. L H2RBEAMNENEFMBERKHERHLE
NERNAENY. RETRBRANIMTHITLTEARSERE REKFTHE R & AKE . FFH LD
HERBSE FHAAKSEF&EAFER TR AHMER AR,
1.3 BEAE&Y Ha) iR %

3RS EF B (A< Smg/kg) o HE 7T 0 Z B4 A 1B Z 0 48 i &% AL L7 oR B H 8]
KR, RErNSEH. BE 3K IR AHES . BIEMASES N 0.1,2.3,4,5.6,7kg P.O;/666. Tm™ . %
bR EM R B AN (N 10kg/666. 7m?, K. 4.5 kg /666, 7m?) . ST B BRI ™o,
-4 SHMESHIT T

138 2B F I NaOT B8k s 23RA W EH 0. smol/LL NalICO, B8 BIRSE ST H Ok T 6% . + 5 A
A HL I AR E (AP, Fe-P,O-P.Ca-PYMAGEME"", § &£ H 1. 0mol /L NH,Cl 2 B L 1% KEEF 8%, 58
15 H 0. 5mol/L NH,F {28 Al-P. H A 0. lmol /L NaQYH £ Fe-P. 467 FH 0. 3M Fy RGN — i RE 81
BEO-P.BER 0 omol /1 11L,S0, #E Ca-P; 2 W B R B &5 08 . L HA LB I E X
FI 4 FE42 550° 88 T 0. 2mol /LH, SO, HIE A #%. M@ a® e XA H.SO,-H.O. IKH{L B
CERes, HATHRERMEEHNTR « &R HXHTRR - AR T
2 ZREIR
2.1 LHIEEHEARM SR

MBETHESESEERAED EXKERKE 2 EE 0 5~ 1. 0g/keg ZH FEI R 0. 73g
kg, TS M HM SR PG LE L og/kg Z 8L F 1L 09g/kg R TR L. AAKBEHMG TS EREH,
0. 5mal /L NaHCO, {2 B H 2883, Okmskg (9 FH 290 8 300 8 ™ HERBE LR A AEFTE 3.0~
5.0mg/ kg M EAEZ G 209 XERERIER TERBS I R 5 ome/ke M EHA S ABHA 5020, FH 1R
HEABHYKEE 20mg/kg Pl L TFREX R+ 2 AN FUEEAES R NEERNIRE.

MRGEBEFER . FBETHEFETEESHEBGXRBRAIVED M EREE TR, LI 8 4R
HENEREAHBEGED, I REHNGEMSBZRMNMESRR SXMEEZERF A XERG
Bl 0.508° #1 0. 543  (n=16)., XIH BEMEEENROKBRFE™E, X—HLHI™E0 55
i FEABF ARG L. SHHTER BEAKE L S8 B{E0.51+0. 19¢/kg) LRSS & LK
B+ (0.80+0. 15g/kg) K 36 % HERIKNIVNMEBEKF G=3.747000=2.73.d/=30) . IFF L KK L A
R 2. 9om/ke) LW B AR £ (0. 3L 5. img/kg) K 68X  HER BB 1R E & KF G -
16525t =2, 75.df =30 AT KL HNE G RERMLEMWBER R HBFHLRF LHZ LR
SHRMAREREARE. TESEHMAKEREMS N BREGECFEm &L A8 AT 8¢ £ KL
LA X A LRESB ] Fe-P RES AN A SR LT AE . BAMNEFH KHELRMK
MEEREE S B T K AR T o i 808 IR 8 F S0P 42 8 i e g o B e A B9 vl i
Yk U -'#ﬁ-%FriJ_TZlfliﬂﬂ’ﬂ'{&h]iﬂﬁlm~ii}%ﬁk‘ti?ﬁﬁﬁ%%ﬂT*‘?kfﬁ%f’i; .3 0] B SRR TR FREE 7
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Table 1 Distribution of soil phosphorous in different topographical conditions

42 P(P.Q,g/kg) A % (PO kg /mg)
?ﬁf{q‘ ?.%]:m] ) Total Eli' : fvaildab]r: EP )
cient 15 #E Range Xté 88 Range X+
>27.5(B 4 on=9) 0. 000~ 2. 300 |. 8502 0, 700 6, 88~ 25. 53 12,30+ 5. 8C
97.0~27, 5(n=9) 0. 583~1. 070 0. 816+ 0. 169 2. 64~11. 22 6. 00+ 2. A3
26. 5~27. =19 0. 106~ 0. 880 0. 653+ 0. 162 0. 96~ 7. 57 4. ] ~2. 22
< 26.5(n=9) 0. 233~0, 585 0.427=0. 097 0.47~~3.77 1. 63=0. 98
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Table 2 Comparison of phosphorous in sevil profiles hetween gleyed and non-gleyed soils

1 EE 5l | & RERK EHEEE 2 (P0:g/kg) H B (P20smg/ky)

Soil types Profile No. Horizons Depth _ Tatal P Available P
HEHKREL No 1 | Ag 0~ 20 0. 40 [.6
(BAJEM) Gy 20~—~§0 0, 30 1.3
Gleved soil Cro 00~ 100 Q.43 3.8
No 2 Ag 0-~23 0. 36 2.4
G 23~5HU 0. 45 3. 6
B2 U~ 100 0, 50 1, 4
EEREHEKE+ No 3 A 0~18 0. 80 v 4
(7 + M) P 16~25 0. 79 6. 1
Non-gleved soil W, 25~ 52 0, 65 .4
W He--100 .43 2.0
No. 4 A ~-20 0. 61 A. A
r 20~ 30 0. R7 5.7
W I~ B0 0. 75 19. 5
C GO~ [ () 0. 56 g, {

3 KEIRAAESHAERDEGR

Table 3 Contents of various chemical forms of phosphorous in paddy soils

MELEE A8 A 4k 95 Xte ALV R
Forms of phosphorous Sample numbers (P;O-mg/kg) Range  (PyO.mg/kg)  Taking percent of total morganic P
Fe-P 13 14, ~7Q, 4 37. 8+ 16. 6 10,6
Al-P 15 02274 13.4+7.1 2.7
TYLB
1 Q-P 15 7. 5~154.7 G8.6=24. 8 27,5
Inorganic B p 15 135. 2~279. 5 208.1 4 18. 0 58. 1
H &g 15 215.4--471.7 357.9+74. 1 100
Ffﬂ.ﬁ 15 104.9~310. G 214.2178.0 —
Organic P

2.2 1P ARPAEEREN TR EARPELR

WENZE 15T KHELREARBERSIR R KD AXIUHESP VU C-PAHFE. YIS E W
B 58. 1%, Kk HHEAMNO-P. S LHLBELEH 27.5% ;Fe-P M1 AP 48 B 4 TS E EE) 10,6
3.7%. MERMAFELSKRS L THRAANOHAEARKT(E O.CaP MALP 2 H S A BT HEL M
X HHEXERDE | YHBBEKEG BIK 0.9286"  #1 0.9038° ") + 1 Fe-P 5F BB M LI A
5Y R EKEGC=00173").MO-P5HRHKRXE FHRG=0.3828), Wi Ca-P 7 Al P 4 1% K
BB RBROE R .Fe-P MO-PHERMASE]D. TMEGVNBHERETFXNEHRESE . B9 1
BMEXKRENSENRERELHRGC=0.6704" ) B+ AV KN EF IR ARBHEVTAEERER

FEH .



12 ¥§ MAPES. B E L BRI H . EES AL ERBRERT 2071

x4 KHIBMARARERSTIHAIHHXR
Table 4 Relations of different chemicasl phosphate forms to available P in paddy seil

AR FER HETHE R

Items Sample numbers Linear models Correlation cocfficient

Ca-PIX 5 AR

Ca P(X,Jand availsble P (Y) 12 Y—0. 04893.X, 6. 3052 0. 9286
::::Ezijzé:;fjfa?a{bi? P(Y) 15 Y=0.321&%X:— 0. 4266 0, go38 " -
Eigii; ?Ei.ii; PCY) 13 Y =0. 07865X 4 0. 9020 0. 5173 "
O BX oo sendible PY ¥ 0. 0391X, 0. 01474 o ss2s
RELR (X0 SHRBY ) 15 Y=0.02357X. 1. 1732 0. 6701°

Organic P (X.) and avalable P(Y )

MEXEEE LR EFEFHTRG DHEEMAERRE D . EEH LIRS LIRS E
BEERTNAKLENENEAFBRE LI ANETEESA TR . AP Ca-PHALP FREFHENERD
FEIUNHBEEKE Car=6-28210- 3 17dar=3-620,=3.25)Fe P SR ERE Y ME &/KF
(tpop=2-84>40,,=2.82),iMO-PERBMAREELER SIEFEFTH LA . BT L ALP Fe- P #1Ca-
P &AWL 102,211 # 84. Omg kg, THLBE B R 131, Omg/kg A XHTEER S ANGIEEAR —
BRI M BT LINBER AN EIETRE.A{LEHE Fe-P (b JEW K . [Li&k 6158 Al-P 1
Ca-PH%. EAMREWHS ARA TR KGR oH HA THREEE T AT AT Ca-P WER
. A TR I ERE O ERBRDEE NN DIREN KRN BEETEOKCMBEKERT Ca-
PHEIGEREIMBE.BENFRTETHLRCa-PHEMNR. 2T AIPHFEAEHEBAMGAERT.

2.3 BEMIENSFSE

i RO 4 SRR S A R R R rool W MB Gleyed soi
FHBABEFRARIALS RENWBARERAE g asof O FRNonsley
36.4~~52. 45kg/(hm? « a)Z ], 3F 15 3 11. 65kg/ (hm? EE 300 -
Lo BRI ROELTE 24539, 6ke/ o’ - )2 e o
] 29 Okg/ (' - ) FUR AL £ 2045 & E,, ol
EMARE 0% HECRABOERNT (D BN SEE K2 00}
ot AL 525 10% . I B I UM A 0 £ L BE P B 58 s}
BId o 57 %~ 70% RS HE USR5 30%~ 104 K AP FeP OP CoP THLPOR
TRBEEERSHAORETEAGUT . A RS EHLRIA Types of inorganic B

AR TEHEEE LAMEBMETHANGARE
MRS B REE 2. 3~27. 0kg/(hm® » )  HE M1 EHEHEAFEFHAKELLNSSRZ LE
ST A LB HE /0 Sk m . HAH Fig. 1| Comparison of contents of norganic P between
.15 1.06~ 1. 88 Z 4],

EWHR IR APEEBEERNERARN 39 9~115kg/(hm” » a) . Wili & #H 29. 1~ 55. 3kg/ (hm -
2) EBAGL T NE S 7. 5~67kg/thm? « a), H 770 Jy 1.37~2.08. %} OB #b X 7% 0T @% 3 % A fi 1L
BeEMERNERRETUF AR AT HABHELSRABREAREI/O N 2.1  RHHA
M RERHSERN /O ELTFRAMEENAGM TABET AMEFEFRES AT LT LROEA S
EUHBEIBRANIRSF UM TAUERE, FM.x SRS REERAN. MRS LBEE
BEEAH AERMENMEARSTEMBERETRE,
2.4 BEEHN S AL

ERA LS R IRNIE A AR RS AMT S E. BIENSBICEFTFHEHE

gleyed and non-gleved soils



2072 t B ¥ ik 21 ¥

B MRS EEFRAR. Y TRSEEERNANRFENST R & 0L HE Aol SR AS
KIS EYHT FEFEROATHBES KR HEMBRRAREFSTFRIEELE 6. %

FH. WL T BEREEERE Y 1.83.14.93 A 1. 78P,0. kg /666. Tm? B R R B 7S GE e B TR PR (E
B FR. . bE. AR PEMNBEHT KRB X TEHEREBIBMENTRE, 4+ B@EL#H T omg/ke
it EEM A E S IEMERL LB MM PO, 4. Skg (i3 T I 8EM8 45 37. Sk B P B HE kg PO, 77 7+ 51
WA 16.8 124, ke RN E B~ (I 2), FARBLE =4 a9 iid, 18 2N A RO H %%
R HEBEMITEEEKENH MBS REREM TR P A, NSRS S B0 ™ 0 T H
SRETHEFRELENANMER X, Wk 42 wEDh BENEPREHGY PRI, MRl D,

£S5 FRAMEYRTHAELEINRNKHB AR F®EP0, kg/thm -+ a))

Table 5 Balance of input and output of phosphorous in different farming systems

(1) (2) (3] {4) {5)
Bt 1 8 i1 % B g & i e/
Farming system Rape- Wheat - Broad hean- Rape-early Chinese milk vatch-early
middle rice muddle rice middic rice rice-late rice rice late rice
MTH S,
Seed and seedling b2 175 2.2 2.2 1.6
£ AE it
Chemucal fertilizer 22,2 22,2 37. 5 29,1 18, 15
£ LE . ‘
Crganic fertilizer 1.2 .z 0 6. 9 0
i A % F 0. 6 D. 6 0. 6 0. 6 0. 6
Input Ramn
= 1.2 1.2 1.2 1.8 1.8
rrigation
&t
B J6. 4 36. 85 4]1. 9 40. R 02,46
I'otal
H‘-:I 16. 4 17. 2 26. 7 18. 2 16, G
Cr
rain
o #F ;
Sralk 11. ¥ 6.4 12. 3 .3 7.6
i 2w LK :
Output Leaching &. dranage 0.8 0.8 0 6 0.9 0.9
& it
m § - iy a4 A
Total 28. 8 24. 7 30.6 27.4 24,5
i WA W +7.6 +12, 25 +2.3 13,2 97,95
Balance Input -output
/0 1. 26 1.5 1. 06 1. 48 1. ks

o6 HWHIEITMAEFHN KRRIENEEHNH

Table 6 Models for relationship between rice vield and amount of phosphorous application

BARETER w2 5 e AR i
&3l HE ¥} 2 L oh 8K (P:0:kg/666. Tm”) (Po{);kg/666. Tm?)
Crops Models I’ amount for the P amount for the hest
highest yield econonucal cffeet
#3% B E Hybnd carly rice Y=—23 01X'+28. 95X +365. 4 4. 83 1. 1
R Hybnd middle riee Y — --4.85X2 + 47, 81X+ 403. 9 4. 93 1. 57
&2 e £ Hybnid lare rice Y=—17.11X*+6]1. 00X 4 396.6 1. 7§ 1. 67

3 M
WA ER UM — AR T FEBEENSE A A ERME BEIL N
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B4 B ST R AN F i .

CORYMIE R LR R AR TR R - |
BFRAEWH BERSER. RO SR URS $ #sh 't % Middle rice
EREHEEEAE. HRESHRE §FFHEH :g: 450 ELJE Early rice
A EY LB TR S L R ;5* 425
wat . 2 o
(D)4 KM T ERBERL SO ALY E LKA L 3s0 n . |
B .Ca-PLALP.Fe-P f1 O-P 745 &5 X 9L8% & B ’ Eﬁ;! (Pz;kg,“;.,mz) ’
58. 144 .3. 7 10. 6% F 27. 5%, Ko Ca-P #1 AI-P & Amount of P application
HEAEERBEMNIXG 08 X 09286 F
0.9038° "), BB Ca P Al Al P 3 i%# K K M + 984 3 P2 o BRI R S AR
Armrme s, BEHE TR Ca-P AL-P /1 Fe-P I F 1Y Fig. 2 Models for P ferulizer appheation

SROVHEBEFE LR 84.0.10.2 1 21 lmg/kg HERA B ERBE B KT HBEE L RBEK
RRAL A FE R AN AR Fe P MRSk %k, HiR 4k Ca-P AP MK,

(3) AABFRHE THEER L RS EM AR FHERIR R 2.3-27. 9kg/(hm” » ), Hig A K
HH(T/0) R 1.06~1. 88,

(DT HIWEUBEDTF Sme ke WHFERD. R P ORGSR 25 % 4.83.4.93 M
1. 78P.0 . kg/666. Tm" i I BT RBERK TE . PH. FUHBEEIRP LA TUE T EHR -
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