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The N variations of paddy fields and amounts of soil microorganisms in rice-duck

complex ecosystems
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Abstract; Research on N variations in field surface water and soils, rules of N uptakes of rice and amounts of soil
microorganisms in rice-duck ecosystem was conducted by field experiments. The results showed: (1) Compared with
conventional paddy fields, total nitrogen content in surface water and soils increased appreciably in rice-duck complex
ecosystem, and NH," content in the field surface water and soils and N uptake of rice increased significantly in rice-duck
complex ecosystem, meanwhile NO, content in the field surface water and soils scarcely any changed; (2) Rice-duck
complex ecosystem boosted significantly total N uptake of rice and 17. 8% higher than that of conventional paddy fields.
Correlation analysis revealed that the relation between N uptake of rice and NH, content was fitted with by a unitary
quadratic equation; (3) Rice-duck complex ecosystem could increase significantly soil microorganisms amount, in which

bacteria amount were largest, actinomyces amount took second and the fungi amount were least.
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%S 5BBASRENEMEYESR, CHEMTEH N IR F 243 N i — A aiE L
AAEFE, THL N 46 mEK N2 KRR NPT SR A N RHRE" %, BRAH,
ARRBETHAREZN EERRMBBALRR " RN AR N Rikge haga 2R, Ak
BIRE P N RS 2k, B — 2015 N REHEL FOKTER N MU, WIS AF TR H N it
RERGLI -5 B PSRRI AR AR

TEBEYRBHAESRAENERARNRS . TEREYEBHESREYRERTEENSEE,H
HBBEAERAEE LN HAESRENYRIER 5% ; DEBEYEL 2 HE YR AN S 588
ERRENERRSIMYRIES , BB KBHEREE, R HEE W EEE R,

ARG IR R R G R —FP A PRSP ES, B LUK B Y Bl R 0 RS R e S B
RESHMANTHRHSGENESESRE., MACKVIBBEERETERNEF AN RIFHNESR
R ART AT RE RS IR RS N R SIRARE & A s AL RS M 2, AR SCE I 1K 8 2o
RO R R G H AR SIASE AR T B MR A S BB TR, S B TP RIS E RGN, A
e TER AR R SR B RAE
1 HEE5FZE
1.1 R s 13

A M 2003 4F 5 F 2 2006 4F 9 ATEAEPRI AR RS IHIT. B4FS5 AR 9 AAMNEILER, 11
RERAES RO RMSEME, AB552006 425 A E 9 B#fT, LR EVENLE LHIIRIRETH
KL, $HE L IEE 20cm, T2 10em BHER)Z, 2006 45 5 F 30 W HFEANE S 47 : 4 N1. 09g/kg, &
P1.17g/kg, BHLJE 16. 76g/kg, AR 12. Img/kg, £485R 0. 52mg/kg, +3E pH{E 5 6.8,

1.2 st

RS R B 3E L ( Liangyoupeijiu. Oryza) ,B8F Ry AR BR§S ( Tadorna tadorna)
1.3 HEREREH
1.3.1 AWt

RIS E T 840 m”, 50 6 A/PX, B/NK 140 m*, 22 MEHE, — R AR ALH (CK) 5, 5B — 05 6
HAL3(RD) , Z/MXBEPLX AT ,3 KEE
1.3.2 HjaEH

PR ) e o e B P ( JR R ) 225kg/hm” , ZE /KRB A K AR R FRBIE . HR) P42 Bl VA 3R 30cm, 38 40cm, DL &
P8 TR K BBURE o /N IXIR] PR TR LD A I , 7B S, B IR AE K BB . LA 4 48 MIAR 2 4222 P i FE e LIRS , L Y
FEH0.6 ~0.8m, LIBTERkE . /KA LL FEARAT R , /X 3 AT K I (LI ALK TR 10cm) , 2006 4F 5
A 10 Bi&Fk,6 A 5 H&E, KREBEIG 10d B 15 ~20 HIRRAER, EHRW/DNR —BERE MW, LUER
TFORFEFNR A (G E o B LIRS ARS B SRR R R R PRSI R, oKL & W et , R E A R
EHK60.2% , 55X 27% , ) 2% 3Kk 4% M8 3% BEFREF51.3% , 68 1.2% , &3 0.3% , 557 1% ) ;
KRBT RERA(8 A 20) s+, et BRI RS AL F AR, b /ERE A R, KRBT HE LN
AT, M AL AR R A, HABIE Y 571/ X —2,

1.4 HBBHE R
1.4.1 HIEHBUEE

FEETR N ST S FURMEY: BRI 6 A 20 HiZ, &R 15d R—ikKH.

THERFHER 0 ~20em 3K+, 1B S, 2% B SLEG FEHATRTALEL; F] S0ml B FTESE , AR+ B /DO HliB S
AbHTE K , HEA 500ml £27K R H , 37 B 3% Bl Sk W 5E s AP T92 S MoK AR (BHERAR) , BERAR LT
BT RHE,BRES, WEMKIRAR.

1.4.2 HhFE
TIEAMSR S N &8, % H,50, + #ELFIFI¥ H,S0, + H, 0,16 4k-FIAstar5000 253 Sl S A AN E 5
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AKBES N, 33 BHBRSH 5 1L 1k -FTAstarS000 ¥ 45 I 3 T 51 407 X & 5 + 38 NH; \NO; & 2mol/L KCL % $2-
FIAstar5000 FE4E 3 SRS A & ™7 5 K BE NH, \NO; , i3 48 /5 H 4% b FTAstarS000 823 s 514347 X
WAE

TR R ARSI, AR R A H IR (Capek) HHE, MR ERFRARHE
B, MR E AR O R R R R

KEEBRE AR KRS RES TURENTRM,

RIS LE R NE R 3 WEE TR FRE SR EERER, RBHIE R A SPSS10. 0 #4443
3o
2 BERSSH
2.1 FEH;HEN BT
2.1.1 FBHIELENIEFL

HE 1 WA N, B A N SR 2B “ A s, G — B B BIEE, S
T, ZURIHATIR/ME, KRIER R EHE I, 40 RD + 384 N ¥E S A48 CK, 4b3 RD 3%
4 N FH#{E (0. 81 £0.13) g/kg, B2 FALHH CK((0.77 £0.12) g/kg) B9 105% o BEAL, KFEHCERAT 384 N
48 (RD,0.61 g/kg;CK,0.58 g/kg) (K HIEANK 1.09 g/kg, HEMT A, EKBLEFTH, WL+ HE
N&BERABE(p>0.05),
2.1.2 FEHTIEIH N L

M 2 T BEE T IR R, RS I NH, & 85REE TR, B 8 H 20 HAFTEF, BEJG TR, Eoik
BIABRARE . 7EKRERR T &H, 408 RD +3% NH, §E%8 TR H4H CK, WAbH RD A CK f+3
NH, & 8¥%TF 5 mg/kg, TV FHES 5N (8.62 +2.56) mg/kg, (7.40 = 1. 84) mg/kg; 4h 3 RD + 4 NH,
SRR CK 1 1.16 &, FEMTER, FLETE NI, SBEFRBE(p<0.01), SHEMELE N,
R, KRS E SR A K AL 38 NO; & B/ T3 NH, , HEPE 1 mg/kg LUF (18 2) , TFER S M
W, X5RERE, KEKBEEFRERPREUESSAERIEN" . EABAETH, Wb E 5
NO; &BITH Bk,

2 ORD BCK 16 ORD-NH;* B CK-NH;* @ RD-NO; 8 CK-NO;
1.0 o 141
e EI;
Zz = 0.8 réb p
&2 £ 10 H4
%E 0.6 z
= 2 ] )
Z 04 & 6H L ) )
o B 40 NI AN
<o 2 H . o . .
06-02 07-05 07-20 0805 0820  09-05 o L e Ll L L. I |
FI# Date 06-20  07-05 0720 0805 0820  09-05
’ H#1 Date

Bl EHEReNFRE
Fig. 1 Seasonal variations of soil total N in paddy fields

B2 FEHEIELHNETEL
Fig.2 Seasonal variations of soil inorganic N in paddy fields

2.2 FEHHEM®K N R4
2.2.1 FEHMEMmAL N

ARILEEE A2 N FE2UBREETARE, BE TG TRE (B 3) . KBETHN, L3 CK
HEKEe N SR FHE R (22.22 +7.19)mg/L, B4 RD HEKE N SEEBET 8.1% , HESTHEBN,
PAHAEAE N SEERAEE,
2.2.2 FEHHMWEAKIHL N 254k

FEH HTEKTCHL N ¥R E R LE 4, HEK NHS #EFE6 §20 HA 7 B 5 HEE , HALILIBIE
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fi6,JELL 8 A 20 HEAR, Fr6 A 20 H=H4ME CK HE /K NH, ¥R T AL RD 4b, HAt & WL, 4b 2
CK MK NH BT RS 42 RD, 7R HKHIE, 402 RD HE K NH; ¥ & 5 (3.27 £0.55)
mg/L, 0403 CK HEK NH, WEBERRE T 10.2% (p <0.05) , SHIEAK NH; HEM L, HEK NOS ¥
&Ry HEK NHY #ER) 1/7 ~1/6, BAEBA KRR E B SRR, 7 0.39 ~0.60mg/L, X Pi7EKHE
HEoKII , K TGHL N BLNH O 3, dL B MK 1e) R K NH, ROKRBHAR EZEITOHL N BFRIEZ—,

ORD-NH," 8 CK-NH4* @ RD-NO;™ 8 CK-NO;5~
aRD @CK

20 X
15 R RS ] R
10 [ Sh SR ] ]
5 b RS ] ] ]
1 e 1 o) 1 ] 1 ] |

07-05 07-20 08-05 08-20 06-20 07-05 07-20 08-05 08-20
H #} Date H# Date

=
S

T T
by
=3

HEKE N
Surface water TN (mg/
[
W
I
z
=
¥ JE Concentration (mg/L)
—_ [S8) (5]
[ [ (=) (=)
1T T 1T T T 1T 1T 1
- - - - - -H
TSR S
=
[T
N

P A
e ’
[

.. ]

B3 BWHEEKENFETEL B4 TBHEEALHNEZTEL

Fig.3 Seasonal variations of total N of surface water in paddy fields Fig.4 Seasonal variations of inorganic N of surface water in paddy fields

2.3 THH/KFEEEE N
2.3.1 FEH/KFBHEARS N 2 FoKTEME SR N 2284
B S vA, BABK RS TN S 876 H20 H 12 ORD BCK

HE RSB T I, S CK, S4BT o)

WHEREHIET RHLH RD mARBRKSRE, B g;é [k 3

KRESEFHARERFYERE N RD M 2%; 5 10 E O R YL

FEMIBR, AELRBE(p <0.05), SR o o R T
$ﬁ$§§ﬁ7ﬁ$ﬁﬁ%% N ﬁﬂ"ﬁ'ﬂ:ﬁﬂ% 1 F)]"/—T_\‘o W‘j 0 86-20 | O;-OS I O;-ZO I O;-OS | O;-ZO I 39-05 I

AEFREKREAER T N 52 A P L 358 R AD B CK 72 HA Date

8 A5 HIE N EATER, X RERFRERE, AR BS5 FEEKEHEES NBESHEL

A XIER , WAL B K FE AR R N BRI ZE K A B Fig.5  Seasonal variations of total N content of rice in paddy fields

. 543 CK A6, 4L 3 RD 784 WLI B 7K R HE A

% N 2¥5 T4 CK, 732 [ a3 CK 1 1.44,1.10,1.07,1.15,1. 32 {51 1. 18 £, FED B,
8 A20 H59 A5 H,FALHEKRMEKE N B2 B2, MAERMUNPHEZRARE,

F1 BHABEKRNE
Table 1 N uptake of rice in paddy fields (kg/hm?)

st H# Date BB NE
Treatments 06-05 06-20 07-05 07-20 08-05 08-20 09-05 Total N uptake
RD 0.2 229.7a 358.3a 470. 8a 490. 8a 614.3a 778.7a 778.5A
CK 0.2 160a 325.5a 440.6a 427.4a 464.6b 660. 8b 660.6B

[A—RARINE (KRB ) FRFERTES% (1% ) KELHBEZESR  Values in the same date in different treatments that do not contain the same
small (capital) letters are significantly different at the 5% (1% ) level

2.3.2 FBHABHKARETHELEEN £
MEETHBKFEERET N BRE(F£2) ,KREX N BRI LL 06-20 ~07-20 [ B &, KFEHEARTE 8
A 20 HETELRIR T 4 Rk 25089 N, 5 Ak N 859 70% L+, 78 07-20 ~08-20 B, KRS R N, 76 Bk
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N BRI RN MBS 8 3 20 FI AR, BIAKRS MEAT B2 S BB KA AR N B .3 5 T A,
HIXTFALEE CK, AL RD 768 20 HEIKRSTRICH N B G AL CK , RALHE CK i) 1.32 4% IeHkat , &b
H RD KRS BT N B @ 58 FALE CK 17.8% (p <0.01)

®2 BHABEKTREENREBENE
Table 2 Total N uptake of rice in different growth periods of rice in paddy fields

R B RD CK
Growth periods g8 N uptake(ke/hn?)  Hifl Proportion(% ) WRJE N uptake(kg/hm?)  Hfil Proportion(% )
06-05 ~06-20 229.5A 29.5 159.8A 24.2
06-20 ~07-20 241.1A 31.0 280.6B 42.5
07-20 ~08-20 143.5A 18.4 24B 3.6
08-20 ~09-05 164.4A 21.1 196.2B 29.7

Fl— BN ERRKEFHFERE 1% KFE LK EBEE  Values in the same growth period in different treatments that do not contain the same
capital letters are significantly different at the 1% level

2.4 TEHITEMEYHERN

B3 3 W I, A BE R A W B E R R BN B S BB RRBER U R —FR—TR;
T SR, 5403 CK 67 R T R SEAE L, 403 RD 2B B 2P BT, Rmt, BifpAL 2
A TP RUE MR /N D T > AR > Rl HESTEA, MBS MEYREN R BE LS
KF(p <0.05) , Bz AbHE CK, 403 RD H3RANR HAH HEEE 2 A0 T 963% \705% \262% 5 5715
Ab7E RD B9 3R F R 50E 0 BV R RY 57,1536 A%, AT UL A RS RS AL AE X 78 H IR R K,
BERERZ , ST B ER/ D

£3 BHIEREWHETH
Table 3 Amounts of soil microorganisms in different periods in paddy fields

H3H Date
15 H Items "
06-20 07-05 07-20 08-20
RD (%% Actinomyce 8.81 x10* 7.57 x 10* 1.27 x10° 9.67 x10°
E B Fungi 1.81 x 102 5.81 x10? 6.90 x 10% 4.50 x10*
41 Bacteria 2.70 x 10° 5.00 x 108 2.48 x 107 4.13 x107
CK B Actinomyce 1.25 x10* 3.93 x10* 6.81 x10* 5.85 x10*
BB Fungi 0.51 x 102 5.51 x10? 4.20 x10* 1.67 x10*
414 Bacteria 1.60 x 10° 2.16 x 108 2.18 x 108 2.91 x 108

3 itig
3.1 TEHEEHLN R4

Bro MG N AR TR R IE N i HIEA RS L™, S L3 NH, B3N, AARBRE,
PiAbEE 4 NH, Bt ARG BE RS, WG HE KN AR M HREREA R, 138 Ny R R
AWTIER, NH, R n , 5 b TKRBAEKEHX N ZRFREB/N, B NH, ELEPRERE, LY
(6 720 H) HB—IEH; )5 B FRBAKERRMR, Rk N 230, 488 NH; 28R, 5 758 AR
SR, B RV 138 NH, R RAKOE . EEE S RIE , iAE RE R £2 =i%E H K NH, ¥R B, [F 8
FTE 7K NH; ¥ REE N R TR . X BT NG, REREK ANy NH 3 EARRBE
6,7,8 Ay, BE R, BESERERMNE, FKES NH, SEDRKATBHRE,

B 2, & 4 7740, 4038 RD 38 5 HTE K NH, & &3 8Em T3 CK, X 55 & T8 1975 3F 5%,
TEIRE, — HRS B P62 0. 14 kg, 405 The 75 H EIRE 505 300 H, A —ZKREH 475 60d, Bk ffds
2520 kg, ATIRE HE N4 N 27.72 kg PV, [FR, B TROIE SHBE SR A S L, WM T KRB AR, HET
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TIREAERFCRNL, FARTH N 7L nas ; Rl T 2R A K W T3 NH, B0 sbah, B 1R T 3h
R T KR, B8 EH0E 285, T 1 5 Mk NH, &8>,

KBBRE, EKFRLEERFRE, REAERER, XEARBREN LBERNRIK, $H2E1E8
B NO; Mg A, BHEKAETE, THEE—E AR, EWE NH; Bk NO; B3P
NO; W& &EF, FHBEK NO, EERRFKM™ER NH, ESIL/ERTE R, B HE KW AER
B9, LR BAEE AT NO; /D, ARBHAATEHESHEK NO, BB, X EEREEK
BEAE B/ B, 3 N0, S BRI
3.2 KfEe NZL

k4, N ARG A B 38 N a4k, XBEKREX NH, BB IBCRET S, 18 + e N S8 TR
REMAG, £ BEKPRBESME, NH BENR @Y. GRS, HEK NH 235X, BHT
WAL OKRERIER AR T B4, B NH, FEaTRRHE T R, HEKe N SEREMK, X T43ERD,
B TR TR IA, DM AT KRS N 8848 CK B, X5 AMBIRgR—5">",
3.3 KRBT N B4R NH, BHE %k

H# 1 AN KRR N AT HNERREH M EFEE . X2 TFREIKBRARKS,
WURREAMRT , BEEKRBERKEZT KRN N MRIBUIMBR &, 3R 1.3 2 740, 4038 RD /KRS MR B IR N
BEEERTAH CK, X543 RD RAE LM N BRI THESAE X, WFRTHEITLIsE BN N G
3 R B T S A FE RS AR B0, A TR AR K RS AR 2 BE MR ARIE N, MK RS A KR A B 4R
BEVERD, T8 T /KRS N B>

Fd KBEKBNES TBRMETEK NH SEHAXE
Table4 Relationship between N uptake of rice (y) and NH, contents in soil (x,) or surface water (x,)

e + 3% NH," Soil NH,' HTEK NH,' Surface water NH,'
Treatments 75722, Equations *H%?Rﬁ r 75722, Equations *H%?Rﬁ T
Coefficient r Coefficient r
RD ¥ =0. 005x% -0. 0282x, +16.233 0.818 ** y=-0. 05x§ +0. 0061x, +3. 1672 0.508 *
CK y=6x10 - IOx% -0.0157x, +12.064 0.784 = y=-0. 005x§ +0. 0037x, +3. 863 0.819**

n=15, ro s =0.497, 1o o =0.623; n=18, ry o5 =0.456, ry oy =0. 575

XIPALEUK R N 2558 B SRR EET T, 4R AR N 25 NH 2—Jn KR
Ko WK r ETH,PI4LE RD KR N 85 138 HEK NH S8 2K BE KRB EFMX, RHAKBR
N H# 5 NH, s BA R A, X SR L SRR AR A3,
3.4 TEHITEBEYHENEL

TEBMEY R TR ROV E R MBS AR, 7 TR B DT IR LA R IR TG54
AR RS A IR RIS, N T LIS, A A T ek B R R
Ndayeyamiye 7l Cote HIBFST45 KM , M A VUL SRA HL-TCHUE TR 7 L4080 A AR W HE™
Nanda 7l Das BB 50K, M A HI-TCHUER I T AEHE" . XKLL RD +HEMAEYHER
ZRTAH CK, X R F NS T4 1574 2SI T 35r 0, e R A R0 T RAF 444 1eS, 17
H T SRR RS H HIR AR R A, A AT L IRE Yk B =
4 4Hig
4.1 SERREIEMH L, BIIERE E L8 HEKS N SE¥, T8 HEK NH, SERKHES NEBE
R, MR HEKNO; FEILHBAEL;
4.2 SERREML, BYEMERBERR T KBAR N &, B THARBE 17. 8% s LS B8R, K
% NES5NH, FBESTRTBEAXRR, ABESRBEHK,
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4.3 S5EAMEMEL, B EREERE LEMEYEE , HPARERE , BREAERZ, EFHED
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