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The dynamics and availability of soil fixed ammonium in rice-duck complex

ecosystems
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Abstract: Field experiments on dynamics and availability of soil fixed ammonium in rice-duck ecosystems and its
influencing factors were conducted from May to September in 2007. The results showed that during rice growth fixed
ammonium changed constantly in paddy soils, and application of fertilizer could promote fixation of ammonium while rice
growth boosted the release of fixed ammonium. Further, during rice growth, recently fixed ammonium was almost completely
released,, while native fixed ammonium was not released. Compared to conventional rice field ( CK), rice-duck complex
ecosystem (RD) could significantly increase fixed ammonium content; moreover, the mean content of fixed ammonium in
RD was (103.25 +19. 15) mg/kg, 7% higher than that in CK. Close correlations existed between soil exchangeable
NH, , pH and fixed ammonium at the significant differences of 1% level. Soil temperature (at 5cm depth) was not
associated with soil fixed ammonium. Soil fixed ammonium was positively related to > 0. 2mm sand at the significant
differences of 5% and negatively related to <0.002mm clay at the significant differences of 1% level, and not associated
with 0.02 —0.2mm and 0. 002 —0. 02mm particles.
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88 N RR4ERI A 32 IR N R ARSI EEEER  Hh gy wEE 5E
ERENBHEE W LIEN RENWEERASRZ —, BESEREHEBRMRREE2:1 2 L7592
1G] LA S48 J2 16 £ o IR B R WL LB 4, B R B — M EERR . AEHMBIRAEY, AR
5 H X R T B e R B & AFER P s ey, KRR AR TR A B R E E A% S 5 1 EMEY K
HRTR, AR A R S E TR RRBRAARHET ", BT, LIt eion b K B A e
HIBMZELE R, GIINMGEIE, A L m i 7 0, EHE— PR RS B X i
5B ESSHBA, TR T RS A R N REOAERCRE I A B ARSI AE

FERE ARG R —FIE AR BRI AR, B LUK B 200 BRSO ol RSB 7% 4% S B
RAEBFMANTRHEANEARERRE. MAERVUBBEERERRENS TR BIFHAERN
SR SR T B R TG E4E T A H AS O AT B 5T i ok IR , AR SCE Ao R Be v R L A
BRGFEEREN & E XA EME N L EEE &S ENE R AT, S AT BN ERGEN AR
BN, RS FERS SAEBOR R ALK
1 #R5HA®
1.1 e s 3%

AR5 M 2003 4F 5 B EEEP R KFRBRGHT, 2450 Sa. BES AE9 A ATENILES,9 A
FRAE S BYAEERR . APFFER 2007 4£ 5 A E 9 AT, SRS NE B+ HIT
BRYRBHKTEL, B2 1IEE 20cm, T2 10em BHE)RZ, 1IERIER: 2 N1.09g/kg, £ P 1. 17¢/kg, F
PLJE 16. 76g/ kg , iEAR 12. Img/ kg, 38 He 4% 0. 52mg/kg, +3E pH {H 6. 8; T 3E i1 :2 ~0.2mm 4.4% ,0.2 ~
0.02mm 63.3%, 0.02 ~0.002mm 27.1% , <0.002mm 5.2% ;%5 +5"4) . K =8k 68.6% ,1% 6 13.1% , HEH
18.3%,

1.2 e

TR R B IL( Oryza sativa L. ) ,B8F g A RRHS ( Tadorna )
1.3 HEREIEHE
1.3.1 Rt

R F R 840m” , FIHIE AN K 6 /N X, SR 200m, 37 F BURHE A BE, B/ X E K 140m’ (10 m x 14
m), 82 MEHEL A, AREES (CK) s 482, 5HS 6 H (RD, IE AR FE 450 KBS hinn) , £/NXFEHLX
Wik, 3 WEE , K% H A K REE , A -k Ok,

1.3.2 HEEH

5 A 25 H HAR#MEFTREE 4d RIGRE(RE)225kg N/hm” , KR4 K BRI A FBIE, 2007 4F
5 B 10 H¥&Fk,5 A 31 BB ,9 A 8 Bk,

HH ) FF 42 BBl VA 3R 30em ., 5 40cm , USRS F 187K B BURE, /) X [0 A U R 0 A R 38, A 3 JEE , o A A K B
Wo LLATEHMBB L 22 My MR ER, BIMEE R 0.6 ~0.8m, LB gkt, KRB FEEITRE, BT
26.65cm, 17 16. 65cm, F/NXHFATRAKWETE (LMWK EE 10em) , KEEBRGENABA6 R 15 Bk
BISENS . TEFRG/NX — V& E — RS0 , LGRS - pR AR (3 B B O B I RDsHE AR A SRR AR B
HES IR 60g/d, RV AR R AXSIERL, BoKAL A W iEDEE N 5 825 13. 08g/kg, EE A /3 A E K 60.2% , 5
27% , ¥y 2% ,3EH 4% 8K 3% B A5 1.3% , A8 1.2% , BE: 0.3% ,%5m#| 1% ) ;76 8 B 20 HILHS
T, AR St E A R R AR . EAKRAETHEI/DX RS, KA 570/ X
—3, WS BRIE, ZE Delta-T Logger TN, BB/t B SR LR (Sem BLZ) o
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1.4 HRIBURE R AT 3k
1.4.1 HajBUEE

S H S RAEERIEE S 1(0 ~20em) , BT, 3% 18] S2H 35 HEATRT AL B ; BB 43 e 33 P LA 5 L4
L NH, B RA HEAEEE T2 RT, B2 5 1 mm,20 A1 100 B, 347 H X5 BIE,
KEEAHE 6 A1 HZE9 A7 H, S 7 ~9d R 1 Wk,
1.4.2 AMiFE

T E A B A Silva-Bremmer WU ™ 5 + A WL 0 E 4 BRFTIMBEE DI 2 s LA H M NH, R
2mol/1 KCl {2 #2-FIAstarS000 34N sk 5 A7 A0 2 P s AU BUR R B ™ s +3% pH R BE
BRI E (Wt Wy =1:2.5),

RIS LE R NE R 3 WEE TR FRE SR EERER, RBHIE R A SPSS10. 0 #4443
3o
2 BERSSH
2.1 JKREAE A 5 pH #9784k

AKFEAE T IR 1 pH WS B NE 1 i, MIEJS 1% pH TR, 6 A 1 HRIRAME, BEZ
WA, HETRE . RS EH 408 CK 5 RD 13 pH 25, 15, 403 RD #7755 T4 3 CK(% 9
R 7 HA . EBAKREETHIN, A CK 375 pH H7.23 £0.21, B3 FALE RD #97.19 £0.25, 43t
AW BR, FELERABE(p >0.05),
2.2 KRS A R R A ik

MIE 2 W51, 7E 6 AZE 8 A, R H R B R BB < S” Bl s, 78 25 ~30°C RSB HEA 8 AR,
FRIBHREREA, THRERES EER/AME, 7EKELEE I, 48 CK +330R 0 B & T8 RD(p <
0.05) ; 7EFEmsL/ERa] , 403 RD SR E 4 26.43 C +£1.50 C, HeAbH CK(27.69 C +1.56 C) K 4.6% (p
<0.01) 3% i T8 - 7K PR AD A IR BRI T K fn IR

32

31
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27
26
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22 | | 1 | 1 | 1 1 | 1 1 | | |

—— CK —4&—RD

pH Soil pH

o B N ]

[ Bl & N S e
T T T T T[T
¥&E Temperature (C)

o
()

g (e o) <t — e w0 o N0 o O o~ > = [ O =t - e wy o O el oy [=3 o~ (g
T I 7T @I T AN TR T I TR IIIT LY T
£ 88 8c8588588 88283 £ 8L 8EE55888 8388238
H#H Date H #A Date
B1 KRBT RE L5 pH Hsh A2 B2 KT LR E M AT
Fig.1 Dynamic variations of soil pH during rice growth period Fig.2 Dynamic variations of soil temperature during rice growth period

2.3 KTBA T HIE iR Btk NH, 73R4

ME 3 A, G LB NH, FERAEA R, FE—AERAREKE, BER#ETKE,7H1H
HB—KE, B SR FrE A, G TRE, ME9 A 7 HREBI R, ZARMSIE/EMRE(BI6 516 HES8 H 20
H), 43 RD 13835tk NH, S 2B ZE R/ TAHE CK(p <0.01), ZKELAETH, A3 RD 1 S8 #e it
NH, SE#48 % 8.75 mg/kg +6.66 mg/kg, BAbFH CK(8.10 +6.78) ) 1.08 £5(p <0.05) ,
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2.4 KFELEFHIE L E A AL

MELEEH, EKBETHR, LIERMELET
2k, BIALHLO0.2 ~ Imm MRS BYFEE KB EFTH
MEKZH TR, BEHKDETHEBEZRZMRK. <
0.002mm 13Kk & & NIFEE KFEAE TN EK MZE
WA, IFES 20 HENEXRR®, MO0.02 ~
0. 2mm 5 0. 002 ~0. 02mm Fihig% & B 7E /KRS 4 &1
SEXHN 2, A K, 74 Mgk $,0.02 ~
0.2mm KBRS BB K, 445 B2 2/3; k2 K 0. 002
~0.02mm FPRERL, 20 5 BB 174, X F4b3 RD,0.2
~1lmm PP S E N 4.96% £1.07% , BEE T4
P CK (4.41% +1.00 % )i 12.5% (p <0.01) ;0. 02 ~

TIEAEARPENH, T

Soil exchangeable NH,* (mg/kg)
2
T

22 -

——CK —4&—RD

_ & O = — X N

BN T e L L

S S O O o o o O
H# Date

B3 KEEFHE R RN

07-30

08-06
08-13

08-20
08-27

09-07

Fig. 3 Dynamic variations of soil exchangeable NH," content during

rice growth period

0. 2mm KSR TH 48 K 64.76% +3.80 % , BE R TFALFE CK 19 2.3% (p <0.05) 5 <0.002mm Kk F-3 & 8
#3.81% +0.93 % , RANBE CK §) 73% (p <0.01) 5 iS¢ FALHE CK,0. 002 ~ 0. 02mm K5k - 2 & B Ab B
RD B A, HERABE (p >0.05), RAFHWILERET 0.02 ~ Imm MR MM RS &, BIKT
<0.002mm F5RHY &8, X 5 EESHMBEBOAEL T, BIEEN, MEABBERS T HEAHIRS
B, 1578 M kRt B AR E g, T i SRR R NGR, Hek T R Sa moRSI Ik
RERA(K2) AN TAE CK, A3 RD AHE S EBEMNT 5.3% (p <0.05) , H v A PR3 N

BE T RS H SRR

F1 THRMENL
Table 1 Variations of the soil texture during rice growth period

BERHAA RS E(% )
A RLR Contents of clays with different size in different period (% )
Treatments Different sizes( mm)
06-01 06-16 07-01 07-15 07-30 08-13 08-27 09-07
CK 0.2~1 5.9 5.1 5.1 4.9 3.6 4.1 3.2 3.3
0.02~0.2 64.4 64.4 63.9 66.6 55.7 68.2 61.8 61.5
0.002 ~0.02 26.6 25.8 25.6 23.1 35.3 22.1 29 29.4
<0.002 3.2 4.8 5.4 5.5 5.3 5.6 6 6
RD 0.2~1 6 5.2 5.6 5 4.9 5.4 3.8 3.7
0.02~0.2 64.9 64.4 67.3 67.9 60 68.3 62.4 62.9
0.002 ~0.02 26.4 25.8 22.7 23.5 31.8 23.2 29.1 29.1
<0.002 2.6 4.6 4.4 3.6 3.4 3.1 4.7 4.2
£2 BHTFTARBRLIRENRTEHEERTML
Table 2 Variations of mean contents of soil organic C during different growth peroids of rice(mg/kg)
Tre%bints 06-01 ~06-16 06-16 ~08-20 08-20 ~09-07 Mj:nigciits
CK 15.90 £1.21 16.53 +1.49 17.80 £0.89 16.62 +1.46a
RD 16.23 £0.75 17.11 £1.28 18.10 £0.68 17.13 £1.24b

Fl— P AREIFRBERES% K LEFEE Different letters in a column mean significant diffetences at 5% level

2.5

KB A T S IA] 3 A S A R

H1IE 4 T A, TRE R A E B S-S 3 pH Al H R NH K. Bl ERaEFA &, — ARG
BEIBKAE, G ¥ H R ER/ME, F WA BT TRE . ek, 138005 & 568 B ST
Y, EKREETHIE,BRERE RN A, A3 RD +3RE ESEBER T CK, 7EKBLETH, AL
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HCK HEEESE YT EN 103. 25mg/kg +

19. 05mg/kg, AN RD B 95% (p <0.01) ; i 76 5 Y 2 180 —~—CK —A—RD

SEAEBARI(BP 6 5 16 %58 20 H ) ,AbHE CK + 82 & ?f o

BEFHE BN 97. 4lmg/kg +8. 80mg/ kg, BEMETF4b § 120

i RD(103. 85mg/kg +10. 31mg/kg) 1 6.2% (p <0.01) ,  +g 100

3 'iF]'i'ﬁ % 805\%\£\§\S|g|2|g|o|g\:\g\.\\g|

3.1 REHMEESE RS LUIRH FEEssEEEEEES SR
b ate

TIPS S B E S AN AL T 5
BRE, Y HIEP R S BRI, LEPHEES B4 KRS TR R E R AR A R
@mjj‘ﬁgﬁjﬁtﬂjﬂé ﬁﬁgl i%ﬁﬁ‘ﬁ@fﬁﬁﬁ% s ljlﬂ @f Fig.4 Dynamic variations of fixed ammonium content of soil during
W E R, Bk S g oo srovth period
MBI, B E R E S HBt %4 T AT
g, HE 3.4 FI3R 3 WA AR S A et NH, S Bl hn, a8 NH, g+ E e, HEE e SE S
EXFBRKMEG6 A1 H) FEEH TR N ZNRIKERRANE T AR E, 7287 51 B) HEK
i, Fat i FREMERMARN TBRAS, 1EcHM: NH, B FHIFET B 1 HRARMNKE, BT+
stk NH, S BT R, 25T E =R NH, ZRBTR 0 v AR R ORI B A G A, B I R A 4
FEMM7E6 H24 28 A 13 HHIH, EYFRER, LEAMSEARR, — 505 E & ek NH, ﬁﬁﬁttﬂﬂé
AR SCRLE , e S E] TR e A& 2K T 30 8 A 20 BFH, h TR R AL S TR, 1IER
ESETEARAE THREZE®RAET, 8 A 20 HIKM)E, ALK ET, HREMEHAEE, HEMLE
PSRRI, L3RRtk NH, S8 T M, 30 + 365 B e iR NH, JL P2 Buh sk, TR E e %m0
KF

£3 ABREFHELRFEE NI BEL(me/ke)
Table 3 Variations of recently fixed ammonium during rice different growth peroid( mg/kg)

AbFE Treatments 06-01 06-09 06-16 06-24 07-01 07-08 07-15
CK 64.38 49.99 17.47 8.74 0.04 7.03 4.11
RD 63. 04 50.58 20.13 18.35 5.7 12. 19 17.17
AbFE Treatments 07-23 07-30 08-06 08-13 08-20 08-27 09-07
CK 13.6 6.99 6.61 6.99 12.19 2.48 3.1
RD 22.39 13.79 10.41 11.79 19.61 9.43 6.9

HEE = S BTYEESHE - AR HEEEA% Recently fixed NH,' = fixed NH, during rice different growth peroid — native fixed NH,'

content

B4 £, HERYE, 4 RD HEEESESEEER TAE CK, X543 RD RAELM N KL
W TS SIE %, AIISERM, B8 3EA4 N 11. 0g/kg"™ s RIBLIT, — RIS H FH =682 0. 14kg, WX T4
HEEFRE 30 H,7E—Z/K T8 Hrh A 15 66d , Hk i 838 276. 8kg, W XIS HIGINAE N 3. 0dkg, FNPEIEEH
FEEBEY, B RESFE 3, Bz 138, s HIREE R, AR BERAE YT 30, B R T RSB, 2
PEH IR SRS, I A N A BED, tesh, b TR T RS S sk kS 1L BB T K
KB RER, WE T BEEAEFRA ™ ERE N &L nee; FRm e T2 R4 K, B T2
BRSBTS 5EIORAEAR CO, MR, MK T BE K pH, 7 B EE R A
M ISR A B, 18 L E R SRR R
3.2 EmREER
3.2.1 IR HME NH)

R B 229 3 e A 5 3k S B TRV W rh SR ST , 13RI R A BRI
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S BRIFETEM . WK S WA, HEEESES LAk NH, 2R BERIEMRX, B HIREES
SRRk NH, & 83 hn s hn .

2200 - CK y=2499x +83.007 2200 RD  y=2123x+90252

g r=0.890 p<0.01 g F=0770 p<0.01 o
qeg 0 e 150 -
%3 %3 s ¢
5 00| ) HE oo, ot
= 1=
® s ® s
HE 0 HE OF

g g

e e

E=E} ! \ | £ 0 L L I

z 0 10 20 30 z 0 10 20 30

w2 N w2 N

I AN, I AN,
Soil exchangeable NH," (mg/kg) Soil exchangeable NH," (mg/kg)

BS5 HMEESES RSB NI XM, n =42

Fig.5 Correlations between soil fixed ammonium and soil exchangeable NH,;" , n =42

3.2.2 +iEpH

Nommik Z£3A Yy 13589 [ 4k A 78 pH R TR s R >0 IR T AR R H BT R M5 S i o
RO TSI PR T, AT PR E e RS B . ARB % pH 5 HEFE RS B2 ML R WE
6 i, MNTPALE, 3 pH 5 1IREESH S BN ERBENREIEMRX(p <0.01) , HXARLH A
0. 621 1 0.514,

200 - CK 200 - wrD
y=46.263x - 230.13 y=4458x - 21371
r=0621 p<0.0l . n =0514 p<0.01
150 |- p o, 150 r POQL | 0y

o

®
- *
100 - o0 @ ‘ PN

50

£ 4
* o 3
L L rY .‘0

50

s

Soil fixed ammonium (mg-kg™~')
=
(=)

T E A
Soil fixed ammonium (mg-kg™!)

0 | | | | | ] 0 | | | I | ]
6.6 6.8 70 72 74 76 718 66 68 70 72 74 76 78

+3EpH Soil pH 13 pH Soil pH

o6 THEEDES T ol KX, n =42

Fig.6 Correlations between soil fixed ammonium and soil pH, n =42

HIE 1.4 A5, 3R A E SR LS5 13 pH 8Oy — B, B RaE AR, — HE BB & K1E,
WEE P T R MAE/E , AERHE T AR AR 0% T 42 BB R OH ™, 512 3% pH K9 T4, H B T B 1K,
TREESEFTRER; MG, EEIANWELANRRIMK T B, 15K pH TG EE , WM H:r H 378
n, 39 R A B

3.2.3 +HEEE
BEREW HIES e EENEE, Dy SMAELH, ERBLEE (4 ~15C) 3, HERCHEAZERE
A, BRI E Y 1 Y e B RS TR T N, ABIRE SRR, LREE
(5ecm +2) 5+ EEESUSEFLEEHRXOGF T4 CK,r =0.04; 140 H RD,r =0.05,n =42) , KR H
AT R K o S Ak BB R T BB RER 0
3.2.4 HiEER
Kk & B EESE T BOEMNERF —. ZEFEPRINEESESESHBTEFIMEE,
Feigin 1 Yaalon {BF X KBS B R+ E 2R E T RS <0.02mm FRR S REBE EMH X",
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Paramasivam 7 Breitenbeck 1A 4, B #A B 2 74 £ & 8 WK R S 8 00 38 i 38 , 1B B A7 Rt r 1) B 4 & A0 0L
AP Wen SYCHBE ESESBEWRTRX, MR SBEAAXR . KEHEIHEDT(F4), LEEES
HERS5HA >0.2mm PR R EHRBERBE EH X, 5HZE <0.002mm Kk & & 2K B ERBE A
X,Mi50.02 ~0.2mm 5 0.002 ~0. 2mm { X RZAREY, RABRHWHARERETAFTFEANBRELS -,
HERTRSHERSESTAIESE, BN T BRI BARED™ | 3 i NH; A8 Ew%
B NH," B9 3R o6, BRIR I i f gt — 2 i oe

F4 THOAWARSBEESHESBHHEXE

Table 4 Relationships between mechanical component and content of soil fixed ammonium

hi 4% Different sizes, n =24

K38 Treatments
0.2 ~1mm 0.02 ~0.2mm 0.002 ~0.02mm <0.002mm
CK 0.659 ¢ 0.04 0 -0.747**
RD 0.438* 0.028 -0.042 -0.440"°

#* A p<0.05, % * 4 p<0.01; * means p<0.05, % % means p<0.01

4 4Hig

1) 7k T A, TRE TS FBAT AR o, M fe 2 + X6 59 B € , 1E P i i dic il 2
o8 398 S A B O R 5 7E B ARG AR P, BT B IR L P SE 2B, SR A 1B E SR R

2) SEABEAL, BEIMERENER T HREACSEEE, R P TERHEIBEN 7% ;

3) hEscHt NH) 1 pH #onaE HRE e Sk & 8, HIREE S8 & 8H 1tk NI, 71 pH 3%
homsg s EEE (Sem TLR) SHEEESETEBAREMR; HERAESETES >0. 2mm KEMAE
B <0.002mm HPRERLE B BUR B & REBE MK, M5 0.02 ~0. 2mm 71 0. 002 ~0. 02mm KPRERIAHE M2
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