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(1 ZRARIBEBREEDHIT T, B 650205; 2 BapmiRb RS Hoy, =mEEh 6791005 3 i) SRRSO, =
FEW  679100)

OB b THEERBEASE T KREENEOE A, SCHURAES A BAR, DIZeshIRERERIE 1206 JnRieAtel, fERgfmdt
PR T ICE T 4 AKFEIEEALEE, 23515 NO RHEZACALFE . CK b % MU AL B (LEZUHEE 180 kg/hm?®, H2/3TEAD « 1248
A RAEE=5 £ 2.5 : 2.5 ). N1 AL B (A BT 120 kg/hm?, $543BEAR < S24EAE < RAEE=5 : 2.5 : 2.5 ). N2 &
FEJR A B A R R RN 120 kg/hm®, $24MBEAE « fRAEHE < fRAEAR=0 : 5 : S, BF5E T ARIRIANEE FR RS A R BR1E | PR
RERFHZRM A, 450K 5 CK AFRAHEL, N2 Ab3E B RN T A B B K ARG 0 - BERCRE] 4 MKRE I T4 AR
B (BEASUY BB R M BEEGA S T CK AMBIA R 88.54%, TN . MREALE N2 AR 7 /KR 0 THy B 2

B REBCRREAR AL, RIS B B T KRR b, 205 T RO, AR IZKAE ™ i b CKARFRA IR T 6.39% H1 8.57%. Iﬁlaa“,
N2 AFRREAR T /KRG B HHOK AR R, KA RBORIEE . ARE TR A0R . AEAWA=RCR . B RA T AE
A e A ZR 5 e CK AR R T 5.63%.12.99 kg/kg. 12.91 kg/kg . 28.45 ke/kg Fl 7.79 kg/kg, HEMR/M 5155 9.33% . 15.56%.29.14%
59.57% H1 120.77%, 2e5¥iks WK, w0, KAEEEERGRMT, e KRG, EarkKEuEE . 5+
YA AR RO IR AR A FeR, ITTEE =tk FEVE g b X5 R SR AT, 2 0 R m MUK AR A 55
£ 1.79 g/kg Fil 160.02 mg/kg L b, /KRERITAGEEH 120 kg/hm®, F40BEAE « 24EAE « RAEAE=0 : 5 : 5 HLBIRYIIT, ATRASEIIK
FEUR A 33.3% . H47= 6.39% LALAY B s
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Effects of Postponing and Decreasing Nitrogen Fertilizer on Rice Growth and Nitrogen Use

Efficiency Under Rice-fish Coculture
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Center of Puchuan Township, Tengchong, Yunnan 679100, China)

Abstract: In order to explore nitrogen (N) high-efficiency application technology of rice under rice-fish coculture and achieve the
goal of N reduction and efficiency increase, a field plot experiment was conducted under rice-fish coculture with Longliangyou 1206
as planting material, in which four different N application treatments of rice were designed, 1) NO: no N application; 2) CK: local
conventional N application, 180 kg/hm?, 50% topdressing at 15d after transplanting, 25% and 25% topdressing at 4™ and 2" leaves
emerged from the top, respectively; 3) N1: reducing N application, 120 kg/hm?, 50% topdressing at 15d after transplanting, 25% and
25% topdressing at 4™ and 2™ leaves emerged from the top, respectively; 4) N2: reducing and postponing N application, 120 kg/hm?,

50% and 50% topdressing at 4™ and 2™ leaves emerged from the top, respectively. Rice growth characteristics, N use efficiency,
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yield and yield components were measured. Results show that N2 treatment significantly reduces the number of tillers at the critical
leaf age for productive tillers and the dry matter accumulation of rice at the inverse 4™ leaf stage, but the number of tillers at the
critical leaf age for productive tillers reaches more than 88.54% of the effective panicles of the CK treatment, which is enough for
tillers. The application of panicle N fertilizer increases the dry matter accumulation, effective panicles and number of grains per
panicle under N2 treatment, and significantly reduces the peak seedling of rice and improves the spike rate. The rice yields in the two
years are increased by 6.39% and 8.57% respectively, compared with the CK treatment. At the same time, the N2 treatment reduces
the residue of hydrolysable N in soil at rice maturity stage, and N harvest index, N use efficiency for biomass production, N use
efficiency for grain production, partial factor productivity of applied N and N agronomy efficiency are 5.63%, 12.99 kg/kg,
12.91 kg/kg, 28.45 kg/kg and 7.79 kg/kg higher than the CK treatment (P<0.05), increased by 9.33%, 15.56%, 29.14%, 59.57% and
120.77%, respectively. In conclusion, the postponing and decreasing N fertilizer in rice could significantly reduce the peak seedling
of rice and improve the spike rate, the dry matter accumulation, effective panicles, number of grains per panicle, N agronomy
efficiency and yield. Under the rice-fish coculture mode after tobacco in southwest China, the total N and hydrolyzed N in soil are
more than 1.79 g/kg and 160.02 mg/kg respectively, and the total N are 120 kg/hm?, and the application ratio is 50% topdressing at
4™ and 2™ leaves emerged from the top respectively, which could achieve the goal of reducing N fertilization by 33.3% but
increasing rice yield by more than 6.39%.

Key words: Rice-fish coculture; Postponing and decreasing of nitrogen; Yield of rice; Nitrogen use efficiency
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2.1 BEXMETRRRERBIKEZERNZIT

Hi# 1 AL, 78 CLPT, Jifi &4 B /K F Y 25 BEAL
BERE T AEALBL(NO), FLi & 3 i 25 ge ki w2
WO, TE R T, AU A BN )Y W T
T8 HitE A B (CK) , FAE IR 5 A0 B (N2) Y =
WER/DF N1 AR, JCrhdE 2017 4F25 55k 2] &K
o N2 AR AT SO EORT A R 2 T N Ab

*1 HBERETARTRLEKBEELNSHEE

Table 1 Rice tiller numbers and spike rates under different nitrogen treatments under rice-fish coculture

oy AbE CLPT 2£8E4(10%/hm?) T (10%/hm?) A XHE(10Y/hm?) AR (%)

2017 NO 326.12 ¢ 351.96 ¢ 24549 d 69.75 b
CK 456.40 a 501.14 a 31231 62.33d
NI 385.10 b 385.10 b 260.20 ¢ 67.57 ¢
N2 329.51 ¢ 359.89 ¢ 280.57 b 77.96 a

2018 NO 312.30¢ 390.15¢ 278.89 ¢ 71.49 ¢
CK 437332 47175 a 339.85a 72.07 ¢
NI 364.65 b 412.14b 318.16 b 77.21b
N2 300.90 ¢ 401.63 be 33734 84.00 a

TE: CLPT: AR EEIG A M 5 [RIZ BT 5 A /NG -5 2R db Bl A] 22 573K P<0.05 WK, T,
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RO CK AL HERE AN T 15.63% F1 11.93%, 2251k
BFEKF. BRHKE, 78 CLPT HIK N2 ibF K FE2k
BERC (R T N1 A CK AbEE, (H 2017 4R 5 BESL
CZ CK AbHUR A A 3EEL, 2018 414 BE
Bk 2] CK b AT HOHEL ) 88.54%, Ui N2 4h 3
fE CLPT C & B AE 1, i AEAE A, (2R oy
AYEERCRE, R N2 A B RRER
22 BEAEETREBEEBIIKBTFYHRRE

g

HH 2 AT UL, 81 4 i3, it EUL K R Y T o
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BEMT CK. FHEUY, NO AFEKRE T4 R 2
AR T AUIEAL . AEAR R B bt & 45, N2
AEPRAC B BT SR R = T N1 ARER, Hib 2018

EMETY R EEME TYRMBEEFIADH
K 5 CK ARSAHL, N2 Bt H T m i S
WEMT CK A, BTy M R E R Em T CK A&
M, ZEMATYRHERRS CKIMERARE,
BCRG AR AR T, N2 ARER AR 5
RGBT N1 AR, HAAR S E T i Rt
KE T WA B N1 ARBERT N2 4bs, Hofnt
A 2017 AR5 0 T4 TR R i 25 S 3k 1 KO
PIAEH N2 AR TP PR R 35 KT CK b9,
M5 T P A R /N E CK AR, 2585 T 9
FERMRI 2017 FF2EFARZE, 2018 FFREK
T CK 4bHE; K50 rh 2018 A2 Mt F T4 AL &
IR ET 2017 4, X EESEH T 2017 4ERL R R
B, SRR, 1 2018 AERGE R A%, B
R T 2 ~ 3 W, SFECEEFFRI A E T
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£2 WEREETARRELEAETYRNES (/hm’)

Table 2 Rice dry matter accumulation under different nitrogen treatments under rice-fish coculture

AE A 18 4 -4 Fr i) A
2EHH I it EX| I il it EX] It A it

2017 NO 1.48 ¢ 1.13¢  261c 895a 2.14c 158D 12.67b 6.12a 20lc 690b 15.03b
CK 1.78 a 1.56a 3.34a 9.59a 33la  1.57b 14.48 a 5.66 be 276a 79la 1634a
N1 1.64b 1.29b 2.93b 934a 272b 1.84a 1390 a 5.96 ab 237b 7.67a 16.00a
N2 149 ¢ I.1lc  2.60c 9.38a 274b  185a 1397 a 546 ¢ 2.13c¢ 804a 1563a

2018 NO 1.19¢ 094b 2.12bc 8.63b 258¢c 349a 14.70 ¢ 8.06 b 2.17¢  625b 1648¢c
CK 1.48 a 1.30a 2.78a 9.69 a 340a 2.88b 15.97ab 772 ¢ 30lb  7.54a 1827b
N1 1.28b 1.00b 2.28b 9.61 a 2.84b 2.87b 1532bc 8.65a 345a 7.58a 19.78a
N2 1.20 ¢ 0.88b 2.08c¢c 9.70 a 285b 3.63a 16.18 a 8.58a 299b 7.69a 19.16a

23 WEAETRRBEEBIKBEES~=
Al A EN: oA
2 3 AL, it SEORE i 114 45 Ak B K R e 0 3 v
T NO 4bFE, 5 CK ARHAH L, N1 ALBRPTARE S35 3% 7=

1.05% F13.19%, 2017 45 RARE, 2018 4F
ZSWE, EMHFAZEHERAET, N2 4FE NI
AEBRPRAE IS 5.29% Fl 5.22%, 2ER¥ik
K, 5 CK AbHRAH L, N2 AbFEPHAE4 338 7= 6.40%

®3 BARETIRARLEKEFE5SWHEER

Table 3 Rice yields and yield components under different nitrogen treatments under rice-fish coculture

EG b EERe S BRI SR B gE9R TRE TR SbTE HTER
( 10*hm?) (10*hm?) (%) (2) (t/hm?) (t/hm?) (%)
2017 NO 245.49 d 159.67 ¢ 39197.39 d 6727 a 27.73 a 731D 743 ¢ ~13.60
CK 31231 a 177.62 b 55472.50 a 59.35b 26.87 a 8.98 a 8.60 b -
N1 260.20 ¢ 190.34 a 49526.47 ¢ 68.41 a 27.69 a 8.97a 8.69b 1.05
N2 280.57 b 186.56 a 52343.14 b 62.62b 2771 a 9.08 a 9.15a 6.40
2018 NO 278.89 ¢ 149.54 ¢ 41705.21b 64.96 a 26.20 a 7.10b 7.33d -10.17
CK 339.85a 159.91b 54345.41 a 61.75a 25.50 a 8.56a 8.16 ¢ -
NI 318.16 b 168.64 a 53654.50 a 64.00 a 26.00 a 8.46 a 8.42b 3.19
N2 337.34a 160.64 b 54190.30 a 61.98a 25.67 a 8.62a 8.86 a 8.58
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CK AbFEAHEL, N2 Ab BRS04 SHEECE FrEAL,
Hrr 2017 42 FB R EKT, 2018 AE2E R AW,
ELF T KRR A REORT BRI 25 S 5 45 A B A 1 T
HEFARE,
24 BEHKXETRRBEEEBIMNKEBRESEN

A1)

e 4RI UL, 5 4 n, it 280k BHK R 25 3 At
A B A R B T NO AR SRR, AR R
T, N2 Zb R & AR R T N1 AR, 5 CK abri2s
SR N1 AR & 2R BT CK Ab3E,
MBS ARS CK A2 SRR E . 7EMEY,
MR T, N2 ZhBRAZES | S EEE T NI
AhEE, FEM S RFE S N1 AREA Y. 5 CK AbHAH L,
N1 Fl N2 ZhBUKFEZERS . ob | B & 2R BT CK

AbEE, Forhit AR R R
MEREERARE.
25 WEAETRRBERBIKBREFAK

RHR M

HIR 5 AL, TERUIEEHIEAR R 25, N2 b
P RRBAE . BRE TYRAROR . ARESYE
PR RIERAET= 1 . BRI PR RN A
FHZEETE T N1 AR, Hrh RS A ™ ) FIREAR 24 A
RIS BEKT-. 5 CK ARFEAIH, N1, N2 4b
B ARBAEE . AR TR RR . AR
PR R A = R RREAR 2 A 45 F CK 4b
i, ZRBERBEKTE, FERWAH RS CK b3
SAME . N2 UK AR BOREE. AR TYR
AR L BRI RCR L BN A ™ S E LA
SRHZSRIE CK AR R T 5.63%. 12.99 kg/kg.
1291 kg/kg. 28.45 kgkg Fl 7.79 kg/kg, IEMES>5H1N
9.33%. 15.56%. 29.14%. 59.57%FH1120.77%.

BIE K, 2R R

F4 RERXETARARLEKEZEENASEE(%, 2017 FHIE)

Table 4 Rice nitrogen contents under different nitrogen treatments under rice-fish coculture

fib 3 18] 4 -4 FREI A
25 it ZEHY n HE ZEHY nt T
NO 1.53b 3.61b 0.54 ¢ 2.04b 1.14a 0.38b 071 ¢ 1.38a
CK 1.96 a 413 a 094 a 283a 1.20a 0.61a 1.52a 148 a
N1 1.86a 401 a 0.75b 2.60 a 1.21a 0.55a 1.24b 1.40 a
N2 1.42b 3.46b 0.84 ab 275a 127 a 0.57 a 1.33b 1.40 a
5 BEHMETIAERLLEKERER HBEQLT FHE)
Table 5 Rice nitrogen use efficiencies under different nitrogen treatments under rice-fish coculture
pusi] ARV ARTYRAHE  ARAYLE7E AMmAE™ ) JIRRFFNE FIERRA R
(%) (kg/kg) (kg/kg) (kg/kg) (kg/kg) (%)
NO 69.28 a 126.55a 63.26 a - - -
CK 60.34 ¢ 83.46 ¢ 4431 ¢ 47.76 ¢ 6.45¢ 33.76 a
N1 63.58 be 94.40 b 52.13b 72.45b 10.48 b 30.59 a
N2 65.97 ab 96.45 b 57.22b 76.21 a 1424 a 32.07a

26 WBEEETRIEREEHEIT /KBS LEKE
RIKFBRERENZIN
PP 1 AT, N1, N2 I CK Ab B 4 52K i &

i AR E AR A F], S5 BN 7E ] 4 0 SR Al A )
L SRR, NO ARFEIN I AR A, 3 A
125 it IR A B ) - K g R A RN CK>NIT>
N2, NO ZbHEAE] 4 Ry 90K R S S
N2 AbFEAHGE, (RAESTREM B = T A Ab B, 57
RSO PR R R A R Ttk g TR 4 0, (3 4

10 R AR B £ A BEAE MR A R L B i CK>NI>
N2>NO, FH N CK>N2>NI>NO, % J2 i T7Ef8 4
M NO Fil N1 AR BERE, BRI A
FrR AR A E R B ARG SR T AL
FUKFEHE M AR MR KT NO Ab3, ffifed 1%
IR AB R R AT, 1T NO AbHEF B ka3
BCEAI F T KRR L 2R WA e T AR e (IRt HE A B AR
R, (HASHEAL b BE -+ K AR RS e, 1 NO
AHREA RIBRAN TS, HHOKAR R S R TR
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Fig. 1 Nitrogen changes in soil and rice under different nitrogen treatments under rice-fish coculture
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R WO AU P AR AR A 78 T /R, [l At Ar b
B - K i A i LSRRI A T T, T NO &b B Hy
FEAREAIFNTT, 0 K RERIRR A, {75 4 4
KRR TR (EA IR, A N2 Zh B
NO &b 3 (1% 3K A 0 AR I AR CK b #E,

http://soils.issas.ac.cn



714 +

i

554 %

UL N2 Ab K R A B ISR R 2w T CK &b
B, X AEK R ENCAR A A A5 B 50

WA, ARG R B, o Ty g,
TEEALR R B, REWE R KR RTI A, TR
A DAt S BE AUIE o H 358 AE Ty A v I i o 1 338
HI A2 AR T L AL D) R A WA g ke 25 A 1Y
T — A M S, AN RV 9 3 X ) Jal 2 s i
R BRI SE + EA fh A AR ) 4 ERUK R
B R 1.79 g/kg F1160.02 mg/kg, £F&4E
55 R I A AE R IE 7 A bR o v e b g g
ERFE 1.5 ghkg DL ERUKMRA S ERT 150 mg/kg
HIARIE o (H & ATZOENEH AR T 0 M 3L ) Al A= )
B IhRE , LA AS R A A 5 12 2 15 2 s M e
NEJ145, AR — 2 ISR .

4 Hg

TE VG i b DA 5 A FH R X T 4 0 R34
FUK R S B AE 1.79 g/kg F1160.02 mg/kg LA E
JKAER A 120 kg/hm?® 4L E3R 5 BEAE - fRAEAE : {#1E
JE=0: 5 : 5 WHBALHE A, AR FREARKRE Y S0
BEhK FEAR S B T SRR R A RO U R
AR S5 B ZAH L, 7R 33.3% MYTH L
T, FAEER AL KRS = AR T 6.39%
M 8.57%, H MK MAGE M WAL, KFEARIK
PAEL. AR TWE R . RESWATROR .
R A= 7= A RS A 27 R 23 2 i vy, St T A
i VR T KRS 8 U 7 IR
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