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Nitrogen Balance and Economic Benefit in Zizania latifolia—Duck Mutual Ecosystem
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neering and Technology of Jiangsu Province, Yangzhou 225007, China; 3.Yangzhou Longxing Ecological Agriculture Development Co. LTD,
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Abstract: Nitrogen (N) input, N output, N surplus (N surplus=N input—N output ), and economic benefit under different ecological systems
were analyzed, including Zizania latifolia monoculture ecosystem and three Zizania latifolia—duck mutual ecosystems such as with 20 ducks
per 667 m* (D20), 25 ducks per 667 m? (D25) and 30 ducks per 667 m? (D30 ). The results showed that the average yield of Zizania latifolia
for three mutual ecosystems was 1 332.41 kg+667 m™, 26.31% higher than that for monoculture ecosystem. For Zizania latifolia monoculture
ecosystem, total N input was 22.27 kg N+667 m™, and chemical fertilizer N was accounted for 89.10%, the N output by the harvest was 5.00
kg N-667 m=, 22.45% of total N input, N surplus was 17.27 kg N+-667 m=, 77.55% of total N input. For three mutual ecosystems, the average
total N input was 23.72 kg N+667 m™, and chemical fertilizer N was accounted for 65.13%, the average N output by the harvest of Zizania lai—
ifolia and duck mutual ecosystem was 7.65 kg N+-667 m™, 32.24% of total N input, the average N surplus was 16.07 kg N+667 m~, 67.76% of
total N input. Because of the costs of duck feed, fence and duck shed, the average input cost for three Zizania latifolia-duck mutual ecosys—
tems was 3 114 yuan +667 m™, 84.59% higher than that for Zizania latifolia monoculture ecosystem. The average economic income for three
Zizania latifolia—duck mutual ecosystems was 6 568 yuan *667 m™?, 55.64% higher than that for Zizania latifolia monoculture ecosystem. For
D25 treatment, the economic benefit (economic benefit=economic income—input cost) was the highest as 3 589 yuan *667 m=, 41.69%
higher than that for Zizania latifolia monoculture ecosystem. In view of N balance and economic benefit, Zizania latifolia—duck mutual e—
cosystem with 25 ducks per 667 m* had lower N surplus with less environmental risk, and higher economic benefit.
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1.1 X5t

IR T 2014 AEAE 4 M T VEAR X /N 22 B 42 P 1
(32°37'23"N, 119°44' 46"E ) JE47 , 130 [X & W 18
TSI, R 2, U5, B R RINET, 42
WICT W IR 5 mo ZAEFXR 14.9 °C 55
R 391 C, WARRIR-8 T ZAEFHEKE N
978.7 mm,, A4 H B 2 140 h, 4 J0REH 220 d., A
4 4, LAl RE(0~20 em)pH 5.68 A HLT 27.8
g kg R 2.9 g kg AR A 187.3 mg kg HALBE
21.6 mg kg™ HEE 104.5 mg kg™,

RIS 4 AP BAESE 1 (CK) 2 1 L
725 20 H -667 m™(D20) 26 1 H SR 25 H 667
m>(D25) 2 H IR 30 H-667 m>(D30), &4bFH
HE 3 FEPLX A HES, /NXTE AR R 700 m?, 45 Ab HE
afi N SBEAHER(F2 1), CK A FEAE 7 =X 5 Y Hh gk R
M3, KR (2014 4F 4 5 H)FI4PBEAE (2014 4F
5 H 5 H)4liti R ZE 6.9 kg N-667 m2#19.2 kg N-
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® 1 BAEERRBVNE (kg N-667 m?)
Table 1 N application rate in different treatments (kg N+667 m)

Qb3 FENE SYUENE AR LB #it

CK 6.9 9.2 3.8 0 19.9
D20 6.9 6.7 2.7 35 19.9
D25 6.9 6.1 2.5 44 19.9
D30 6.9 54 22 53 19.9

667 m>, 25 (2014 4E 8 H 9 H )jiti & &8 3.8 kg
N-667 m?2, D20.D25 F1 D30 ZbFRELAE 5 CK AbFH—
B, RIS TG AR RS 2T o BE A RN A 25
N W TTER, AR TRGZEM N &, A 1~
= 3:

M52 N=fal e} N-piifg [A N (1)

TAJEE N=JsHit B8 xS 4 ORI FX AL N B i

(2)

JRCTE [ N=pS S B E i R 2% BE xS N & (3)

Z:25 3CHR[14- 1614 S IEAEBIR 77 R 48 1S i A1
KAFFRAE R, G B Oy 2.22 kg 7 UG N 552
2.5% LA LA 3.85, M papkl N F i ii 1 Bl e A&k
WE N 2.7% . FRARHE CK Ab PR A BENEFI A2 ZENE N
B, FnRme 2t N 5,31 D20.D25 1 D30 4k
PRATBENE AN 2SN N (3R 1), JRE S N 8228 46%,
HAEMSRRR 15%,

AN Z (EMSCIRIERR 2 , oh T 5 LRS- E /N X TR L
1, I P JE e e RS, B0 2~3 m T 1 AR [
FE, BB R s A B R 50 em 24, TEZE
-5 HefE ez o 5~6 H-m? 5@ 5 e, 1
5 VYR FAT RTRISA, A O s 1o, #h FLF 2 e I L
o 28 AR Y BT 3~5 A~408E BT ent R B
M 15~25 em, iR T 2014 45 4 4 HE4k, L
45 °RHAEA L B R ZE T BE LR AE LT, A BE
ZEFHER KT A THE 0.9 m BREE 0.4 m. FPBRIRE S,
SRS ERAR . AP BE R 15~20 em B, 2B 2L RoE
559 RS BE, R IR A R BE 5~8 A IFTERR A
Hh ] e —Hg , AR AR 2 BEXS 510041 Tl XD . 28 1
FhRRARAE ST iR A0, H K ZIREF 3~4 em; 4> BER]
HAGREE 5~7 em, UF B MTRE] 10~15 em; A28 AT
TERE) 20 em DL F L HRREME IS 22 A8 4k

2014 4= 5 J1 20 H, CREARERS A SE 1 S 3 B
1, 2P 3 d, AR T AR H A 3 B P A 1
o RS E HRERE 150 ¢ A4, 3d )5, a4
SN A AT B, A S R B b, Bk
YBT3 1 N 24 B SR ANl i
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1.2.2 281 MSFEEL N &5

ZEBARHT , R ISR 10 BRZE T, TR
JE e AMHEHASIFIE RS, 7E 105 CHER R 30
min J5FEE 80 CHLTFRE, 25 mie)E H T+
E NS WORI T A/ NS IRAR , R
05 MR EI SR ZE rmE kR, HTIEZE A N &
TR B RMAC I PR T 25 W) B P IR AR 45, B e — IR
SRMEC PR S5 25 114 [ S ECSE A s 358 , FH B 05 451> 0 BE
FERRNI G AR AR 53 5ROk IR AR 2 A 2 BERY
I A 25 53 e A8 45, BT AR SR TE 105 “CHEAH
H A 30 min JE IS 80 CHET-HRE , 2 5 el 2
N & AR T EAM N S HRITEZE WA N
IR ZE s N

ARG IO ZE P RS s A, o Sl Pk 3 R A
TR E IR s g o2, T T IE RS N 56,
W5 SR P SR B 7 15 35088, JB 2 2 S KT (B 46
B CNIESE) THAIE ARG R, 2 AR R R AR T
37 BIE T =20 CYRmA A TR, 2 )5 B0 VRIS FH T DI
Jo B ARG, 105 CCHE 15 min DLKTE, 2R 80 CHt
TRREE, Z i A T MK T N & 6 I ALE
ZYFRG R HHEAT KT RRE I E N .
MAKT . THALIE N AP ARG E N S22 FoNHS N &
it. MBS IRDEL P BELR 5 3 M S PR, T
80 CHETFRE, Z JE By Wl E N Fr i,
123 B30 A &=

- SRR 43 ) T3S RS AR T AR S TR/
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FRAZE . M AR 5 T Ak R A HaS0,-H,0,
B, N R APURE Ak . AR 2%
it R RO KB pH (B SR R e
1.3 iR IBFAS T

B 1 RIAZE -3 E RGP R RS O,
ARG AR ATELAE N SRR N 28 A
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RAF R RS, b s kR B PR ) N I
B A N BRI e, AR 4~ A0 8:

B (kg N-667 m™)=%fi A% H=(fLIE+
T k42 G B+ TR ) - (G2 1 +15) (4)

ARAE N % A H (%) =ARIE N/& i A (5)
251N $ b (% )=28 11 N/& U H (6)

BT RS AL R A PR P 8 A

i B 1R A AL A IS KRR UL

WA A 122 T T SR 0, A 5% Sk

(2017 56 K = fiy H X e S BUTIMEBITIE 45 1 2 SOAR I
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SR B (kg N-667 )= L5k §-+47 HLEUSR A
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B IR B (kg N- 667 m) =3 R 146 AL 2

- AT T oA R (7.1)
T35 B A R (kg N-667 m™)= 1 3EH A A
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TR AR 2R (kg N-667 m?2) =1 2 &R x |-
A Ex AR S & (7.3)
TV E R E (kg N-667 m?)=1 3 2% R
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Figure 1 Nitrogen balance in Zizania latifolia-duck

mutual ecosystem

ARG+ N TAE L+ A (10)
W8S 77 45 B =10 77 AL/ (R 1+ 7 A0 2+ 0 DR+ ]
W55 ) (11)

JAWE Y T AR TS O, & S8R 2SR
H & 2271 300 J6-667 m?, JRE 2.4 i kg, EAHE
2.8 Ji-kg LEWIAR Y 8 T+ 667 m?, M1 3.5 5 K,
HAESEH 0.6 JT- K ISEDEL 3.6 JT kg, [ I FITG &
% 600 6667 m?, HI[E] A T EE 585 J6-667 m™2,
Mo 7% 640 JC-667 m™, 25 1 HISkAE KA 4 6 -kg™ 1
Witk 23 JG-ke™s

PR A B Z MR R/NE R, it SPSS 19.0
BOfE SR AT B R o3 B b B N B2 2R B G
(LSD : Least-Significant Difference ) #1772 5 H %% (P<
0.05) . FrAEdE TR ETE IE S 5E i Excel 10.0
F SigmaPlot 10.0 458 1o

2 FHRESH

21 XE-BHERGHEASB~=
BANEZR FIRIZE -G AR R Gy i DL R 2. Ak
RN 1054.87 kg 667 m2, 28 [-M AL E R4 rh
SEE R 133241 k667 m™ B AEZE
F2 EA-BAEREHEL S8
Table 2 Yield of Zizania latifolia and duck in mutual ecosystem

AbB 2Rk 667 m? BT kg T G /g 667 m”
CK 1 054.87b

D20 1 296.16a 2.17a 43.48¢
D25 1 363.79a 2.17a 54.32b
D30 1 337.28a 2.13a 63.89a

T - A= AR AU R 22 5 .35 (P<0.05)
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77 26.31% . 528 TS 25 By 25 H <667 m™ B, 281
PR R 1363.79 kg 667 m2, 185 BEFRA IS , 25
P BT RS R R AT BRI , 28 1 G 25 R A
R, S B AR XA, R SRR AR X, £
TG N I DI, DS PR RS2 B T R B
YR, AR T AR 28 1 -G eV R 496 v B E 14
2.16 kg+ 5™, D30 AbFLEARG E o5 /Ny 213 kg Ko 1
B P AR, LT e AT By DX SR a2 AT i e B
M EE A /N SRR . D20 AhBRRS 5 /N Ky 43.48 kg -
667 m?,D30 LbFHH KK 63.89 kg-667 m™,
22 ZE-BHRIERGEFRFEHFR

X BAEZE AN ZE 1 -8 e R 8 1) /P 00 23
Brai (3 3), BAEZE AU A S & 22.27 kg N -
667 m?, ZEH-MMAERGERMALEE S, FHEH
23.72 kg N-667 m™, HAEZE I RGEPAUIE A AT N
19.85 kg N+-667 m™, (i G A& A 89.10% , 35 11—
HAE RGP NERBA R W T 22.61%, &5
BRI 65.13%(F 3,18 2), ZE11-Mg e R g
I T ARRFE A, D20, D25 F1 D30 Ab i EHE A
435 4.62.5.78 kg N-667 m™ Fl1 6.94 kg N+667 m™,
Al S A AR 19.74% 24.37%F1 28.89%

R3 FEQ-BREREHEREN WHRE
B&ER (kg N-667 m?)
Table 3 N input, N output and N surplus of
Zizania latifolia—duck mutual ecosystem (kg N+667 m™)

AV 5 CK D20 D25 D30
RiA RAVIE 220 2.20 2.20 2.20
b 19.85a  16.32ab  1543b  14.55b
AT 0.22 0.22 0.22 0.22
apes — 462b  578ab  694a
8 — 0.07a 0.08a 0.10a
it 2227a  2343a  23.72a  240la
R H A 5.00a 6.00a 6.47a 6.33a
e — 1.11b 1.39a 1.64a
ait 5.00b 7.11a 7.86a 7.97a
ABAR 1727a  1632a  15.86a  16.04a

VAT R IR R 2 5 B (P<0.05). Rl

FEZE A A i 5.00 kg N-667 m™, (5 EUA
T 22.45%, 2811534 R 50 Bl i B i
S5k 7.65 kg N+-667 m2, 5 BRI ANY 32.24%, 25
F-Rg e R g, Al F 2SS A S o £ L
¥ 5 S B 82.13%.

AU BT OHA ™ it i R AR R — BB A
BBV i S EWSOR . BAAEZE R R
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Figure 2 N input rate (a) and N output rate (b) in Zizania latifolia—duck mutual ecosystem

3 17.27 kg N-667 m2, 5 5 N % A 77.55% , 28 -
M A R G R B AR E VI 16.07 kg N-667 m™, i &2
N A 67.76% ., BARWER R 5RETE LIS,
— AR kR B PAEE  . 2E FTERAEREE (- E R 4
REREAAARL, 435K 7.11 kg N-667 m™ 1 7.18 kg N -
667 m™, 25 [1HAE R G A k%R 10.16 kg N-667 m™,
2 - R g A bR Tl 8.89 kg N-667 m™,
HZE AL 12.5% , R IR AT RE R 36 -5 4L 4E R
Gerh iR AR UANAIE TR, M0 BAm =,
NGy Lk ki A2 kiR 238 58 . D20.D25 i1 D30
AP AL RGR B S i (1A 3) .

30 MEERIRt 7
| B AR S
24 | T . [ Ppisid

18 | |

....................

H A E IR S kiR kg N-667 m?
o

b3
3 XA-BHERFHLRRKBRBK

Figure 3 N residue and loss in Zizania latifolia—duck

mutual ecosystem

23 FA-BHERGHEFHES T

FAVEZE RS 1 -TS AR R G BARUA 77 ™
EHRZTEE AR 4 PR, AVEE A RA ) 1687
JG-667 m”, ZE[1-MHAE R A AT 3 114
JG+667 m?, Hid D30 ZbFI A AR F, A 3280
JG+667 m?, 4% CK Ab3AY 2 1%, BAESEH RG i
FHAIN TAEPRSR A A BUA =, A1 1225
JG+667 m”, A A AN 72.61%. BT HUFHFIA
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AP RAS, 28 -9 HAVE R g0 g fl et | ) 5
Mg R E AR RA . - e R g
HFH N TAS B S ARDRL RN 55 5 i R A AR 2
FRES478 2 590 J6-667 m™, 7 B A BA ) 83.17%,
D20.D25 F1 D30 4b 38 b fal k5 A BLAS 128 803
4351 612,765 T-667 m™ Fl 918 JG+667 m2, M4z
L Do 58 3 ] A 2R A 7 S il Y, DA T R AP A%
ABA

BAMEZE I PAE K 4 220 JT+667 m™2, 28 [ -8 445
RGP 6 568 J6-667 m?, b D30 4b
By b P A =l 6 817 J6-667 m2, b CK b3
61.55% . ZE-THAE RG22 )™l £ FE R
5329 50+667 m2, (5 A7 S B 81.14%, BAAEZE M
LR 2 533 J6+667 m2, 2 (- A RG 407

x4 FE-BHRERFHRABE FRTER
SRR (5T 667 m™)
Table 4 Input cost, economic income and benefit in

Zizania latifolia—duck mutual ecosystem(yuan-667 m™)

iH 5 CK D20 D25 D30
B|ARA  EAFY 300 300 300 300
e 154a 122ab 114b 106b
G/ pii] 8 8 8 8
8 70b 87.5ab 105a
g3 12b 15ab 18a
8 s} 612b 765ab 918a
FEl ) 515 <7 600 600 600
AT 585 585 585 585
HiFH 640 640 640 640
it 1687h 2949a 3 114a 3 280a
FREAE ZEEME 4220b 5184a 5456a 5 348a
G 1000b 1248ab 1 469a
it 4220b 6184a 6704a 6 817a
BT 2533b  3235a 3589a 3538a
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g 1170 3 454 70667 m?, D25 bR
it 3589 JL-667 m2, Lt CK ZbFRE; 41.69% .,
B2 2541, 38 RIS Ry 25 -
667 m? I, SEF B R 3.3:1, G Y
T, 28 F BN PR (R da) , 32 2 AT RE R
M Bk ) 25 H-667 m™ 28 P AFRE I (3%
2)o 32 -G ILAE R GE A 45 LR/ T 1, B K
Fr M55 B BB, 0 73 LI T, A D20 Ak B
0.77 Y %] D30 4b P 0.90( 18] 4b) , H: 3 2 )i ] A
REAE, RIS B A A DU F—F 38 - LA
A IR FRCR U, i SE PR al LB A A 2~3 1

3 g

3.1 ZFABEMIERG 25 R-667 m™ B FG =181
RIPEDIIE

A3 T ERAEZE VRIS RS R R G R R A
BP0 45 R ZE -1 A E R g 2
SEH R R 1332.41 kg+667 m™2, 2% [ HFERY 25
H 667 m? i P g 1363.79 kg 667 m?, [
VEZE 3G 29.29% . FAAEZE VR B A 17.27 kg N+
667 m?, 28 -5 A RGEAE R T 6.95% ., 2
P -B8 A R LT A4 -4 3 454 JL+667 m?,
D25 AbFRZE Tk 25 e s 3 589 G667 m?2,  HLHLE
ZEFIAL IR 41.69% . L7525 BRI A2 0k 5 , A
RS, ZZA SR 25 H-667 m? fy34E R
G TR R B, T HRRBARED , AT RN 2R
BT G RUR .
32 XA-BEERGHEERRESREFEZILHN
HEEMHEH— SRR

VL3 R ) DK BER 8 K AR B SRR ALK

5.0

>
<)

.........

HEHI
s 2

—_
(=]

(=]

CK D20 D25 D30
Ab3

BRGNS H AR, BB R T #r Rl AR, 7R
S IAAR R, BB A2 ARNERTT 2 0, 4
PR T R A AU BT IR TR 2 R PR BT T YL A [l A H
#a "V EE, AT R A S AR I BEK H 25 3R ZUP 2, 3
AR, 22 S LR S LA A K R, M DGR 9T
BARTAE ) 1 5 AR S T, A KRR G
BEORAP S S0 585 B 5 TR SRl b o AR S0
BN R BT 528 R, i ME RGP AR
s ST 1 0L, itk — iz A R T
AE L S S AR

KRR, PR ARB RN 1727 kg N+
667 m?, i FL LA AT 87.00% . 1 AR E iR
M (E 3), 8 @t kB & 2 1 oK, 8
1o B AN AR SR A k3R 3 A R, ekt 11
AR, FEUEMRRIE AR, 2R BRESR
PRHERCE I R KI5 B KR E B IR LA+ e Rk
() S PRl 2 81, 28 SRSV E AT USE R R R A,
WD R R B AR D25 AV AZE R & S AT AR
33.12%, HLBAEZE 117 10.67% , B ZE B4 H 15.86 kg
N-667 m?2, L EAAEZE /0 8.15% (3% 3)., LB A Al R
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Figure 4 Input—output ratios of Zizania latifolia (a) and duck (b) in mutual ecosystem
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