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(RN A P R AR BRAE S SRR BT RCE I , AR R, WIEERIL 430070)

A BRI T RS RS AR TR A BL NCSON) B R e , Bt L HEE 90 B N FUKAEIR
N BESEHE, Z5RADT, (1) L4 SON SR 1 S LR T 4L N, Frb 4638 CK, RD A1 RF 48 SON FE4-51% 121. 16,
109.30 1 113.71 ke/hm? , B F-HHETGHU N o (2) £ SON 5 £ HEMWEHETGHL N B EARK (p <0.01) s TEAKRRA FAAIED, £
$9¢ SON 2 BB KRS 46 4 T MR IR o T8 0077 45 , Ab3B RD A RF -4 SON & it 3K T-AL T CK; 14 SON 5
KRB N 2 BE T (p <0.01) , RBKFEL KIRFULIE TH SON, (3)FE KR K AT, BIRASTE N # LR
K WAL AHL N(DON) RAGHIBIRA N R EEILA I, SE3H 5067 SR AR FALE CK,RF +4 SON fy T8 it 3%
FEA%, RD £ SON (TS BRI HFEAS. (4) KR 7 0IR], EHEMCE M0 B N TRUTHIAE L, BEAh , i IS A 4 O P 2
A% 5468 CK, 4L38 RD 71 RF 4865 (052% T £ MBN, [R5, i FoORRETUCR N FOU2k , +HEME 9k N 15448 SON R
W%, B2, TR KU, AT PEABL N SRR N BCE ST N 5 40 N SRR3R

ST SR S R VLA B NPT B N S8R K KRR N B 97t N TEbL N
XEHES:1000-0933(2009)05-2541-10 FRE4S3E:S181,5154.1,5314 THKARIRAD:A

Dynamics of soil soluble organic N in rice-duck and rice-fish ecosystems

LI Cheng-Fang, CAO Cou-Gui*, WANG Jing-Ping, ZHAN Ming, PAN Sheng-Gang
Key Lab of Crop Production, Physiology and Ecology Center of Agriculture Ministry, China, Huazhong Agricultural University, Wuhan 430070, China
Acta Ecologica Sinica 2009 ,29(5) ;2541 ~ 2550.

Abstract; Field experiments on dynamics of soil soluble organic N (SON) and correlations with soil microbial biomass N
(MBN) and N uptake of rice in rice-duck, rice-fish ecosystems in subtropical region of China were conducted from May to
September in 2007. The experimental field was divided into nine plots for three different treatments, and the three
experimental treatments were (1) conventional rice field (CK), (2) rice-duck ecosystem ( RD) and (3) rice-fish
ecosystem ( RF). The results showed that soil SON constituted a predominant reservoir of soluble N in paddy fields, and the
sizes of soil SON pools in CK, RD and RF were 121. 16, 109.30 and 113.71 kg N hm ?, respectively, higher than the
sizes of soil soluble inorganic N (SIN) pools in the corresponding treatments. During rice growth, SON was significantly
positively related to SIN; moreover, the content of SON decreased gradually along with rice growth. Due to the presence of
ducks and fish, the amounts of SON were significantly lower in RD and RF than in CK. The results also indicated SON was
significantly negatively related to N uptake of rice, which showed that rice growth strongly affected SON. In the forepart
periods of rice growth, contents of different formations of N all were the highest. Dissolved organic N (DON) was the main
formation of N in percolation water in paddy fields; moreover, statistical analysis indicated that compared to CK, RD
significantly decreased the leakage of SON and RF slightly decreased the leakage of SON. During rice growth, soil MBN

changed constantly, and the presence of ducks and fish significantly increased soil MBN ; moreover, due to N uptake of rice
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and N leaching, the soil MBN was not closely related to SON. In conclusion, soil SON was regulated by the interactions of

N uptake of rice plants, microbial uptake and decomposition, and leaching in paddy fields during rice growth.

Key Words: rice-fish, rice-duck ecosystems; soluble organic N; dissolved organic N; percolation water; N uptake of rice;

microbial biomass N; inorganic N

TN ZREWEREAEERNERTEZ " KY95% K+ N ZUANEREREEY . 5%
b 4 N R B R B ETTHL N, T A A HL N(SON) FEh — R 7EM N I8 % B 2.
BB 3 SON SRIETF R TR UTME, WRUB T, #2423, AR R AR 10 0 000 1 , AR 2R T8 2 0 A TG 22
i, 2R BAEA THRAAPUIESZD . 13 SON R K/ T RIAY, BIINE R AR RE
% M FRILAY, BIANE F 5 DNA FM- R E40R Y . B, Bro Bk W, 58 SON 24
EEHNFEZ—" R, BRTEMAAT TFREASRSE LR EEA LN SR 4R ShAs R
1E N JEA AL BF R EE D R AR K R H o BRI, TR A 52 5 FH 138 SON [ 3h 28 Kt 2k , v] i 20
FEH RS N 5%, 44508 H R G AE Y SRR E AN N BT FETS B3R IR AE

ARG R RER Y MER FEMN—FMARER, BA 1700 Z4ERHSRY . DIEEKSR 6N
FEMREHE A AEBRIE R, B — IR B KRR = A SRR s AR " ' A 58
A REHEM ERRERN —FMGEMALTX, IR C KA IEERFR LM EM AT
FL SR B AT RS A A A A5 R G I SON i A R 3R A% BRI i 0, R AR SGE i R
WHFE T a0 R AR S R S8 138 SON MghS AR, LS HIEMA Y& N FEYIR N BAE M, AR
FH AL B R HE T RS R A R EROR SR BE IR KR .
1 #R5HEE
1.1 A5 S g

AR T 2007 45 A 2 9 ATERP R KRR ARG HT . LR 13ENE ML E TR LKER
KRG L, #HE L HEE 20 om, T2 10 em EHBYR)Z ; 1T KA EFHRIEAE LS m DIF o HEAE RN : 2
N1.09 g/kg, 4= P1.17 g/kg, HHLIE 16.76 g/keg, AR 12. 1 mg/ke, 845R 0.52 mg/kg, +3E pH (HF 6.8, 1
HRE 1.18 g/em’,
1.2 A5sret

Hr R SRR BOLES JUL( Oryza sativa L. ) ,B8F A HuFRTS ( Tadorna ) , 1l £ ( Carassius auratus gibelio)
1.3 HEEEIES
1.3.1 &#%ikit

A6 FH R 1260 m” , FE 4R 9 A/NX, 3 20 em , 3 FISRHIE B, B /DX TE A 140 m® (10 m x
14 m), 33 PMAEE: —HAFRAEFTMAHE(CK) ; — 6 R 20 H 4L (RD, LI A WS SR 450 2R
JIARUE) s ZHHSR 200 SkE 40 HE (RF, LIS A WSS 15000 S8 hniE) . &KX ART,3 KE
5o e Y A g K eI, 50 — ik DR K A,
1.3.2 HEEH

5 H 25 H H[E#E A TR H G 4d FHSEAL (JRE) 225kg N/hm® , ZE /KRS K H R R BB AR, 5 A 31
HE B ,9 H 8 H Bzl

/INIX. i) P8 A A P 38, 7 b R, B AR B K BB . FH [B) FFAZ A, T 30 om FE 40 em, X FFRAA/NX,
TRFW(6 A 14 H) A 200 BEE (KL S5 em) , I+ 8 H 20 H Y[, 57 8] H B K 455576 8 om 3R 7E
TR A B R X T IR AT, /N L 4 35 HKE JE 248 22 Wi F g LB , EEL ) 7 224 0.6 ~ 0.8 m, AR
MERETE o KA LATEARATHRAG , &/ AT ER K ( TV AL K RAERFAE S em) . FKFERBRRIGE A6 B
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HERS o TEFRRG/INX —FA ¥R E —TSH , AGERS T pRAE AR & (L H A9 9 Bl 1k ARDRHZE A RS H S Ak AR ; R
HR R ARG IERE, Kb A AR, EEANS N TEK 60.2% , 5K 27% , #k 2% 35K 4% K1 3% , BEER S
¥51.3% , 43 1.2% , & 0.3% , B30 1% ) ;76 8 A 20 WS 1, e A5 A FEBL. kAT, %
WUNK BRI AN SR, HoAt R Z 43 5 SR g R d /N X — B

A5 A2 M PR BRI E T AR R AR @ 1 4 , RGBT K R 8 9l 3 AR R R R A KRS A
Mo AT ELFHTEARFEMNFT , ERIBPITR HERE AR NMKRE, Friit TAB TR HEAER (S A 24
B AN BT PVC BB TR TR E R B REB RKH K N &k, PVC BB
1220 em, 1K 90 cm, JIRFREH , FFAERRRHR 20 em ZE MR L 10 em PI5IHT 3 HEALAED 5 mm HBK /)
L, HAMNHERHZD W Z NG BB K/ NLEAE , LAERRIRIEREAE P G, 58 —HELIER )22 40em,
B 11 FH 6] 2 J2 /K R B BE B 3B, 76268 — HEFLEE ML SR 30em JRAL , Wy BT AMEE DU T, I BE , 28 b — i S RH
JE, K [ SME 2 20em, SR JE 7R BRI+, PVC E HR T 13K 20 cm, L% HTE K
WE,E O PR —E S, YR Ik HEAER(E 1),

N~————

+3% 7 Soil surface

HHEE 5RURE { il Plastic pellicle

Plow layer and plow pan, 30 cm
} 10 cm

20 cm
—

Bl PVC BN ERE
Fig.1 PVC lysimeter setting sketch

£ FLIX Porous zone: 10 cm -{

MHAXBINE LIRS W kT8 . 85— PVCEHZ 20 om A+ £ EHEFLIE +1E%
T4 40 em, JF LUK HA RN B — PVC BRTREMBIRKER AR EN—1 30 cm HR(40/2 +20/2) K
Bk 40 om FREREERIR TIRFTSTER B IR R, A IR & LRI B E ML . RIEEHERIA AR
K (473 xmw xa xb*,a s, b JKA) THE B 2L WERAABTR 0. 01885 m*, WIEAIN 1 hm® 40 em JE+ )2
A 212206. 6 MEMEERIA, MR BHARBIRE.

1.3.3 +ENH AR

I K P AR R SR vk KRS £ N LR . R MEKAET (S A 23 B) iR KRS 1(0 ~
20 em %) BEEHLICEE RS . 45 10 g B8E HREALE N 0. 95 mg(JRE , 424 F A MLk N 225 kg/hm’) , 3
BTG S EATRSA 100 ml B0, K 20 ml, i + 2R 2R &, 3 RE T, BRI E S, by kLA E
R R o HhE S HIE T 40°C fEIR 3% R4 5% 101d, 7655 0.1.2.3.5.7.10,15.,20.,30.45.60.90.,
101 RBEHLEH 4 N 0E , BB OB A 30 ml 2.5 mol/L ) KC1 AR HL, ¥k 1 h, i3 U8, WHEW 5 ml
Mi%E NO, FINH, . 13 N gL ENEEFATE LI N &(NO, + NH, ) Z1{E,

1.4 H[E Bk
1.4.1 e Bk

KRR STE 5 SRAE:, LA HEMRFERUKAEE(HEK 5B H/K) REN6 A1 B, BR7~9d k1

WHE, EFERBHMEZ 0 ~20 em R 4, 1RS), 35 A1 S50 28 9647 HiT A0 2 - BOHR 438 6 1 338 A LA 2 3 oML N
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(NH, 1 NO; ) # 4+ E7E 2R T 52 &R T BFBE -5 100 B, AgkT4 NWE ., F 7125 Mok
WOAFERR)  EER A L3, M THE, BRRS, WEHAS N B, 850 ml ERENS, A3 L2,
FHECH 7K, A 250 ml 487K PVC 4 iRk s B 5 EEAB /LS (B 18 BK A & S B EE A T
BZEW) , MEBRA, AHAE 2 m KK R 50 ml BRSO KEELI M, RIS KA T g
TKBESRAE S5 ST B %6 8] 5236 28 HEAT 4047 o
1.4.2 JEDE RAHIT

(1) 3 NO; \NH, A9 E4: N(TSN) A A HLA ( SON)

+3% NO; \NH,” 1 TSN } 10 g #rff + £ A 50 ml 2 mol/L KCl $z % #%, +3%E NO, I NH, R H
FIAstarS000 3 £2 330 7 500 e ', 138 TSN R JF 6t i R 460 1o R 9 #L-FTAstar5000 3% 42 i 0 7 5
primE" .

14 SON Hi 1-3% TSN AFGHL N(SIN,NO; +NH, ) &> 2£80% SON [,

(2) HIEAMIRAE N

TR RS N BRI H,S0, + LI A% H,S0, + HCIO, I 1k-FIAstar5000 3% 423 3h v 4 2 Hr il
et

KA N B HKFES N BES TYRENFR.

(3) 7k NO; \NH, 3 N FiyfigtiA#l N(DON)

TKBENO; B SR FIERAMM BB BEIIE , KRE NH, 5B R FIK BRI R BR A HL s , KRR B N
B A ET B ER AR EAL- At

K#E DON 7K #E & N FIEHL N(NO; + NH, ) #2228 DON &£,

RIS R LRI K 3 REE FHME S5z Rk En IR HWE R H SPSS10. 0 B4 4it 4 #r .
2 4R

2.1 SIN #1 SON —o—CK-SIN —+— RD-SIN —o— RF-SIN

I 2 T R A AL N S R Bk O T R RO
RS o BERGIEIR A THRIFAE 3d RS BIRAM o | B © oz
(6 A1 R),HEBHIEMIIE PARRTRE B ZE, g
BHET (8 A 20 B)JR U BTEITE. KR KM, +2 | |4 WO I
AbFE RD 1 RF +3EToHL N {E 45k (11.34 £6.90) PN B R @

0
05-29 06-09 06-24 07-08 07-23 08-06 08-20 09-07
8-

mg/kg FI(11.19 +7.42) mg/kg, Z4bFE CK [ 1. 08 £%5 06-01 06-16 07-01 07-15 07-30 08-13 08-27
(p<0.01)F11.07 f% (p<0.05), E2iE8xRTHH R B Sampling date

13 SON W3h 57281k, BH)5 , SON T 3 fn it ik 2 B2 AEHEHETAHL N K SON fshAAs L
BRAE, WG B8 AR, 76 IR B A Bl B /IME . 7EKFS Fig.2 Variations of SIN and SON in paddy soils

A KA E], CK 438 SON SE354 & 7 (51. 25 £10. 35)
mg/kg, AL 3 RD ((44.60 +9.78) mg/kg) Fil RF ((47.23 £10.34) mg/kg) 9 1.11 (p <0.01)F11.07 (p<
0.05) 1%,
2.2 KFE®NE

M3 AT, KA N B BE K R A K T W R, E MO I SR B B KB, Ab ¥ CK KRS N &8
219. 85 kg N/hm’ , B K T-4b 3 RD(273.65 kg N/hm®) 1 20% (p <0.01) F1 RF(294. 22 kg N/hm”) f#] 25%
(p<0.01),
2.3 BRAAFRESN

WK 4 B, KRS FHE , A5 K )E , BIR7K DON &8 HE T 3 57 Bl ik B e (H , Bl G FEAR , FF 185
BARME. A CK B ¥7K DON P35 84 (3.06 £1.19) mg/L, & T4 RD f#(3.05 +1.44) mg/L (p >
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0.05)F1 RF f(2.79 1. 18) mg/L(p <0.05), 5%
Js7K DON 2640, 27K NH,, NO; il TN & EH27E
FE V7K JE SL B IR Bl KM, B R R TR . &b
8 CK NH; E¥&85(0.21 £0. 14) mg/L, B &5 TFhb
H RD f(0.21 +0.15) mg/L Fl RF [§(0.20 0. 12)
meg/L, Ti4bH CK NO; Fl TN f9¥E 451K (2. 19 +
1.91)mg/L FI(5.49 £2.82) mg/L, B2 5 T A3 RD

w
(o]
(=

[N
o3}
(=]

2

—
[se]
(=]

N
(=]

KA N
N uptake of rice (kg N-hm™2)

)6-01 06-16 07-01 07-15 07-30 08-13 08-27

-40
06-09 06-24 07-08 07-23 08-06 08-20 09-07
((1.94£1.96) 5(5.21 £2.78) mg/L) 5 13% (p < T S e
0.01)F1 5% (p <0.05) , & RF ((2.11 £1.97) mg/L 55
(5.10 £2.69) mg/L) 4% (p<0.1)F8% (p< HI3 KRR N B2
0 01) Fig.3 Variations of cumulative N uptake of rice
OcCK B RD

BIRKNHS"
Percolation water
NH,* (mg-L™)
BIRKNO;*
Percolation water
NOs* (mg:L™)

0 iR 0 : i
06-01 06- 16 07-01 07-15 07-30 08-13 08-27 06-01 06-16 07-01 07 15 07-30 08-13 08- 27
06-09 06-24 07-08 07-23 08-06 08-20 09-07 06-09 06-24 07-08 07-23 08-06 08-20 09-07
H 1 Sampling date H 1 Sampling date

HEN
Percolation water
TN(mg-L™)

BIR7AKSON
Percolation water
SON (mg-L™)

0
_2 06-01 06-16 07-01 07-15 07-30 08-13 08-27
06 09 06 24 07 08 07- 23 08- 06 08-20 09 07 06-09 06-24 07-08 07-23 08-06 08-20 09-07

H 1 Sampling date H 1 Sampling date

K4 FEHBRASDSBE N K3hEEL
Fig.4 Variations of different formation N in percolation water in paddy fields
2.4 TEERAYEN
B S ofEH LAY B N s S22 LA,

KFEBRE 16d, HIEMAYE N RBEA R, FEEHR -

Jflf (CK,26. 15 mg/kg; RD,28. 31 mg/kg; RF,28. 78 @é‘ﬂ

mg/kg) ; BlJE T K& I 48 T 5% 72 LB, B B B 7 %%

MBS BT LA, AbFE CK + ik N F RD B2

A RF, 4038 CK + SR/ N 398 (20,86 £4.88) % D[ . .
mg/kg, J& RD ((22. 68 +4.57) mg/kg) ) 92% (p < O 600 0624 07.08 0723 08.05 0820 0907
0.05) I RF ((22.40 +4.85) mg/kg) 1 93% (p < HH Sampling date

0.05). IS RRE LSRR N S

3 e Fig.5 Variations of soil MBN in paddy fields

3.1 #HH 1% SON J#

ERAMDFFEMSE T 139 SON i, ¥ H 5 H3ETRHL N FEEATELER ™™ ZE—s 4, +35 SON FEim K T
FoHL N 2, R 30242 1 1+ 398 SON 2 H e e ki N Y | RIRHE A I ZEDFFE AR S R G N JEFRA R
# e+ 4 SON'! B %W, 3% SON BAFH T F B v N (B 2 £ 1) & 2 7750, kb2
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CK, RD #1 RF 13 SON ¥ & &K 44.60 ~51.25 mg/kg, = HIETCHL N 1) 4. 08 ~4.91 £5, WIEHEZ (0
~20 em) [ HIEATE(1.18 g/em®) , 4bFH CK, RD 1 RF 13 SON FE k& &4 5k 121. 16, 109. 25 FI
113.71 kg/hm” | H K F 138 NH, 1 NO; MG E (K1), Ik, 3% SON (5 TSN i EUE 81% ~83% ,
RTAHLN 55 TSN LAER 4 ~5 £5; [FIET, 138 SON &5 TN LAWK FHL N &5 TN HfE., EAXS 13 SON
HIAL A0 R AT (B 45 SR B 13 SON 248 W 3% F B miE N &,

H2 1 3R A] A1, 4b 3 RD #1 RF 133 SON EZALHE CK #90.9 (p <0.01) #10.94 % (p <0.05) ; [F]Ht4b 3
RD #il RF 13 TSN FE K FA3E CK, 25 R % B, b3 RD 1 RF BEF%Ik 115 SON F1 TSN &, F b/ T + 1%
FI¥EPE N RS TEMR R

*1 FBHIBEREFSNE
Table 1 Different formations of N pools in paddy soils

NH; & NO; #t SON ## TSN TN
gt Amounts Amounts Amounts Amounts Amounts SIN/TSN SON/TSN SON/TN SIN/TN
Treatments of NH,; of NO; of SON of TSN of TN (%) (%) (%) /%
(kg/hm?)  (kg/hm?)  (ke/hm’)  (kg/hm?)  (kg/hm’)
CK 19.11a 5.58a 121.16a 145. 86a 1840. 06a 17 83 6.6 1.3
RD 20.64b 6.11b 109.25b 135.08b 1958.02a 20 81 5.6 1.4
RF 20.24b 5.59a 113.71b 140. 46b 1934.43a 18 81 5.9 1.3

[Fl—F AR R RTE 5% K F L F A B Common letters in a column are not significantly different at the 5% level

3.2 14 SON 57K N 2K
TEFEEF B AR AR F B RS, N M5 1L

SRR T o v W JE A B N BT R, B B 40 2 LR SON SRR N RfEXE

Table 2 Linear correlations between SON and N uptake of rice

SON HH: BRI AT N R 2 [ 2 FE 3 o -

%%Eyi s 7](%"& N %pﬁ 7]( ﬁi’élif: %%?ﬁﬂ%ﬁ% , mt Treatments Correlation coefficients, n =42
19 SON WM B 5 [F] Bif , 2R 4047 %, 7K AR cK ~0.703*
W% N 5 SON 2 B 3 fiffi 6 (£ 2) , KUK RE & D -0 747

RF -0.736**

“ % % ”p<0.01 The represents a significant level at 1%

KIRZU KN +3% SON,

3 BAMEHIIENRWT LA RE, HIENK
B AL R BB [E) T SR W1 0, 72 101d 3K BB A ME, (33,10 £3.94) mg/kg, RIERTH LR E 1. 18 g/em’, i
B N B 48K 78. 12kg N /hm® , [R]EsF, & 3 ] %1, 4b38 CK RD F1 RF 3% N &% 219.85,273. 65 kg N/hm” F
294.82 kg N/hm” , Jt K F B N b &, 45 RFH T KA KA, £ N 05 b BEw kBRI E KT
3R, AR 4 9 SON oK R ATRHh 1398 N BR o SRT, B THLZ "N /R ER R, SON X 7K A% i 5T ik 2
AT o B, KTIKFEXS SON RSt Ko i SON k27 2H A 75 it — 2 IR 5% o

*3 EBHIBNTWK
Table 3 N mineralization of paddy soils

i 8] Time(d
i H Items )

1 2 3 5 7 10 15 20 30 45 60 90 101
TR 7.60 11.98 14.16 14.89 15.34 19.42 26.56 28.53 29.00 30.73 31.94 32.90 33.10
Mineral-N production( mg/kg)
FrvfEZ St. D 3.48 2.68 2.39 2.10 7.56 5.98 2.76 4.20 1.50 1.70 2.92 3.67 3.9

3.3 F%H 14 SON A2k
THOEBE AV N AT 2BV N B E R AR T N B2, prRRmi, L5
SON & H3EA YR LS FE P A TE A HL N FITGHL N B sk ) 0 SIEHl N @ & sy ok, + 5%
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SON ¥4 5 NH," MiR&Ai%; 2 ToHL N #40m, 13 SON #4k 0 NH, By R (K. ABDFFEHE i, 14 SON 5L
NZEEZEREFEEMK(EKAS), RWLEHHL N 200 13 SON B EERRZ —, X5 Chen Ml Xu KIRE
_ﬁ[24] .

R 2 AT ZEK AR AR B MR ALS 3 TOHL NSRBI KAE , BEJG f1 T N SR R4 49 WS e T 28 8 A1 o
BT IR N A B REAR, BUE R4+ SON B s by NH, 5 R K REMBUE W% SON [,k +
1€ SON & Bk, 7ERFHIINY , 135 SON & Bk B (g, HFF W 6EA 3 o F—, REMEMRF T L
HE SON S &7 385 =  RFe R WA, AR T2+ 48 SON B BRIES ™ , N ZE KRR A0 , o F1E sk
AR AR T 7 A2 B SONG B8 =, |l TR HN K , RSP AU st s, ISR AR M M i 3 2 T K&
SON'*!, 7EAgS REAILEWI(6 A 16 H ~8 420 H), 148 SON & &AL T, X S/AREMUCA 6. 7ELRH,
KFERRABRR, LIRABERAAN R, # SON F4Lh HIRTCHL N, [lE, EKFEXT SON # Bk, B ik
SON & &K T . MAMANIRG, b TABEHET, SON & BRIk B8 f/ME, X2 H B HF38+
HREREA , TIEAT U BRI AN, % SON Fy ik , Btk SON & & REAIK

FAXT 5402 CK, 4L 3 RD #1 RF B2 2 & FEAR 1%

SON &, HJFH T fe 5 M A ER K. AUIRE #4 11 SON 5EHLN fE%H

B #ERS A4 N 11. Og/kg[m SBIEST, —HEH Table 4 Linear correlations between SON and SIN
S'F‘ﬂgfzﬁ};ﬁ 0- 14kg,mux¢ﬂ:ﬁﬁ%§ Eﬂ%qﬂ% 30 /I:{ ’ E_. Treijt:r}ints Correl;?fifécients
ZE KA H P AR 7 66d , HoHE H 3 276. 8kg, F] X FF H = PP
HEINSE N 3. 04kg; [RF, XF T RF, fa fFEfE , (75 + 4% RD 0.726**

N AR S A S A R RF 0.675*

L7} Jﬁﬁgi%{,ﬁi%ﬁﬁiﬁgm , i%ﬁﬁi%;{j‘ SON #J * %p<0.01 Significant level at 1% ,n =42
W R AR 15 SON & BEFER . bab, 78 i fa Bk
T2, SRR A A A K 10 R T R B AELA B A %t + 4 N (f2E SON) Mz lic, &
BUKFEXT 38 N I i, SON & & FEK.
3.4 11 SON fikse

M 4 7EH FEKREE TS, B iRk DON ¥REE &R, NO, IR, NH," Bfik; AR 5 fis, 58K
KARRIER N & &AL #I L, DON ik & & K, NO; KZ,NH, H1K; DON [k &2 NO; )
1.22 ~1.36 % ,NH, #712.21 ~13.33 f%, XIESL TSERTHIBISE, B DON 2F5H N Z ZEKmkEEE,
HEBRRE 3d W, BIRKSTEE N §RAGKBIEE, W5 TRE, X SR MEHEKE X, TFREH,
JEfE3R 8 13 NO, ,NH,” #1 TN &, HI4RE T8k + NO; ,NH, fl TN &), %t F DON, 7%
R IR A 7K 325 T 3% SON & 8177 R ek B 9 SON i FH T /K ¥ - S T T b 2k o

%5 RH A, A0 CK Bk H DON 484 (3.06 £1.19) mg/L, & F4b3 RD #1 RF; [F]At4b ¥ CK DON
HIk e B2 3. 20 kg/hm? , 2403 RD Hil RF DON {2 B/ 1.01 (p>0.05) F11.09 4% (p <0.01) , 53X B
TAEXS FALHE CK, A5 M /R AR B & RN 158 SON fy 2k , Ags /R gy f# A1k 3% SON [ Rk
3.5 HIERUEYE N ZhA K5 11 SON MAHe

Bl 5 AR EAEH HRMAEYE N MshSii%, FTUES 3 MEEM HEMAEYE N G EH
FIELEE . BUKREB RS AT 2 R () , A& N B —E 3sm, BE KBAE K, MAEYE N &
Wi, 87 15 B, RIEPRHAEDEN HE6 H 16 HM69% (CK) 67% (RD)F164% (RF);%|8 H 20
H, LA wE NG, 57 A 15 HAHH, CK.RD fl RF 251300 T 11% 37% F140% . & A& H+
BAYE N fEE TR R REE KR A KR IR T B, 76 S B [0 A J B8 T R R K R R AE 0 AR
KEFWER, BB 1 ME 3 o5, BRE 2 B KBEELFES, KERRE TR, A KKEE, X 5
FROHIIRBE 155, BRI A T A M A ) AME BB, KRR TSR 2 25 B N A
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FEBRBEREUR IR ORI IR R N TR . FEK R I I IR, B KRR A K R
TR R AR, 3t T ER AR AR AR RO R KA i S AR R 20 (Y BE T3 58 , SRR W s S AR A i
R RUEAE FRRES , A BRI SRR B B TR X 5HFEE N RSER—
P, 8 420 AJE, AKREAL TR K AEIR R A KGR, 5 B3 A W M 3R 40 e VR FRRES , R e )
REAPrE T, H e Sy N AR, &S5 Em A, RD 5 RF HIRMAEYE N SBEER T CK,X
SRS F R TR Ko B F A TG P SR T H 53R 05 A W O PR T RAF SR M
LA, B 04 7 Bh RE BB AR AR IR I R B IR R N AR
B

*5 WHEESNBEHE
Table 5 N leakages in paddy fields

miH PR ) 06-01 ~06-16 06-16 ~08-20 08-20 ~09-07 AR AL
Ttems Mean concentrations (kg N/hn?) (kg N/hm ) ( kg N/hn?) Total leakiges

(mg/L) ( kg/hm?)
NH; CK 0.21 +0.14* 0.12 0.10 0.02 0.24
RD 0.21 £0.15* 0.13 0.10 0.02 0.25
RF 0.20 +0.12* 0.11 0.11 0.02 0.24
NO; CK 2.19 +1.91* 1.46 0.77 0.25 2.48
RD 1.94 +1.96° 1.49 0.61 0.22 2.32
RF 2.11 £1.97* 1.38 0.74 0.28 2.40
DON CK 3.06 +1.19* 1.15 1.69 0.36 3.20
RD 3.05 +1.44* 0.95 1.99 0.22 3.16
RF 2.79 £1.18> 0.99 1.75 0.19 2.93

[a]—3 AR 6] P FORTE 5% KF F2ZFHAEZE  Common letters in a column are not significantly different at the 5% level

Tl A Wy e AR S K A LA 5 P it AR SR A AL 5, INR R PR R AN, F A R S AL & W AT
B, H, B R N R EIREE A N R — R E I N R, M0 M BOR i, SON
BRI S T M3 PBE T, K SON BB, itk , 30 & N 55 SON AR o SR, BFF & A,
TEZK RS, T3 A Y8 N 5 SON A . XAl RE-S/K MR N kR A K. TEKREA KA, BT
IKAEMCES T N R B, DR A B N BN, 1 SON & B B # A% ; 7EAS NS A5 A3t EH, KRS N
REJIHERR, 320 SON MU E Y& N Rl FRAI ; 7E B , KRS RS , (675 SON MR Y& N 3 hin.

W B BA, ZEKAE AR AT , KA s T A A ) A A R, 38 SON 23 A W RO N bk SR M 5
FERGRE RS VR, K RERE AR AR N RE J7 451 T 1398 SON & B /K7 76 LB , K RE IR I 55, A 45 )
Ft, g 138 SON FZZ A AW OOz o BRI, ZE/K RS AR 1 3 8], A5 F 3 mT A PEA AL N 2ok Aol st
A S A N R B3 R A
4 it

(1) L3 SON J27s H 3 FZ M A ¥ N

(2) FE/K A K3, 135 SON 5 H3ETHL N B IEAHSE, 5KRER N & 83 7K i TR N Al N
WK, 13 SON 5 AV BAHRK

(3) H THE AN BAFTE , AR TALEE CK, 4028 RD I RF B3 AR T L4% SON & &

(4) KR KHT, BIR/KATEAS N & B ; DON 278 B /K 89 12 N B 106 T % A1, A
LV RE B2 AR 1% SON BBtk , RERS LA NS R fik 139 SON R Bk .

(5) & H -39 SON 27K AR M AR Wi 5 3 A0 N itk B 3L [RIPE A o
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