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Abstract: [ObjectiveJOur aim is to elucidate the effects of reduced urea application combined with slow-release urea on
yield and photosynthetic characteristics of rice and to lay a theoretical basis for the application of mechanical
transplanting. [Method] A split-plot design was set with 16, 18 and 20 cm plant spacing at 30 cm row spacing and four
reduced urea application levels combined with slow-release urea (96 kg/hm? of slow-release urea combined with 24 kg
/hm? of conventional urea as basal fertilizer with no top-dressing; 96 kg/hm? of slow-release urea as basal fertilizer and
24 kg/hm? of conventional fertilizer as top-dressing; 96 kg/hm? of slow-release urea combined with 54 kg/hm? of
conventional urea as basal fertilizer with no top-dressing; and 96 kg/hm? of slow-release urea combined with 30 kg/hm?
of conventional urea as basal fertilizer and 24 kg/hm? of conventional urea as top-dressing) and Chuanguyou 7329 was
used as material.[Result] The plant spacing and reduced urea application level combined with slow-release urea showed
significant or extreme significant regulating effect on leaf area index(LAIl), photosynthetic characteristics and grain yield
of mechanically transplanted rice in the main growing stages. The reduced urea application level combined with
slow-release urea patterns played a more significant effect than the plant spacing. LAI, photosynthetic characteristics, dry
matter accumulation, net photosynthetic rate and grain yield showed an increasing trend with the increase of conventional
urea level combined with slow-release urea and the increase of postponed conventional urea application level under three
plant spacing. At the plant space of 16 c¢cm, the number of stem and tiller of the population increased significantly,
resulting in more effective panicles, stronger competition for nutrients, weaker photosynthetic characteristics, and failure
to form large panicles, although the seed setting rate was high, the grain number per panicle was low and the yield was
low; Under 20 cm plant spacing, the plant density and the total number of tillers was significantly decreased, however,
the lower panicle number resulted in the enhanced nutrition absorption, improved photosynthetic capability, large spike
formation and increased grain number per panicle. Given the relatively low 1000-grain weight and seed setting rate, the
grain yield was decreased; Under the plant spacing of 18 cm, more effective panicles were formed on the basis of
sufficient tiller number of the population, which could effectively absorb nutrients in the later stage, with enhanced
photosynthetic characteristics, significantly increased seed setting rate and 1000-grain weight, the correlation analysis
showed that the population growth rate, photosynthetic potential and effective leaf area index at full heading stage had
higher correlation with yield under reduced urea level combined with slow-release urea application and plant spacing.

[ Conclusion] The treatment of 18 cm of plant spacing with 30 cm of row spacing at 96 kg/hm? of slow-release urea
combined with 30 kg/hm? of conventional urea as basal fertilizer and 24 kg/hm? of conventional urea as top-dressing at 4-leaf
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stage, it could give full play to the high yield advantage of the machine-planted indica hybrid rice in this region and improve the
photosynthetic material production, with the yield up to 11 681.56 kg/hm?was the best nitrogen application method for high
yield in mechanically-transplanted rice.

Key words: mechanically-transplanted rice; plant spacing; yield; N fertilizer allocation and application; photosynthetic
characteristic
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Table 1. Nitrogen managements.

kg/hm?

b2 iTE=R

LU Basal manure

SR
Slow-release urea

Treatment N application rate

B 4 HCE RUEUIE)

U
WA Topdressing(conventional urea)

Conventional urea

No 0

N 120 96
N, 120 96
N3 150 96
[\ 150 96

0
24

0 24
54 0
30 24

o H Y, R E PE RS X UL & SRR EROR
FRAMLIE VRN S B AR A -

1 MESITHE

1.1 MR

PR i Pl D 38 BV R R X R H L A AR SR
[ H IR GRS RGN A 7329(42 B 1A 156~165 d).
Ik FH 4 1E KA i B P R B RUIB (B AR 44%)
JREZ (AR 46%). IR ES FI & fL 8 . 10 FH Bt
JZ(0—20 cm) -3 st b+, HHLT 23.8 g/kg,
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I, % 3 MHLIEARIE, 43514 16 cm(Dy)+ 18 cm(Dy)
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Table 2. Effects of reduced urea application combined with slow-release urea on yield and its components in mechanically-
transplanted rice under different plant spacing.
e A R RFEREL ErpaEs FRiE bR
Effective panicle Grain number per Seed-setting 1000-grain Grain yield
Treatment number/(<10* hm2) panicle rate/% weight/g I(kg hm™)
D1No 186.99 ¢ 144.23 b 93.77a 33.16a 8192.67 ¢
DiN; 214.03 b 147.66 b 93.31a 34.03a 9811.97d
DiN, 216.67 b 159.37 a 93.19 ab 32.21b 10117.09 ¢
DiN; 220.30 b 160.36 a 92.16 bc 33.21a 10558.64 b
DiN, 237.96 a 165.05 a 91.82¢ 32.13b 11326.29 a
¥4 Average 215.19 155.33 92.85 32,95 10001.34
DN 187.18¢c 147.18 ¢ 94.10a 33.46 ab 8596.79 e
D,N; 207.10 b 160.12 b 92.95 ab 33.12ab 10081.51d
D:N;, 209.05 b 165.01 ab 92.35b 34.18a 10699.25 ¢
D,N; 228.93a 167.41 ab 92.08 b 32.36b 11249.35b
DN, 232.76 a 168.18 a 90.94 ¢ 33.10 ab 11681.56 a
¥4 Average 213.00 161.58 92.48 33.25 10 461.69
DN 185.00 b 150.79 ¢ 92.03a 32.21b 8086.98 ¢
DsN; 208.48 a 163.73 b 92.27a 31.61b 9760.95d
DsN, 214.15a 165.39 ab 92.14a 31.85h 10098.75 ¢
DsN3 218.83a 168.96 ab 89.05 b 32.71b 10663.29 b
DsN, 219.31a 17149 a 88.57 b 34.26a 11079.20 a
¥4 Average 209.16 164.07 90.81 32.53 9937.83
F {4 FkEE Plant spacing(D) 0.55 5.14 33.19** 1.67 35.83**
F value AL FH & Nitrogen level(N) 23.39%* 21.28** 10.78** 0.33 710.11*%*
DXN 0.75 0.60 1.15 3.99** 1.75

D1+ Dy D fREEWMKEE 16, 18, 20 cm; [RIFIEHE G A [Fl/NG = BER R A — MR 2 N & BL AL HEAE 5%/KF L EF B2 (=3, R/PNEEER); *

** 4 ZIRAE 0.05 1 0.01 K EEFRRE. NF.

D,, D, and Dsrepresent plant spacing of 16, 18 and 20 cm; for a given plant spacing, values within a column followed by different lowercase letters are
significantly different(P<0.05)(n=3, LSD); * and ** mean significant difference at the 0.05 and 0.01 levels, respectively. The same as below.
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Fig. 1.

Effects of reduced urea application combined with slow-release nitrogen on the dynamic changes of number of stems

and tillers in mechanically-transplanted rice under different plant spacing.

*3 EHARREEMNESHREXHUIBRELAMRE S0
Effects of reduced urea application combined with slow-release urea on photosynthetic production in mechanically-

Table 3.
transplanted rice under different plant spacing.

IR S LA Fe R AL FeR AL PRI A
. b _— —_— ' - LMS?E%& . - LﬁJiFFH’L Ph(?t(?sy.nthetic poten.tial
reatment s ; High effective LAl at High effective LAl rate at of jointing-full heading
Jointing stage Full heading stage full heading stage full heading stage/% 1(>10* m’d hm™?)
D1No 2.28¢ 3.09d 1.96d 63.25b 125.30d
D;N; 359a 4.74c 317c 67.06 a 19447 c
DiN, 3.27b 5.70b 3.65b 64.07 b 209.35b
D;N; 3.78 a 6.44 a 411a 63.83b 238.34a
DiNy4 3.62a 6.64 a 425a 64.11b 239.32a
“F-¥) Average 331 5.32 343 64.46 201.35
D,Ng 2.46d 3.30d 2.16d 65.12 a 136.25d
D,N; 3.84b 5.26 ¢ 352¢ 66.93 a 21482 ¢
D,N, 355¢ 5.98b 3.73b 62.39b 225.02b
D,N3 4.21a 712a 4.36 a 61.31b 267.86a
D2Ny 4.02 ab 742 a 458 a 61.68b 270.18 a
*F-¥5 Average 3.62 5.82 3.67 63.49 222.83
D3Ny 2.29d 294 e 1.86d 63.16 b 121.33¢
D3Ny 3.38 bc 457d 3.02¢c 66.04 a 184.40b
D3N, 3.26¢ 501c 3.23¢ 64.44 ab 191.79b
D3N3 3.75a 5.55hb 352hb 63.59 ab 21559 a
D3Ny 353ab 6.3la 393a 62.32b 228.42a
15 Average 3.24 4.88 311 63.91 188.31
F1a D 20.28** 61.55%* 40.37*%* 1.35 181.46%*
F value N 98.22** 262.05** 237.89*%* 7.80** 326.74**
DXN 0.53 2.63* 1.55 1.29** 2.58*

LAI, Leaf area index.

FAEZE, HTHU6AE 63 d 2B TreE.
23 AEHKETRERELEEEXNHERELE
s 0b -1

R 3 0L, MAHLIERREERE, 517 MR
LALL SFREHA S 20 LAl R 3R -5 B 6 & 3535 3R
A Dy>D1 > Dy, T SRR A i 250 T AR 28 IAE R ER
16 cm ALFRES Bk, HAREE 16 cm AbFE4L 18 cm. 20
cm ALFRY I 1.90%. 1.13%. A EIE I E

HiZERA, 3 FEREE FHTH LAI 2RIN N;
>Ng>Ny>No>No; MR LA S5REHA & 2L
LAI R 3-S5 S A RIS Ny>Na>N,>

N;:>Ng.
24 TREHET AR RRIEEEXHEEL A
HHEHIR

HIZE 4 AT W R RUIE 8 R T Bt s 2 0 LA
RS EHE R (Py) TILFE(GY). F+iJA 15d
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Table 4. Effects of reduced urea application combined with slow-release urea on photosynthetic parameters in mechanical-

transplanted rice under different plant spacing.

LA H#ER PJ(umol m?s™)

SALSE GJ(mol m?s™t)

il CO, /% Cif(umol mol ™) FWIH A 5% AMC/(mmol m2s™)

Tr:;iim Fr A FrHE 15d Fr ) FHUE 15d Fr A FHUE 15d F A FHE 15d
FHS 15 d after FHS FHS 15 d after FHS FHS 15 d after FHS FHS 15 d after FHS
D1No 1741c 16.85 b 0.70b 0.40c 280.86 ab 329.06 a 62.62 b 51.20¢
DiN; 1751¢c 17.02 b 0.78 a 0.41 bc 286.77 a 327.87a 61.04 b 51.92¢
DiN; 17.86 ¢ 17.32b 0.79a 0.44 ab 286.30 a 323.08 ab 62.44 b 53.63 bc
DiNs 20.25b 17.67 ab 0.82a 0.44 ab 273.30 be 321.47 be 7441 a 55.78 ab
DNy 22.65a 18.71a 0.85a 0.46 a 265.68 ¢ 316.86 ¢ 85.30 a 58.20 a
S35 Average 19.14 1751 0.79 0.43 278.58 323.67 69.16 54.15
D2No 18.85b 1759 ¢ 0.72b 0.38b 282.65a 319.72a 66.74 b 55.06 d
D2N; 19.25b 18.49 b 0.79a 0.38b 280.94 a 313.46 ab 68.55 b 59.02 ¢
D2N; 19.27 b 20.07a 0.82a 0.40b 277.37a 310.82b 69.56 b 69.42 a
D:Ns 20.62 ab 20.81a 0.84a 0.45a 275.04a 307.15 be 75.03 ab 64.60 b
D2N4 22.96a 21.15a 0.86a 0.48a 274.76 a 304.73 ¢ 83.53a 67.90 ab
P35 Average 20.19 19.62 0.80 0.42 278.15 311.17 72.68 63.20
D3Ny 17.14c¢ 17.06 b 0.66 ¢ 0.39b 283.34a 33157a 60.54 ¢ 51.45b
DsN; 17.73 bc 17.36 b 0.79 ab 0.41 ab 279.71a 323.31ab 63.85 bc 54.65 ab
D3N, 18.24 abc 17.80 ab 0.75b 0.42 ab 276.28 a 319.09 be 66.25 abc 56.67 a
DsNs 19.95 ab 18.17 ab 0.81ab 0.43 ab 27479 a 317.91 be 72.63 ab 56.97 a
DR\ 20.96 a 19.07a 0.87a 0.45a 272.93a 314.16 ¢ 76.80 a 59.00a
¥ Average 18.80 17.89 0.78 0.42 277.41 321.21 68.02 55.75
F {8 D 4.96 6.60 1.25 0.35 0.11 18.32** 2.47 8.65*
Fvalue N 10.16** 10.38** 8.08** 7.47** 2.55 11.95%* 8.74** 11.38**
D>N 0.24 1.04 0.26 0.70 0.56 0.29 0.34 157

FHS—FAl: P,—ii A=, G— LT Ci— I COIRMEE:; AMC—RMM AT .

FHS, Full heading stage; P,, Net photosynthetic rate; G,, Stomatal conductance; C;, Intercellular CO, concentration; AMC, Apparent leaf mesophyll conductance.

=
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Tt KT BIAS R OIS 5 18] JE X 35 22 57
26 TIEREEREZEMTERETHEREK.
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M3 6 I, L AU e i 12 25 AAN [ Pk
PR AL 2% SO AR ST IS RE A 2 LA, 255523
FOLEHER S B A AR R Sk -Sr DL &
HEBAR LSRN TYI R AR FEAERAL
Lo AR IR, 105 4 SR A R 2 B
[ETE N PRSI VA ISR PN

3 e
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Table 5.
urea application combined with slow-release urea.

Dry matter accumulation of population in mechanically-transplanted rice under different plant spacing at reduced

BEATY)5 5 Population dry matter/(t hm 2)

BEfAAKZ Population growth rate/(g m 2 d )

Trﬁfen ‘ 7y BRI P R ] SYBE-BRS PR SRR
TS JS FHS MS TS-JS JS-FHS FHS-MS
DiNg 0.51e 2.25¢e 8.78d 13.23e 1245e 18.66 b 10.87b
D:iN; 1.03d 3.52d 1045¢ 16.86 d 17.85d 19.78 ab 15.63a
D:N; 117¢ 3.88¢ 10.88 bc 17.33¢c 19.37¢ 19.99 ab 15.75a
D:iN3 1.32Db 434b 11.30b 17.92b 21.54Db 19.90 ab 16.14a
DiNy 145a 475a 1229 a 1941a 23.6la 2154a 1736 a
35 Average 1.09 3.75 10.74 16.95 18.9 19.98 15.15
DN 0.52e 230e 9.10c 13.59d 12.76 d 19.41b 1097 ¢
D,N; 1.05d 3.62d 10.61b 17.18c¢c 18.34c 19.98 b 16.02 b
D;N, 1.18¢c 404c 10.94 b 17.92b 20.38b 19.73 b 17.02 ab
DN3 1.35Db 4.45b 12.36 a 19.17a 22.13ab 22.59a 16.63 ab
P\ 150a 483a 1259a 19.93a 23.82a 22.17a 17.89a
¥4 Average 1.12 3.85 11.12 17.56 19.49 20.78 15.71
D3Ny 0.49e 217¢e 8.60 d 13.08d 12.00d 18.38Db 10.92b
D3N; 1.01d 3.27d 10.33¢ 16.67 ¢ 16.13¢ 20.19 ab 1544 a
D3N, 1lllc 3.74c 10.62 bc 17.31bc 18.83b 19.64 ab 16.31a
D3N3 1.29b 4.12b 11.19ab 18.01b 20.25 ab 20.18 ab 16.64 a
D3N, l42a 443 a 11.95a 18.98 a 21.52a 21.48a 17.15a
¥4 Average 1.06 3.55 10.54 16.81 17.75 19.97 15.29
Fia D 2.88 2.59 3.38 6.05 2.08 2.09 1.53
Fvalue N 429.11** 280.50** 55.22** 220.98** 89.77** 5.01** 36.75**
D>N 0.19 0.36 0.52 0.60 0.30 0.55 0.14

TS, Tillering stage; JS, Jointing stage; MS, Maturing stage. The same as below.

*6 FIERERESEMKETHERER. LaYRE~SFENHEIRY

Table 6.

Correlation coefficients of leaf area index(LAI) and photosynthetic production with yield in different plant spacing

at reduced urea application combined with slow-release urea.

. BT H R FRIAL ESPE T-Hi N
febr AEHM FeaE
Dry biomass No. of effective  Spikelet number  Seed-setting 1000-grain
Index Growth stage Grain yield
at MS panicles per panicle rate weight
IR EL LAI AT IS 0.88** 0.69** 0.64** -0.32% 0.05 0.88**
FRE FHS 0.94** 0.80** 0.67** —0.42** 0.03 0.96**
“HOt4riE Z Net photosynthetic rate FHUA FHS 0.59** 0.50%* 0.45%* -0.27 0.11 0.64%*
F## 15d 15 d FHS 0.62%* 0.51** 0.44** -0.31* 0.07 0.64**
FEAZE K Population growth rate G BERE AT TS-US 0.94** 0.82** 0.63** —0.39** -0.01 0.94%*
PR - JS-FHS 0.62** 0.79%* 0.13 -0.32* -0.18 0.60**
SRl R FHS-MS 0.89** 0.63** 0.72%* —0.42** 0.07 0.86**
Jt& % Photosynthetic potential PRAT-F AT IS-FHS 0.94** 0.79%* 0.67** —0.39** 0.05 0.96**
Y HE O B o 2 Y A e < 25 H 5 A7 St =
B I 0 I 5 e K R A R B g AR ok BRI IR Z A R, AR TREE S TY

EAISEV R S A1)-A L I O 2= = Al VP e
5% R [ 1Rt DA 7 5 36 o i 9T A 0 2 A
JESIERHRER =, ANAI TR HA ORI R RUKAE I
RIS AR, &M
FUHE. gL R BRI, wT
PR BEEL B A AR SR R P
WHFC R, HUIRTRE £ 8 B I 8 E 2 RUIE R A% AT
W AR m B R IR A P i i A 2156 TR
FUE I TE R W SR FIL BE R TR, AR KRB AR

JREIAER, MIMTSEBLE . AW H IR &
55 2 R I L e 7E K R 2 AR B I iz & 07 AR
UGS R ARG, PN, 2 UEins:— ki
BLiifi e 2 E R UG RE =, RITERREESA 18 om,
Jiti B 150 kg/hm® &, 2R %UIE (96 kg/hm?) 5%
HLZUIE (30 kg/hm?) e & 1R A LR, 24 kg/hm?
R NG BEAER] 4 H i FH B 187 25 R o
%, HiegmeE, XS5 NP g A5,
ELRT AT 78 14 A B W 2 R P 5 5 0 2 A ek o i



454

12 2 AR F K 3 5 0L AR BE X6 77 8 Kb iR 1
FISC RS . ARFFUR I, SR EIES &M
SUIE R C e 12 28 UL A B BB X6 45 s R A p & 1
oM AR KT, B REIES 5 I E IR =
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MR 55038 2 B R T BERTE R, R ZEEEEY
WK, EREIAXMES, |5 EIERIFR 2R
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MRS AR e T TR IR 56 e, R BETE AR 1%
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BT 1) 25 SRR E L AR EE S N3 20 cm Y,
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5 0 P 308 X e 4, AR KB ISR T A K
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R TR E OGN IREEHEE S T
WUGRIE . A FEAENLIGITEE 30 cm, kR 18 cm,
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FH e 525 32 R M LA 22 A KU ARG A SR B AL, 1T -55 A
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