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The variation of P&N contents in paddy soil water and its environmental effect

SHAN Yan-Hong, YANG Lin—Zhang » YAN Ting-Mei, WANG Jian-Guo  Unstitute of Soil Science, Chinese Academy
of Sciences, Nanjing 210008 ,China). Acta Ecologica Sinica,2005,25(1) :115~121. |

Abstract : Previous and ongoing research clearly indicates that P& N losses in agricultural runoff is one source of nonpoint
pollution of surface waters, especially P is the limiting elements of inland surface water. The concentration of P in runoff was
related to the content of P in the surface layer of soil. Movement of P through soil into groundwater has generally been
considered to be insignificant because P is fixed firmly by soil colloids or organic matter. However, evidence 1s now

accumulating that small but significant quantities of P can move through soil, entering groundwater which eventually emerges

as surface water, and contributing to eutrophicatign. P leaching losses occur especially in those areas where soil P
concentrations are already very high (e. g., regions with intensive animal production or heavy P fertilizer use for vegetable
crops), soil P sorption capacities are low (sandy soils and high organic matter soils), and subsurface transport is enhanced by
artificial drainage systems resulted in extensive preferential flow occurs through soil crack and biopores. Yet, there was a lack
on agreement about downward movement of P in paddy soil resulting from high rates or repeated application of fertilizer. The
objectives of the study were: (1) to detect the variation of P and N concentration in surface water with time during rice season
under different N and P fertilizer application rates in Taihu region. (2) to evaluate the leaching losses of P and N of
experimental paddy soil during rice season, and research whether N or P fertilizer doses affect P and N seepage. (3) to suggest
optimum application rates of N and P fertilizer.

The experiment was carried out on waterlogged paddy soil (hu san tu) installed in large-scale monolithic lysimeter. It
included 5 treatments with 4 replications, and arranged according to complete random principle. Soil have received either no

fertilizer or superphosphate(60, 180, 300kg P/hm?)and urea(270 kg N/hm?*for rice +225 kg N hm?® for wheat, 315 kg N/hm?
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for rice + 270 kg N/hm* for wheat) and potassium fertilizer (120 kg K/hm? for rice + 90 kg K/hm? for wheat). Fertilized P&K
were applied in basal dressing, N in basal dressing and split dressing. All fertilizers were surface applied. During rice growth
period, surface water and subsamples of the leachates were collected and detected. The results showed: (1) Concentration of
dissolved total P (DTP) in field surface water was related to P fertilizer rates in 60 days after superphosphate was used, and
great P loss in runoff occurred during the first 10 days. (2) DTP of leachates at the 70cm depth had no relation to P fertilizer
rates under present experiment condition, and peak leaching TP value appeared at the period of 3rd to 10th day after P fertilizer
application, and P leaching was enhanced by underground drainage. DTP showed distinct gradients in soil profile. Mean
leaching losses of P were 0. 11 kg P/hm?, 0. 071kg P/hm? in two rice seasons respectively, less than environrﬁentally acceptable
P losses-0. 44 kg P/hm?. (3) Leaching DTN (at the 70cm depth) was related to N fertilizer quantity, and higher application
rates of P fertilizer may reduce the leaching amounts of N. Mean leaching losses of N were 3.2~4.5.4. 6~28.0 kg N/hm® in
two rice seasons respectively. (4) The concentrations of dissolved total N (DTN) in field surface water were related to the
quantity of N fertilizer in about 10 days after urea application. So it is most important period during 10 days after fertilizer
application to adopt management to reduce P& N loss in surface runoff and drainage. (5)The fertilizer doses of 495 kg N/ (hm?
« ) (270 kg N/hm?*for rice 4225 kg N/hm? for wheat) plus 60 kg P/(hm? * a) is better than other treatments given attention
to agronomic goals and environmental impacts.

Key words : dissolved total nitrogen (DTN); dissolved total phosphorus (DTP); leaching of N & P; monolithic lysimeter;
NH;-N, NO;-N; rice-wheat rotation
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KAER ARSEMVAREMNS RKENEEFRL REREBANB . BROFH K FFHNEBRNEENIARKEEEBEFILH
| EREASHER" S B R L EBEERACEHRENABRRE, MEFEBEREXENEA 150 ZEMNEHRIERES, EBFH 50a UL
MEZRE,FEMREERERKPHBRERENRE LB SHEELKMERL® . Romkens fl Nelson 1974 FEE KHME N
FAREIER THAEAENRABMEBNEK LR, EHOL R X E VLM AL, -85 88 . B 5 KR M B EK,
M KMNBEEEABEEN F " BIACABERBEN F " HREANBMAIT L. A THEKEEM KRB S =& RILBRAEE R, B
{fi - 3 B% A9 8 08 K 5 0 58 M T B2 W B M T KUK BRUO 1, Heckrath &7 1992~1994 £ MR K 78 H — Bk ¥k & 4
STP(soil test phosphorus) i £ & (Change point) , Bl 13 3E 2 (0~23cm)Olsen-P # & 60 mg/kg B}, # T 65cm 4L Wy HE K B+
MIDRPE TP IR ES+HEE Olsen-P FRHLM S, LRAXEHRAREEM AL, REAFXHIEFEAN ARG S ESE
ZEKE SR ERT R EERAKIFEREFE AT LEBRNXENREBR XL ANRERN BN EEXKH L EBRRENIR
MRH#ITT —EHRS AN ERRARREHRNETERRER, MHBAE L BHEAMETB TR KXPEEELET
BESRBRGSRAEPHBENBHREBEE LY N 0.965 kg/(hm? - )V M EBRBRE —THBE L TH 2% # Van der
Molen F#RH W ERTEZHBHRER KSR 0. 44 kg/(hm? - )V,
TP BRI BERBRERRR MK EFEERNHEI-LHELE. GSHEEANEBSHBAPLEMZISRANKE.
SBEREFXM, E¥EAEREABESANEHE BWEE EHAY, KHAMNMKEL NO; XU, FZHREABRA T IAE
FHS5EREHTKNO; WEREF R,

KRETBPITESHR.AMTEENERE, ARRVULEFBRFPRETRSEITUER T ERGHWIT oA SEL UL
MREAMRERSGH L L8, EMENRKERY, f TRERAN LR ISBKFRE, TUAGSRALEAHBENLF
HIEERANER . HRESFABEKFET KEHLRBREAKFMERT A LRROIAR UL EARRABREER, 7B
B BB, BR3P b FROK A3 T 7K BE U8 Y 55 e ) 2 SR AR IE .

1 HBE5FZE
1.1 #HARABERENRIT

BEUAK R A PVC B AR R T H . PVC M B R & 80cm,sME 40cm, BE 0. 7cm, 1cm J& PVC R #H IS , B A Fh
A 1170cm?, 2 HE 70cm, HEFHM S BEARKOMR O, RKXKEAREGHE . ER 1. Sem) R KABALERAKE LS
FAEEKE ENESE G R4 DR R U8 o 38 KA, B KA 0O or BB T R - KOS AN AR BE , LA 3k 50 1) o 380 0 7N DK 25 B B9 32 W), 40
B 1.

1.2 55T

HBEHTEISH L, TR EARFERRE 1.
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5cm #J=7K Scm surface water
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EH1 BERERLIEREHE
Fig.1 Design of the lysimeters
1 BREASHINESRE
Table 1 Basic properties of experimental soil-Hu san tu
i T B A LR i 3, 2% 8 2 o X% 8% . B &
Depth pH OM Texture Total N Total P Total K Plant-available P Plant-available K
(cm) (g/kg) (American system) (g/kg) (g/kg) (g/kg) (mg/kg) (mg/kg)
0~16 7.18 37.9 ¥ b BORS B 1 2. 02 0. 71 17. 33 6. 70 103
16~23 7.78 32.71 Sandy silty clay 1. 74 0. 68 17. 71 3. 98 97
23~41 7.73 18.52  loam 0. 38 0. 56 18. 07 2. 79 119
41~70 7.44 4.14 W mE+ 0. 42 0. 60 21. 05 2. 96 92
70~100 7.63 19. 73 Sandy silty loam 0. 91 0. 36 23.77 2. 69 170

il P alglaf S

1.3 AEALH

HEF XN BERBE . KBIFFEQCO2B)AREFE QI E)/MENHF 105, HESHEEFR(E2D.£EFEH 14
K. PLABREHRIER . 2B X" R ERESTRH S FERHIKBRHE.

FHBEBIRE, & N246. 2% IR, SAW P,0:=214% ; 4, & K.O=60% . PEKER —XKATHEEEE
AE N ABHZEEAE : 3 BEAR : AR =3 : 3 : 4 .
1.4 KoEBEH

KHABRAK(EBREEKERUMAEBOERLEHBENBA . KBEEMEBHREHNP SRS Sem HEAKRE,IER
BREKE  BRKEBK 3~5mm/d"“ '\ L4 70cm BA B HE . I16 54 LK 350~580ml/d.,

*2 m@q:mmu

Table 2 Fertlhzer doses of experiment

3

] . . K TG Rice | /N&E Wheat
Treatments N (kg/hm?) P(kg/hm?) K (kg/hm?) N(kg/hm?) P(kg/hm?) K(kg/hm?)
CK 0 0 0 0 0 | 0
N,P:K 180(270)¢ 60 120 225 0 90
N:P;K 315 60 120 270 0 90
NyP:K 315 180 120 270 0 90
N.P:K 315 300 120 _ 270 - ] 0 G0
(D180.270 kg/hm?243r52 2002 450 2003 ERBEMNEBILHE 180 and 270 kg/hm? was N fertilizer rates of rice respectively in 2002 and 2003

1.5 KEMNRE
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FL1IIMEEQI2E)MAEE)S 1.3.5.10,15d B REKELUFEER 15d REHBMAKEM 70cm T BRAKE.E 21
(2003 F)TEMEAL 10d J5 B 10d RE 1 RAKHE., EREM MEH . NANRKRERE. —20cm, —40cm, — 60cm, — 70cm
KA, REEEENE EF, R E] — KB E K AR FF Sem HE K.

1.6 4ArtrFk
KEEZEERERAIEE, REAHSHBASRE/AHE, £ AEERNE; BRI g b-ai5 g E?,
2 GHRESW

2.1 HEKXKPREITBAZITEMNL

EB A IR T K BRER KA AW HEASRESSOTD A ESBEREEMEED. UBERK
EE BRI LB AME 0. 02mg/LI ™5 b, HEK ERS 002 A gy ot (8] AR S TR, BF IR F i 5 — Rk S ™
JE R A R 42 AR & 15 BB R B R B SR » DA X B af K 44K i) o B 7 AR B

£3 AEARYPREBE A DTP BT/ (2003 £ ,mg/L)
Table 3 DTP contents in field surface water during different periods(2003,mg/L)

"

Ab W P AR S B K ¥ (d) Days after P fertilizer application (d)

Treatments 3d 10d 20d 40d 60d
N,P;:K 129. 17a® 25. 47a 3. 50a 1. 50a 0. 36a
N;P;K 51. 84b 5. 68b(a)® 2. 47ab 0. 43b(a) @ 0. 30a
N.P:K 7. 52¢(a)® 1. 97b(b) @ 0.47bc(a) ® 0. 08b(b)®@(a)@ 0. 04a
N.P1K 6. 53c(a)® 1. 96b(b) @ 0. 33c(a) @ 0. 07b(b)®(a)® 0. 0da
i B CK 0. 13¢(b)® 0. 05b(c) @ 0.03c(b) © 0. 02b(b)@ (b)® 0. 04a

ORFFR—-FNFHFHRERFARAFEHNFHIPZRBHEEEZR(P<0.05),O4BFEA S TME#ATHEHLEMNEGR Means of

5 treatments in a column followed by the same letter out of bracket are not significantly different at P<C0. 05;

@OPHFERRH NP K.NPIK, NI\ PIK Fi CK #1T HF Z G R  Means of NoP,K, N:PK, NiPiK and CK in a column followed by

the same letter in bracket are not significantly different at P<C0. 05;

BOPHFERSHN NPIK. NN\ PIK FICK T FE BN R  Means of NoP1K, NiP;K and CK in a column followed by the same letter in

bracket are not significantly different at P<C0. 05

9 150 : = 0.70
P 3 L+11]

g ;ﬂz (;(K E 0.60

120 . 111 n
§ —— N,P,K E 0.50
5 90 —— N,P,K 2 0.40
E b ¢ NZPSK a 0.30

60 H 5
- 0.20
I i O
o 30 .\ 4T 0.10
Z ' »
Q 0 A —_ _'E ' a¥. : il Q 0 . a: o . —
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1 B IE 5 A X3 Days after P application (d) W %% JEJ5 1K 3 Days after P application (d)

X3 fHZELR 70cm FibBIwK DTP B4 (2002 4F)

Fig. 3 DTP contents in leachate at 70cm depth changed with time

K2 MEIEEHEA DTN FEEEHE &£ L

Fig. 2 DTN contents in field surface water changed with time
in 2002

2.2 HEKPRARNIEZL
AKBEBELADOTN)ZEEBAES 10d NEHEERIEMEX, £ 3 RMEECGLE . 2B BB /EHH 3 M8H, R GH
i 6] %, AR & 15d,DTN WM ZE 1. Omg/L AT, BN 0. 5mg/L 58 FKEKE B F ALK FME 0. 2 mg/LY, /KRB BT
A E/K DTN REXNAAE, @I 1.omg/L,AfRERH T AKBEHTRAEBER &K (E 2)., HE/K DTN § NH-N iy &4
1/3, # A E[RRER AEAMEBE.
2.3 2RAKTBRENIISTL
F1MR{EQRIZEIEH 70ecm B2 KT DTP FREKBMIEEE 3 XLBBRE. RE-FHIEEMMEXHE, 10~
20d FE E KT 0. 02mg/L. {H7E 30~45d BIN X HBEEA . IR TEHERWKEZR  EKEELER . ERETLER
RAE R (E 3),

F2IRHENEETELIIMEZYHEICAE FHERSEMNAFLATERAKDIPRERMES 1 MEERK, HHig
EHEHFGE GEERE 7~10 XD, FHEAERS 1l M HEEHEBRNHEEE . MB 2N ESEEREH G 4d HEE , X BB /Y
BEAFBFETHERRU AN B 2AMEFEFMNBRAGEZEHYELE . EREKANBRERRA . MFE 1 TRENE R
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2003 FERFERM 2002 £ 0 —F

X,2002 EMEM I EER P IEA B BA-

Z. B TIBNEERREBIDT .,
2.4 BRAKTFRRHIIESEN

—e— M CK

H

EEH ER IR, ER BRI,
| ZTETFRKEEFTEH G R XEFHr@EnERE (8 O, TEMMERNKESRHE
THE PEOYOEE 200 FRFERAR PR 30O 258, HYRIRER

S 005 <P

g" —»— N;P,K - Eﬂ —— W CK
5 0041l ¢~ NyPK : s N —* NiPK
§ —o— NszK § 4 —h— NZPIK

g 0.03f —— N2P3K \ : —e— N,P>K
E _ Ka JAD 1) o NGPiK
5 0.02 ) 70, N7\ = |

E : A o
ﬂ 001 \ A ~« & 1
& 0 ‘t"‘. A , &: 0 ! | ! 1 l L ! | C
J& 9% BB /5 1 K 3 Days after P application (d) W% /5 B9 R B Days after P application (d)
K4 FHZELE 70cm B4 2 MWK DTP &4 (2003 55 A5 B/ELHEBE/KDIN FEAEL (2002 )
Fig. 4 DTP contents in leachate at 70cm depth changed with time Fig. 5 DTN contents in leachate at 70cm depth changed with time

in 2003

WK FH DTN &8I R 35 5 HE B — B 181
HTFRMNBRUBSEANE . TUBESRWTAERMDINEM, SEEE BT NP K EBEHNFHF4 A5 4.36.5
mg/L. B2 HEHSANBRES TH 1 M8, XTEREHT

ZSu

BMEASEANBRBREELETEY . WELHIE 0.64.0.36 mg/L, EZBSRAESL 2 MEEBREL R
ﬁ&_#!

in 2002
. RERELEEE 1 XEE - UEHNETLEAE LR THERME 5,

THEERBZH—EE& R, LESEABRRK. WP 2IMHEF
1 MREEMEFWEERE, 1ENSERBEN.F2REREN.

SICIN: F R 30k 3
FEREENAE, WREXH PABKENERHTHEKREENB BHEKFESANER.

&

& FE AR 4L B () L 382, [R] NOJK T B9 NP, K f1 N,P:K MBRKHSRASBREMELSH 50d A —HH BMHKT N.P.K, 53
HEREHE 60 RABRFEEFER (R O, RHAEBRRAED BWRE RNBREREL T .

F®4 BEFERKPHEHSEASREML (2003, mg/L)
Table 4 NOj -N contents in leachate in rice season in 2003 £F (mg/L)

A 3 e P IR JS B K ¥ (d) Days after P fertilizer application (d)
Treatments 1d 10d 20d 30d 40d 50d
NzP;K 36. 5+ 4. ba 27.6+3. 1a 16.4+2. 1a 9.2+42.4a 7.3%2. 0a 2.2+1. 3a
N,P;K 17.1+1.7b 11. 7 2. 0b 4.4+ 1. 9bc 1.440. 6b 1. 6+0.7b 0.7+0.4b
N:PsK 19. 444. 9b 14. 241.9b 5.04+1.1b 1.5+1.1b 1.43+1.0b 0.5+0.1b
N;P;K 19. 749. 0b 15.546.7b 7.0+3.5b 2.1+1.5b 2.0+1. 3b 0.53+0.2b
CK 5.4741. 9c 3.2+2.0c 1. 3+1. 2¢ 0. 61 0. 15b 0.9+0.2b 0.5+0.1b

x ® PR —F 9 o B A H

| FHHOEHBZERAFEEFER (P<0.05)

P

Means in a column followed by the same letter are not

significantly different at P<C0. 05

2.5
—70cm) + HBFBTH A FEXA

HMEMEEE @ ES 10.20,30,50,100 KB &)

AFEE &R K (EE. — 20cm, — 40cm, — 60cm.,

%5 FEBEALE ;R

Table § Mean yield per column of different treatments

=2/

gh 2002 KRS 2002~ 2003 ﬁxﬂi‘ 2003 F K

Treatments Rice yield in 2002 Wheat yield in 2003 Rice yield in 2003

LRORR I RAARERHAFRIORE DINKRM MR "RpK 8854338 80.1£6.0a  113.8%9. 5a
EWHE., SAFH . SHEELEY 8K DTP 88 M NzP2K 88.61L5. 4a 82.7+£6.7a  113.1%£3.2a
RESTR HRENTHOS SOEUREERSOL ek oorssh  ekyoh 1002535
AEB. WRTHRENTROEERA, 5 HEE 5 E AR AT BN TR AR BEER (P<

SHERMBLFERKER DTP S BEBES/D.

3 &

HKS@BRKFE. ANBRERTEH

0.05)

Means in a column followed by the same letter are not

significantly different at P<C0. 05

MERFZELFENPKWEEREATHEKEBERFRETBHER, N\EFF B A EF 88 N,P,K i It & 7T B, & 8 i

REEAEEMNER MERSHIHET

7R

BIEE SEERE LW EKRETHRE-BHGR S,

AR /D2 B

16 2= 8% AE #2380, (BT A

A B IE K FRIBRURA L E 7, XM
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AN, P FEA KR A KRB R R I WK FB W H K 075 e i 32 K 7 T 7K 8 XES . BRI
FHFHBRMEED N 3-2~4.5.4.6~28.0 kg/hm? (R 6), RERIEX B L AN E I, BAE F 2 8938 04 & 892 Wil R
g3, FARMEEMK; BEK DTN §BREMES 1od RZBEEY W, X NH-NFH 5 1/3,BELEER &
B FIE B e B 8 & R ER, ABERER MR R BN KRR,

£6 AIBEPNEREER
Table 6 P/N leaching losses of the two rice-growing season in 2002~2003

HEBWE P leaching loss HEBNE N leaching loss
2002 2003 2002 2003
P(mg) P(kg/hm?) P(mg) P(kg/hm?) N(mg) N (kg/hm?) N (mg) N(kg/hm?)
CK 1. 16 0.10 0. 83 0. 071 45 3. 8 53 4.6
N,P,K 1.18 0.10 0. 88 0. 075 48 4.1 175 14. 9
N,P;K 1. 28 0. 11 0. 79 0. 068 53 4.5 327 28. 0
N,P,K 1. 31 0.11 0. 84 0. 072 41 3.5 121 10. 3
N.P;K 1. 21 0.10 0. 81 0. 069 37 3. 2 147 12. 6
SEH4 Average 1.23 0.11 0. 83 0. 071 45 3. 8 165 14. 1

*

EBHENEHEN T HMABRE The data are the mean leaching loss per column

BEREREEBEAT . BNBERRARXNBREFAETHESHRNA L CRHEBEERE 10d HEBEER KA KR XK, B L
XN RN RSN TIREZGPIFBEHRKENBR ZEWMAKARE. BELRI OS2 WNEEERIES 3~10d,
P BB ERBER,MEE)S 10d A HEEBREBFIEHBREBRXCEMNN . BRKBRERER SR HMBAERAMHEXHE, X
RERE AR T HERBEM. RETHEAB YR AR NFEESEEBIFO T, L3881 B & €t R & Bl b
SAEBEALTE (N,PK)ES 1 MNEELE RN, FRE T (0~20cm) @3 P(Olsen-P) ¥ #3K 35. Img/kg, MAEF R KB 51 R EBH
AE X3 9 ,Heckrath Z R M HE T HOEER,0~23cm) EHESH T HEKE (65ecm BOP KN T RERELHE LN FZHE

13 Olsen-P A& F 60mg/kgl®, AKX K P L Olsen-P SEFHBL. HTHASREHRAEZE N NABES . BAEN

BMEANEHZBRIEE SN 0.11,0.071kg/hm?(F& 6), w%k%%EL?ﬁfﬁﬁﬂEﬁﬁh‘%ﬁE“ﬁtjE‘Jﬁ B“EXE2RE
(0. 965 kg/hm?) {17,
ALBPREHBEELE, BEO TS ARZHUERTNERESBEARE, AREITRITFESHE  XEERRAE

PEBIEL™, KEEABEFROBRRKRERTE PR AR RRBICEA R b gy - 8B R R A mR i (B

BRAYHHEESRE T REBRBIERE R EMON LB E BRARTH— PP, X R § 2 K AEr T kT HE 5 8
HEERKE.
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