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Studies on Nitrogen Cycling in Integrated Rice—duck, Rice—fish Ecosystems

LI Cheng—fang, CAO Cou—gui, WANG Jin—ping, ZHAN Ming, YUAN Wei-ling, GAO Chao, PAN Sheng—gang

(1.Crop Production, Physiology and Ecology Center, Huazhong Agricultural University, Wuhan 430070, China; 2.The Soil and Water Con—
servation Monitoring Center of Hubei Province, Wuhan 430071, China )

Abstracts: Field experiments on nitrogen dynamics and cycling in integrated rice —duck and rice—fish ecosystems in subtropical region of
China were conducted from May to September in 2007. The experiment field was equally divided into nine plots for three different treatments:
(1)conventional rice field (CK),(2 )integrated rice—duck ecosystem (RD )and (3 )rice—fish ecosystem (RF). The N input from precipitation
was 42.83 kg N-hm™. The N input from irrigation water in CK, RD and RF were estimated to be 34.36, 32.72 and 41.72 kg N-hm™, respec—
tively. N losses via N,O emission in CK, RD and RF were 4.04, 4.31 and 3.76 kg N-hm™, respectively, which showed that compared with CK,
RD enhanced N losses via N,O emission while RF decreased N losses via N,O emission. N losses via NH; volatilization in RD and RF were
43.09 and 44.89 kg N -hm™, respectively, lower than 46.30 kg N -hm? in CK. This was because the presence of ducks and fish resulted in
marked decrease in floodwater pH. N outputs via leaching in CK, RD and RF were 6.73, 6.11 and 5.81 kg N -hm™, respectively. N outputs via
ducks and fish removal were 0.60 and 0.18 kg N-hm™, respectively. N uptake by rice was the major N output and was(219.95+20.61),(273.65+
53.49)and (279.22+17.47 kg N-hm™ in CK, RD and RF, respectively. The N balance analysis showed that fertilization and N uptake of rice
were the main factors to affect N balance while N output via NH; volatilization and N input from precipitation and irrigation were also signifi—
cant. Moreover, due to the presence of ducks and fish, the apparent N balance in RD and RF was positive in contrast to CK, suggesting that the
presence of ducks and fish accelerated the turnover of soil organically bound nutrients and thus significantly increased N output via rice up—
take.
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AWFFETF 2007 4 5 H & 9 Al KAk
A AT  RIVE R . S I S P4l B+
PRV K B KRS 1, BF)Z 1588 20 em, T2 10
em JEAR)ZE MU KA B AFGEEAE 1.5 m DLR . H
FEAHE SR Ry 42 N1.09 g-kg™, 4> P1.17 g-kg ',
MU 16.76 g kg™, AHASR 12.1 mg-kg™, #A5% 0.52
mg-kg!, HIE pH E N 6.8, TIEAFE N 1.18 grem™,
1.2 gt

FRAE A R BB JL(Oryza sativa L) B RA4%
RIS ( Tadorna) , i MG ( Carassius auratus gibelio)
1.3 HEEE
1.3.1 it

BRI AR 1260 m2, 0K 9 /X, F/h X 140
m?, B3 AbHE AbEE T ASEORS AS E (CK) s 40P T,

S 6 H(RD, IAE WU SR 450 H AN tnifE) ; 4b
PR, e 200 25640 (RF, AR U FE 15 000 B
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5 7 25 H B3, - Ty )5 4 d i (R
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/N DX ] FH 9 A I, 7 T B B 1k AR K R
o HEIFFZE % 30 em 55 40 em, X T/
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13.08 g-kg™, EEL /M T K 60.2% , Tk 27% , 11185}
2% , %A 4% K kA 3% , BRIR 245 1.3% , 183 1.2%,
B 0.3% , BN 1% ) ; FE/KFE S HE01(8 H 20 H)
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FSREE 4 W BRI 9:00 78 3 AL F ]S SRAE Soil surface
ST AR5 S5 0 0..10.20 .30 min, A5 N\
20 mL, FIBCE S Shimadzu GC-14B A (R S3HT o
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FEMGE TREME K 5 em g5Ab, 3585 40 em 142
30 em Wi SRR 35, T PRAFA AN T KA
o MBEFR PR R 08 R o, H 45 HiBO,
FERA . BEAh, 26 RAE NH; [RIEH & H K pH. 6
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Figure 1 PVC lysimeter setting sketch
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Figure 2 Amount of rainfall and concentrations of total N in rain water
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JKAE A KA IRI HEE K A N B AN 1 s,
WK . N S35 3 4 (8.2242.18 )mg - L', CK \RD FI
RF LK AR T3 51k 4 180.08 .3 980.08 Fil 5 076.05
m’-hm?, R, ST K 4 N SF-359 3 B R BE /K 44
1, CK.RD F1 RF KB N i A2 5 3436,
32.72 F141.72 kg N-hm?, 25500, S HEIE/K 4 N
W SERH SR N 2 A, RS N AN
A RE S EOT R KA 5

*1 EHERXKRNE
Table 1 Amounts of total N from irrigation water

in different treatments

KNSRk HEWEK AT HEMEK N 4
pise] s Volumes of irieti R
Treatments Mean concentrations Volumes o 1mga:t10n N amounts in irrigation
of TN/mg- L™ water/m’+hm™ water/kg N+-hm™
CK 8.22+2.18 4 180.08 34.36
RD 8.22+2.18 3980.08 32.72
RF 8.22+2.18 5 076.05 41.72
23 T#E£N
AKREICHY N A7 840 F1 £ N i 2 7

HLAHIEE LRI R4 N SR T E 2E 5, tl A
03RBSRI HE N BRSO RAFIAY . RIS A% Ab
A SEe N SRR T R0 2 N S, Al i %
N 2K N PRz —
R2 BAKEIIEREEEHIESN S8
Table 2 Soil total N contents in paddy fields before flooding

and after harvesting

WH 414 N 5 Soil total N contents/g-kg™
Ttems CK RD RF
WIh4 N Initial TN 0.7120.02 0.7420.02 0.72+0.01
354 N Final TN 0.64+0.01 0.64+0.01 0.72+0.07
AN -0.07 -0.10 -0.01

TE: AN SR TG T4 N 50006 HIae N Sz 22,

Notes : AN=Initial N content subtracted from final N content.
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Figure 3 Variations of N,O emission fluxes from paddy
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0.07 )mg-m=2-h, B FLF RD(0.15£0.07 )mg-m>+h"'
i) 8% (P<0.01) 1 T RF(0.13+0.08 )mg-m2+h™" i}
7%(P<0.05) ., [FE, ZERE TS g fo /B E], RD 1 RF
NLO - ¥4 HE il 38 &2 43 1) 4 (0.061+£0.011) 1 (0.046 +
0.009)mg -m2-h™', & CK 1% 1.26(P<0.01)F1 0.94 1%
(P<0.05), RD AL AR = T CK, X 517
FEA K. B—  FRATABRR R A 2 2 A g e 720
FEHH AR SRR B0 TR 2 R DR AR A A R
AANEYAER, Bk YRR A b
IR A SR G N (3% 4), 138 Eh (EFHE, i N0
e, 55— M5B ARG S, Ins T SRR
PR G AN T S AR AR PLSs B T KRN
TR AT (R 4), UGS T 50 S AR AR,
SN0 BRI 26 =, Fg s K E], K EN,0
P HFUEH S , 15 NLO B /b ; W8 1A 7E shid

R 3 KBAREEMEEE NO B NH EXIRKE
K N itsk= (kg N-hm?)
Table 3 Losses of N,O emission, NH; volatilization and N leaching
during different growth periods of rice(kg N+hm)

;?j; ES 06-01—06-16 06-16—08-20 08-20—09-07 Totﬁ‘f\;ﬁl%s ces
CK-N,0 0.26" 0.75" 3.03 4.04"
RD-N,O 0.27* 0.93¢ 3.11° 4.31°
RF-N,0 0.26* 0.71* 2.79* 3.76
CK-NH; 36.43* 9.88¢ — 46.30°
RD-NH; 37.30° 5.79° — 43.09*
RF-NH; 37.02° 7.87" — 44.89°
CK-NO; 1.49* 1.00" 0.34¢ 2.83"
RD-NO3 1.54* 0.74* 0.29° 257
RF-NO3 1.37* 0.81* 0.27¢ 2.45°
CK-TN 2.59* 342" 0.72" 6.73"
RD-TN 2.50" 3.04" 0.57° 6.11°
RF-TN 2.39* 2.96* 0.46° 5.81*

T : [l — S A BERIRTE 5%/KF L2253

Notes: Common letters in a column are not significantly different at the 5% level.

F 4 TBHBEEK DO #HEEWL (mg- L)
Table 4 Variations of floodwater DO concentrations in different

treatments(mg+L™")

Treatments 06-16 07-08 07-23 08-06 08-20 Mean
CK 4.74+0.35 5.5320.30 6.23+0.60 5.98+0.31 5.55+0.73 5.610.67"
RD 4.72+£0.25 6.95+0.64 7.54+0.71 8.18+0.46 6.24+0.44 6.73+1.31°
RF 4.78+0.30 5.17+0.85 5.92+0.47 5.78+0.26 4.93+0.80 5.32+0.51*

T A SR R P BERIRTE 5%/ F22 5 A 3 o
Notes : Common letters in a column are not significantly different at the

5% level.

Bl T KRR 48, AR K E NLO o, Rtk
i N0 B 56 U, B 1A (E S m Wk FE Y NHL L 7% A
IS B A AL R RS 2 A A EE R CON
U5, R A e SR AR AR S T P B R R TR, DA I K
N0 B, 5 RD Mk, RF B#IK T N,O R, Xl
BER A0 TE SRR, W55 T KRB E A 1E
FH, [R) 0 X6 5 i SR T AR, BRI T HTTRIZK DO e
(F4) $5 1R I K- SR IR SR04 B gk
N:O HIHERCER I

2% 3 AT, i Tt AR RS B HET5 A NO B
AR 1A 3.05~3.38 kg N-hm™, J&F5 H N,O SURES L
PARHLIY 78%~81%, FRWINNEFIK 738 FRA 2 5
M NLO BRI E 22 PR 2R ZEAEY R f0 L ]
RD N,O Bl e s K, 4 0.93 kg N-hm?;CK KX
2,24 0.75 kg N-hm?; 1fii RF £%/)7, 5 0.71 kg N-hm?;
[Alfs, e /KRG 4 T I RD NLO B e it A 4.31
kg N-hm?2, 1fif RF £%/]\, 4 3.76 kg N-hm2, ] RD
i TR NO B, RF JUIREAG 1A H NLO BETI
2.5 NH; %

B3 A, Y s — 8 A, NHs DR &
AR IS NH; $#  Esb  ieieoe . 78
TN 5 — i, #5 Ab PR ) 2 S5 AN Wk 2 5 T 7R AT (e £t
YEAIE], RD F1 RF NH; HECGHE 15350 (0.41+0.21) Fil
(0.5220.24 )mg-m=+h™", & CK [ 68%(P<0.01)F1 87%
(P<0.1), & 3 3Ra[%H1,CK *F-1 pH 24(8.00+£0.20), &
2= RD 19(7.92+0.22) (P<0.01) Fl RF(7.95+0.20)
(P<0.1), FEFERY A fatLrEWIa], TR F @R FEAE,
RD F1 RF FEAIK T NH; #5% o xX=KCA TS R0 i A A
REARR T T 7K pH, ANITTRARS 1 NH; #25% Afa 411
TR AR S SRR R SR IS , 2 500
AYEHE CO, gl , SECHmK pH B R (K
4); TEAK pH 2504, NHIAR G g4 & 142 i NH, #5 &
W

=% 3 A%, 7EREAR)S 2 RN, NH, 45 & i e i
7 84 NH; #ER B 78.7%~86.6% , W T I J5
2 JEI SR AE ] N IS S i OC B 10 s ZE ARG Fe f dt
YEIITE] ,RD F1 RF NH; # % 401 2 & 53 il i NH; G4
KA 13.4%H1 17.5%, 19 5.79 F1 7.87 kg N-hm?,
W ERT CK NH; 48 i % & ; [Ml i, 7E KR 24/
18] ,CK NH; B 4% & #12% 4 46.30 kg N -hm 2, J&
RD 1 RF #9 1.07 F1 1.03 %, XFH] RD FI RF il
ICAE L NH; 2451
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Figure 4 Variations of NH; emission fluxes from fertilizer

in paddy fields in different treatments
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SEF v BE 3R (1.94+1.96) F1(2.01£1.97 )mg - L, &
CK 1) 89%( P<0.01)F1 92%(P<0.01).,
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SERSAR AR H 58 S R4, AR TR
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Figure 5 Variations of NO; concentrations in percolation water in

paddy fields in different treatments

W, B w7k NOs ¥k B2 SO B [nl -, e BE7E 3.50 mg -
LAy, XS5 AT R L EA B s R AR
A S RS, il TR S+, B 30m A 200
25 T ACAEISREN, [R]I7 SH I0 a) A R R R T A1
NO; k3 i, A3 3 W& i ,RD Al RF & w7k
NO; 4y 2.57 F12.45 kg N-hm?, J& CK (2.83 kg N-
hm?2) () 91%F1 87%, FHI T Fg H RS I MAREAL T
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Figure 6 Variations of total N concentrations in percolation water

in paddy fields in different treatments

2.7 FBFAfA N i

FIES R 74) N A S 2 S R 7 i (9 ) B
S N RIS, 2 5 A0, AT Fifa iy N &
43514 0.13 F1 0.48 kg N-hm™, W35 19 N 2430 51K
0.31 1 1.08 kg N-hm™, PHICISCRRAs N i 54331 0

RS MEFERN N HH

Table 5 N output from duck and fish removal

#4A N Initial total N

1% NFinal total N

WH -y CEMR)  WtRE N Wi N BAFHRCTYR) RS N & N Ak AN
Tiems Initial yields/ Initial total N content/  Initial N amounts/ Final yields/ Final total N content/  Final N amounts/ kg N+hm
g g kg kg N+hm™ g g kg™ kg N+-hm?
11 Fish 729 15.53+0.66 0.13 3612 7.15+0.56 0.31 0.18
15 Duck 2 406 16.59+0.90 0.48 8352 10.88+0.81 1.08 0.60

T AN IR IS ST ()N 2 92

Notes : AN= Initial N amounts subtracted from final N amounts.
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0.18 1 0.60 kg N+hm™, At} , MG A 40 1 Ny o B
KT NLO BRI R 5 AN N ke, JFE/N T NH, #
KR BRGNS
2.8 JKFE N HiH

FERUA , A Ab SRR A N 8 2 00 3 25 5 (3R
6). CK /KR EAY N %yt 4(219.95+20.61 )kg N-hm™,
L EE T RD F RF #9(273.65+53.49) (P<0.01) Fil
(279.22+17.47 )kg N-hm=2(P<0.01), RD #1 RF fi
B P R KRR IR N f, 3 555 0 A AR A A G 1Y
Fta ] T SR R0 03 T R B i
FFN A A Y X - HERI KR N AW, [RBS HS
FAA 0 ZEAE I 0 T 49 N7 PR K R X N L
Wk hn o
29 FFE

6 KW, 25 40 Bt 8] 22 S oA 2 o RIVRS H 9%
I 5 £0 B AT AR K R 7 i, X 5 E 2855 R Oehme
SEIHE —FL
2.10 JKEF1E

H% 7 vl RS HEZKEA E 20k A REE AN,
Kt BRI R | B THIK 28 & MUK A28 . CK .RD
FI RF 7K A4 51124 8 903.58 .8 703.58 Fi1 9 799.55

RoKBRNERTE
Table 6 Rice N uptake and yields in different treatments

5 JKFEWE N & N uptake of rice/kg N+hm™
QIE Y}I‘;ﬁ% w1 he =} EI[ =) gﬁ =)
Treatments "¢, WG N BN &= SN A
kg-hm™  Tpitial N amounts Final N uptake Total N uptake
CK 6 983+880° 3.17+1.48" 223.12+21.00°  219.95+20.61°
RD 7 451+812° 3.33+0.40" 276.98+53.09"  273.65+53.49"
RF 7 382+222° 3.61£1.50* 282.83+18.92" 279.22+17.47"

T A —F AR R RN AR 5%/ 22 R B3
Notes : Common letters in a column are not significantly different at the

5% level.

m*~hm™, K4 55100 5 586.96 .5 520.29 Fl
5486.96 m*hm, 7K 4 A2k i 5y 2~3 4%, it
A[ 1 CK \RD il RF AP (1) 7K 1243 51 & -3 316.62
-3 183.29 Fl1-4 312.59 m®~hm2, HCHEM , 34543 A - i
47K T 38 o A HE B4 2k
2.11 N Ff

FE N P25 T R0A0 N S B2 B N B AL
N i ALFERERT . HEREK FIGAE , T N S T
N.O B NH; #5& N bRk HGFfa N i KoK R
N gt ABFFERBEME AP N, AP N A
FLIEE T . R 8 T LUIE Y, HEAE FI/KAS N #i
HORRZ N P i EELA N E NH, #% . BRI RIE
WK 52 N ST ) B ZE R R 1 N0 BN ik
58I N B4 NOSEATR STRRA K. 5 CK
AN[A]L,RD il RE N S A 1E , 3 R A 3B AR A
N B K RE ISR 0 an 39 HILT 5 TR A, ik b4
B TR A AN T G LIRS i SR DR
R T KRS N AR

3 i

ARSCHEFE TAENG | RSt EA RS R G N A A
T AR, WIS R I .

(DA T CK, TS FI R A7 7L, RD FI RF [
IR T NH, #5840 N RO 2 1 KRE N & 5 14t
RD 55w 1 N.O BN RE FEAIE T N.O B

(2) e SR8 S5 100 B AT AR KA ™ £ o

(37 HH 7K S A5 g i TB] AN A, 23R 0 A
SR 7K AT REE A B K o

(4)FEHH NS AT 2 W IS AN KRS IR N 252
M) N P R 2R NH #E% R A /K A
JERAA N P E A T N0 BN 5

F7 BHKEFE(m  hm?)

Table 7 Water balance in paddy fields in different treatments(m*+hm=)

TH CK RD RF
Ttems fii A Input it Output i A Input it Output i A Input it Output
HEBEK Trrigation 4 180.08 3 980.08 5076.05
[ Precipitation 4 723.50 4723.50 4 723.50
IKFEZE I Rice transpiration 2 451.12 2 451.12 2 451.12
[HTH 7K 7% % Evaporation 2 002.50 2 002.50 2 002.50
W2k Leaching 1133.34 1 066.67 1033.34
S Total 8 903.58 5 586.96 8 703.58 5 520.29 9 799.55 5 486.96
AW K Water balance ) -3 316.62 -3 183.29 -4312.59

T AW B K 5 B A 2%

Notes: AW= total water output subtracted from the total water input.



55 27 &5 4 1)

D

5

B

ol

1333

* 8 #EHE N % (kg N-hm?)

Table 8 Nitrogen balance in paddy fields in different treatments(kg N+<hm™)

WiH CK RD RF
Ttems HIA Input it Output HiA Input it Output HiA Input Hith Output
&3] Precipitation 42.83 42.83 42.83
HEWE/K Trrigation 34.36 32.72 41.72
JiEHE Fertilizer 225 225 225
ik} Feedstuff 0 0 5.68
N,O &t N,O emission 4.04 431 3.76
NH; 44 % NH, volatilization 46.3 43.09 44.89
N4 N leaching 6.73 6.11 5.81
TS F46 N %t Ducks and fish removal 0 0.60 0.18
JKFE N4t Rice uptake 219.95 273.65 279.22
S Total 302.19 277.02 300.55 327.76 315.23 333.86
AN SF-45 N balance) -25.17 27.21 18.63

T AN 25T 50 N A 825 500 N FiA

Notes : AN= total N output subtracted from the total N input.

Ffa N B A N STERAS K s R, 43 Hrid 26
B, 5 CK ~[A],RD F1 RF N A4 1F , 200 T RS Fifh
PIAETENNE T T IA LSR5 SR i | DRt 0 2 A
TKFE N A
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