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Table 1 Breaking resistance,bending moment and lodging index of internode in rice with different row-hill spacing
T3 X 7B/ B4 I /g AR/ (g e cm) Ik 45 50/ %
s i em X cm Breaking resistance Bending moment Lodging index
Cultivars  Row-hill
spacing N2 N3 N4 N2 N3 N4 N2 N3 N4
25X15 816. 7¢c 628. 8c 421. 4d 1487.6c 1 146.9cd 767.4bc 145. 9a 145. 9a 145. 7a
30X15 896. 6¢ 622. 3¢ 473.7¢ 1 363. 3d 1 064. 6d 691. 2¢ 121.8b 136.9b 116. 9b
1 35X15 1257.7b 798.7b 568. 4b 1752.9b 1313.7b  854.2b 111. 6cd 131. 6b 120. 2b
25X20 1176.0b 803. 6b 491. 6¢ 1 538. 8¢ 1220.9¢  778.9bc 104. 7de 121. 6¢ 126. 8b
30X 20 1228.3b 795. 4b 591. 3b 1497. 6¢ 1 155.0c  766. 4bc 97. 6e 116. 2¢ 103. 7¢
35X20 1 344. 2a 947. 3a 666. 4a 1 945. 8a 1548.4a 1 054.5a 115. 9be 130. 8b 126. 5b
25X15 583. 1c 333.2d 143.7c 990. 3b 756. 2b 468. Oc 136. 2a 181. 9a 264. 2a
30X15 1 058. 4a 699. 1b 423. 0a 1247. 4a 976. 2a 649. 8a 94. 3c 111. 8be 123.0b
1 35X15 1 061. 7a 811. 8a 470. 4a 1 324. 6a 1003.0a  651.9a 99. 9bc 98.9¢ 111.2b
25X20 720. 3b 496. 5¢ 328.3b 987.5b 708. 5b 420. 2¢ 109. 7b 114. 4bc 102. 4b
30X 20 1 038. 8a 713.0b 441. 0a 1327. 2a 959. 3a 576.5b 102. 2be 108. 2bc 104. 6b
35X20 776.7b 622.3 360. 2b 1 253. 4a 943. 0a 564. 3b 129. 3a 121.8b 125.9b
25X15 833. 0c 398. 5d 212. 4c 1649.5d 1195.7bc 646.7b 158. 6¢ 241. 8a 245. 5a
30X15 1 091. 1a 705. 6a 384.7a 1 845.6bc 1339.7ab  746.0a 135. 5d 152. 1c 156. 3¢
I 35X15 950. 6b 633.7b 408. 3a 1703.2cd 1247.7b  731.7a 143. 4ced 158. 0c 144. Oc
25X20 707. 2d 413. 2d 207. 6¢ 1 566.7d 1058.4¢c  601.6b 177.1b 206. 8b 232. 3a
30X 20 829.7¢ 486.7¢ 310. 3b 1912.8ab 1339.1ab  770.4a 184.7b 221. 3ab 199. 6b
35X20 802. 0c 527. 5¢ 318.5b 2 024. 8a 1423.7a  796.1a 202. 1a 217. 0ab 200. 5b

W L. WA 47; 1. eA 6 55 M. 040 522105 N2~N4 20 BIE/RFEImE 155 2 245 4 30 B —R P85 B A R /NG FhE%R R
TESU K- EEF B3, FH. Note: | .Shendao 47; [ . Shendao 6; [ll. Liaoyou 52210; N2-N4 indicate from the second inter-

node to the fourth internode upward the base,respectively. Values within a column followed by a different small letter are signifi-

cantly different at 5% level. The same as follows.
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Table 2 The different row-hill between the cultivars of rice stalk internode physical properties

. FBE X / . W ZE TS/ cm A ) 2 066 T /g T8 T AR/ mm?
s if em X em PR /em Internode length to top Fresh weight of internode Area of cross section
Cultivars ) . Panicle height
Row-hill spacing N2 N3 h\p N3 N2 N3

25X 15 109. 5a 90. 8a 73. 3a 13.9d 12.1d 20.7c 16. 7d

30X 15 105. 5b 87.2b 69. 8b 14. 7cd 12. 6¢cd 22. 6bc 18. 6d

35X 15 107. 0b 88.5b 70. 8b 17.2b 15.0b 27. 2a 21.9b

! 25X20 106. 6b 91.7a 73.7a 14. 8cd 12.7cd 22. 4bc 19. 8cd
30X 20 109. 9a 88.5b 70. 3b 15. 1c 13. 2¢ 24.7b 20. 8bc

35X20 109. 2a 91. 5a 73.%5a 18.7a 16. 6a 28. 6a 24. 6a

25X 15 105. 8¢ 86. 8bc 67.2d 10. 1c 8.7d 13. 9¢ 11.4c

30X15 109. 7a 91.7a 77.0a 12.3b 10. 6¢ 18.0b 15. 0b

Il 35X 15 105. 6¢ 87. 5bc 70. 8¢ 13. 4a 11.5b 19. 9a 17. 2a
25X20 107. 1bc 85.0c 67.3d 10. 8¢ 9. 4d 16. 8b 14.9b

30X 20 109. 4ab 88. 7Tabc 70. 8c 13. 6a 11. 6ab 17.5b 15. 8b

35X20 105. 6¢ 90. 2ab 73.8b 13. 6a 12. 3a 20. 9a 18. 0a

25X 15 117. 3¢ 104. 7¢ 92. 0bed 15. 8bce 13. 0cd 23.9d 16. 8e

30X15 116. 9¢ 104. 0c 90. 5d 16. 2b 13. 6bc 24.9cd 19. 1d

Il 35X 15 118. 5¢ 104. 8¢ 92. 3bc 17.7a 14. 8ab 29. 4b 23.7b
25X20 120. 1b 108. 3b 91. 2¢d 14. 9¢ 12.0d 25. 3cd 21.7¢

30X 20 122. 4ab 109. 0b 93.3b 17. 6a 14. 5ab 26. 0c 22. 2bc

35X20 124. 5a 112. 0a 95.7a 18. 1a 15. 0a 34. 9a

28. 3a




18

o gl K

5 35 45

N3 5[] B4 797 6] 25 S b B 35 AE A O . e Ah ST
T FER A By A [ 7 52 9 TE AR OG

JK AR T T T AU K R S AT DI R AL
S it Ff P [A] A5 R B8 N2 N33 [ 4 0 T T AR
Wt A B P 38 22 5 ARG T e 9 R B~ AT
e [R) 45 7B R, BE 3 N2 N3 4y Ji] 48 i i BB % AT
ST P 8 o ek B M 0 I AR Y 5 5 R ok o A [
S CHETT L AR N2 N3 7 (8] 1% 48 i T AR Bl A7 R A
ZACLERISEE DI BB NS P W 2 U Y T T RS/

I N TE NS PSR LIRS P ST E N P
55 N2 ) AR 18 B B R AR O, BT, A T
ALY 384 0051 i) i Jo 0 5 00 I, DTG 48 o Y 1) 2
JE L BT 38 R ] R 15 B, 7R 25 em X115 em
FroXHBC BT o oh T AT T R /N T BRI A
PUAT Iy W TR, A, 3 P AR A K R RS AE TE
R TR 1A AR A5 A /N {EL G £ AR B ) 55 9 P
BIVAS [5) 74 A st ol 8 i v AR5 AR 98 O B — Bodk
AL

£3 BARELTEHEENATNEEFIZVERRNBEXRY
Table 3 Correlation coefficients of breaking resistance,bending moment and lodging index and main

physical characteristics of culm

N LA 1 A ) &R (RN R
Py EE R 5 i) . . . o
. o Breaking resistance Bending moment Lodging index
Physical characteristics Internode
N2 N3 N2 N3 N2 N3
R Panicle height —0.23 —0.40 0.69" " 0.51° 0.83" " 0.78" "
N N2 —0.24 0.70" " 0.85" "
B Z K Internode length to top ’
N3 —0.37 0.53" 0.77"
N N o . . N2 0,47~ 0.99" " 0.43
9 [8] Z T fef i i Fresh weight of internode
N3 0.46" 0.97"" 0.23
N2 0.27 0.85" " 0.52"
A 1 L Area of cross section 0
N3 0.22 0.76" " 0.29

VE
The same as in the tables below.
23 ARMTAEEETKBEERFERESHA
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BRZEAT A o B ER A AR ) A5 52 B A7 bk B 15 2 1)
FRW(GR 4, 3 FREEUKAE M APAE 15 em AYAR T
BT, BB N Bl A BE 3 R BE ST IR A %

ISA
w

* % JPRIRIR A OGIR B R B K, T . Note: * ,

% % significantly correlated at 0. 05 and 0. 01 level, respectively.
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Table 4 Effect of row-hill spacing on panicle factors of rice
FriE X ! I l
(Ep:El
) ok i ) o £ ) . o £
R /o PRE ey ERE e AEEE
emX em Neck MEL/em Fid/g K/ cm Neck FHE L /em /g B/ cm Neck BEE L /em Bl /g B /cm
eck- Neck- _
. . Panicle Fresh Panicle K Panicle Fresh Panicle K Panicle Fresh Panicle
Row-hill panicle . panicle . panicle .
. barycenter  panicle  length barycenter  panicle  length barycenter  panicle  length
spacing angle angle angle
mass mass mass
25X15 27.7a 11.7b 4.5b 17. 3d 55. 0a 9. 5d 3.3d 15. 8¢ 82. 6a 14.5b 5.3b 25.7¢
30X 15 23.7ab 11. 4¢ 5.4a 18. 0c 41.5b 10. 5a 3.5¢ 16.9b 78. 2ab 13. 8¢ 5.5ab  25.9bc
35X15 20.7b 12. 0a 5. 5a 18. 4b 32.5¢ 10. 2bc 3. 6¢ 16. 8b 68.5b 14. 2b 5. 8a 25.2¢
25X 20 17. 3b 11. 8ab 5. 3a 18. 9b 39. 0be 8. 5e 3.4c 17. 8a 70. 5b 13. 8¢ 5.5ab  25.4c
30X 20 20.5b 11. 9ab 5. 4a 18.7b 45.8b 10. 2ab 3.7b 17.1b 76. 8ab 14. 6b 5. 8ab 26. 5a
35X 20 20.5b 11. 8ab 5. 5a 19. 5a 44.5b 9.9¢ 3. 8a 18. 1a 76. 8ab 15. 3a 5. 8a 26.2b

L7 S R R ) A R R R L R
SRR NN IO R | Rl o o < 2 (17 S v 2T o O O
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Table 5 Correlation coefficients between breaking resistance, bending moment, lodging index and panicle type factors
Tl - Y41 71 Breaking resistance 7] 25 45 Bending moment IR FE L Lodging index

Panicle type factors N2 N3 N2 N3 N2 N3
i ff1 Neck-panicle angle —0.52" —0.67*" 0.33 0.13* 0.75** 0.78*
K Panicle length —0.15 —0. 36 0.72% " 0.60** 0.79* 0.81"
T Panicle barycenter —0.10 —0.30 0.83"" 0.69" " 0.75" " 0.74"
FAREE i Fresh panicle weight 0.30 0.10 0.72* " 0.60" 0.79" % 0.81""
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Table 6 Effect of different row spacing on grain yield and its components of japonica rice
1 I Il

FEUE N 2o s e F e e Fl g e e

\ 17 BE X OCHE, i Eﬁh s THi  EmA ﬂt s Tk  me ﬂh s Tk
£ cmXem PR/ b % sy /g R/ - HLEL Y di/g R/ o bR y fi/g
Year  Row-hill  (t/hm?) * = Number . o 0 1 000- (t/hm?) * 7" Number _ o ! 1 000- (t/hm?) * 2 Number ,0 1 000-

. . Valid Seeding K . Valid Seeding K X Valid Seeding .

spacing Yield icles er grain Yield cles per grain Yield cles per . grain

pameies spikele weight pameies spikele weight pameies spikele rate weight
25X15 9.70bc 408.9a 150.3c 88.1c 25.4ab 9.98a 448.9a 118.2d 89.5bc 24.8ab 10.64a 315.6ab 142.1d 89.5bc 24. 8ab

30X 15 10. 78a 377.74b 152.8bc 90.2b 25.8a 9.59ab 403.7b 124.8cd 89.2bc 25.2a 10.67a 296.6ab 143.9d 89.2bc 25. 3a

35X15 10. 59ab 339. 7c 154.5bc 90. 2ab 25.5ab  9.56ab 327.1d 133.0bc 91.7ab 25.4a 9.97bc 298.5ab 162.2c 91.7ab 25.2a

2013 25X20 10, 24abc 373.3b 164.4b 92.1a 25.5ab 9.67ab 370.0bc 124.9cd 93.1a 24.9ab 10.53ab 323.3a 199.6b 93.1a 25.2a
30X 20 9.79bc 331.1c 171.1ab 90. 6ab 25.4ab 9.34ab 347.3cd 137.7ab 90.8ab 24.5bc 9.52c¢ 297.3ab 209.0b 90.8ab 24.3b
35X 20 9.56c 327.8c 185.4a 89.6bc 25.2b 9.13b 307.2d 145.4a 87.7c 24.0c 9.66c 278.7b 228.1a 87.7c 24.8ab
25X15 9.62bc 402.6a 149.3bc 87.4c 25.3ab  9.93a 446.9a 124.9b 89.2bc 24.9ab 10.61a 311.4ab 143.1d 89.3bc 24. 8ab

30X15 10. 65a 372.44b 150. 8bc 89.7b 25.6a 9.62ab 402.7b 125.2b 89.1bc 25.3a 10.69a 299.9ab 162.7c 89.3bc 25.2a

2014 35X15  10.52ab 333.6c 151.5bc 90. lab 25.5ab 9.55ab 347.1cd 136.8a 91.5ab 25.5a 9.94bc 294.7ab 169.3c 90.8a 25.1a
25X20  10.16ab368.9.3b 161.4b 91.6a 25.4ab 9.6lab 366.0bc 128.4b 92.7a 24.8ab 10.5lab 318.4a 197.4b 89.5ab 25.2a
30X 20 9.77bc 326..1c 164.1b 90.1lab 25.4ab 9.42ab 344.3cd 133.0a 90.4ab 24.6bc 9.68c 299.6ab 207.6b 90. 3ab 24. 6ab
35X 20 9.59c 321.2¢ 173.4a 89.3bc 25.2b 9.21b 311.2d 137.7a 88.6¢c 24.2c 9.65c 282.4b 222.5a 87.6¢c 24.8ab
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Effects of row-hill spacing on lodging resistance
of japonica rices with different panicles

LI Xiaopeng WANG Shu HUANG Yuancai JIA Baoyan WANG Yan

College of Agronomy ,Shenyang Agricultural University/Key Laboratory of Northeastern
Rice Biology and Genetic Breeding ,Ministry of Agriculture ,Shenyang 110866 ,China

Abstract The conventional and hybrid japonica rice cultivars in Liaoning Province with three pani-
cle types and three row distances and two hill distances were used to study the effects of physic and me-
chanic features,panicle factors under various row-hill spacing on the lodging resistance of japonica rice
cultivars. The results showed that row and hill distances simultaneously affected the physic and mechanic
features of japonica rice plant,thereby making japonica rice with different panicles exhibit different lodg-
ing capacity. LLiaoyou 52210 significantly increased plant height and decreased flexural strength from 20
cm hill distance, which is the main factors of higher lodging index. Traits including plant height, the
length and fresh weight of base N2 section, panicle angle, panicle length,fresh panicle weight and panicle
gravity of Shendao 47 and Shendao 6 at the configuration of 25 cm X 20 cm decreased significantly. At the
configuration of 35 cm X 15 c¢m, the cross-sectional area and flexural strength of the three japonica rice
cultivars were significantly greater than that of others. From the perspective of panicle type,the adapta-
bilities of lodging resistance of Shendao 47 and Shendao 6 to the change in the configuration were better
than that of Liaoyou 52210. The panicle angle of three japonica rice cultivars at the configuration of
25 cm X 15 ecm,30 cm X 20 cm and 35 ¢cm X 20 cm was significantly larger than that of others. The fresh
panicle weight, panicle length and height of panicle gravity at the later two configurations were higher as
well. Generally, potential lodging and less panicles of per unit area at the configuration of high and low
density limited the obtainment of high and stable yields. The flexural strength and bending moment at
the configuration of 25 cm X 15 ¢m and 35 cm X 20 ¢cm was the inducible factor increasing lodging index,
indicating that both tense and sparse planting are unfavorable for lodging resistance and the flexural
strength of base internode is the main target to increase the lodging resistance. The suitable bending mo-
ment of base internode should be considered when selecting cultivars with lodging resistance because the
greater biomass is the guarantee for lodging resistance.

Keywords rice; row-hill spacing; lodging resistance; lodging index; panicle type
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