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1.1 ik R 5iX5 a2

T 2018 AF M A R AR 15 (3—10 AD TE
WG4 2 X1 T A A L IR A BTl K e AT
56 H A FEA B AL BT R pH E 5,09, A LT
28.5 g/kg. &R 2.2 g/kg AW 16.2 mg/kg . AL
B 158.3 mg/kg, HEIX &P H TR F4 28 Al AE P AL
6326, k50 A m M X PR AE RS EHES AN Z —. 3 H 20
HfEM .4 H 25 BB RATIE N 13.3 em X 30 cm,
AR o

A 5 R HUBE ML X 41 3% 1, B A /N X R
40 m* (5 mX8 m),3 WHE , Ik E 2 1 kFH
KA B X LK JZ #E Bk Ccontinuous flooding
CE) #1 T8 32 B2 % (alternate wetting and drying,
AWD) ;CF B BEARIAFEAT 1 UCHEAK I H 4b, 2k
ZRFFKZE (3~5 cm) s AWD HFR Sk FRAR EIREH
FH ) AR 4 T K 2 A0 L AT R FH AWD, Bl 3K
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HoKZ B AR T E LKk —15 kPa, W ILE
o T8 AWD Ab BN IX %2 2% - 3 R 3T I 15 em
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EAF . 3~5 cm K2, FAEFRGEH N ML E
WA S R AR R K 2 Bk RT 1 .

Sk Z it AR 200 kg/hm? , FRARRT 1 dCFEAR) |
BARJE 7 dCorBERE) R &) F oAb 9 CREAED it A, E 1]

M43 35 WEIE (P 40 kg/hm?®) . 5 A8 — U 1k it
ASHE(K 60 kg/hm?) , /EFEIE — R MEA . 4
FERERERFE L EFHERE 15 d i A N 75
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K. O) o 3k ZE UK I 00 N TR, 88 75 s
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1.2 FEAK 0T & B0 S W & Bl
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MR 1 PR, 2018 4R R 4k = FF #LT H ¥R
24.7 C M EFET 15 d HIHE A 28.8 C.5F
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Table 1 The meteorological data during ratoon rice growing periods in 2018
- o — FHM—FH)E 15d  FHJE 15 d— lE SR — TR TSR A R SRR — AR R
KL £ T . . . . .
. . Heading-15 15 days after Maturation-Heading Heading in ratoon
Meteorological Transplanting- . . .
L K days after heading- in ratoon season-Maturation
indicator Heading . . .
heading Maturation season in ratoon season
H ¥k /°C
Daily mean 24.7 28.8 30.9 29.2 21.5
temperature
H (R / °C
Daily minimum 21.4 26.0 26.5 25.4 17.3
temperature
H i/ C
Daily maximum 28.8 32.9 37.0 34.6 27.1
temperature
T
FER & /mm 305.6 61.3 32.2 39.8 38.6
Precipitation
A 555/
(MJ/(m? « d)) 14.3 16.6 22.6 18.6 13.0

Daily mean radiation

2 A ST R R RN & O 39.8 mm, P A 2R 5 A
1% P A 2R A R T Dy 38.6 mm,
22 AEKHSEEAXMNEARMIRRNE N

H1 2% 2 AT 768 BUK 2 A5 1 T B 2R
KARE K 2 (79.700) b & Tk 22 (74.8%0) , -4
R BYRE KR (70.4%0) B FH & T3k % (64.2%),
A 75 F K Y B ORS OK %R (66.8%0) I #F i T3k &
(51.1%) TR B MWL 510 T P2k EROK B B
KAR(76.8%0) 2 Tk 2= (73.6%0) , A R K
ARG K (67.4%0) 2 & T K ZFE(63.4%) , FEEZFE
FEKB ARG KR (5. 1% B E R TKFTUT.3%).,

sl JOE 35 L Sk ZE AR K -

ANRIZK 3 A B J7 T, Sk R OK A B K 8 N
KB BEEKRBEAEREXESR. 5T RSEER
SRAFAH B H B K 2 HE IR S 1R T R oK R B 3 8
3.78Y0 KK R 2 BN 4,45 %0, HE RS K K I 3 1
JN13.03 % AN [l 7K 43 48 38 5 5% P AR 2 R K 19 R
K FE KGR BORE KR A A, R R K )2 B AR
F N B T AR 2R A K RS K R L T 38 B I AR 1
TR ER N 1.63% KR ZEH N 1.26 0, B
KRN 8.03% . W UL, H KK 2 A% 1
Y F AR R R ORI T B TR s R AR T

ALUL, 2 Bl TR K 2348 BT AU AR R ROR RN T, A9 Ef
x2 ARAKSEEAXTEEBMIAR
Table 2 Processing quality of ratoon rice under different water managements %
AR ko346 Bl T KR Kk HORR R

Growing season Water management Brown rice rate Milled rice rate Head milled rice rate

CF 74.84+0.005¢ 64.2+0.003c 51.1£0.003¢

3k 2% Main crop ¢ ¢ 7 ¢
AWD 73.6+0.004d 63.4+0.001d 47.340.006d

) CF 79.74+0.0024 70.44+0.001 66.8+0.003a
£ 2% Ratoon crop a a a
AWD 76.84+0.003b 67.4+0.001b 59.14+0.003b

AR RNG F R ETE 0.05 K FE 2R B, CF W HKIZHEM; AWD.: TR EH#EB . TH. Note: Values followed by letters are

significantly different at 0.05 probability level. CF:Continuous flooding; AWD: Altemate wetting and drying. The same as follows.

23 AEKSEERFTXXFERIN &R T QY. TRSHMB AT 14 FRK M E

R 3 FiR . H MK IZHEM AT, BAERRK
M9 (2.513%0) 1 FH AR T3k & (7.863 %) , 4
RGOk B A Ok R (0.603%) B EF X Tk &
(3.597 %) » PR R KA 3B W (1 90 B 8 F 3k

B (2.953%) Wk ZE(7.717%) B E AL, FAE
FE K 2 R (0.520 %) He 3k 28 (2,973 %) B & B
KL FAE BRI BEWEQ SO HLKFTQ YO4, A
UL, 2 FhASTR] K o3 45 307 KT P2 R K A 0 5
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W TF L ERK, (2.513%0) W FH AL F FIB 2 B HEME (2,953 %) . K

2 MK E T AP Sk B EHE A
KR GEWIE TR E 225 R EROR B AR5
PEBTRIK = 2 br i CEFH EE<8.00) . 2 Rk 7r 4
H5 AT AR ZE A K B0 2 R A B W T ] R 22
SRR R LK )2 O A 1F R PR A RO B B

T 14.900 (G 3D SR MK 73 25 AF BEA B0 P4 Z2 A
KA BT R A GE 2 Tk 4345 B 7 R i B AR 2
(ER SRS i A S T 1 SR 3 7| G
JESS5.000) o AT UL ALK 2 98 0 0 9 S5 T R A
PF T B9 A 2 ORI 1 R TR, AU BB 4

xR3 ARAKSEZBAXTEERINRER
Table 3 Appearance quality of ratoon rice under different water managements
AR K438 B EHE/ % B RLR /% %W
Growing season Water management Chalkiness degree Chalkiness grain rate Transparency

K CF 7.863£0.451a 3.59740.271a 2
Main crop AWD 7.71740.267a 2.97340.223a 2
MRS CF 2.513+0.048c¢ 0.603+£0.153b 1
Ratoon crop AWD 2.95340.148b 0.520%0.196b 1

24 AEKSEBEARXNEX RVAERFIEED
A

K RV A G 7 A (B 7 0K £ IR i i 19 R AT
W 4 FT 7, PEARE 2R R OK Y A (R AR Tk
AR OR S P25 2 A R 9 el e TSk A OK L
AR IR B AR TSk AR . AN Koy

BT L Sk AR OR A WA L L R B L
it (L L e A R LT VBT L A O RE T W 3 2 L 4
AFERKRB LR FZERCGRE D, w0, A K EX)
T A R R K 1 A R A R L 2 K
738 BT 2T B P AR R R OK B TE R B A R B

R4 FREBRAXTELER RVAIERHERE
Table 4 RVA profile characteristics of ratoon rice under different water managements

ERE ko348 B W {1 8 2/ PR/ i fr(EL/ RAFE/ THIAA/ WAL B/ C

Growing Water (mPa « s) (mPa * s) (mPa * s) (mPa « s) (mPa « s) Pasting
season management Peak viscosity Hot viscosity Breakdown Final viscosity Setback temperature
3 Z CF 4 446+37.9ab 2 027+7.5ab 2 419434.3a 2941+11.0a —1 505.0+29.9a 78.58+0.28a
Main crop AWD 4548+122.1a 2 096+37.3a  2453+86.1a 3 008437.9a —1 540.0+90.2a 78.05-0.25a
IERa oS CF 3537%x1.2¢ 1 702431.9¢ 1873431.4b  2951+43.6a —6 24.34+43.0b 75.17£0.42b
Ratoon crop AWD 36444114.8bc 1 756£42.6bc 1887+75.1b 2 992466.0a —6 51.7+48.8b 74.58+0.67b

25 AEAKSEERFAMNBREEMERTREMN WK 2 RE AN TR S R I AR T Sk FERK

A

FORZEEMERGA T EQFEREAR S &, H
HEVEM & B AR BE . 2 B AR, B RR A BT AT
HEEER SR KRR ER, BAEFERAKEAR
HHE(CF:5.56 %, AWD:5.14 %) & F{% Tk % (CF.
7.84% . AWD:7.59%) , Fi A4 2 FE K 4 UE B & i
(CF: 15.07%., AWD.: 15. 57%) @& T 3k % (CF.
12.15% . AWD:12.87%) .

MEARSTE LR EZS, HAKEZEBREMAET
(12.15 %) R85 B MR 45 4 T (12.87 Y0) WY . 8
R ERILEEZES, & MK)ZEM AT 0 R
JE(86.87 mm) Ik T 1M A8 i E (108.3 mm) , {H i
T EER ., AFKGFMT HAEZRAKMHEEA
IS i, ELAEE OB A i MR E R O B E =R
(F5) A2 FRSEH X T HABREKESE
BRI A W AR,

x5 AAKSEBRAFATEEBEENERER
Table 5 Cooking and nutritional quality of ratoon rice under different water managements
AR Koy B R [ 54/ % EEEVER SR/ Y JKEHH B /mm
Growing season Water management Protein content Amylose content Gel consistency
3k Z& CF 7.84+0.48a 12.15+0.01b 86.67+12.91a
Main crop AWD 7.5940.12a 12.8740.35b 108.30+7.06a
A2 CF 5.56+0.26b 15.074+0.37ab 74.67+2.19a

Ratoon crop

AWD 5.1440.49b 15.57+£0.05a

78.00%5.29a
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AR P BB BRI G
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W T A R OR B E FR LR
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Fig.1 Content of nutrient elements in ratoon rice grain under different water managements
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Fig.2 Content of heavy metal elements in ratoon rice grain under different water managements
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AEEATH AWM SELREZ R, HHKE
HEWE 2% PF R M AR Z R OK B9 Y (Pb) A R (0. 22
mg/ke) B W i B K& a4 b fE (Ph=<<0.2
mg/kg) . 1M T 38 B Wk 4% 14 7 2B 22 A OK Y 4
(P & WA AR, & MK 2B 5% M4 R
B (Cr) {4t (2.08 mg/kg) i i [ 5 B il %2 4
(Cr<1 mg/kg), M T3 B HE ML 2514 T B9 8% (Cr)
TEEA AR, 2 BRI BEA FEROK R
(Cd i CAs) & 5 WA ok BH % & i 22
(As<C0.2 mg/kg,Cd<<0.2 mg/kg) .,
3
31 EHAKBEBRZHTHEEBMIMRMMPYR
m R E UF

K 3 A8 R ) R AR B i, A W] K O3 A%
PR REOK S TR B 22 Y AR K 4y 4 O K
MK FERORM R C 228 7Bk EZ M eE. B
BRAESEVIR Y B, 5 H K 2 HE R A b, TR A
VTR 25 T RROKORT K BRI BEORE K R I G
FIRE R R R B R AIG, WR S NI4T e R
T S T AR 1 R KO DK R RS K R BRSOk
BCEERCR AR AR EO RS B
WRUKIZREMTC B 3 2 S IR B WG . £EF
WA B R IR TR R WA T KRS TE B
1% it B S AG A BRI 43 B ot LU A4
Hh R R DR 1 B D B B R L RIR R EE
AR =, — o FRE B4R TE T RE R O, XL
SRS Tk S - K 43 Ry 2k K R
1t 5 il BT 5 e R HG 7 AR R BT T IR T A
TR 25 0 et oK dm e 266 R R o A A A R S
T DAL W 35 AT L B2 8 1 A OK 19 B 0 R AR 4 5
1117 7 S R R RO K BT 22, R T IR A
WE 2R S 5 SR ARL £ 08 e T R AR, SR R S
SRR L v R G T L T R TR R R AR R R L T
TE 93 5 il I UE 53 53 STt 3% 4 38 0 DT 5 0 70 SO
M., BRSO R T RS A A
KR, e B Sk 2 4 - b AR K e R AR R A
KB K 3 5 1 2 TEAR OGSk RSP - A I e K e 5
AR AR KR HRRERFEMK. 5EA
JT 5 i ELAEVE M O W G . kK A
Fo A R T B s FE AR A A S BT HOR B e £

i#

PR T,

AHIE 5 G5 SR 3 B, Sk 2 BOK 2 HE AR T 1
A A Sk 2B R R A 2R A R ORORE KR RS OK 38 RS K %
B T RS E R s H K E AR
A ZERR BT TR s, X s R
R K 2 R 5 X R 4R v A R O T
Jo R A O & 5 156 BH A A Sk 2 14 K 43 4 4 X R
FERE K il A e KR i), 5 H R B A5 1 F 9 4 2R
HAF. S5 A ET  BERAESEDY  ERRE 0
FE R BT 5 HE W 2% A T 2% A8 v R Y RO BT T
U, ATREE R A 44 58 v R N T AR AR R R IO T
W — 5 A RIHE RN HESRTE 8.9 Ay, B AR —
M3 A N RAER AR IAE 7.8 A, 2 i
S, MR K PR AR L PR, BRI T R
FE PR IF Sk 255 T R 10 5 7K 2% A IR AU 3 i 6T 2 2
PR K S RS2, H UK E AT . T
W T2 R 7 A R A AR AL TR S R
TR U5 I K TR s O AR R A R
RGBT .
32 AAKSEZFHEZNMBEEREBARESENRE

BE(CA) (i (As) VB (Cr) VB (Ph) VB (ND %5 8
&R BA AW H P (Co i (Cd il (As) &
CHMBEUE . EARE T Ak B85 T
M3 Bl Tl R K AT B HE O™ S e R e BEE
I T5 G (i in &, /KRS 1) HE 4 R V5 e Il H 25 58 H
ER NN e R ST NS L /N TR- A T DNE
1) B A B L RO X 42 R A W I A7 st R R A
BE 052, 5 7K R R B I 0 K o 4 B OG R
K 445 B 7 U RE i i AR H3E pH RN AL IR R
HL 057 5% 10 45 (CdD) L Bl (As) | 8% (Cr) 76 ¥ hz b 1 R
£, Norton U i 58 2 B, # HLK J2 0 Bk 5% 1
TR FEAFRL A CAs) 1Y 55 B W I B (CD i
W EW Y. Xiao F BRI R B, AR INAEE (Co) 1Y
T IAEA R A B 7 N A i 1 SRk
Cr M EFRESFARE K Co TN 200 mg/kg
400 mg/kg W HIESRMT 5 MK ZHE B4 T
KK s (Co) ik i E BEAK . Wan S5 R 58 & 9,
FETRME 8 rh % K 2 A F S HE I 608 1Y
FERLH T (Ph) & 3 b 35 T T W 28 5 R i 7E 559
Bl - 39 e L 2 ok o4 B O SR RERL R Y (P B
LR EER.

ABIE ST e B, TEH RUK ZHEE AT AL
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i A Hb DX AR 1 T A R S R R A 6326 P AT K
R CAs) LAAR, 4% (Cr) L8 (ND LB (Cd) L &
(Co) i (PR & it T TR A & HEBE , H 3% (Co)
%%(Ni)ﬁéﬂco)ﬂ@é‘%ﬁ%ibm 2). FAh A
W e B A8 VE WA L R K 2 E I A A
PR ZERE K PR (Fe) B 2 i 35 i (B 1) KRS
ik (Fe) MR 5 #5328 32 JAR B M S 52, Fe'©
T S i BE AR T Fe® T VA i B L M 3R B
W Fe*™ . HHERER (Fe) M 25 3 + 58 E AL IE R
2= . Slamet-Loedin 2578 R #E K f5 1 4
IBE A ES AL Ry TS5 Fe' ™ Bl By v] i3
PEM Fer™ BRI, B BLHE R 25 1 T 5 £ 19 Fe ™ {it
TN, (EF5TEE 2 A IR B (Fe) 9 fr
SEMSEWELSBEOBRR, 2 X5 sk
B FeSO, 4b 3 1 hn 7 K&K 48 (Cd) 1Y & &=
Fe(NOy), Zb B /> TR K 47 (Cd) 1y L R, 6 1
Fe* " B4 R F /KA A 8 4 8 &8 (CdD) iy M, % #L
K ZVE R S5 T 8 A D 7 AIG,  BR A e
PR JFG PR T 20 Fel ™, W i B 44 KL 0l b T X
Gy L N R i =i e v - LR
LK 2 HE IR AR T AE 2 38 o el A 4 A iR R
ARZS AR 2 ] R A R AR AR WAL Y Fe® ' L AR
FAERRKNER (Fo s @I m. mA.HF Fe'" 1
AR U /D R A Ak 0 %o 5 4 D 1 O o i ) i 9 L 3
THAE R R T2 5 W — S 4 R L R T AR
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Effects of water management on grain quality of ratooning rice

WANG Xiaofeng, WANG Wukai, XIA Fangzhao,SUN Yating,
DAI Zezhang,ZHENG Xiangbo, YANG Tewu, YAO Xuan

College of Plant Science and Technology , Huazhong Agricultural University sWuhan 430070,China

Abstract Liangyou 6326 as one of the promotion varieties in Hubei Province was used to analyze
the effects of water management on grain quality of the ratoon rice. Two different water managements
including continuous flooding (CF) and alternate wetting and drying (AWD) were applied in the main
season. Milling quality,appearance quality,eating and nutritional quality,and health and safety quality of
the ratoon rice was assessed under CF and AWD conditions. Under CF condition ,the brown rice rate,
milled rice rate and head rice rate of the main crop was significantly increased by 3.78% ,4.45% , and
13.03% ,respectively. The brown rice rate, milled rice rate and head rice rate of the ratoon crop under the
CF condition were 1.63%,1.26% and 8.03% higher than those under the AWD condition, whereas the
chalkiness rate of the ratoon crop was 14.9% lower than that under the AWD condition. No significant
difference was found in the eating quality of the ratoon crop under the two different conditions. The Fe
content of the ratoon crop was significantly increased by 127.41% under the CF condition compared with
that under AWD condition. The change of the Fe uptaking in the ratoon rice plants under the CF condi-
tion may result in the accumulation of several heavy metals in grains of the ratoon rice. The ratoon rice
has better milling quality, appearance quality and nutritional quality under the CF condition, indicating
that the CF condition in main season helps to improve grain quality of the ratoon rice.

Keywords ratoon rice; water management; continuous flooding(CF) ; altemate wetting and drying

(AWD); rice grain quality; heavy metal content
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