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Abstract ; Integrated rice-duck farming system (IRDFS) is one of the cream practices in traditional Chinese agriculture. As
a sustainable and ecological mode in rice production, the IRDFS has shown great impacts on rice growth, control of insect,
disease and weed, biodiversity, and paddy environment. However, there is no direct field evidence concerning the impacts
of the IRDFS on rice grain quality. In this study, we examined the impacts of different rice growing techniques on a variety
of rice grain qualities and properties , including milling, appearance, cooking, nutrition, and microelement contents through
field experiments in Zengcheng Research and Education Station, South China Agricultural University, Guangdong Province,
China in 2005. The treatments included the IRDFS, turbid water system, and conventional rice farming system. Our results
showed that IRDFS significantly increased the rate of head milled rice, the grain width and the Mn content, but decreased

the rice chalkiness, the length/width ratio, and the contents of protein and amino acid. No significant impacts were
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observed on the rates of brown rice and milled rice production and on the contents of gel consistency and amylose. This
study suggests that IRDFS can improve rice grain quality to a certain degree and is an effective ecological technology for

high-quality rice production.
Key Words: integrated rice-duck farming system; Oryza sativa ; rice quality
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1 #EERE
1.1 H% XA

BRI XA F T ARE TR R K22 R R, % X8 B W = MBI AR, R BB F RSN
1 B IR R Z T, AL KRS RS BRE . THRMDH. SRR KBS &R, 4% H i
¥ 1820 ~1960h, H I E 433 41% ~44% , K FAES) B & 105.3 x4.814 ~109.8 x4.814k]-cm 2, £V HSIE
21.4 ~21.9C , 5% A (1 A4) FHRE12.4 ~13.5C , AXREKIEN -2.6°C; &M/ A (7 Ah) FHKE
28.0~28.7C, N BESIR 38. 7C; LR 290 ~346d, THE T KMFE B, EFHEME 1623.6 ~
1899. 8mm, 2 85% HIREK R HTE 4 ~9 Ay ZIRIHEL . 258 W A AR 2 s KRS L, LEIE 8,
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1.2 gk

PEEKRE R 22 B ¥ ( Oryza sativa cv. Simiaoxuan) , ARG R KR 2= Be Rk, Al & fh b
JFREE ( Tadorna tadorna) .
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WA, X EMAFEARE B, SRR m B AKX M E A 1. 5Sm x2m B2EE AN 5
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Hehm P RSHIARHA S ~ 10 HIRHY4ENS ;6 F 16 HATEMET;7 B 15 B /KRR BulEl 75 mAF itE  53d,
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50cm F%.30cm 55 By HE , DAGRIE K BB 9, TR K DX AR RS 24 X Py SR W BB, AL B8 4 IRE R L IX 41
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WH R HEAST-T-R-BHREEZ2KEER. FRBEXRKSEESENELAE AR,
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FEOR B RS 2 RO R VERR R BH AR B E  BESEm S 85 M A2 R A GB/T 17891-1999
PR,

FHEESE REUSTREEER K K8 0. 258, B ATHAL B RE, I AE &R A m## (K,S0,:Cus0, =
10:1) 71 6ml ¥R G BR 5 & T IH AL 4 B 4K (200C 1h,400°C 2h) , AU ELEH B AR N EER, KA MRM
Kjeliec-2300 BUFLIC A 3 AL ER KA &, Bk 6.25 WAREITARAREAEN S &,

BEBREGE RO TR AR KM 120mg, B AKBE I, IIA 6mol - L™ A9 ELHR 10ml, FEALER,
S 2min, UIHEZKEE P AR IFBEE, B TIRG S LIRG UMERE R FT 5780, 2R 5 A = IR BEAE oK
(110%C,22h) , BUS R 5 /K AW 2ml SRS B BAr KB ZE T (60°C ) , BRI AZR1B/K 2y 2ml EZE 2 Ik, L%
HEZR, MA pH 2.2 WIFERBRAZ W 2ml, BRIR G5, RE RIS R EAZ S, & T HITACHI L-
8800 Hl 4 A S EEM X LA tTE

MEBITRITE BB RERT 100 BRFEZE 60°CT T, EHFRE 2 ~3g (FF# 3] 0.0001g) , B
FEURN, REBHIRAEBEY ERE, YA MW, 3 A 550°C AR KL Sh, BLE K40 HEER H
AR BT, BN, 7T 10% HBRIEE K5 , SR B TR BAFE R IE . RSB IR, A 10%
FRVS ISR K ST, FE RGBS FoK Bk %, U8 2 10ml A&+, 47K € 28 /5 Al HITACHI Z-5300 24k JE IR
WS BT E o

BRI EER A SPSS11. 5 1 EXCEL #4741t , R E $rERZEHIT I 25047,

2 ZR5H5%H
2.1 FERGILAEXTRE RN T R e

FER AN T SRR RS A 7 oe BIRAE oL AR Fr R IR R i B , 0.4 HRE R REOR BB KRR, Hp
BRARRZEUICREZ R PR ESR IS, R 1R DR, HER BARER BiEZ R IEE
AR, HA HRERAE 9% ~81% AA B8, KRR NRIFTE 73% ~75% Z 6], TR AR X P8 Fn i = ma 3R
ARB , SR 2ZFARE, BAREREREN G, B s 55 E RSIER N 0.08% 71 1. 58% ; %
AR R W A B e RS T E AR KA, R RSN ERBE BENZR
HRERAKLHERBBEKFE, M ESREHENEIERRBBER KRNI TR R, LHEREEKEREK
B (BXIFEK A RS A KRB RN,
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F1 BEILERERN T RRAZM
Table 1 Effect of integrated rice-duck farming system on rice milling quality

il H¥EZR Brown rice( % ) A& 2 Milled rice(% ) BAE K # Head milled rice( % )
Treatment B EGS BiiE LGS B EGS B LGS B EGS s LGS
e At /E IRDFS 79.84 +0.28a 79.02 £0. 15a 73.97 £0. 16a 74.76 £0.54a 48.20 £0.68a 54.46 +2.35a
IRKALFE TWS 80.10 £0.35a 79.18 £0. 10a 74.62 £0.56a 74.24 £0.19a 35.07 £1.34b 33.84 +3.23b
HHAS/E CRFS 79.97 £0.23a 79.17 £0.31a 73.91 £0.05a 73.60 £0.70a 38.44 £3.12b 45.89 £5.13ab

FEMEAEAE  Integrated rice-duck farming system ( IRDFS) , B 7K 4k 3 ; Turbid water system ( TWS) , & #L#8{E : Conventional rice farming system
(CRFS) ; B : Early growing season, B : Late growing season;4 (RER FIMH + FpMER, Fl—FIFBMFAERRE0.05 WK F LERABE, T
[7] Means of four replicates + standard error, Values in the same column followed by different letters are significantly different at 0. 05 level; the

same below

2.2 TEMSIEAEXTRE RS ML R

FR B SML S REFE R TR N B H B B B ERDCES , ERKR R EN EZ AR, EH
TERUKIERL P B EAE IR, RAPRLE S i EFLIE MPRL 28 H R BUR RS A A S A R G B, B H = 1
RGBT R, BOokRE RS K R AR R,

F2 R, 5REMIL, BERERNEARD, BEAR  EHERMEAEHA KEEKT M, RAGE
FORBERRAERBNARABHE, X SHEREEHE ML R ASFRERRFJMFEEZEFEHE
KU AT B %t R, T R T A T A B AR X AL S — B, B LR AR > 1R
FKACER > FERS AR, Horb H AR/ E SN MEN ZRAESER R P BE K, BN EHRREKRE S
EHEEEREE, FHER EHAENEL2FSEARBIEZ R BE, MBBIEESERKCENEAEHA L
HEEGE BRPBE2ZFKT, BRI ERee 8RR IRR EAM R A B, B FI TR R
B,

F2 BRMENELRZEMNKN
Table 2 Effect of integrated rice-duck farming system on rice chalkiness

il [ R#R Chalkiness rate( % ) Y[ H#R Chalkiness area( % ) ¥ /& Chalkiness degree( % )
Treatment Eik EGS Mk LGS Hit EGS Mk LGS Bk EGS Mt LGS
e At /E IRDFS 6.00 £0.00b 0.75£0.25b 37.06 £4.09b 3.25x1.18¢c 2.22+0.25b 0.03 £0.01c¢
IRKALFE TWS 6.33 £1.45ab 1.00 £0.00b 41.02 £3.09b 15.00 £2.87b 2.51+0.3% 0.15+0.03b
HHAS/E CRFS 9.67+1.33a 3.00£0.41a 68.23 +3.50a 30.42 +4.23a 6.53+0.77a 0.58 £0.09a

R —AIRARRSME B F B PR, — BRI R 98 2R MR 2 o8 R R 2 2 B R .
RERGILAEXT KR B, B G LB 2R AR BRI KBS, B BER R
A He B AESE A 0. 08mm 1 0. 04mm ; REPSILARBRE IR KL FEE , P B 5 WAL/ VIR KB = 3
B2 X ORRA K B A, AT MEE B g MR R A R, R g A A HR 2 RN B3 Mg a4t
P B 22 TR AK AL B 1B AR TR B B8 HUE R = T E R LB R R B — G (3R 3) o LIRSS RULHARS
WS ILAERRTE —E R B R RUBORRI AR , S HIRE SEFFRE MRS S HUAE . X TR B 0 A ORISR, 1 58 LB B9
THARTREN AR, BB TRIERE KRR,

:3 BREMENBRNEHEM
Table 3 Effect of integrated rice-duck farming system on rice shape

Pris::} HpiH Grain length( mm) N Grain width( mm) K/ Tkt Length/width ratio
Treatment Eik EGS Mk LGS Hit EGS Mk LGS Bk EGS Mt LGS
e At /E IRDFS 5.72 £0.04a 5.81£0.02a 1.61 £0.01a 1.62 £0.01a 3.56 +0.01a 3.58 £0.03b
BAKALTE TWS 5.69 +0.06a 5.83£0.03a 1.57 £0.02a 1.58 £0.01b 3.63 £0.04a 3.70 £0.02a
HHAS/E CRFS 5.64 +0.03a 5.77 £0.06a 1.58 £0.03a 1.57£0.01b 3.57+0.08a 3.67 £0.03ab
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2.3 EMEIENRERAER MR R

K2R M R KR A R AR P IR A AR BRI AR B R, BB R R M B R R
HFEREI, R4NERER, BREER BB R IEEN, B & BB RS, BERE KR E
HRm T RNERTRE, HEE TR SRS SY R EERE R, R TR AR ST BTRE
REGILAEXT AR B T & B ERA R , S BRI Z R A B, BAREREREE, K
o AR A L 20 L LR VRN N 6. 30% 1 5. 46% , EEE TN & B 4 A BTt 3. 94% 71 2.76% , TR
IKACELR R \ BT & B AR M 0 A b F A VR 3R 0. 74% (3. 67% (2. 25% 71 0.37% o JRFAE
FHECRBREEK, T EEE R & BmISH KR RK M, B8RS B LI A B TR ER KRR ZRE

LY

T4 BEIENBRERRRAZM
Table 4 Effect of integrated rice-duck farming system on cooking quality of rice

BHAE Gel consistency( mm) ESEEH &8 Amylose content( % )
K38 Treatment
H# EGS W LGS H# EGS W LGS
508 4L /E IRDFS 95.67 £3.76a 93.3312.91a 12.94 £0.63a 16.73 £0.49a
Bk TWS 90.67 £7.21a 91.75+6.05a 12.73 £0.05a 16.34 0. 14a
HHREIE CRFS 90.00 £5.57a 88.50 £5.07a 12.45 £0.07a 16.28 £0.22a

2.4 TEMSILAENRERE IR MR R

SRS RERTANEARSTE TR SFSHABMENEZREE (B D, EARTE5HKRK
WX REY, LT ES B AL S ARG R, B aw A —EM i, —Biis , Bk E
FUR A B HITE 9% LAWY, A B ¥ AR, MR EAR S BIILAE 6.9% U TP, Eit, 7
—ETEE N FERE R & B A A TRK R R R R

ST EERMFRMETE, BRI 17 FPERR A5 7 f0% QAR 10 FriEnds SR, K
FHREBR(Clu) HER(Val) FRAMK(Len) KINLRAM (Asp) AR (Arg) I F B R, EAMR(Met) A

11
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Fig. 1 Effect of integrated rice-duck farming system on the contents of amino acid and protein of rice at the early growing season
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SBR (His) FIBE &R (Cys) S BB M. MAMNEERLEE VFEER . ELFEERNSHEERNTE
AR BRIy HRE > RS IL/E > B, KPR EN EER AR UHEERNELFEE
RSB I H R/ T M 8.01% 7. 59% 1 8. 28% , T 18 7K Ab B2 W) 43 5 bb % MAAE /R F B 19. 02% |
18.48% F119.37% , e AERPREIEEFNREMERR(Cys) MEEZBR(Tyr) , FERSILIE TR KEH 5 1
HHREVE T % 28.21% \11.36% 40.72% F123.35% , 7R AR AEXTS E5 W, B IEE RS EA
HHREES 3R 39. 44% \39.53% F139.26% , 2R A K. LA BRI UL TR /BB IR R R RN &
ERSE(GREERLAE LEEAR FLFEERANSHEERYTE) , SEARMEMBN I

E2 @, 5REHL BRANEARMEERSERMNK, X5 RFABERKEPRERR, RERG
BB, BERNARIEIE X, MR B ERRMRBRNEORNEERS ], SEENEW
BN, REMRERRREH R RER (L) ; HFHARKNERER LR UFEEAERMELTEERN S
BRI RIRIY HRE > B HE > A0S 3h/E, Ko AR St /R 40 3 L ¥ A E T B 9. 43% 9. 26% 1
9.52% , iR K AL N 53 5 F B 0.40% (0. 05% 71 0. 61% , FEIRAHXTHAR

9 —
O faMgJL{f: IRDFS
KA B TWS
8 - W HUREE CRES
7 -

BEBESEARSE (%)
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Fig. 2 Effect of integrated rice-duck farming system on the contents of amino acid and protein of rice at the late growing season

2.5 TEIEIENTRMEBTR T ENEMR

HETREEYER EBERTRAERNER, B UMK~ I, 2 58RI KA
i, WRASHEMALMERLRES T £S5 B, BEIEXRRK Cu.Zn Fe & B AR AN
B, AR ZFABE, BARR 3 HMETRIENEE, T Mo B3 ENBE b Ih X THRAKME T
REL, BKAL T Cu Zn Fe FEXBERT HAMME, MBENIMES WABENZFUARE ,BEf
B HIEREES, SEMEPRBRIRM, ERr R B RERREEK Mn TR &, W H
B3 FHESURIEINEA —EREEER . X5MWER—MRRLEAIILN, SEBRZHHETTRE
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%P7, SR R T GER EITR) A A B, BERE S AREGR NP K R M ER YR SFME TR, T
HHLRE H BT A R BT R BT AT S BRK P BRI ENESR

£5 EBEENEANETRSBOME (ng-ke )

Table 5 Effect of integrated rice-duck farming system on microelement content of rice

hbhyE Cu Zn Fe Mn

Treatment B EGS BixE LGS Bk EGS HixE LGS Bk EGS BiE LGS Bk EGS BixE LGS
FyMeAt{E IRDEFS 2.68 £0.21a 2.77+0.30ab  23.5410.21a  17.17£0.47ab  20.88 +0.88a 8.27 +£0.40b 10.31 £0.19a  6.92 +£0.37a
1Bk 4b 28 TWS 3.60 +£0.88a 3.70 £0.24a 24.34+£1.82a  18.18 +£0.65a 23.44+£2.05a 11.18 £0.18a 9.95+£0.74ab 7.57 £0.26a

HHRGE CRES 2.56 £0.73a 2.12 £0.38b 22.8510.85a  16.54+0.32b 20.39 +£0.78a 7.42£1.07b 8.43+0.48b 6.82+0.15a

3 itig

FERG R SRR T, BB oK% BT S99 47 2 KRS R A B 03 (S AR M TR , BTS2 B 5 1R
BN, TR KR . RTE  EEEE & B S ARSI 5 2B A0 e, HhEH R TRk
i ST A P X R S A A AR 1R L R B B U B R

DR 45 R0, RN SRR AR R KRR A B, BRBRERKNERE AR, BERKE
Eokr % AR AR, I — R L BUEREK SRR , 34 RS KR 58, AR 98 Ml . ZERSMS St/ &
BT KRBE R B R BB, S E B RRS, BTN TYRRNER R ERA S R, X1
A BT MR CE ZEF 4 AREH B I AR FETE KR 4 K 5 ISk S (R4 i BRIR A , 76 R AR M 3 i
FAMTR YR ENEE, EESEEM TR BN, MELR TRERENEEERESER
eFe, HE HE T R R B AR AR, B 0 R A o (R a S e e e S i B 3¢
R VE K RSB AR, BRI AE 388, M2k N P K &35 0 4R B 38 F FRERAS K Z A% 5 148 Mn,
Zn.Cu.Si S TEMER KRN EBOE —ERENER . FHEMARSEHRERE B EY
R, T B By AR, T KRS 58 HU (B 7E — 2 VE R PO R, B K R BRI LA AR
HORRE K R AR TT BB 5 L B R A AR B T 3R, SR ML 1B 28 BR R LA 122 26 TR A AL B 0 oK B (G )
WS HEH & ERER S B TAKA X, KB 7L IR K i B 5 P A WU IR 5 o

BRI, IR R R M AN S BIE A B, TS AR MR & BN,
ERERESFHREST WBIFRER— B, TS HMRR TR KR SRR X, ARMA BN
S BN T RS B £ R 5 BN E F5 0 . — ARSI R G KRB R SS 1 B0 AL 188 R 135
P, YR TE R A R B IURB MR X KK RS AR A M £, FH IS B R, Y6 ISR BV 5 , T 6R F iR ok B
RS RMEEROFREYEAERIERY?, —ERBERSHS5EENNES, BBEEELA
PO, ARSI SR MRS 2 s A, RS 3EEA DL N P K 3 845K 26.2% (0. 71% 0. 36% Fl
0.55% , BANEEHEHFH Fe Mn B .Ca SHBTE, EHR O SBEL RERSHA I, SRR FHE Bk
FEFE AT TSR, 416 5 BIRS F R i 19 13 %) 3G A BUIE BRI A K 60 et B EL A e
S8 IMEHBEHRSERE, B AW S ED ™, 1#E P K. Si §BNESGH TR R ESEEN S
B, WA, TR BN — R HME BN S B E AR M B A RS BEEN
HE— AR B R B T & B, RS

RIS R BRI E AR R B RS K Mn STTRM S 8, 3R EXF Cu Zn Fe W38 INAE —E R HEER,
TR KAL LN B Z MG R Cu Zn Fe &8, MEBITERRBKERBRMERIS , EERHREKNE
B EBENERRST , METEERSHK BRI . BRI R TR TR, %
B TS Sl MR S EE ) Fe Mn Zn Cu.Se EHEBTE, B HE Fe S8 LIHER
KE 1 ~5 4%, Mn Zn FRILEEIOKE 2 ~4 5, BERHREEFAREDIEE, I H Fe Mn Zn,Cu S5KFE™8
Z A # BLFHY IEAR KM, XK RS B4R K 4SS B MR BEAE T, M\ Zn . Cu B S4B 502 18 BRI HERS K B9 R
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bk, 7E—SE L EIPY , Mn. Zn . Cu & BBURS , R G Bl = . BAREF IR ERR Cu Zn FHE TTHEM
HEANE , BHE TR AAFERNERENGRNERZ M, FHGILERKABERBA P HMET
RS RN R SHERRARBCIRRERANEETHEBTRIEREA X,

BRI A TR AR KR K HE Fe B L X 2FNEBARY SRALCHTED
FEER. RHERE, THEMN THRE IBZE JOKFIT A 30T H 135, 4/ 13 B0 5 & KUt
FETEAR NG 71 3 T YRR K X, NTITTE B — A /] T 3848 X RS B RO 35 ; RIS T7E RS B H 05
SR X KRR R ™ A2 LR A HUAORIBNE T , B2 Ml KA Y A B AR 2 e i, AT MR K b B, A SRATLARORI BB
TKAE A B RN , A PRI IE 7R TR AR B F IR BT , 45 R 78 SR SR IR SCHEATIRE

REK G R EHTE R — A SRR R 28 , R OB ERE Y8 B e LR RE R, FRA
P BRI B R 5 S 5 R A R WA R AR A AR AL R T AR, LR R S R KRR
FRA SRR RN RARIRRET . TS IAEXT KA MR TS SRR L R T 7™ A R L
Ve, BB T TIRABIT , AR FAE RERE K it Tk 28 Y N ZEDLEE
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