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P,0s:K,0=15:18:10:12), E&HM (N:P,0s: K,0=
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17: 00 # 1 ¥k, Hee7d, 519/ pirgeM, 5
FEAURILAE B, BB A /N R MR ARG AE R, 7 d S
BT (RS . IR 8 mm, HEZR
12emx 14 em, K 1.4 m, HIAJHIERE N 14 /50
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CK TR 4 125 kg/hm® 0 X 0 SALH 1125 kg/hm® 0
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WEIR A %M 35 kg/hm® 112.5 kg/hm’
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SR /)y?k <YL
e ST BERA FHRHEH TR ST EESH ZE A BRI 2 it
fE5 g CK 0.69  0.09a 2.26 = 0.06d 1.86 + 0.09d 66.44 +2.06d 78.32 + 1.98d
H2HE 0.78 + 0.07a 4.56 +0.07a 3.49 £0.12a 114.80 + 1.99h 197.10 = 3.35a
1 R 0.74 + 0.04a 483 +0.5la 3.50 + 0.08a 116.85 + 11.49ah 208.14 + 13.48a
HHLTCHLEIRAL 0.73 +0.16a 474 +0.14a 3.52+0.18a 114.90 + 6.23h 198.31 + 1.74a
iR CK 0.64 + 0.14a 2.74 = 0.14c 2.14 + 0.08¢ 89.53 +2.43¢ 139.16 + 5.84c
gHE 0.77 = 0.10a 4.04+026b  3.22+0.20b 108.16 + 7.96b 195.90 = 10.40a
% | EREIE 0.67 +0.03a 4.07 +0.22b 3.23 +0.04b 108.88 +4.37h 167.73 + 4.81b
AHLICHLUEIRAE 0.73 £ 0.02a 4.66+0.14a 3.43 £0.12ab 126.66 + 3.45a 218.44 +2.49a
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2.3 FEAEARE AU 28 B X6 K A 4% sk 3 4 RN
S A K HOR A R

H e 5 A, AR AR A s T
Bt B (DW ) | 43 BE ] 2 fh A A K HOR AT 1)
R, R 2 AU A K EOR A B R
M, SRR Fh AR A AN B 2 DW L 43 BE ] 2 4
TR A AN A 2 A A R R R R, R
PSS 3 AN IR 28 B 14 22 | AR FE A 0] DW A7 4
WERZM, X4 BE A A A R A R B
Wi o AL 58 R AR 11 Sl AR G0 DW L 43 B
B 300 R ol A ) A R A K S %R O3] EL A B
e 45 5 7.89% 1 8.54% . 21.58% 1 21.30%, 2%/
P RO AR AN Y DW | 3 BE ) 2 RN Y
AR R R, 0B CK R 91.73% F1102.93%

163.23%, Sl A RS 15.13% F16.00%. 21.79%,
IS 1 B0 = 8.55% 1 3.56% . 11.48%., 4+
JIEL %) el ek A0 2 A A K R B, PR R R AR A
KEEF )5, K. 2%/ BB FA HLICHLE
TR AR 23 591 55 127.79% . 6.95% F13.41%., 1555 i Fe
R ARG IR S AR R, BRI DW A4 BEI 2=
FHRE I AE K BRI 34 R 5% 1 R > LT
PLEIRIE > AR >CK, &85 s iy Dw
KNI R G813 B0 > AL EHLEIRAE > B4
B SCK, R A 450 20 2 DW /NI Sy
% 1 RN > B A AR > AHLEHLEIRAE >CK, %5 1
AL, ARG R AR DW FnA: Ko R i TR Rt A
B, 97/ PR DW R0 BE I 2 fl A A sk R
i, BT 2 G A Ko R R

&5 AEAEEKEENBFHTHRMREMERKER

FYFEMEE (DW) (t/hm?)

GE(EIEN

R [of (d-m)]

SrBER Eilipestl A Sy BES ZEH R A &5 )
g b CK 1.62 +0.33a 4.72 +0.08d 6.68 + 0.48d 68.90 + 7.59% 51.49 + 12.93h
HE 1.89 = 0.50a 8.72+0.17b 12.24 + 0.91be 158.61 £ 9.50bc 71.86 + 20.37ab
% | FREIE 1.79+0.03a  9.96+0.66a 13.48 £0.92a 194.54 +15.29a 70.43 + 12.15ab
FHLICHLEIRIE 1.78 + 0.36a 8.89 + 0.14b 12.98 + 0.86ab 169.28 + 7.92h 85.09 + 19.36a
FERMRIL AR CK 1.73 + 0.45a 5.08 +0.14d 5.95+0.19d 63.26 + 6.19% 15.36 + 3.78¢
2E 1.88+0.10a  7.60 = 0.38¢ 11.94 + 0.07be 127.02 £ 10.10d 80.42 +7.73a
% | REIE 1.78 + 0.05a 8.83 +0.13h 12.15 £ 0.12be 153.34 + 3.66hc 71.96 +2.83ab
FHLICHLEIRIE 1.71 £0.13a 8.42+0.11b 11.77 + 0.69c¢ 142.77 + 4.41¢ 62.17 + 10.94ab
LE(E SN ns ok o o *
fﬁﬁﬁ[;’gﬂ ns Kk sk Kk EES

FEfEREEL x AU

ns

ek

ns

*

ns

2.4 FEVERE A RN KRG 45151 15] SPAD {EL A1
A BRI RE

M % 6 n %, FEVERH AN SPAD fH A
GHCRA W R ER W, NI BHh Y] SPAD 4
DL oy BET R BRI A SR I R 5, (B4
HAE AL AR SPAD {E G G R 43 1] L R 3
AR 5.19% A1 7.93% ., A HLTCHLE IR AE 1) fh Rl
A SPAD {HAFIE A BUR &, 43l e CK &5 22.27%
M121.21%, srHlbE AR 0.43% F11.73%, 435
FL2% 1 1A 7 10.43% F1 6.83%. A MY 4TBED]
JeE iR, b CK, &/ BRI FA HLICHLE

TRAE 59185 17.74% . 8.53% H1 1.68%., LA |45 5% i
N, AEGE R E SPAD (B FDG A 3R 5 TR UR
AR, AHLTCHLE IR AC AR & e ) R,
M A BEWDG A RE T TR
2.5 FEAEA AT EUIE 2 BT KRG e B 7R R AR
DA R B A 7= 7 ) 5
F % 7 AT, AR R X 7= e W R
RBZEAR P . SR T A R TR E A
O A 77 3 A A i s, AR S R AR I 7 L
FEdF AL AR P i B 14.06% ., 2% 1 P FRIE By P2 RN
B T AR RO R R R, 3 ) EE CK R 99.96% il
N 5 N
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F6 AEAEEIKFEEEEE SPAD EFXGEE

SPAD H AR [pumol/ (m* +s) ]
FAER Py [ueasit]
53 B Eilipn] S HE il
e CK 35.62+3.11a 33.25 + 1.48de 20.75 + 0.94c¢ 2272 +0.22d
RE 41.49 + 1.94a 41.42 +0.8% 25.02+0.41a 26.95 +0.30a
9% | R 41.58 + 6.50a 36.16 = 1.79¢ 22.45 +0.62bc 25.76 + 0.49h
FHLTHLEIRAL 38.93 +3.50a 40.02 + 0.84a 22.51 + 1.68be 27.32 +0.59
L= CK 35.99 +3.53a 31.46 = 0.97¢ 20.41 +2.15¢ 20.9 + 0.64e
CRE 39.89 + 1.80a 37.36 + 1.5he 23.44 + 1.28abh 25.02 + 0.48h
g% | R 38.76 +2.78a 35.49 = 1.6¢cd 22.20 + 1.25be 23.73 +0.75¢
FHLICHL IR AL 37.87 £ 2.60a 39.1 + 1.92ab 22.43 +0.57he 25.55+0.31b
FEfERIZ ns Hk ns Hok
ALY ns ok ek ok
FAfEiR R x 2 ns ns ns ns
F7 AELEEKBH=E. FEMBEFRREREEN
o o A ek A :
I;;E ANLEA Feit (kg/hm®) iﬁif TRARR (RL) 2595 (%) THRIE (g) q&?:ﬂ)& M?Z“Zjﬁ
i CK 4005.08 + 23.27e 105.55+17.05¢  237.93+61.72a  80.02+3.10a 2126 +0.47b  56.43 = 4.66a —

5 EHME 714013 £165.72b 169.92+ 13.49ab  230.01 £49.57a 8229 +0.82a  20.80+0.45b  59.02+2.52a  26.13 + 1.38¢
:j S | IR 7745.15 £ 68.20a 215.52+38.90a  194.52+16.00a 88.05+4.05a 21.16+0.34b 5858 +2.57a 31.17+0.571a
" FHPLLHLE 709357 £293.17b  166.63 +2524b  246.72+15.92a  87.38 +6.44a  22.34+0.63a  59.25+523a  25.74 +2.45¢

TR
Fei CK 3239.92 + 78.28f 96.79 = 17.74c 25154 +31.09a 83.27+3.56a 20.54+0.32b  52.37 +3.09a —
AR EAIE 6279.04 £269.05d  214.65+10.16a  205.68 £20.12a  81.17+3.72a  21.32+0.50b  57.35+5.64a  25.33 +2.24c
; % | IR 6741.94£105.96c  188.07 +31.99ab  189.14 £59.05a  82.79+6.14a  21.24+0.28b  55.04 +0.40a  29.18 + 0.88ab
FHPLLHLE 652053 £119.83cd  169.61 +31.96ab 21521 £50.63a  80.82+3.14a 22.31+0.5la  57.09+3.30a  27.34 + 1.00bc
TRA
FETERR ok ns ns ns ns ns ns
AR o o ns ns ek ns i
TR x A2 ns ns ns ns ns ns ns

99.46%, 4B G LS 7.96% F14.95%, 435
BHLIEHL IR 6.41% F120.03%, 2% | ERAEN
RNAwA ™ T, HWE AR PLICHLEIRAE 3
Bl 17.29% F113.70% . A HLICHLE IR AL T4
e, ke CK. B AR / B RBEAE S 6.82% .
6.01% F15.31%, Z¢ L ik, (&4 bR & &
TRMFE AR, 2/ BB 5. AL AL
PR AN A= 77 1 s, A HLICHLE IR AL Tk 8

3 it

UIRSEA . R KR B AU R R
— 6 —

R A R AR AL G h AR 2L BB 1A/ NE
URFRFE I — MR EAR, HA 4R 2 Dk A 2%
IR BRI R R X R AR A
BRI G AR R R A A= i s, H
AERIIPITEE S ATTE R, AR AR K
AFUR TR AR (£3), 7K EE
ORI, RSB AY THE K AL (25 ~ 35
em) B TEGETREBA (2 ~ 4em), KWL THR
KERIEE T | 76 R P 23 R K AR AR 2R 4 7 MR 2R P i
YER, 5253 WO K A6 5 0 G i, AT
FERKREET I, (R RE AR AL AR AR A
JEENIE B, NI HERY A B KRR L,
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HOKFE TR ™ REAR SR B R R it b B
FEEWE K, X 58 E ARSI A ik 5% T
AP R EE A KA X KR K
&SRR (F£4 ~ 6) TTLAFN, RiiZLIE T
IKFEE FR SRR, DRI TE Bt R AR KR
1, EEPKTEALE, wHhREERT, K
AL BRI A B A RN 2 A B T 3 A AL B,
X5 Wei 45 50—, T ARMERAL I S5 1
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Effects of nitrogen fertilizer types on rice growth and yield in different rice farming models

JIANG Shuo-chen, ZHANG Hai-wei, KONG Pan, DU Bin, WU Qi-xia*, ZHU Jian-qiang* (College of Agriculture,
Yangtze University, Engineering Research Center for Wetland Ecology and Agricultural Utilization, Ministry of Education,
Jingzhou Hubei 434025 )

Abstract: The effects of compound fertilizer, slow/controlled release fertilizer, organic-inorganic mixed fertilizer and
no nitrogen fertilizer on the growth dynamics and yield of rice under the conventional mid-season rice and the rice-shrimp
symbiosis were explored to provide a theoretical basis for optimizing nitrogen management and improve yield under different
rice farming models. The split zone design was adopted, with 2 rice cultivation patterns as the main zone and 4 nitrogen
fertilizer types as the split zone. The rice leaf area index ( LAI ) , photosynthetic potential ( LAD ) , dry matter accumulation
(DW ), growth rate, photosynthetic characteristics were investigated during the main growth period of rice, and the
yield and yield component factors were determined at maturity, and the harvest index and nitrogen partial productivity
were calculated. The results showed that the total growth period was prolonged under the rice-shrimp symbiosis. LAI at
heading stage, DW at heading and maturity stages, growth rate, SPAD at heading, net photosynthetic rate and yield were
significantly reduced, LAD from heading to maturity stage increased significantly. The reproductive growth period and total
growth period of no nitrogen treatment under the conventional mid-season rice were shorter than those of other treatments,
and the vegetative growth period and total growth period of no nitrogen treatment under the rice-shrimp symbiosis were longer
than those of other treatments. The organic-inorganic mixed fertilizer had the highest LAI, LAD, photosynthetic capacity
at heading stage and 1000-grain weight. The photosynthetic capacity at the tillering stage and growth rate from the heading
stage to the maturity stage of the treatment of compound fertilizer were the highest. Slow/controlled release fertilizer had the
DW, growth rate from tillering stage to heading stage, effective panicles number, yield and partial productivity of nitrogen
fertilizer were the highest for the treatment of slow/controlled release fertilizer. Slow/controlled release fertilizer was the best
nitrogen fertilizer with the highest rice yield and nitrogen partial productivity under the two rice farming modes.

Key words: nitrogen fertilizer type; rice-shrimp symbiosis; conventional mid-season rice; rice growth; yield



