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Abstract: The effects of nitrogen (N) application rate and planting density on population quality and culm lodging
resistance of rice were investigated with hybrid rice combination Il you 498 as material under triangle-planted system of
rice intensification (TSRI), and correlation of population quality with culm lodging resistance and grain yield was ana-
lyzed. There was an obvious regulatory effect of N application rate and planting density on grain yield, population quali-
ty, and lodging resistance of rice culm under TSRI. Compared with other treatments, 150 kg/hm’ N application rate
coupled with the suitable planting density (40 cm X 40 cm) improved leaf area index (ILAD and light transmission rate
in rice population, coordinated bending moment and breaking resistance of basal internodes, alleviated contradiction of
panicle and grain, and increased grain yield. At the nitrogen application rate of 225 kg/hm”, planting density should be
reduced to alleviate deterioration of population quality index and decreased lodging index. The suitable planting density
was 50 cm X 50 cm. Correlation analysis indicated population quality was significantly correlated with internode lodg-
ing resistance and yield. Middle part light transmission rate in rice population at full heading and 30 days after full
heading, and amount of sap flow of rice root at 30 days after full heading might be indicators for grain yield and culm
lodging resistance.

Key words: rice; triangle-planted system of rice intensification ( TSRI); N application rate; planting density; lodging
resistance
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N..225 kg/hm*; 3 R & 4fi # 4% : D1, 30 em X 30
cm;D, .40 em X 40 ecm; D, .50 em X 50 cm, 3%
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Table 1. Effects of N application rate and planting density on lodging resistance (BM) , breaking resistance (BR) and lodging index (LI) during fill-

ing stage under triangle-planted system of rice intensification.

e %3 L o5 4 WE 1 W55 W T,
Treatment o BTSRRI R 25 i BT BIRAE R ol 146 T BRIE R
BM/(g * cm) BR/(g+ cm) LI BM/(g + cm) BR/(g + cm) LI BM/(g + cm) BR/(g + cm) LI

N, D, 1891.3 ¢ 1209.2 d 156.4 b 2662.3 ¢ 1338.5 d 198.9b  3231.6 bc  1474.3d  219.2b
N, D, 1987.8 b 1410.8 ¢ 140.9 ¢ 2821.5 be  1535.1 ¢ 183.8 cd  3235.1bc  1692.0 ¢ 191.2d
N, D, 2170.1 a 1671.9 a 129.8 d 3164.7 a 1804.3 a 175.4d  3462.1a 1920.2a  180.3 e
-1 Average 2016. 4 1430. 6 142. 4 2882. 8 1559. 3 186.0 3309. 6 1651. 0 196. 9
N, D, 1873.1 ¢ 1100.3 e 170.2 a 2636.9 ¢ 1227.8 e 214.8 a 3130.0 ¢ 1350.6 e 231.8 a
N, D, 1953.7 be  1269.5d 153.9 b 2811.9 be  1500.5 ¢ 187.4 ¢ 3248.8 b 1595.7 ¢ 203.6 ¢
N, D, 2133.0 a 1531.2 b 139.3 cd  2945.0 ab  1692.5b 174.0d  3411.5 a 1803.1b  189.2 de
-4 Average 1986. 6 1300. 3 154.5 2797.9 1473.6 192.1 3263. 4 1583. 1 208. 2

F—F P BE R RAR/NS FRFRRE SR LERBE, L9 3, L5493, L—55 WA, TH.

Values within a column followed by different lowercase letters are significantly different at P<<0.05. I, 1,,

and 5th internodes, respectively. The same as in tables below.

and I; denote the 3rd, 4th,
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Table 2. Effects of N application rate and planting density on LAI and spikelet-leaf ratio during filling stage under triangle-planted system of rice in-
tensification.
It R FrHE 30 d
Full heading stage 30 days after full heading
b 3
Treatment - T B4 KL 3 i T AR 3 i i AR R A ad 3 it T AR
LAI LATL,; LAI ,sto LAI/% Spikelets/LLAT LATL,;
N, D, 8.39b 5.81 ab 69.24 a 0.508 b 2.35¢
N, D, 7.88 ¢ 5.42 be 68.80 a 0.568 a 2.28 cd
N, D, 7.63 ¢ 5.09 cd 66.67 b 0.561 a 2.14 d
-4 Average 7.97 5. 44 68. 22 0.546 2.26
N, D, 8.90 a 6.14 a 69.00 a 0.478 b 3.02 a
N, D, 8.09 be 5.54 b 68.55 ab 0.561 a 2.72 b
N, D, 7.81 ¢ 4.94d 63.29 ¢ 0.570 a 2.56 b
-4 Average 8.27 5.54 67.05 0.536 2.77

LAIL,; . LAI of top 3 leaves.

=3
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Table 3. Effects of N application rate and planting density on light transmission rate and amount of sap flow of rice plant during filling stage under

triangle-planted system of rice intensification.

LS P ek

Light transmission rate/ %

[

Amount of sap flow

Qb 3 55 F 4 FFHE 30 d /(g stem 'h")
Treatment Full heading stage 30 days after full heading L SRS 30 d
R FHB R FHB Full heading 30 days after
Middle part Basal part Middle part Basal part stage full heading
N, D, 23.37d 7.28 ¢ 31.87 cd 11.92 ¢ 41.32d 24.62 ¢
N, D, 29.16 ¢ 8.36 ¢ 34.71 ¢ 12.60 ¢ 46.90 b 29.32 b
N, D, 40.74 a 16.91 a 48.03 a 22.44 a 51.40 a 30.42 a
-4 Average 31.09 10. 85 38. 20 15. 66 46. 54 28.12
N.D, 18.49 e 4,46 e 29.84 d 9.32d 44,12 ¢ 25.20 ¢
N, D, 25.84 d 5.82 d 32.09 cd 11.12 ¢ 50. 20 a 29. 86 ab
N, D, 36.88 b 11.89 b 44,57 b 20.31b 52.54 a 30. 30 ab
-4 Average 27.07 7.39 35.50 13.58 48. 96 28. 46

3 AR DL K SRS 30 d b 3 mf LAT 2y fii
R A7 9% B2 B AR TR /)N, JU AR Dy Ak B (g 25 ) AN
D, b 38 CfI0 %5 BE) [H] 22 5 138 5k 25 /KO8 5 Rz it [ 722
R SRR N AF T UL D, 4 B = N, AbBER
PL D, Ab B fe i {5 45 0t ZUKE L Dy A B 3
F D b B,
2.3 BERBEARE

FH 2% 3 AT D, AN 7] il 607K SF- AR 4 % B % 45 A=
B A A N A T J2 03 O 3R 1Y 5% ) 1 K 8 2 UK
S, TEFFREIAIFFREE 30 d, & B KE TR, KRR
AR T S B S 35 't 3 i R A 8 R 0 BRI B 2 AN R R
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Table 4. Effects of N application rate and planting density on length, width and leaf angles of top three leaves during filling stage under triangle-

planted system of rice intensification.

G Flag leaf

18 2 M 2nd leaf 18] 3 1 3rd leaf

Ab g ) i _
- K B 15 £ IS B I £ K 5i I £
Treatments
Length/cm  Width/em  Leaf angle/° Length/cm  Width/em  Leaf angle/° Length/cm  Width/ecm  Leaf angle/®

N, D, 37.17d 2.08 ¢ 10. 8 be 46.05 ¢ 1.95 e 16.3 ¢ 54.49 e 1.90 b 24.4 d
N, D, 38.08 cd 2.16 be 10.4 ¢ 47.51 be 1.98 de 16.7 ¢ 55.12 de 1.90 b 24.0d
N, D, 39.78 be 2.19b 12.0 a 48.62 b 2.01 cd 18.2 b 58.38 cd 1.93 ab 26.9 ab
F Average 38. 34 2. 14 11.1 47. 39 1.98 17.1 56.00 1.91 25.1
N, D, 39.43 ¢ 2.23 b 11.5 ab 48.37 b 2.04 be 18.0 b 59.02 be 1.93 ab 27.2 a
N, D, 41. 65 ab 2.37 a 11.5 ab 52.13 a 2.07 ab 18.3 b 62.13 ab 1.94 ab 26.6 be
N, D, 42.10 a 2.36 a 12.0 a 52.74 a 2.10 a 19.4 a 62.69 a 1.95 a 26.2 ¢
F Average 41. 06 2.32 11.7 51.08 2.07 18.6 61.28 1.94 26.7

x5

CARERLBE TERENRAEENEIHTYRREREENEIN

Table 5. Effects of N application rate and planting density on the dry-matter accumulation and transport during filling stage under triangle-planted

system of rice intensification.

FF R A A FFHE G EX L7 EX L0
JuE: EX RNe KT B T TY R R i % LRI ES
Treatment SSWF SSWM PWM DMAF EPMSS TPMSS
/(g+m ) /(g+m ) /(gem ) /(gem %) % /%
N, D, 662.3 a 468.7 b 887.4 ¢ 321.5 ¢ 29.23 ¢ 21.82 cd
N, D, 651.4 d 422.2 d 969.1 a 352.1 ab 35.19 a 23.65 a
N, D, 609.8 d 401.3 e 941.8 b 340.2 b 34.19 ab 22.14 ¢
-4 Average 641.2 430. 7 932.8 337.9 32. 87 22.54
N.D, 671.7 a 488.5 a 853.0 d 329.8 ¢ 27.27d 21.48 d
N, D, 662.0 a 442.7 ¢ 952.2 ab 357.0 a 33.13 b 23.03 b
N, D, 632.2 ¢ 411.9 de 954.7 ab 359.8 a 34.85 a 23.08 ab
-4 Average 655.3 447. 7 920.0 348.9 31.75 22.53

SSWH, Stem-sheath weight in full-heading; SSWM, Stem-sheath weight in maturing; PWM, Panicle weight in mature; DMAH, Dry-

matter accumulation after full-heading; EPSS, Export percentage of stem-sheath; TPSS, Translocation percentage of stem-sheath.

Y B A8 R — B B R R R
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S AR) 2w i A 4 S AN [ A R A 3 i ) i £
3 iU AR R RN B L E DA BRI T
D, 4b B,
2.6 MREAREREIEZ

MG T Wy W B R T 57 TR0 R i 2 0] 25 B
5 R A R Y /1 e R A T A )
TR HE R SE ka3 5) , HIR — Z AL AL 3R . D, 4b B
KBTS WA S T D A R [ it A R
I 2 L AR BN R B R BE T i AR N A BER

LSVA
2

BN 40 em X 40 cm FRAF , k234 fin 51
T 3 o S 3O T i 3T R 4G e AT Ak
PR 00 0 1 IR A % B R R M T T . M
FrAE I T B B L 2K T R R ROk
B A — R 2 BEAL BT, 48 i UNE i A se AR A 5%
FEJE T Br 22 AR (B 258 W) o o o S R
AN TR R BBE 1 B 5 45 it SRR P T o B AR B 285 B 11 i
SRR T B R A 2R ) BT AR e T e R R
ANKR—FN LB T 2L D, &b P A 5, N, AL BRI
DL D, AbHE AR H N, D, Al N, D, Ab B 8] 22 53 29 5% 1K
B F K.
2.7 FEREMBEE

2 6 AT 1, = MR SR Ak AR 3 T it R AR A
5 6 KR e B LA R 2R I S ) 2 56 I 3 K
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Table 6. Effects of N application rate and planting density on grain yield and its components under triangle-planted system of rice intensification.

o5 26 45 2 W (2012 4F 3 H)

Ab ¥ No. of productive No. of 1000-grain Seed-setting Grain filling Grain
Treatment panicles filled weight weight rate yield
/(X10" « hm %) grains /g /% /% /(kg + hm *)
N, D, 209.6 b 172.8 d 29.36 ¢ 84.95 ¢ 91.70 ¢ 9131.7 d
N, D, 217.3 a 180.1 b 29.98 a 87.50 ab 93.30 b 10074.6 a
N, D, 202.4 ¢ 186.1 a 30.11 a 88.02 a 95.36 a 9626.3 ¢
F-F) Average 209. 8 179.7 29. 82 86. 82 93. 45 9610. 9
N, D, 210.7 b 168.9 e 29.06 d 83.70d 89.81d 8604. 3 e
N.D, 219.9 a 177.2 ¢ 29.75 b 85.80 ¢ 92.04 ¢ 9911.6 b
N, D, 209.3 b 184.8 a 30.00 a 86.90 b 92.45 be 9945.9 b
-3 Average 213.3 177.0 29. 60 85. 47 91.43 9487. 3

B AR RE SR RO TR E U 25 R, U S R B A 5
FRRURFRL 7T 55 % 19 351 W 5 45 Rk A 2% B2 R L il AU i
Xof 72 R R K — B, Dy A D, A FRR R R it A
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N B ZE N, KPR m KR . X Rl T
fIRE T 38 2 4 e BRSS9 A KL e
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0.857" ",
2.7 MBARBFESHEREFENXER
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A5 ZEFF LA BT EIR B T A SE MR B L BR
18] 2 WA SRR A A8 5 Al A AT A A
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RT ZARBAURETEMANSEMERELNSHEREEFREANEXE(n=18)

Table 7. Correlation coefficients between breaking resistance, lodging index and some population quality characteristics under triangle-planted sys-

tem of rice intensification(n=18).

TE R 0T At R 1 P& 4 Breaking resistance 811k 45 %0 Lodging index
Population quality characteristics 1 1, 1 1, 1 I;
i FLFE %X Leal area index (LAD
FFREUY LAT LAT at full heading stage 0.535° —0.531" —0.516" 0.953" " 0.976" " 0.964" "
5 3 1 LAT LAT of top 3 leaves at full heading stage —0.654 —0.656"" —0.633"" 0.938" 0.985"" 0.953" "
FFREG 30 d I3 M LAT LA of top 3 leaves at 30 days after full heading 0.557" 0.483" 0.515° 0.838" " 0.711°" 0.749" "
FFHE 30 d |3 it FIES Leaf morphology at 30 days after full heading
£ 4 Length of flag leaf 0.302 0.414 0.376 0.154 0.048 0.059
S5 Width of flag leal 0.277 0.401 0. 364 0.244 0.109 0.128
S -5 f1 Leaf angle of flag leaf 0.402 0.457 0.412 0.149 0.138 0.154
8] 2 MK Length of the 2nd leaf from the top 0.376 0.458 0.431 0.135 —0.002 0.029
8] 2 M % Width of the 2nd leaf from the top 0.315 0.396 0.382 0.337 0. 280 0.270
8] 2 m i1 Leaf angle of the 2nd leafl from the top 0. 464 0.543" 0.502" 0.070 —0.005  —0.003
8 3 114 Length of the 3rd leaf from the top 0.302 0. 420 0.373 0.220 0.092 0.120
18 3 1% Width of the 3rd leaf from the top 0.322 0.370 0. 380 0.386 0.412 0.367
8] 3 M5 Leafl angle of the 3rd leaf from the top 0.226 0.290 0.251 0.362 0.370 0.319
i/ Spikelet/LAT
S5 F R e Spikelet /LAT at full heading stage 0.479 0.542 0.553" —0.123 —0.141  —0.183
BEARIB L& Light transmission rate
FF R R Middle part at full heading stage 0.985"" 0.975" " 0.971°"—0.796" " —0.728" " —0.776" "
¢ BEY B HE Basal part at full heading stage 0.936"" 0.886" 0.878° " —0.777"" —0.639" " —0.710""
FHJE 30 d 1 Middle part at 30 days after full heading 0.956°°  0.930°°  0.923°°—0.690" " —0.600" " —0.652""
S 30 d 33 Basal part at 30 days after full heading 0.932" " 0.902" " 0.892""—0.731"" —0.649"" —0.682" "
fiifi it Amount of sap flow
F5HY Full heading stage 0.783""  0.863"" 0.833" " —0.387 —0.435  —0.471"
FFHJG 30 d 30 days after full heading 0.817° " 0.890°"  0.879"°—0.477" —0.500" —0.561"
ZEW W) i %32 Dry matter translocation of stem-sheaths
32 4 Translocation amount 0.333 0.399 0.420 —0.355 —0.403 —0.439
it % Export percentage 0.732"" 0.774"" 0.790" " —0.425 —0.467° —0.521"
4% % Translocation percentage 0.324 0.373 0.388 —0.201 —0.260  —0.273

T AR R S E AR G

, " Significantly correlated at 0. 05 and 0. 01 probability levels.
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