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gke |, 1 430 mg kg™, 48
mg kg™ ', 8. 4mgkg ', pH6. 8
1 (o
1.1 20 m%(4 m x5 m),
) 15 an
, 1993 2000
(1980 > 1982
)0~ 15 em 24.2 ,
1
Table 1 Treatments in the fertilzation expenment
Fertil zer plots + Fertilizer + manure phts
Code Fetilizer treatment Code Fertilizer treament
Co No manure and fertilizer M, Manure
Cx N My + Manure + N
Cyp + N+ P Myp + Mamure + N+ P
Cnk + N+ K Mnk + Manure + N+ K
Cpk + P+ K M + Mamre + P+ K
Cix + + N+ P+ K My + Manuwre + N+ P+ K
Chy + N+ Straw M gy + + Mamure + N+ Straw
2 ( P10.8gks ')
N 46.2%) , ( P6.1%), P 1.19¢g kg_1 50%
( K44.0%) ( K4l.5%) ,  S0%
19% ( 25.2%, ( 15 an), , ,
P9.5g ks ), 1997 ( :
2
Table 2 Fertilimtion rates of the experiment
Fertilizer Application rate (kg hm™2a™ ) Fertilization pattern
N fentil zer 150~ 300 Haf in basl application and half in spli application
P fertilizer 52 4 All in basal application
K fentil zer 125 Half in basal application and half in spli_application
Manure 15 000~ 30 000 All in basal application
Straw 45002 All in basal application
1) 15 000~ 22 500 kg hm~ 2 a~ ! Mamure application rates ranged in 15 000~ 22 500 kg hm™ 2 a™ 1; 2) Air dried weight
123 of K 27.1 kg hm™ 2 4.5
1.2 ke ( P 268 kg hm™ %) 2.5 ke( P
2003 12 15~19 13.5 kg hm~ 2) ,
0131, 2003 11 19 mm 4~ 5
5 2003 11 3, 0~ 15 an , 5 an
300 ¢ ( N 69.3 100 em

?

kg hm™ %) 850 g( P 26.2 kg hm™?)
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(TP) (FP) (O-P) Mw M 3
H2S0-NaOH , , , P15%00mgks '
(Olsen ),
) Co ( 3 Co ,
12
el 0~ 25 cm
. 25-30am ., M
2 Co,
Co , 20
2.1 (Olserr P) , 25 em
2
23 , 0~ 15 an Crx P Cwk Cwp
4 : O~ 15em . Mpx  Cwx TP
(Cxk Cry CN Co) , Myxp G Mapk Caek
-1
P 428 mg kg p , Co : :
300mg kg ' L4 Mo
, Co , Mo Co
, 4 Mnek TP
3 (Olser P) b
Table 3 Effects of different treatments on total phosphorus (TP) and Olserr P ditrbution with depth (mg kg™ ')
TP Olserr P
Treatment code 0~ 15 em 15~ 20 em 20~ 25 an 25~ 30 cm 0~ 15 em 15~ 20 em 20~ 25 an 25~ 30 cm
Myp 1 392a 584ab 444bhe 40led . 2ab 15. 5ab 6. 6b 3 4ab
M 1 487a 552%bc 50a 462a 51. 3b 9.0c 8. 5a 6 (a
M 1 472a 461de 424bc 439ab 0. 3a 11. 6be 5. 1bed 4 Sabc
Cpg 910b 534c 415¢ 3Rcd 31. 3¢ 12. 6bc 5. 2bed 4 2bed
Cnx Plc 433e 411c 424be 25. 4ed 8. 7¢c 3. lef 4 1bed
My 679¢ 503cd 413¢ 397cd 23. 1de 11.9be 4. Tede 3 8bed
Cyp 632¢ 615a 405¢ 427be 23. Ode 17. 6a 4. 3cde 6 la
My 629¢ 538bc 439h 417bc 16. 9ef 10. 4¢ 4. 5cde 4 Sabc
My 620c¢ 483d 444be 4Mbed 18. 3ef 9. 5¢ 6. 0c 3 Tbed
Mk 387c 455de 441be 3%cd 11. 9 9.3¢ 4.2de 4 lbed
Co 317d 316 365d 410bed 2. 3¢ 2.4d 3. lef 3 8bed
1) (p<0.05, ) Means in a column followed by the same letter are not significantly different & p < 0.05
('same below) ; s Cy R ( ) The data of treatments

with no P input except for G, and of subsoil with 1o significant difference among treatments are not listed in column owing to shortage of space ( sane belbw)

0~ 15em 15~ 4. 1%
20 an Olserr P , Olserr P , 84 mg kg ! 2.4
mg ke~ 1, 0.26 mg kg |, Co
, M , 0. 7% Olserr P
, Olserr P , 20~ 25 cm Mrk
, 8 4 mg kg™ 6 Mnp Mrpk Gk My Olserr P
Mk P3.5mg ks Co, Co 25~ 30 an
Olserr P TP Mxk My Olserr P Co,

(2.0%) , 3.4% Mrk Co \
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E13]; Cix |
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20~ 25 cm Mpk Mne My Crx
Mn Co, Olserr P 25~ 30 cm s
Mpxk Mnp Mnpk Mo Cnp Max CarP
Co(5) Ca-P 30 cm s
Car P
CaZ-P )
CagP CajgcP

4

Table 4 Effects of different treatments on norganic phosphorus ( FP)
and organic phosphorus (O-P) distribution with depth (mg kg™ ')

FP oP
Treatment code 0~ 15 an  15~20cm 20~ 25cm O~ 15cm
M nix 1155 436abc 362a 332b
Mpx 1103 341de 286de 36%
Myp 1 064a 487a 359a 528a
Cix 6% 432abc 310bed A42c¢
Copk S81be 300ef 295¢d 10d
Crp 537bed 467ab 336abc 95d
Mo 27bed 400cd 283de 1524
Mgy S01led 425be 368a 128d
My 477cd 379cd 352ab 143d
Mg 20 356de 307ed 167cd
(0) 195e 260fg 292cd 122d
0~ 20 em Cag P
) )
Cag P Co 10 20~
25 em Mwpk  Cas-P Co(
5), Co 25~ 30 ecm
, Cag P s
,Cas P  CazP ,
CarP
Caig P >
6 CagP (
5).
Caig P Cnp 15~ 20
cm CaigP Co,
) )
Caig P 20~ 25 an R
Cair P Caig P
)
Caig P, ,
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5 CazP CagP CagP
TaHe 5  Fffects of different treatments on Cay P, Cag P and Cag P distribution with depth (mg kg™ !)
Caz P Cag P Ca P
Treatment 0~ 15 15~ 20 20~ 25 25~ 30 0~ 15 15~ 20 20~ 25 0~ 15
code an an cm cm an cm cm cm
M 47. Ta 12. 1abe 6. 6bc 8. 4ab 21. la 2. %bed 1. 7ab 135a
Myp 2. 5h 15. 7ab 7.6b 7. 2bed 19. 3ab 4. Ta 1. 7ab 143a
My 39. 1b 16. 3ab 9.7a 7. 6abc 18. Ob 3. 9ab 2.9a 12ab
Cpk 26. 6¢c 11. 1be 7.4b 5. 1fgh 8. 4c 3. 4be 1. 8ab 117ab
Crix 19. 5d 8.9c 5.2de 5. 1feh 7. 2cd 2. 2de 1.3b 118ab
M, 16. 7de 16. 7a 6. 1bed 8. 8a 5. 2de 3. Gabc 1.5b 8¢
Cxp 16. Odef 11. 6abc 6. Obed 6. Odef 6. lede 3. Gabe 1.4b 12ah
My 15. 2ef 13. 6abe 6. 5be 5. Hgh 5. 2de 2. 8bhed 1. 4b 97be
M gy 13. 3ef 10. 2¢ 5. 6bed 5. Gefg 4. Te 2. 9%bed 1.3b RBbe
Mk 12. 6 9.7c 5. 6bed 6. Tede 4. e 2. 6cd 0.9b ¢
Co 2. 4g 2.9d 4. 1def 4. 2¢ghi 1. & 1. 2ef 0.9b Be
2.32 AFP FeP  OcP( 0~ 15 an (6,
) 0~ 20 an AFP ( ) 37% ~ 54% ,
Co Fe P " 25~ 30 an s
AFP , 15~ 20 Fe-P Co ,
an 9 FB'P
3+
, Al Cnk
) Co, 0~ 25 cm OcP
, AP s
s ) OcP Co
20~ 25 cm AlFP ( 6, 25~ 30 em Mxe  OcP
(< 10mgkg ') 25~ 30 em AP Co(  6), ,
Co
AlFP Co ,
0~ 25 em FeP
6 AtP FeP OcP
Table 6 Effects of different treatments on AFP, FeP and Oc P dstrbution with depth (mg kg ')
AtP Fe P Oc P
Treatment 0~ 15 15~ 20 20~ 25 0~ 15 15~ 20 20~ 25 0~ 15 15~ 20 20~ 25 25~ 30
code an an cm cm cm an an cm cm cm
M 36. %a 109 la 8. The 5%a 116b 8cd 28lab 198ab 198ab 172bed
Mnp 27. 3b 93 4b 12. 2a 553b 162a 9Obc 294a 224a 224a 207a
Cyp 23. 6he 27. 3de 6. 6¢cd 189 157a Bed 237he 191ab 192ab 124f
My 2. 5bed 87 9b 12. %9a 54b 144ab 113a 279b 18%bc 189abc 157 cdef
M, 19. Tede 29 7d 7. 6he 211d 132ab 76de 24Tabc 222a 22a 149def
Cpk 19. 5cde 47 lec 9. 4b 266¢ 140ab 3ed 252abc 213ab 213ab 142def
My 17. 1def 25 Ode 7. dbe 203de 117b HUb 214c 181abc 18labc 172bed
Mgy 15. 3efg 21 3de 9. 2be 202de 137ab 108a 231be 199ab 199ab 198ab
M g 11. Ag 20 8de 7. Tbe 160f 115b 8cd 238bce 199ab 19ab 164cde
Cpk 11. 5¢ 19 9e 7. 5he 215d Nc T0e 2le 175be 175bc 132ef
Co 4. 1h 4 7f 4. Tde 4lg 56cd 58f 146d 149cd 149¢d 171bed
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ACCUMULATION AND DOWNWARD TRANSPORT OF PHOSPHORUS IN
PADDY SOIL IN LONG TERM FERTILIZATION EXPERIMENTS

Shan Yanhong"? Yang Linzhang' Shen Mingxing? Wang Jianguo' Lu Changying® Wu Tongdong?
(1 Institute ¢ Soil Sdence, ChineseAcademy ¢ Sciences, Nanjing 210008, China )
(2 Institute " Taihu Agricubwe Sdence, Swzhou, Jiangsu 215155 China)
(3 Naying Institute  Environment d Science, S ate Environmentd Protedion Administration o China, Naging 210042, China)

Abstract Objedives of the study were to explore fomms, quantities and distribution of soil phophorus in profile of paddy
soil as affected by different fertilization patterns in a long-temn experiment under a rice wheat (or rape) cropping system, and to
evaluate potential effects of transformation and downward transport of phosphorus on environment. The experiment that has been
carrying on since 1980 on a permeable paddy soil (huang ni tu), is designed to have 14 treatments with 3 replicates. Soil sanr
ples were collected from the top soil (O~ 15 am) and then layers 5 am apart till 1 m in depth in November 2002. Significant P
accumulation was found at the depth of 25 an for all P treatments but Treatment Myp( Manure+ fatilizer N+ fertilizer P+ fertit
izer K) where it was deteded at the depth of 30 cm. Inorganic P (FP) concentrations increased significantly in the soil layer of
0~ 25 an for most P treatments. Caz; P moved beneath 30 c¢m in soil depth, AFP, FeP and OccludedP (OcP) to 25 an in
depth, and Cag-P to 20 an in depth. CaicP contents increased significantly only in treatments with fertilizer P application,
showing manure P keeps available longer than fertilizer P. Changes in O- P were smaller than FP in range. Merely in the plots
with manure plus feitilizer P or with fertilizer P and K, the oganic P (O-P) concentration in the top soils (O~ 15 cm) increased
significantly. Long term of P application exceeding P removal by aops were not economical because more inadive OcP and
Cay¢P accumulated, and led to P accumulation in the top soil and hence the potential of P loss via surface runoff and leaching
that would threaten the quality of surface water and groundw ater.

Key words A ccumulation of P; Downward transpott of P; Rice-whea raation; Sequential P fractions



