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Abstract: [ Objective | The aim of this study was to explore the effects of nitrogen fertilizer management on
rice yield and quality under rice shrimp rotation mode. [ Method ] Using Yexiangyou Mingyuesimiao and
Nongxiang 42 as experimental materials, different nitrogen application mounts and ratios at different stages
were designed. [ Result ] With a 15% or 30% reduction based on the conventional nitrogen application amount
(195 kg/hm?®) , the yield of Yexiangyou Mingyuesimiao did not significantly decrease, while the yield of
Nongxiang 42 significantly increased. When the ratio of basal fertilizer : tillering fertilizer: panicle fertilizer was
4:4:2 the number of grains per panicle, seed setting rate and 1 000—grain weight of Yexiangyoumingyuesimiao
were the highest, and the yield was the highest. When the ratio of basal fertilizer: tillering fertilizer: panicle
fertilizer was 5:3:2, the effective panicle number per unit area, grain number per panicle, seed setting rate and
1 000-grain weight of Nongxiang 42 were the largest, and the yield was the highest. With the decrease of
nitrogen application rate, the milled rice rate of Yexiangyou Mingyuesimiao and amylose content was
significantly increased, while the protein content was significantly reduced.The peak viscosity and breakdown
viscosity showed a trend of first increasing and then decreasing, reaching their maximums with the nitrogen
application amount of 165.8 kg/hm®. When the ratio of basal fertilizer : tillering fertilizer : panicle fertilizer was
4:4:2 for Yexiangyou Mingyuesimiao and 5:3:2 for Nongxiang 42, the milled rice rate, head milled rice rate,
gel consistency, peak viscosity and breakdown viscosity were the highest, while chalky grain rate, chalkiness
degree, and amylose content were the lowest. [ Conclusion | Under the rice—shrimp rotation system, reducing
nitrogen application rate by 15%-30% and applying nitrogen at a ratio of 4:4:2 or 5:3:2 is beneficial to rice
nitrogen efficiency , high quality and high yield.

Keywords : rice—shrimp rotation ; nitrogen application amount;nitrogen application ratio;rice;yield; quality
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I AEVL VY rE B T e B 537 (28°98/N, 116709 E) i#F 47 . i i) B2 5t 17 1l ALk 3605 BH T8 e AP I, 41
PR 17.4 °CL ARSI 5 760.4 °CL AR T4/ it 1 608.8 mm, JEHIH 289 d. BEHRE B R4 fFEEAEIR
AR TAERC TR I, AR 2.2 o/kg, B AL 113.40 me/kg, HALET 114.92 me/kg, A 500 6.4 mg/kg, A
ML 30.33 g/kg, pH {H 5.03,

BEIKKRE RO B 22 B R T 42, FEVE R K™ il J2 5 [ R B I ( Procambarus clarkii)
1.2 KRt

SR it 28 2t FRAS [ B 300 it 0 L 4910 9 PR 3R 4 DX 18T o A it R LA [] 1 it 0 6 oy X Bt A
(N,), BEA UGS 195 kg B 15% (N,), BRABUAGEAIA 165.8 kg R 30% (N,), B 23 Bt 26 %
136.5 kg, TERAFX LI E 4R LB M, , FEAE : 3 BEAL : BEAC=6:2:2; M, FEA0 : /3 BEAE : AR =
5:3:2;M,, FEAL : Ay BEAL : FEAL=4:4:2;M,, FEAL : A3 BEAL : BHAR=4:3:3, &/NXHHE#HE (P,0,)90 kg/hm?, fi
FEAR— PR o A1 (K,0)150 kg/hm?, %235 A8 : BEAE=5: 5 A9 HL 1) 2 IRt A . BEASAEFE 3N E A . /NX T
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Tab.1 The effect of nitrogen fertilizer management on yield and its constituent factors

under rice shrimp rotation mode

BRI AER/%  TRIBEg

fn i L ABEEI:10% hm ™) Spikelets Seed settin, 1 000—grain B (1 hm )
Varieties Treatment Effective panicles p e o 8 . & Measured Yield
panicle rate weight
WHRMLWA AR N, 345.48" 176.60° 74.91° 18.07" 7.43"
24) N, 335.83" 180.50" 70.46" 17.81° 7.15"
M N, 315.21" 192.98* 73.71° 18.24° 7.25%
AR M, 349.49* 172.15" 70.74" 17.70° 6.89"*
M, 34111 182.08* 72.74" 18.16™"" 7.50%
M, 327.14"% 194.21* 76.53" 18.41% 7.74
M, 310.95 185.00*" 7208 17.91° 6.99"
JEGHT N * o NS NS NS
M skek k k * sk
NxM NS NS NS NS NS
Ay 42 it A N 315.46" 120.26" 79.53% 25.98 7.36""
1
NX42 N, 341.03* 121.15" 78.70" 26.03" 8.05"
N, 353.41" 132.99* 81.46" 26.15" 8.39"
FEAELH M 327.90" 119.94" 78.51" 25.70" 7.23¢
1
M, 344.93" 128.14* 82.19" 26.46" 8.68"
M, 340.72 126.90* 79.86"" 26.16™" 8.18"
M, 332.97" 124.22™ 79.03" 25.90"*" 7.65"
T2 N ok ok NS NS *
NxM NS NS NS NS NS

AR NG FRE5 0388 22 B B 3 (P<0.01) F1IE 35 (P<0.05) NS KR 2 F AR 2 (P>0.05) , * #*43 FR 2L R B 3
(P<0.05) FH B35 (P<0.01) ; YM : BFEHEIA A 2218 ,NX42. (75 42,

The different uppercase and lowercase letters represent P<0.01 and P<0.05, NS: not significant (P>0.05).* and ** represent
P<0.05 and P<0.01, respectively; YM : Yexiangyou Mingyuesimiao; NX42 : Nongxiang 42.
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R R R R R Y M M, M, M, B R 4:4:2.5:3:2.4:3:3F16:2:2, T4
T 42 PIRERR RORPROR S DR AN R s 2R A M, M, ML AT M, R LG9 50302 140402
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Tab.2 The effect of nitrogen fertilizer management on rice processing and
appearance quality under rice shrimp rotation mode

st il Ak 2 HEA A% HAKARI% BRIRRI% B HHRR/ % EHE%
Varieties Treatment Brown rice rate  Milled rice rate  Head milled rice rate  Chalky percentage Chalkiness CD
WEREW AR N, 80.46" 71.76° 68.23* 7.83" 2.19"
HezEiyM N, 80.57* 71.83" 68.67" 8.00" 2.17"
N, 80.53* 71.94" 68.86" 7.75" 2.15%
WA E M, 80.41* 71.63" 67.96" 8.67* 2.38"
M, 80.42 71.89" 68.67"" 7.44" 2.05"
M, 80.60" 72.08* 69.44" 7.00" 1.96"
M, 80.63" 7177 68.28"" 8.33" 2.29"
T2 N NS ok NS NS NS
NxM NS NS NS NS NS
e 42 it A N, 80.62* 70.00** 57.68" 9.46" 2.83*
NX42 N, 80.71* 70.18* 57.89h* 9.29* 2.68"
N, 80.75" 70.24" 58.04" 9.08" 2.64"
AR LE M, 80.61* 69.74" 57.66" 9.62" 3.06™
M, 80.60" 70.47" 58.09" 8.83" 2.33
M, 80.70" 70.32" 57.96"" 9.11"¢ 2.62"
M, 80.86" 70.03" 57.79" 9.55"" 2.87"
T2 N NS Lk NS NS NS
NxM NS NS NS NS NS

AR VNG F BG5S 835 (P<0.01) AL i35 (P<0.05) , NS /R 2 AN L35 (P>0.05) ,* *#43 fI/R 22 57 k3%
(P<0.05) FIH 2.3 (P<0.01) s YM: P OE W H 2281, NX42: R A 42,

The different uppercase and lowercase letters represent P<0.01 and P<0.05,NS: not significant(P>0.05).* and ** represent
P<0.05 and P<0.01,respectively; YM: Yexiangyou Mingyuesimiao; NX42: Nongxiang 42.
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N3 ATAT, FE RS HR AR AR T | 7l 260 e 0 R R BB D 2 A0 IS J32 P 52 W 1 24 o TR A7 7 22
S, BP0 228 B0 LB VR B e BE A e 22 /D S B R A A TR ) 22 S A 2 AR A 42 450
R AL PEIA] Y B TEA O 2R AN L o SRR X B A0 I ) 22 A IO A R T AR A 42
5t ZR e Ak 2 1) ) R 2 S 0 2, it 2 P D ISR R o e S X 2 A el ) £ P
TSN R B SR, 8 0 i e BRSR IO N, N FIN,, B AR ] 22 v 69 2 P o 35 1 45 2L
o Rk ) 2 S S R A AR 42 BB T R N N AR B Y 2 5 3

M 50 IR A, o8 R oK B Ry B R R B A R O R . LR
T B 5 SUIREAL LA B0 S 0 S B SIS B, A DT A 22 Y B TR e ML AR B R AR, T A
42 (0 ELHEVE R 5 I ML AR PR AR AR o JBHH B Bl i S A LU A9 A4 38 i S B ST 1 i A a4, B A L
H 22 BB BE ML AR PR R, T AR 7 42 O JEAR B ML AR BRI O . R OK 8 1 B35 B B T DT A L 491 )
TG o, % Ak L) S P i 0K A 2 A R R

®3 BIRKERXTRIEEENBAZERKBRRMNEARSENZN
Tab.3 The effect of nitrogen fertilizer management on the cooking and taste quality

and protein content of rice under rice shrimp rotation mode

s b3 BTN % BHRE /mm BRI 1B (90 BT %
Varieties Treatment Amylose content  Gel consistency Alkali digestion value Protein content
gl DS Jiti i N, 18.04° 57.75" 6.8 11.81%
221 YM N, 18.35" 57.63" 6.8 11.43"
N, 18.55" 57.38" 6.8 10.86"
Jiti 8 A7) M, 18.66* 53.33" 6.8 10.95"
M, 18.29" 59.33* 6.8 11.16"
M, 17.87° 60.33" 6.8 11.58"
M, 18.44" 57.33" 6.8 11.78"
T 253 N Lk NS NS o
NxM ok NS NS NS
e 42 it ik N, 19.41* 48.21°° 6.8 9.96"
NX42 N, 19.60" 54.88" 6.8 9.88""
N, 19.64" 64.79" 6.8 9.74"
Jiti 5 A1) M, 19.77* 50.17" 6.8 9.67°
M, 19.19° 61.78" 6.8 9.79"*
M, 19.56" 57.89"" 6.8 9.86"
M, 19.72 54.00 6.8 10.14
V=YX N NS i NS *
M - - NS ok
NxM NS NS NS NS

R NG FRE 53 3R 22 50 3 (P<0.01) FILEE 2 (P<0.05) , NS FR 2 AR L (P>0.05) ,* 43 Rl F/R 2 53 1 3%
(P<0.05) AR 245 (P<0.01) s YM - BFAF LA H 22, NX42: 475 42
The different uppercase and lowercase letters represent P<0.01 and P<0.05, NS: not significant(P>0.05).* and ** represent

P<0.05 and P<0.01, respectively; YM : Yexiangyou Mingyuesimiao; NX42 : Nongxiang 42.
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FH 2% 4 TR it 80 X e A A D (EDRE BE  EACIRORE B8 i (0 R SOROA i B AT S 2 SO S 5 R ) DALY
JEE A SRR BSCAA T B2 7 2 A AR et o o A R I A S AR — 0, I 7 it 2R o P 0l , W (RS B2 A ik (N
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JRCR ek B 52 RS B R U NI A B, DL NG AR BEOR R K o BRHORE BEAE 2 A S R ) ) R IR AR 25 5 PO
HH A 2275 B PIERGE I b i B R N, NS RN, R N AN, 5 N Y 22 53 56 B 38 7K 5 T AR 42 A Bl
RS v EMRAR YK N, NJFI N, Hod N, 5 N Y 22 558 B KO .

AN )it S LR, %o R K A W (PR BB RCHORY B L At (O AR T B 7 A T ol 3 i e 3 R i
Wi it 220 L 8] ) AN 0 T 52 0 2 39 RS /N e 34 . B O I 22 0 ) WA (ELRG B AARORG I AR A B &
R F BN M, M, MR, B  4:4:2 50302 4:3:3 f16:2:2, Horp g (EAL B M, i 2%
KT M, M8 2 KT MR M, 5 $ACRORS BE R A (B ML, 3 38 KT M, A 8 38 KT M e R B ML B 3 KT
n@ﬁﬁ%k?mﬁmoK%n%%ﬁﬁanﬁﬁfﬁﬁﬁim ARG EE B R BN M, M, M,
M, B A ] 5:3:2 4:4:2 4'3'3%!]6'2'2,,\ WA EDRG B ML S 28 KT ML, A 2 R ML M (G
2 A A ML, S22 R M, B 2 3 K M5 e ZOR B M, 8 R M R TR E 78 2 /K R R 1] )
FIEH—H M5 M, 25883, B2 R KT M A,
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Tab.4 The effect of nitrogen fertilizer management on the characteristic values of rice

RVA spectrum under rice shrimp rotation mode

i A Jiti b 2 WEfRRGRE  BRAGEE IR REKE THIE MIZAE WL C
Varieties Treatment PKV(ep)  HPV(ep)  BDV(ep)  CPV(ep) SBV(ep) CSV(cp) PaT
AL MEEE N, 3108.42" 154858  1559.83"  2709.33"  -399.08"" 1160.75"  76.17""
WA 25 N, 3168.83" 1539.79" 1629.04" 2730.75" -438.08" 1190.96""  76.22"
w N, 3085.83" 147533" 1610.50™ 2763.92" -321.92** 1288.58"  75.82"
TERLEHE M, 3017.33¢ 147017 1547.17""  2680.11°C  -337.22  1209.94"  76.28""
M, 3 144.11"" 1519.44™" 1624.67"" 274233 -401.78""" 1222.89*  76.32*
M,  3240.00" 158422 165578 2794.00" -446.00" 1209.78"  75.72*
M, 308267 151L11"" 1571.56"" 2722.22" -360.44" 1211.11"  75.95"¢
2 N b * * NS * o *
NxM NS NS NS NS NSns NS Lk
K42 EAE N, 3231.08" 158558 164550™ 2632.50" -598.58" 1046.92""  74.54""
NX42 N, 335383 164658 1707.25" 2710.92" —642.92* 1064.33"  74.83"
N, 322975" 1611.79™ 1617.96" 2608.50" -621.25"  996.71"  74.26"
TERLEHE M, 315178 1578.11"  1573.67"  2596.56™ -555.22** 1018.44"  74.63"
M, 3388.11" 165872 1729.39" 2710.56" -677.56" 1051.83"  74.62"
M,  3306.89"" 1623.56™" 1683.33""" 2668.78" -638.11"" 104522  74.46"
M,  3239.44" 159822" 1641.22"" 2626.67"" -612.78"" 1028.44"  74.46"
T2 N o * NS NS NS NS ok
M b # b NS NS NS
NxM NS NS NS NS NS NS e

AR VNG FREGR 3R 22 54 8.3 (P<0.01) FLEE (P<0.05) , NSFIRZE AT E (P>0.05) ,* o fp il 26 5 i
(P<0.05) Fi 2 (P<0.01) s YM: BF A (LT 22 87, NX42: 47 42

The different uppercase and lowercase letters represent P<0.01 and P<0.05,NS: not significant(P>0.05).* and ** represent
P<0.05 and P<0.01,respectively; YM: Yexiangyou Mingyuesimiao; NX42: Nongxiang 42.
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3.1 FBIFRERRX TREEM R LG KFE 2R B E R H#0m
TEK R AR, B N Ah2 o 5C T R B 28 X0 7K AR 7 i B A 1 PR 3R A s AT 1 R IEE
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Xof T it S0 X AR 7 e A R IR, RIS 40 W e Sk — 3, BV 5 i R A B e e S S T R R A
S UL — 2 3 Pl PN KR ki G ) B0 T R, R e — S Y RS KR 7 o ) R B A R
ST G AE AN [R] B 1A 0 it L A9 X6 7R 5 ) s i PR 2 1) ST A S Y e e PRI R () AN [
FIMEST M FANRE B4 B R W BRI A, 35 B A 4 BEAE ARG A LBl 6:2:2,
IR T P R SO 2 W RS B A B AR 4 BEAE REAE A Bl 52328 5:2: 3 I,

LK FEAEAR LY FERFUR 2R B A IR T B T iRDRHR I /NI A B R, st T IR Zh A, 2
BT LSRRI AR B A, R LR A AR R S KA AR R A Rl M R 2
BV ) B PR e R KRB R (0 S, (HAE R R 2 A5 Fp 3R A N K RS s L 22 /0 3l LA AN [ B30
()it 2L ) 28 A ECAT ASTE 48 o /K P2 AT AR E SC/T 1135.1—2017 , B4 i FRAR B feff FH 42 15 1% St /K A
FAAEREACAH FE I 30% DA 1o AR DKW 5 3R B, R AR VA = i i 260t 1 i /K e = 2 Ak b 34
FIUAIR] 5 FURE SRS 6 5 7 ek Bl 4 il 280 et () 15 I S IS4 I R ) A B FE it U 162 kg/hm® b 3
IRB R B o 225 T it R 9 A0 534 2 30 Ay e 25 it 280 & () 338 fin i b T, i 20 5 180 kg/hm® &b B34 5] fi
KAH . IRFF T K B, it S X B AR 7= i () 5 ), 3 LA 7 o it 2R B S S T i R ke 3, Horp
T LA 120 kg/hm® KT 77 e, B VSR 220 IR — S 7E il AU i 150 kg/hm® 7KF R
PR . i CAECIFGE I, 120~130 keg/hm® AT RUVE R R R A4 22 Go 4t 2t 00, 1 4 309 A R AL fE A5
T BB KRS ZIE A & B 0 102.4 kg/hm?, KRG FA/EBL AR T 26.6%™ . 150 252 DL “ & #i it
Z.(240 kg/hm?) | FE A F1 5 BEAL 4% 50% " F1 s AL #1585 FIL it 2008 it 12.5% , B 210 kg/hm?) , FEAE < 43
BEAE - R =60:25: 15" AT RS, & PRS0 Ab B4 H Ut 2507 it T AN i 2 . 32 UMK SE IR T 16
RN 105 kg/hm® i, FEAEAS ] Lo 491 R R AR /KR P s 0 52 e, e IREAE B8R 209% FO B, 7 it (i 3
o TIHABAN L, 25 b, G T RUIE XA ARER G A SR X AR 7™ 5 (09 52 e A T 5 2 2 4R rh ZE A IR AL AR A
3, T RIURFEVERBL A RS /D, 1T HL 32 2 G it 260t T 1T AR5, A () B 300 10 it 2 B 4610 e A 5 1
M o AT AR ES AR AL 2T A [7] it 220 2 A0t 280 B B8 % 7K e 7= S 045 M 2R A7 2 AT, R B R it
R 15% (i 260 165.8 kg/hm®) F130% (Jiti 21 % 136.5 kg/hm®) B, WA OLIA H 22 8 (%) 77 2 T B A
M 42 B9 AR SO, DO ZE AR IR A VR A X A W] i il &80 . ML LU 9ok |, B AR
DEBH 22 8 7E SN0 43 BERE REAE 00 FH LA Ry 42 4 2 ), A RORE K L 235 52 38 TR B B e A, P i I v
A 75 42 ZEFLAE 4 BERE oA Ay it FH G AG g 52 32 2 Bk B o TG FRA A5 R | R 600 405 S 8 T o
R, R . R ERIME R, th T 3 7 3 & D i U 15%~30% , 38 2SRRI 3L
JE TR IE L 5], A6 R T K e v 7 (LA A1 it o ] 5 R Y A AR [ T A 26 5
3.2 R T e S E A0 5 & b 51 X3 78 K S B A R

FEKREFRAERL T, T RUIE FH & X R K 5 A 52 i, i ARG 45 SRS R — 3. 7RSI S T
LRGN 18 248 it U T R AR OR (R T . A AR R R RN T A R it
e 1 17T 2 AR A R A i LA B RS OK 3R RS KR R T AN U B (P A B R Y 25 RN
0Tk 2 2P 1T AR KR SRR EEA T RIS L S 30 RO R e 8 0 T AN A2 it R (S T
S AR TR 5 ol 14 0 ot o B it R B v o it R A e B < 3 AT < LR AE AT =4 2 2 4 14 L A5 it FH e
7B R4 v AR A T B FE AL S5 T, — S 5 A A B I R I AR AT AR K 1 1
RN B AL B A B4k, O —Se 5 DA Sk B i R0 F B v, e PR R R 2 X AT g
AN T B4 7K R it o X 260 2 %9 i o7 AN [ A DGR, 34 it 5 AN AR R R R it S5 R 2 L (L R [ 5 e
FEA 25 5, BRI R RE K A AR R8I 10 USRS o U A 52 5 RS it P s [ i RS L A7) ek
PR AR PR R X P A R SRR AR S B R R E SO BB IR,
it A S 7%, 2R B B S g i,

KT REIRLE A P IR 2T IS 280 K 5 A4 52 i BF 5 i A 2L, A PR UM 9 T A AR G FE A
T il 280 X ARG K S A S ), 2 B A it S A 1 T, K 1 A R BRI AR TR 25, 0 T A
NE . WEEFERE IR e AR BRI A AR R R T 2 L BB SE T R IR AU X R AR
AR AR S BT 052, & BRRE SR TR I S B 5, REOROR K 3 KR SRR K &2 BT 3
WA J N R R R A RORER (I iGN, A VE A O S R AN, R A AR 25 . REOR VE A I (E
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FE IR BREE R RN KO A 5T B I S R MR Ty TR EAS R U A 3 2 ]
WL mEES . AN R, FERUR VR T, Bl A it U D, 2 S /KR S o 11 2 PR e 0 2 3
PRA B2 HARTEN & B S R O PR RO 2 R KRR AR 421
HORE KR 25 B 3, 0 T A B R s B A O A A 220 (R W PR BEE 99 A P DA B o 42 R DA (B RG 2 L A
AR RS Ak TR 5 2 SE B BB 34, LA U 165.8 kg/hm® Ay fi K 3 AR 7 42 (e A 28 i 5 15 . B9 3%
el 22 B A B0 A BERE FEAC G006 LR 42 42 2 RS K38 BORS K R B , SE PDRR | [ B R i
TEA i AN DA EDR T R AR A (A5 R 5 A A 42 7R A A BEAE REAE (e P L A5 A 52 32 2 P R 6
F AR AR B S5, W PR S B8 A B Ve B 5 e /D, VDR 2 L A i R

CEEORE IERBIMSAER T A 15%~30% , 3L A0 43 BERD FEARE & LB A 4:4: 285 5:3: 210, 47
F T AR T R, DL
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