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The Characteristics of Nitrogen and Phosphorus Leaching in a Paddy Soil in Subtropics

XU Xiao—guang'?, LI Yu—yuan", MENG Cen', JIAO Jun—xia', SHI Hui*’, ZHANG Man—yi', WU Jin—shui'

(1.Key Laboratory of Agro-Ecological Processes in Subtropical Region, Institute of Subtropical Agriculture, Chinese Academy of Science,
Changsha 410125, China; 2.College of Environment and Municipal Engineering, Xi’ an University of Architecture and Technology, Xi’ an
710055, China)

Abstract: Nitrogen(N) and phosphorus(P) leaching in soil is regarded as one of the important aspects of agricultural nonpoint source pol—
lution. The characteristics of N and P leaching from a double rice—cropped paddy soil in subtropics with two fertilization treatments ( Fert:

195 kgN -hm season™ and 69 kgP*hm™ season™!, and CK:no fertilizers Jwere studied using a suction cup sampling method. The field ob—

servations were conducted at four soil depths: 15 ¢m, 30 ¢m, 60 c¢m, and 90 ¢m from soil surface and from April 2010 to November 2011.

Our results showed that compared with CK the Fert treatment significantly enhanced the leaching of N and P in paddy soil, in particular dur—
ing the rice growing season. The leached N was observed significantly different(P<0.05) in N forms at different observation times, i.e.

ammonium N dominated during the rice growing season under water—logged condition( April-middle October) and contrarily nitrate N pre—
vailed during the fallow season under drained condition(late October—March ). This was expected to be attributed to the alteration of soil
aeration. The P leaching risk in the fallow season( October—December) under drained condition was significantly greater than other peri—
ods. Therefore, the fallow season was probably the key P leaching period in the paddy soil in this area. We speculated that controlling N and
P accumulation in soil and strengthening water management during the fallow season could be the effective approaches to reduce N and P
leaching risk of paddy soil. Besides, it was also found that compared with the 0.01 mol* L' CaCl, and Olsen(0.5 mol* L™ NaHCO;) extrac—

tion methods, the Bray™(0.03 mol* L' NH,F + 0.025 mol*L™" HCI) method performed the best to determine the P leaching risk of paddy
soils in this study area.

Keywords: paddy soil in subtropics; nitrogen and phosphorus leaching; dynamic characteristics; suction cup sampling method; waterlogged

condition during fallow season

ks B #A:2012-12-09
EETE : HEAREAIA(41171396); EFZFEHTR(2012BAD 14B17) s P ERREBEATHIAG H (ZCX2-YW-T07)
EE R VFE(1987—), J3 . E—mail: 510545481@qq.com
*BIEEER : BMIC  E-mail:liyy@isa.ac.cn
A ¥ E-mail :497394178@qq.com



992

RAIMER F 2 IRV T R

- HER (N (P) 18 BRI AT AL Al 17 Y5 75 Y
1) EZIEA, L AR RRUR R EOL I R
TR i F R SR 3 ] i AR b X 2
HF 7 22— X T YK IR B B, BF
FERW, A 20 22 90 4EACLUR A8 X & B
HEAL G R BE G20, S 302 X KA B 8 A0
fl a3, BT AR X B I A RN 48 7R ARl T U5
TG YA R R i) B 8 S, BT, X NP
TR RIS 5 2 DA AR I S B Ay 24, 1 Xk
RHLFLARFSE , T HIEEP AN 5 AR D0, B gE 3
B, 138 N P MZKARPER LI A AR R, Hod N Y
TERS B DL A A A TR K 2 T b 9 A48 0 9 2 T
Ry, 10 P R R AR FERRIPLEE A,
HIEVBERSTIN P AR (HIEH 20 22 904
UG IR, [ N AMIF 5T # 34 % BR, il 4 it IES 4 11 184
i, s pORWIRL R HAA B R T R A B
e HARRD + FNEE 4 & 5 BR £ oo, 38 p Y
RS R HoK B IR PR R —
B FNFREE ST S O ) 8, 24 AR P i
I Hls SHE R, 3R HEK B Is P P &
B BH S 9, DT XS BB AL B R RS- 134, Nature!™SFT
Sciencel 55 [ PR AR A G T Y &k 22 SCREIN N, F7 43
At AN 23 15 B FE VR AR 9%, 38 2377 2fe ™ B 1)
PRI (), 3 — [a) L7E Hp R B 2

W LA R R RE X, i F AR B A &
I, X DX SR AR IR 24 AN [ R JEE A Jal iy . — 2
WFFERIT, A8 R AN (K- O 1) b3 2 3242
UL 1) F K AT RS, it Lt 2 16 3 T 1) _Fa i ik
V07 AERET, i AU ao P AL R B
FEH 3R NOs-N — HL B B, HhR i i e
L (AR AR, A IR R
TR S S AR Y, D PR 32 A T 3 Xl £ 58 5
FEAE AR AR A 1 48 S 7K o200 DU A A Rl
N, TR AL TRUCIRES , 8 —Beab T 3k
SIEL AR ER 05 IS Akt
BRE-21, F57 F kol T A RIS R T R
25, T RE T EUE B Y RBUMR I R, B N AR
FHRIH N POLHIEP) R FFAE WS R AT 5D
FLIRBE S Mt 3 AN 433 B 0012 X AEAR R R |
247 e FHERBE 500 RS BRI . LT i, A S 32
5 B A MR IS A A [F) J2 Uk A 3 T R vk B 1) A
b, B R B X I 4GS R HH - S A kA A
FEFFIERSZ I, Ry e =3935 03 IO B2 A B DL R AR

[RSEE U Eetic Pl ot iIS/n
1 MREFE

1.1 ARXER

R AT A KD B (113°17.9'~
113°25.9'E,28°24.3'~28°38.6'N ), J& - ML I I P i
THZE R, ARG, AEXRE K& 1300~
1400 mm, 4E¥0HR 17.2 °C, LA 274 d, 4F H B}
B 1663 h, FHXHERE 80% 457 K N = N 45~
350 m, AHXT 25— MEAE 100 m AP, Ry 37 (T A 21
398 Fr b L5 o AR a6 FIr e b, T v (LBl g IV 3R
Al A ST T VD AOMD PRSI A 53 Y, -4k
IKFE A BB sh B, A B A AN
pH f 5.53, #47(>0.05 mm ) 13.4% , K547 <0.002 mm )
28.8% , i Ak b 1, H A HLET 32.8 g kg,
FH 257584 (CEC )6.63 cmol kg™, TR 2.76 ¢
kg 4B 0.67 g+ kg .Olsen—P 22.0 mg-kg™'s NE 77K
HAE R /KR 22.5 t-hm 2,

1.2 RE T 5 %

FERFSE X BEREHBTE 45 b 7 ¥ 50 A R T FR
271400 m?, B B AL (Fert) FIAHEAL (CK)2 ~4bHE 3
WHEA NEF R, 88/ N X HES R 2 AKX
B 3 ANt e AL R/ N X HEAE —AE , 3 AL AR FR /N X
HELE— 2, /INDX 2 [) P FE S, I S A R
3, VAR Ik /N 2 (B TR K SR fvE a5 o it A A g
Ziti AR A ZUIE 195 kgN - hm2, B4R 69 kgP+hm2, £
JE 57.5 kgK - hm™2, A5 5 B AL & —4F , H 70%
RIEFNATR®E . FIE LSRR AL H B VR A e A
(FFEFINEAE S50k 4 A b ayFn 7 A d) ), 30% 04
NEAFE G REAE 4 BEI ARG 3~4 JED it A (Rt ) , 7
AR RIB RS R4 50 5 A A 8 A Ay FEH
HA A XA — K- . F 2010 4 4 AR/
BB 3k BB BCR SRS BN XBEE 1R A2
ANLER 3 R E R G TR 6 A RFE S, BTN E 4
ANGREE, B 15.30.60.90 cm, & A BOR [R5 B 19+
W, o T R R SR B S i sh &k, L
B WORE ST LS — AR 24 b Z NI T4 HT
NG ST AT R R =18 GV VR ARAT , Fo5 43 BT ) A
o R FHPE A Sk i B KRR35 R RO A, AN
EA T4 R IS RAE R N 2010 4 4 1 i AR A1
Py SR )45 B 2 HE R A I ), 2010 A 3 3R
£ 4 POKFE REERFE 23508 2010 4F 4 J1 22 H (F
TR, WAK) .6 H 16 H (RAEHAERER I,



YRR, % A DR BRI AR B 993

7K).9 F 30 H (MRFEH#IIN WK ) 12 J1 24 HORHH
1AL HEAK ) . 2011 AR 4 6 WG EFRIS 2011 2 4 H 7
H (CRAESHBUE, ®wK) .6 A5 H (RREAHN, &
K).7 F 30 H (MRS BE WK ) .8 A 30 H (421
WK 10 A 4 H (BEAFHER T, WK) (11 11 H
(PR, HE7K ) o BT RAE— M L BB AE AT R (—
Je>30 mm - d) G 7 R R]IR 2 4 A~ 12 17K
(JEELAE R HT) | DR A (R R R TR R R — 3. 1tk
Gb, R T BRI - R i R R R R B ) G
Z2,0900F 2011 453 A .6 AR 7 ATERE T IRIER
FITRIRAE T 3 IR )2 (0~20 em) 1 FE, T £
1.3 ERSSEES T

AN FE PR R B A (TN) BB (TP) VB
BA(NH;-N) SR (NO;=N) LU 5 i 25 oML
(DP), 3t 5 TiFEHR . NH;-N.NO;-N HHR A shiE
SHLCFIA Star 5000 )00 5 TN SR R 1 B R4
B - S SHGEI E s DP RSB T L (A 150 5E
TP R AR SRR 22 - BT L ikl e . HRE T
R AR £ FE  NH =N F1 NO; =N R 1 mol - L~
KC1 28— sl SR 5 A Rl e R H
RARHIE Lo AR | Sy — 2R RR AT o et
WRRFHERBERMEFE R, AR 3 FiR 4 i,
B Olsen 7 (pH8.5.0.5 mol * L' NaHCO; 324 ) . CaCl,
2:(0.01 mol* L CaCl, 542 ) Fl Bray-1 %:(0.03 mol L
NH,F+0.025 mol - L' HCL IR S WIRHE )™, 1585
AW E PSR Z AR C R

TN=N,,+N,+N, (1)

TP=DP+0OP (2)
A HTNN,, N, 5 N, 53518 A NH; -N .NO; -N
FIA LA ; TP .DP 1 OP 4351 R S il . i A TCHL
A LB

ARSI R A H ) 3 U800 5 A A1, ot FH
Excel 2010 125355 510, SPSS 19.0 Geitx At
Xof it A 5 A it AL 7 1 Ak B DA R T — Ak BEOAR ] o B 1
BRI BT 255307, A HCES e s AE AN BR 58
ST AR SR A A I, 22 SRR B ST e K
(P<0.05) i — 201 T 2 J LU

2 HRE5SMH
2.1 TEHTIERETHTHIFE
2.1.1 HIEBERARIESR R S &4210

2010—2011 FE3ELE W 45 FF 0], i AR Ab B+

B TN 5 NHi-N NO;-N W SR RH B &+
AN XT B (CKO AR PR, It B AR FEAE 2010 4F 6 J
(RAEHACHES ) A 10 A (BRAEHESR ) (2011 4 6
HCRAE2EREMT) 7 H (BeAEa BEWD R 11 H (%2R W
FE 30 ) v J3E 241 B S s v (&1 1), AN AR AR B 2010 4
10 A 2011 4 3 AR 7 A B8 TN e B i
AR 2 RIS A R R 4—11 7 OKFEAK
1) A AL FE A e R NH-N R B A
BrEe, Hr2010 4 6 Hfmis® 82 mg 1!, L CK
(0.5 mg L) =2 14.2 £5;2011 L0 6 H e, N 4.6
mg* L7, [ CK(0.1 mg* L) 20 50.1 5. AT 0L, e 2s
RN R NHG-N MR, X HKR A K
ITR)ZEIE (PR ) it FH DA B i T 5 3 3 R o i
R BV R,

NO;-N FWLIZE R B, AEK R A A 3980
W NO; =N M B AAR, HARBAL 0.5 mg+ 1. {HTEK
FEWSCER LA 1 PR LA NOs —N ¥ B A 450 BH (B 1 T 15
s, AR AL FR NOs-N ¥R 2 & T CK, HHiti
JIE A 38 A RS W NO s -N ¥ AE 2010 4F 10 H
2011 48 11 H O S4ERCR, B8 2.3 mg- L, 205l k
CK 75 5.3 1851 30.7 %, ARG 235 fin g H 135
VSR NO; =N MR B, 35 IR0 Z Bk R U, 3 55 i
N DU 285 SR AR — 312520 AT b4 ) e B ot A 2 ik
DRI IR B Y S . 53 A, iR H 1A
FIIK—PBEE HAH AR DX I ) 7 b - 3 vy, TR -4
A BT A 2, DR I PR FH R - S T R A
HF oAb ALV E R =22 1 NOs =N 2k & ARl R
FE ARG, I LA ARG R4 B8 £ BT 55, i D) FE A4
- K 3 1 7 L LA AR AR - 498 20RO X 1l T K IR B 1
T4 RGR R E S SEEN
212 HEHERARESAR ST EMEEE L

N 2 A B 2 SRR A | B A A PR A 3 A
B Bt LhitE—20 Lo o B el AR AL A . 45 SRR
KB Bt AR AL FRAR EREIEZAS N W3 B A R8s
F CK(F 1), X SHTA MR LS A — ==, IR
2N B R R N IR 8
Xof HiL T 7K PR A5 i R, 3 N B BE90 em TR
IR TN SR8 E & TRZ(S5 em), R
5% DX A FH - e AN [R B B A A S 35 10 Nk ok
AR B A AL BEAS 2 YR TN AR 64 1.5~3.9 mg- L™,
Hrp g @A (3.9 mg- L) HBLLE 90 em TRJE, H CK &
3.4 fi5, HH NH;-N 4 3.0 mg- L™, 5 TN ) 77.7%; Wi
FEREAL AL PRS2 TN A /N, AR IR N 1.6~1.9



994

RAIMER F 2 IRV T R

mg- L7, H CK & 0.5~1.4 £, Hrp NH;-N 5 46.8%~
75.4%; VR HIEAC AL FE TN 5 & A0 3 B AR bt AR Xt
BN 1.1~1.8 mg L7, Hd 60 em DU 452 L
CK A LRI, 1 90 em WEEWY CK B 25 5 A1

8T CK-15 cm

o1
Conc./mg* L.
~ o
T T

[ 8]
T
o

SN

0 k4 9 27 =
4 6 10 12 3 6 17 10 11
Months(2010—2011)/H
4510 CK-30 cm
) 3.0f
%’3 c
E
S1.5F ab | ab
ab  ab ) ab ab
a a
2.4 beltaa
2 6 1012 3 6 7 8 1011
Months(2010—2011)/H
8T CK-60 cm
— 6-
i
o
£ 4}
g
S ) f
I e i le  bed
bed cde I abe ¢
? abce 4 abe ab
7 /1 Z]
NIZRZR=R=N=R-RZN2R=
4 6 10 12 3 6 7 8 10 11
Months(2010—2011)/H
12r CK-90 c¢m
— 9-
i
o
E 6f
o
z
<3
- d ,
be abe abe ¢
0

4 6 10 12 3 6 7 8 10 11
Months(2010—2011)/H

ON.,

O N,

i, I R R RS R SRR A K, H
JENAZ AR N RIS ECEE, KA
K2 TN o NHi-N BB 5 (560% ), 45
BB BE N B9 IEZS LA NH =N 4 3=, 11 I FH A 60

8r Fert—15 em

=)}
T
o

b be

Conc./mg* L
~

(=) [\
:
= :m—|
o
o

a

a

a a

é QI IZIEI Ilél 1

6 10 12 3 6 7 8
Months(2010—2011)/H

457r c Fert-30 cm
C
— 7- ¢ c
530+ ] 7
2 %
£
S15r
& z % A0
AL n.8.4,
4 6 10 12 7 8 10 11
Months(20107201 1IA
81 Fert-60 cm
C
- 6-
",4 be
=18]
E 4r a
é a ab ab
O 5 . A a 7
A & Xl
0 0 7 8 10 11
Months(2010—2011)/H
12r T Fert—90 cm
-9 %
2 7
o
£ 6f
£
[&] b
3+ ab ab
é dl) a) a ﬁ a a a
Ni=HER B.a.ll.b.&.3,
4 6 10 6 7 8 10 11
Months(ZOlO 2011)/H
2 N,

iR 222 0y TN BRIEZE AN IR 3 Z IR AT ARl T RE R 2R TN BIGETT 2857 B35 (P<0.05) o CK I Fert 433 R A HEXS B A AL AL 2R

The bars show standard errors of TN. Columns signed by different same letters indicated significant difference at 0.05 level among different months for TN.

CK and Fert indicate treatments with or without fertilization
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Figure 1 Dynamic changes in soil ammonium N(N,, ), nitrate N(N,;), and total N('TN) concentrations at different soil depth of paddy field
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Table 1 The vertical changes in mean N concentrations(mg* L") of NH; =N, NO;=N , and total nitrogen(TN) of

soil solution in different stages of paddy field

N JEA B Y Early rice( Apr—Jun) MRS Late rice(Jul-Oct) PH H ] Fallow(Nov—Mar)
N forms Depth/cm CK JitifE Fert CK JitifE Fert CK JtiHE Fert

NH;-N 15 0.091a 0.416a 0.141 1.311 0.056 0.188

30 0.093a 0.545a 0.166 0.905 0.160 0.196

60 0.121a 1.628ab 0.247 1.172 0.155 0.208

90 0.287b 3.775b 0.223 1.068 0.186 0.245

NO;-N 15 0.193 0.156 0.036 0.170 0.055 0.730

30 0.100 0.179 0.092 0.524 0.101 0.622

60 0.149 0.390 0.079 0.047 0.272 0.858

90 0.059 0.131 0.031 0.203 0.149 0.422

TN 15 0.615 1.612 0.785 2.051 0.490 1.337

30 0.593 1.824 1.062 1.935 0.736 1.235

60 0.806 3.487 1.010 1.553 1.074 1.694

90 0.848 4.647 1.026 1523 1.117 1.128
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The bars show standard errors of TP. Columns signed by different same letters indicate significant difference at 0.05 level among different months for TP.

CK and Fert indicate treatments with or without fertilization
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Figure 2 Dynamic changes in the concentrations of dissolved P(DP) and total P(TP =DP+OP, OP indicates organic P)

in soil solution at different depth of paddy field
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Table 2 The vertical changes in mean P concentrations(mg* L") of total P and dissolved inorganic P(DP) of soil solution

in different stages of paddy field

NIEA VREE R (4—6 ) MR (7—10 H) PREI(11—3 )
N forms Depth/cm CK JENE CK JENE CK JiAE
DP 15 0.016 0.024 0.023 0.030 0.012 0.026
30 0.015 0.022 0.023 0.028 0.014 0.020
60 0.016 0.022 0.021 0.026 0.012 0.016
90 0.017 0.025 0.019 0.041 0.017 0.029
TP 15 0.021 0.031 0.033 0.045 0.019 0.050
30 0.020 0.029 0.043 0.058 0.024 0.044
60 0.019 0.029 0.028 0.038 0.028 0.035
90 0.024 0.036 0.028 0.067 0.031 0.057
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JEE A S 2 o R s AR S 2R 1) R IR
PRI XU () ek il SR R B R Bray-1
P BRI P A S R Olsen 3 A1
0.01 mol L™ CaCl, 1 5 68 Sz BLAF 5 X A H 48 P 1)
IR RS

3 #ig
(1) 2 41 FH R]R 6 25 JE 2R BE , it N 2> I 25 314
TN BT R HH A= 338 NP IR URS: , e g 7Kk 2544

Xop e AN TR 0 3 N R RIE S B,
KRR (4—11 H)HKEMET N BRI L NH;-N

AR SCPEIAR XL 22 (R 3) 01X

AlRES CaCl—P MI5E

R3 BEITEARABRBERESRE 0~20 cm 3 71 LEERIREEEH Pearson TR

Table 3 The pearson correlation between phosphorus concentration in soil solution at different soil depths and three extractable

phosphorus contents of surface soil(0~20 ¢m)

A, MR (12—84F 3 H )N B9k L NOs-N

R 2 b T+ EVRRE T HORARSTHEHT Indexes of soil extractable P

P index in soil solution Soil depth/cm Brayl-P CaCl,—P Olsen—P
DpP 15 0.553* 0.027 0.409

30 0.556% 0.127 0.390

60 0.301 -0.151 0.203

90 0.254 0.015 0.069

TP 15 0.587% -0.034 0.295

30 0.187 -0.25 0.179

60 0.253 -0.446 0.114

90 -0.201 -0.222 -0.247

TE + FORMRHEIA RIS R (P<0.05) 5 #+ FR AN BIZE LR KF- (P<0.01) s DP 15 TP 4351135878 SV W b /K s A D LRI

N
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RAIMER F 2 IRV T R

FE. BRI 10—12 ARG P Akse i 1 A
B30T, AR 3 PR i R B, PR E S A
PR) FH 30 18 3 7K B[] W] A — R b AR R bk e 1)
XU o

(2)5 0.01 mol *L™" CaCl, ¥55 Olsen M H,
Bray—1 150056 9 - 8V A 5 o 8 o A A e Sz e
F5E XA HH b P sk o XU

B AL A R K DR SETE R A MRS AT B R
AR EE NS5 TGS 5 TVFZ2 AR, XA I3R FR
i
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