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Table 1 Comparison on physical properties of stem under different potassium concentration
e /em T B /em 7 E] 4 B/ em 7 6] B 42 /mm

Jis:d . N kg .

Plant Gravity center Internode length Internode diameter

Treatments ) ) Yield

height height 1l 12 13 1 12 13
Ny K, 98.3 a 45.4 a 3.01 a 4.2 a 11.4 a 18.8 a 4.9 a 4.4 a 4.2 a
N; K, 97.9 a 45.2 a 3.03 a 4.3 a 11.1 a 18.9 a 4.9 a 4.6 ab 4.1 a
N K, 98.0 a 45.4 a 3.01 a 3.9a 10.8 a 20.5a 5.1 ab 5.0 b 4.2 a
N; Ky 97.4 a 45.2 a 3.05 a 4.1 a 11.0 a 19.3 a 5.4 b 5.1b 4.3 a

AIFR/NG FREFIRAE 0,05 K 122 5 8 35 511,12, 13 43 Bl s B A 1) 56 1,23 My i), IR

Different lowercases mean significant difference at 0. 05 level;11,12,13 mean the first, second and third internode from the base. The

same below.
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Table 2 Comparison on resistance and lodging index of internode under different
potassium concentration
1 12 I3

AT Ak 2 i /e DN /g DN Yl Ji/g DN

Treatments  Breaking resistance Lodging Breaking resistance Lodging Breaking resistance lodging index
BR(N) index(LD BR(N) index(LD BR(N) (LD

N Ko 8.52 a 115.95 a 8.28 a 99.17 a 4.38 a 67.59 a

Ni K, 8.83 ab 108.47 b 8.67b 95.58 b 4.48 a 65.11 a

N Ko 9.36 b 90.11 ¢ 9.12 ¢ 81.21 ¢ 4.96 a 63.35 b

N Ks 9.48 b 87.38 ¢ 9.18 ¢ 80.12 ¢ 4.90 a 59.18 ¢
2.2 AFEEELEXKBEFAEAKENN  NSOBHRTE 15, 2606.19. 6906, 13 & T M HT 7
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Table 3 Comparison on physical properties of stem under different silicon concentration

R /em ¥ /em ) WK JE /cm % ] # #2/mm

A ¥ i AN kg .

Plant Gravitycenter Internode length Internode diameter

Treatments ) ) Yield

height height 1 12 13 1 12 13
N1 Sy 98.3 a 45.4 a 2.98 a 4.2 a 11.4 a 18.8 a 4.9 a 4.4 a 4.2 a
N1 S 97.6 a 44.9 a 3.00 a 4.1a 11.1 a 18.0 a 4.7 a 4.4 a 3.9 a
N; S, 99.5 a 45.3 a 2.97 a 4.1 a 10.8 a 17.7 a 5.0 a 4.5 a 4.0 a
N; S;3 98.2 a 44.5 a 2.98 a 3.9 a 10.9 a 17.5 a 4.8 a 4.4 a 4.1 a

x4 AEAEBLETHEREFTEOGHT N BRIELHLER

Table 4 Comparison on resistance and lodging index of internode under different silicon concentration

1 12 13
AN 4k 2 A1 /g LI CE A i/g (LI WA ti/e LI CE
Treatments  Breaking resistance Lodging Breaking resistance Lodging Breaking resistance  Lodging
BR(ND index(LD BR(ND index(LD BR(N) index (LD
Ni S 8.52 a 115.95 a 8.28a 99.17 a 4.38 a 67.59 a
N; S, 8.69 ab 111.56 ab 8.56 ab 96.33 ab 4.44 a 65.81 a
Ni S 9.27 b 102.15 b 9.32 b 91.19 b 4.41 a 66.33 a
N1 9.82 ¢ 96. 06 ¢ 9.91¢c 86.83 ¢ 4.47 a 65.15 a
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Table 5 Comparison on physical properties of stem under different nitrogen

potassium silicon concentration

75 /cm L /em W HCE /em A9 18] A% /mm
A4 AR H;Tﬁjlt (;ila[:rizzrimer D R g Internode length Internode diameter
Treatments Yield
height height 1 12 13 1 12 13
NI K Sy 98.8 a 45.2 a 3.03 a 4.2 a 11.5 a 17.7 a 4.8 a 4.5 a 4.2 a
N:K; S, 98.9 a 44.9 a 2.98 a 4.2 a 11.3 a 17.5 a 4.9 a 4.4 a 3.9b
N1 K S; 100.1 a 45.1 a 2.96 a 4.1 a 11.3 a 17.9 a 4.9 a 4.5 a 4.2 a
NI K; S, 98.2 a 45.8 a 2.99 a 4.0 a 11.1 a 18.0 a 5.0 a 4.9ab 4.1 ab
N K;S; 99.5 a 44.7 a 2.98 a 4.3 a 11.4 a 17.7 a 5.1a 4.8 ab 4.3 a
N1 K, S;3 98.5 a 45.1 a 3.02 a 4.2 a 11.5 a 17.9 a 4.9 a 5.1b 3.9b
N1 K3 S, 99.1a 45.3 a 3.03 a 3.9 a 11.2 a 17.8 a 5.3 b 5.0 b 4.0 a
NiK;S; 98.9 a 45.5 a 2.97 a 3.9 a 11.3 a 18.1 a 5.5b 5.1b 4.1 a
N1 K;S; 98.8 a 45.1 a 3.00 a 4.1 a 11.4 a 17.8 a 5.2 b 5.1b 4.3 a
N:K; S, 99.4 a 47.0 b 3.25b 4.3 a 11.8 a 18.9 ab 4.7 a 4.5 a 3.9b
N2 K S 99.1 a 46.8 b 3.31b 4.2 a 12.2 ab 18.4 ab 4.9 a 4.6 a 4.2 a
N2 K Ss 99.3 a 47.4 b 3.27b 4.3 a 12.1 ab 18.7 ab 4.7 a 4.5 a 4.1 a
N>K;S; 100.5 a 46.7 b 3.26 b 4.1 a 12.2 ab 18.4 ab 5.1b 5.0 b 4.2 a
N:K;S; 99.9 a 46.9 b 3.30 b 4.4 a 12.0 ab 18.8 ab 4.9 a 4.9 ab 3.8 b
N2 K S 100.1 a 47.3 b 3.29 b 4.3 a 11. 8 ab 18. 4 ab 4.9 a 4.8 ab 4.3 a
N> K;3;S; 99.7 a 47.1b 3.28 b 4.2 a 12. 4 ab 18.5 ab 5.3 b 4.9 ab 4.1a
N;K3S; 98.9 a 47.0 b 3.27b 4.2 a 11.9 ab 18.7 ab 5.5b 5.1b 4.0 ab
N> K;S; 99.6 a 47.5 b 3.31b 4.3 a 12.1 ab 18.9 ab 5.6b 4.9 ab 4.2 a
N;K; S 100.5 a 47.9 b 3.51 ¢ 4.3 a 12.9b 18.7 ab 4.9 a 4.6 a 4.1 a
N; K1 S, 100.4 a 48.0 b 3.55 ¢ 4.4 a 12.3 b 19.0 b 4.9 a 4.5 a 4.0 ab
N; K S 100.5 a 47.7 b 3.53 ¢ 4.2 a 12.7 b 18.9 b 4.9 a 4.7 a 4.3 a
N; K3 S, 100.8 a 48.2 b 3.59 ¢ 4.5 a 12.6 b 19.2 b 5.2b 5.1b 3.9b
N3 K:2S; 100.9 a 47.6 b 3.54 ¢ 4.4 a 12.8 b 19.1b 4.9 a 5.2b 4.2 a
N3 K, S; 99.9 a 47.8 b 3.53 ¢ 4.4 a 12.5 b 19.0b 5.0b 5.1b 4.1 a
N3 K3S; 102.5 a 47.9 b 3.54 ¢ 4.2 a 13.0b 18.8 b 5.2b 5.2b 4.0 ab
N3 K3 S, 101.1 a 48.1b 3.60 ¢ 4.3 a 12.7 b 19.4 b 5.3b 5.1b 4.3 a
N;K3S; 100. 8 a 47.7 b 3.52 ¢ 4.3 a 12.6 b 19.6 b 5.4b 5.1b 4.0 ab

M 6 & . 7E A A RE AL L R AE T . AR
A I 1102 5 R4 O 2 5 56, 5E1R
FEBCR IEAC, M J B A &4 150 kg hm” B , £
JIE B4 it A X 42 T K RS ZE R AT 0 0 0 A B0 T i
JE NV KS Sy 1y 11,12 5 [R5 1 80 B NG KL S, 43
SRR 13.43%.26.27% .0 Ny K, S, 1y 11,12 7
B HC T S A IR ON, K, S, 4 R e 14,159,
27.92%  WEE AT 1L AL BE N, K, S X 11,12 45 [

Poar BT NVK S 20 R & T 1% A 4
PR I e 25 b o0 22 R T8 & L FH B N K S,
Ay d5 3 B AR 7 BE B HCS RN A B 200 Al
250 kg+hm™ i, i AT A it A% B T oK Fi ZE A B B
TR O SR TR L N, K S, F NS K, S, %) 11,12
WP 1 B B N, K, S, f1 N, K, S, 40 5 32 75
10.72%.12.20% ,16. 76 % . 10. 43 %, 1 N, K, S,
AN K Sy Xt 11,12 75 Rl g4 77 36 i N, K S,
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Table 6 Comparison on resistance and lodging index of internode under different

nitrogen potassium silicon concentration

11 12 13
A7) b 2 i i /g NS WA /e IR 46 % B /e NS
Treatments  Breaking resistance Lodging Breaking resistance Lodging Breaking resistance Lodging
BR(N) index(LD) BR(N) index(LD BR(N) index(LD)
NI K S 9.68 a 122.16 b 7.88 ab 128.53 b 4.71 ab 80. 28 ab
NI K S, 9.99 ab 117.23 b 7.93 ab 127.87 b 4.79 ab 79.17 a
N1 K. S 10.37 b 104. 98 ab 7.99 ab 127.02 b 4.86 b 77.57 a
NI K S, 10.25 b 106. 83 ab 8.68 b 118.76 ab 4.85b 77.68 a
NI K;S; 10. 66 ¢ 100. 27 ab 8.82 b 116. 63 ab 4.81 ab 77.92 a
N K;S; 10.67 ¢ 100. 01 ab 9.01 be 114.07 ab 4.92b 75.19 a
N1 K3 S, 10.98 ¢ 97.52 a 9.95 ¢ 103.83 a 4.95b 74.51 a
N1 K;S; 10.87 ¢ 96.13 a 9.91 ¢ 103.16 a 4.84 b 76.88 a
N1 K;S;s 11.05 ¢ 92.25 a 10.08 ¢ 100.51 a 4.76 ab 78.12 a
N, K S, 9.33 a 138. 87 be 7.62 a 142.69 ¢ 4.89 b 85.38 b
N2 K;'S; 9.79 a 133.17 be 8.03 ab 137.04 be 4.90 b 85.17 b
N: K S; 10.33 b 127.52 b 8.55 b 130.88 b 4.95b 84.53 ab
N; K, S, 9.39 a 137.08 be 7.82 a 139.11 be 4.78 ab 88.06 b
N;K;S; 10. 46 be 125.99 b 8.27 ab 133.97 be 4.69 ab 88.29 b
N> K, S 10. 58 be 124.81 b 8.58 b 130.29 b 4.85b 86.85 b
N:K3S; 9.42 a 137.75 be 7.87 ab 138. 27 be 4.77 ab 87.07 b
N, K3S; 10. 56 bc 125.03 b 8.52 b 131. 04 be 4.98 b 83.35 ab
N> K;S; 10. 68 ¢ 123.05 b 8.59 b 130.12 ¢ 4.51 a 91. 83 be
N; K S 9.01 a 148.13 ¢ 7.29 a 152.17 ¢ 4.99 b 90. 47 be
N;K; 'S 9.73 a 140. 26 ¢ 7.67 a 144.57 ¢ 4.75 ab 95.83 ¢
N3 K S;3 10.52 be 132.29 b 8.05 ab 136. 23 bce 4.92 b 90. 69 be
N; K, S, 9.17 a 146. 21 ¢ 7.45 a 148.18 ¢ 4.57 a 99.17 ¢
N; K3 S, 9.68 a 148.68 ¢ 7.82 a 140. 21 be 4.79 ab 90. 83 bc
N; K, S; 10. 59 be 131.51 b 8.21 ab 132. 85 be 4.85b 89.54 b
N3 K3 S, 9.32 a 144.57 ¢ 7.51 a 146.33 ¢ 4.67 a 97.17 ¢
N3 K3 S, 9.85 a 138.91 be 7.93 ab 138. 98 be 4.58 a 99.39 ¢
N;K;S; 10.61 ¢ 130.14 b 8.28 ab 131. 37 be 4.89 b 91. 28 be
3 WL i 25 F 00800 A 0 B9 O A R B0 T 1
3.1 'LTJ"L/[{\, ’fjttlﬁ{ﬂ?‘f 20%~4OA,EKTiﬁ%ﬁ7F£EPJ<|§J
ORI PR R TR 1 i CRERORE LR TR AR A
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Interaction on Lodging Resistance

of Japonica Rice Under Different Nitrogen Gradient

SUN Bing,XIAO Ming-gang, CHI Li-yong, LI Ming-xian

(Crop Tillage and Cultivation Institute of Heilongjiang Academy of Agricultural Sciences,
Haerbin, Heilongjiang 180086)

Abstract : In order to use fertilizer scientifically and rationally for the production of japonica rice in longjiang re-
gion, and reduce rice lodging risk. Taking Longqingdao 1 as material. the effect of different amounts of potas-
sium and silicon fertilizer on the features of stalk basal internode structure and lodging resistance was studied
under the gradient of different nitrogen fertilizer application. The results showed that when the potassium ele-
ment alone,the amount of K was positively correlated to stem internode resistance of 11,12 and 13. When the a-
mount of potassium fertilizer was 150 kgehm™ (N, K, ) , the utilization rate of potassium was the highest, break-
ing resistance of basal internode 11, 12 and I3 were increased by 9. 86%, 10. 14% and 13. 24% respectively
compared with the control group(N; K;). When the silicon element alone, breaking resistance of basal internode
11 and 12 was positively correlated with silicon fertilizer application amount, no significant effect on I3, when
the silicon fertilizer application quantity was 150 kgehm® (N, S;) , breaking resistance of basal internode I1 and
12 was the most significant improvement., increased 15. 26 % and 19. 69% compared with the control group
(N;S,). When the interaction of nitrogen silicon and potassium fertilizer, when the amount of nitrogen fertilizer
was 100 kgehm?,the highest utilization rate of silicon and potassium was N, K; S, , breaking resistance of basal
internode 11 and 12 were increased by 13. 43 % and 26. 27 % respectively compared with the control group, when
the amount of nitrogen fertilizer was 200 kg+hm™ and 250 kg+hm™, the highest utilization rate of silicon and
potassium was N; K; S; and N3 K; S;, breaking resistance of basal internode 11 and 12 were increased by
10.72%,12.20%,16.76% and 10.43% respectively compared with the control group.

Keywords: rice; nitrogen silicon and potassium fertilizer;lodging resistance;stem structure



