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Effects of phosphorus application on soil available P and different P form in

runoff

SHENG Hai-Jun, XIA Xiao-Yan, YANG Li-Qin, ZHAO Hai-Tao, LUAN Shu-Rong, FENG Ke (College
of Environmental Science and Engineering, YangZhou University, YangZhou 225009, China). Acta Ecologica Sinica,2004,24(12) : 2837~ 2840.
Abstract ; Continuous application of large amount of P fertilizer in Taihu Region in recent years has rapidly increased plant
available phosphorus in the topsoil. Accumulation of P in an appropriate amount can lead to beneficial effects, while in an
excessive amount could cause water pollution. Aimed at the realistic problem on environment protection, this study was carried
out field plot experiments in a leaky paddy soil (in Zhangjiagang, Jiangsu province) with different levels of P application rates
(0, 30, 70, 150, 300 kgP + hm?). Twenty plots (5m X 6m) were distributed along both sides of an irrigation ditch and with a
randomized block design. Plots were separated from each other with ridges between them and a cement cistern on one side of
the plot was used to collect run-off after rain. Runoff was analyzed for total phosphorus (TP), particulate phosphorus (PP),
total dissolved phosphorus (TDP), dissolved inorganic phosphorus (DIP) and dissolved organic phosphorus (DOP). Topsoil of
each plot was also sampled and analyzed for rapidly available P. The results from this study clearly indicated that the amount of
P application had significant positive correspondence with the content of rapidly available P and P loss in runoff. The content of
available P in the surface soil and the runoff loss of P increased as P application rates increased. The dominant form of P in the
runoff was particulate P at first, and then the proportion of dissolved P went up. The leading form of dissolved P was organic
P for most levels of P application, while was inorganic P at the highest level. Though the runoff loss of P was even below 0. 2
% total P, the concentration of both dissolved P and the total P in the runoff were all above the P threshold of the
eutrophication. This suggests that long term field drainage from P applied fields can negatively impact water quality.
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% 38.9 kg P/(hm? » a), Bl G BN ANAER 60X, KAWL KT LR EAT RPN, 2 EBREZNRRGHA M —1m, B
W T LRt AE N B RB T —ERERTEMNKEAE =L EEF. FIEREBRERMN RN, -8 =K
KT, %5 ERMHEK AN E BN, B, ARBER LT FERRMBFERP PAENTERRE L KRR A 5
HEBXBER. RSB ERNREAAEERY. AW RAEESREASFESEKF H R, REP R BRI L
REFHRSE . CRBAREMRENE W, IS EEARE 5 RV ASHRRERESFKE.
1 #MRE5FHE
1.1 HEB

RBTF 20024 6 A% 20024 10 AETLHAKRRETHRKRKEL EH#T, TR AETEANBMEL, LR
HEE L R . DEAE NS 6K B EE23. 2% SRR 18. 2% L BANEEZE N 8.82gC/kg, 28 1.0 g
P/kg,# 3B 10. 04 mg P/kg. ik 0.30.70.150,300 kg P/hm*3t 5 MR R MaBEAKF BT A AL B A . HAE A B —30 25 04 300
kg N/hm?.60 kg K,O/hm?, BB GI BB M (RAF FEER - RKERETER, AR RBOKER. . EIE. BIE XN
40%.30% 30U MBI AH. BAER4ANERE,/PXEHRN 5mX6m, LR HHES 50/ FHEKRERM, /X E HIER 30
cm, AN MEE S, BE 60cm DA IEB K. HF/NK B —MHRERERFHKIBE K, KM 45 cm, & 85 cm, Tk
e RABEA. PR EE K2 EEE PVCEHE. MAPSXAWPVCEE O R HIE 7 cm, KA K B8] B T3 7K B
M T8 K IR A E N R PVC S AE K., SKBEMAIRTE 75,6 A 12 HBR.
1.2 BAESaH

BRRFEFERE, FRNERR. REERTZHNER W A 5HEWTHE/KAMSERVIMHEX, BEAKBE 7 cm 1#
AR ANT=ERRNBAITMRETFEA AL F F2RARTAKBBEREW7ASHE.8A19H.9H 24 H.10 A 16 A3 IKKE 3
U0 YK 42 0 Y » 53¢ 304 R) @ e T 4 43 31 % 188. 5 mm, 135. 8 mm.85. 4 mm I 56. 5 mm (4 F # 466. 2 mm) . TR HEKH #Y & B i
KW ERNZERKER,
1.2.1 BFRBESN LR EKE LB (total phosphorus, TP)#1 & 7] % ¥4 8% (total dissolved phosphorus, TDP) FH 1 #ii B2 #8 & 1L $H
&6 B HG 68 3 W 5E ; BT U 4 T WL (dissolved inorganic phosphorus, DIP) B 4H 88 51 bt 8 B 1l 52 5 BUKL B% (particulate phosphorus,
PP) #10] %5 £ 5 ¥ 8§ (dissolved organic phosphorus, DOP)F B ZERA Y, PP = TP—TDP; DOP = TDP—DIP!%
1.2.2 +EEHHENE AREELHABHENRE/DXERREO~15 cm) 246, T 885 Olsen FHHIRE .
2 HRESH

2.1 MBI ERE T IEERHEITENE W
MRS TEE+EE NN SE. BIE7HS5H.8H19B8.9H 24 H. M0 26 HHWERHOHWER . MBESEEL

BEMB S B AL ER 253 0.987.0.995.0.995 F1 0.999, “EEMBEEME, EEHRILEHBENE M, L 5E
MBS EE B m, EP B 150 kg P/hm?#1 300 kg P/hm? B 4038, KB S B4 7 H 5 H 451 ik 40. 48 mg/kg Al
65. 63 mg/kg, 5 AT + B H BB S BREIMNE R X FREEAKFE,M 30 kg P/hm’Hl 70 kg P/hm® B0 3, HRE L B E K
HEERESMBABENERAEEGE D,

x1 ERNRELTHERGHRSENKD

Table 1 Effect of phosphorus application on the available P concentration of soil at 0~15 cm depth

K B Rate of P application A BF Available P/ (mg/kg)
(kg P/hm?) 07-05 - 08-19 09-24 10-26

300 65.63+12.16 A a 59.84+5.90 A a 44. 68+30.93 A a 39.39+8.95 A a
150 40.48+11.06 B b 30.98+14.38Bb 27-06+4.49Bb 23.55+10.00B b
70 14.92+6.84 C ¢ 15.18+6.33 BC ¢ 12. 6+ 3. 02 BC ¢ 13.75+1. 96 BC be
30 | 12.97+8.60C ¢ 9.52341.06 C ¢ 8.26+3.92Cc 10. 28+3.68 BC ¢
0 10.044+3.32Cc 8.16+2.70 C ¢ 6.32+2.42 C ¢ 5.95+1.07C ¢
LSDeg. 01 21. 57 19.16 16. 55 15.17
2% LSDo. o 15. 60 13. 80 11. 87 10. 97

a, bMc AR FHEREOGKFELERBE, A, BMCARIFEHBEMREOC.01 KELERKEEFE Different letters of a, b and ¢ mean

significant difference at 0. 05 level; Different letters of A, B and C mean significant difference at 0. 01 level

2.2 MEBEXTIEHBEAR LR KL BENE N

2.2.1 WiBSWZERPEASBKENEN ARBTABETHM 7 ASH.SH19H.9 A 24 HM 10 A 16 H kLR 4
KBEW . 7207 HABHKEN TE2. EF 1R AS HOREMNERBD, BB E SR BRI X RHSEHE, BN
FAEBEK, BHRBETEBRSEET. 10 P300 BEMRHB P BHMKEILS 1. 456 mg P/L, T P30 AL B AN {E K 0. 220
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mg P/L,BIEMEIR 7/5. BXMXRBENANEBRTBRAHE, S 4 KA0 H 26 HOBAELR,WEE{NHEE 1.5 4.

BEX2TH,F1RFRERHBPHIBRUAEBRTKOBRBENE. RARMNEBRLET S, BB SREBET &
B HBPIATE 84%~9% % 2B, MERBAMER, BB SZEREPSBEMHEI TR, 5 4 BN, Z AL T 347~
64 % 2218 . FFHIR P300 AL, NGE 1 IKIUEERT B 96 L FE RS 4 IR HY 34 %,

AWM P BRI B S B PR E, TSSO LA N EKBERPEY . EXRAMETBNITBERERC EAR
KHEHE. ZBrBRHAI BB S EE NS R. AR 2 WHEEITUEL B G 1 KB A BEEAIBRY L &89
B 38U ~T7T%, B B B KA P300 b B LB 41% . 8 4 REUER , S AH A B ALY ST B LBN
26 % ~75% , 1% P300 b B L K 26 Yo 4h, AR BB K L M7 60% A L. XA RULEA 75— MV HEBEKE T , 42 3 8 BT
HEMBEERD,FIBRSTERS A EEBRMNERKEEENE.

K2 AEMBERBERSESBRKE

Table 2 The concentration of different P form in runoff at different stage

ﬂ

e B & BREIBMDIP)  BH#HAULBEDOP) B\ # 8% (TDP) BURLB% (PP) BB (TP
Rate of P application Dissol. inorgan. P Dissol. organ. P Total dissol. P Particle P Total P
(kg P/hm?) (mg P/L) (mg P/L) (mg P/L) (mg P/L) (mg P/L)
07-05 300 0.031+4+0. 005 0.022x0. 004 0. 054+0. 009 1.403 0. 168 1. 4560.178
150 0. 008 £0. 005 0.027+0. 014 0.03540. 017 0. 5574+0. 159 0.59210. 170
70 0.01940. 010 0.02740. 020 0. 04740.018 0.24540. 071 0.29140. 076
30 0.01540. 010 0.014-+0.013 0.029x0. 017 0.1914+0.123 0.22010. 115
0 0. 015=10. 009 0. 0094 0. 006 0. 024 0. 004 0. 2654-0. 081 0. 28910. 077
08-19 300 0.20210. 140 0. 031+0. 007 0.17540. 157 0. 055+4+0. 033 0.28810.167
150 0. 094+ 0. 037 0.054+40.012 0.148=L0. 035 0. 05210. 005 0. 20010. 038
70 0. 086 0. 057 0.05740.013 0.143=10. 065 0. 086 0. 035 0.2081x0.111
30 0.02840. 017 0. 0351 0. 008 0.06240.014 0. 058+0. 009 0.12140. 009
0 0.03110. 018 0.0344-0. 006 0.065x0.012 0. 07310.014 0.138%0.015
09-24 300 0.093+0. 082 0. 08610. 026 0.17940. 460 0. 188+ 0. 073 0.3671+0.132
150 0. 05610. 008 0. 0693-0. 039 0.1254+0. 037 0.1760.073 0. 301=%0. 059
70 0. 038+0. 027 - 0.0652x0. 009 0.10340. 032 0.110%0. 060 0.21340. 090
30 0.02710. 014 0. 05310. 016 0. 08010. 014 0. 25210. 261 0. 333+0. 256
0 0.05810. 034 0. 03810. 018 0. 07240. 050 0.16010. 068 0. 25710. 065
10-26 300 0.13810. 062 0. 05010. 028 0.18810. 071 0. 098 0. 055 0. 286=0.100
150 0. 0344-0. 026 0. 09530. 023 0.12910. 021 0.14340. 057 0.27210.078
70 0. 038=x0. 039 0. 05810. 019 0. 096 0. 050 0.17440. 070 0.270x0.113
30 0.02310.013 0. 07010. 022 0.09340. 033 0.11340. 065 0. 20610. 044
0 0.031+0.023 (0. 06110.019 0.092+0. 031 3. 088 0. 087 0. 1904+0. 07_8_

401 SR DA BB mi K R KA B & 3540 Bt 18 (W5 M8 9% 0. 05 mg/kg FEBE 0. 1 mg/kgd™ I dRvE R4 B Bl T2 &, B4
VRS LENRABPERSENEEE . LERBRARERSE - KERPSEHEN HAKRK OB T 55| KKK
BEFRUMEARAE. XHARMAHZRBEMREENKREERUATZMAN—TEHEZRH T,

2.2.2 MEBAXBERRRARAENEWN HESUL.EHES THRENEZRLBRE. RAOBEAIEE (=0 390 285, B
BRBEAESKBERMEIARFFEHENIEREXHREBE. BANBRLBURABREBNHEXER G 2553
0.944.,0. 967 # 0. 980, W ER B EFAX . FEHIEABNEN, BZWRFMARH BRI, 20 P300 4L 242 5t + v] F F £ L
ML B M AR B 353 96.61.360. 99.F1 496. 32 g/hm?, 754 H 3, = X1 B8 (PO B2 I b Br & 1 o) 3 M T AL BE .

F 3 HEBEXEEER B R & R KR Mk
Table 3 Effects of phosphorus application on the runoff loss of P

e B af % 4 LB A I A DLBE W] 75 PR B TR B S
P(kg/hm?) DIP(g/hm?) DOP(g/hm?) DP(g/hm?) PP(g/hm?) - TP(g/hm?)

300 96. 61+51. 89a 38. 731 6. 66a 135. 33+50. 45a 360. 99443. 33A 496. 32490. 02A

150 39.434+13.58b 50. 44413, 60a 89. 87+10. 88b 190. 41+43. 93B 280. 27+54. 60B

70 38.74424.71b 43. 94+ 3. 94a 82. 68+ 25. 01b 128. 274+ 32. 95B 208. 64+59. 19B

30 17.29-+5.03b 35.07+7.10a 52.37+10. 80b 127.53+70. 64B 179.90£71. 52B

0 27.03+7. 34b 30.301+2. 40a 57.3349.08b 124.134+30. 94B 181.46+31.17B
LSD{J.U]

=% LSD, 46. 469 13. 500 45. 953 112. 036 154. 726

x a, b fl c BEREOLKFILLESERE, A, BRICAREEERECOL KELERKEFE Different letters of a, b and ¢

mean significant difference at 0. 05 level; Different letters of A, B and C mean significant difference at 0. 01 level
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WhBEANEHER #RNEAESHSHEBERN O 023/ 0. 079 % 1 0. 1054,_@%%—: EANTE, P150 AR RE A HEHE
T BRSEMEENRAROUASE THELAME,.BEITAMERETH HE5XNBZEE 0. 01 KEHAZEARBEER .
P70 Ab P K12 3 ,,\ﬁTiﬁﬁimmmﬁﬁeE%imwﬁrﬂﬁ,ﬁﬁ P30 MR P B HT BRI ESH HAME LR EE
S, 4b T B U EE R 00 T O 4 LB R B P300 AbTRAN IS G T AT A bE AR R B A AL TR 2 SRR L XY BEAS B
B8 o) OB B BB R 35, S B AL FE (P300 1 P150) 3] B 75 th b T8, A E LB X B EER .

3 &ig

AR EHEBESERELENESRSERNAFEREZTNWMEXHE. A THRAEHBE L ENEH EEEBIR /DGR
HHEERS XRB) AN EERERAE T EER BN S E.

R .BEE BRI, BERFEROBOBRREHNHENE M. SRERBY B R ENE N KBEEKPIERN
ARBHRITFENSBENSHIERHEEREF EMHEX.

EHARKFEENEST, KN ARMEERENRREZ LW EmA AR . BB S 032 80 B8, ol B4
FEUBE RO TN, AELELE. FHMNERBEPUBERORENE, HEMNBREEN SBRRB SR ER 840~
96 % , T Al EHEFB AL 4% ~16% . BEFWHEZERE D AIBERSA W HEIMm KR 36%6~66%, 53 2 HBi4L 2 (P300),
HuBHsSEREPEBENLLAEE 6%, RAIRKWEER (K 2, EAJHEERD, R E X LIE (P30 R HRAE T
Tf*ﬁ%ﬂﬁéé?%ﬁﬁ%ﬂﬁtmjﬁk MERGHENETTEERENRSANLAERERE 2. HELERE £ BRHBEL
BT . BMNKBERPRRRAMEROBNRAPELRERS, HREWBHEAVSE R 2B ELTILBEGR 3. T4k
%Eﬁklﬁ MEEBEBRKOMEBNBE  RAEETEEIVS. B4 BTEEANBEGE 3),

RAEARBNS B TREFEHRNIHERE TOHEBERNEARAE L BRXGFTRENEREDT LREBNKEL,
HMEZT ke RkEeE L. A, B3R BENOHERE SHEREN LA RB/DE, R XERLALE P00 ETRR
MMERBE/PDTHEREN0.2% . RENN . S TRAPAIBERMSSENKRE L BEKEEEFILN B IENE,
HMFEABRBRERNBEKENKNERECRE TEERMIKENEERL, B TERBELER AZEEDHA A, B
W, BRI ENSER, SR RWAIBATEAENBRESBREMEKEANEERLETEHREEENEENAR,
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