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Abstract: In order to clarify the effect of seedling stage light intensity and N application rate on the
activities of defensive enzymes of rice and relationship with the resistance to brown planthopper ( Nilaparvata

lugens)  the activities of phenylalnine ammonialyase ( PAL) polyphenol oxidase ( PPO) and peroxidase
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( POD) in different rice varieties were studied after treated with different seedling stage light intensity and
nitrogen ( N) application levels. The results showed that the resistance of IR56 Ptbh33 and 570011 to BPH
biotype Il was closely related with the activities of PAL and PPO RHT to BPH biotype II was related with
the activities of PALL. PPO and POD RP197648-6-4-2 to BPH biotype Il was related with the activities of
PAL and 570011 to BPH biotype Il was related with the activities of PAL and PPO. The resistance of IR56
to BPH biotype Bangladesh was closely related with the activities of PALL. PPO and POD resistance of RHT
and RP197648-6-4-2 to BPH biotype Bangladesh was closely related with the activity of PPO and resistance
of 570011 to BPH biotype Bangladesh was closely related with the activities of POD. The separate action or
interaction effect of seedling stage light intensity and N application rate on activities of defensive enzymes
in rice was obviously and effect degree different in different varieties. The separate action or interaction
influence of seedling stage light intensity and N application rate on PAL and PPO activity of IR56 PPO
activity of RHT and RP197648-64-2 POD activity of Pth33 and PAL and POD activity of 570011 was
significantly. POD activity of IR56 and RP197648-6-4-2 only significantly affected by seedling stage. The
separate action or interaction effect of light intensity and N application rate on PAL activity of RHT and
RP197648-64=2 was obviously. POD activity of RHT affected by N application rate and PAL activity of
Pth33 affected by light intensity was significantly. PPO activity of 570011 affected by seedling stage and
light intensity separate action or interaction was obviously.

Key words: Seedling stage; light intensity; N application rate; insect—resistant rice; defensive enzyme;

brown planthopper
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Table 1 Level design of effect of seedling stage light intensity and N application rate on activity

of main defense enzyme in rice planting

(A) (B) Light intensity (C) (kg/hm?)
Level Seedling stage ( d) ( Screen layers) N application rate
1 8 0 0
2 13 2 225
3 18 4 450
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2 N U, (63)
Table 2 U, (6°) test program of effect of seedling stage light intensity and N application rate on activity of

main defense enzyme in rice planting

(A) Seedling stage (B) Light intensity (C) N application rate
Test No. (kg/hm)
Application rate Levels Days after sowing Levels Screen layers Levels
1 1 8 2 2 3 450
2 2 13 4 0 6 450
3 3 18 6 4 2 225
4 4 8 1 0 5 225
5 5 13 3 4 1 0
6 6 18 5 2 4 0
PAL
10 min ( 2
) 290 nm A. PAL
: 2.1 N
PAL (Ul/g ) = +
+ +0.1xA =+ ( g/mL)
1.4.3 PPO
0.1g 1 mL (Y)
° POD ( C)
PPO
5000 10 mi R
8 fm 4. 4 (1) -
525 nm (9)
. PPO : )
(1) -(9)
PPO (U/g ) = + +
IR56. RHT. Pih33. RP197618-64-=2
+0.01 xA (A -A ) =+
570011 1T o
(g/mL)
1.4.4 POD )
0.1g 1 mL (1) IR>6 I
. 8000 g4C 10 min PAL - PPO
IR56
POD I PAL  PPO
470 nm 30 s ° (2)
Al 1 min 30 s A2, AA = RHT I PAL,
A2 - Al. POD ; POD  PPO
PPO (U/g ) = = = POD RHT
0.01 xAA + (g/mL) I POD. PAL  PPO
1.5 POD
Microsoft Excel ~ SPSS 15.0 0 (3) Pth33 I
Duncan PPO

(a=0.05) . PAL  PPO Pth33
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PPO ( 5) . 5 TN1
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PPO RHT 4.5 6., TN1 POD 1
PPO 4 6 6
. (8) RP1976-18-6-42 1.
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PPO RP1976- 2; 2
18-6-4-2 PPO 5. IR56 PPO 5
PPO o ; 2
(9) 570011 . IR56 POD 1
POD POD 2. 3.5 6 6
570011 5 o
3
Table 3 Relationship between the defense enzyme activity of rice varieties and damaged level
Variety Regression model Model No.
I BPH biotype I
IR56 Y = 334899. 6004 — 11671. 2330 A —1101. 0973 B +47. 1844 AB (1)
RHT Y = —23.1386 +0. 1625 C +0. 0004 A> +0. 0000007 B> —0. 0002 C* (2)
Pth33 Y = 9.4884 —0.0812 B +0.0019 AB (3)
RP197618-6-42 Y = —4.2138 +0.2953 A (4)
570011 Y = —1.5340 +0.2221 A -0.0046 B (5)
BPH biotype Bangladesh
IR56 Y = 14.3489 —0.2465 A +0.0053 B +0.0047 C (6)
RHT Y = 9. 4060 - 0. 0066 B (7)
RP197618-6-42 Y = 4.8264 +0. 0180 B —0. 00001 B? (8)
570011 Y = —5.6499 +0. 0608 C —0.00006 C (9)
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Table 4 Inspection result of model
.
Coefficient { K S Ra
Model of patial - Significance Col.rrelation Fvalues Significance  Residual Adjust(?d
e, correlation level index level starhldard correlation
deviation index
(1) r(y A) =-0.9911 10. 5018 0.0018 0.9998  1554.2793  0.0006  4773.6556  0.9995
r(y B) = -0.9874 8.8119 0. 0031
r(y AB) = 0.9964 16. 7325 0. 0005
(2) r(y C) =0.9999 95. 5378 0. 0001 1.0000  15288.0653  0.0061 0. 0222 1. 0000
r(y A% = 0.9957 10. 7578 0. 0085
r(y B?) = 0.9960 11. 1591 0. 0079
r(y C*) =-0.9999 82. 1087 0. 0001
(3) r(y B) =-0.9420 4. 8633 0. 0083 0. 9602 17.7147 0.0218 0. 9666 0.9327
r(y AB) = 0.9385 4.7059 0. 0093
(4) r(y A) = 0.8490 3.2140 0. 0236 0. 8490 10. 3299 0. 0325 1. 5357 0. 8069
(5) r(y A) =0.9985 31.2868 0. 0001 0. 9987 597. 4462 0. 0001 0. 1600 0. 9979
r(y B) = -0.9146 3.9179 0.0173
(6) r(y A) = -0.9694 5.5826 0.0113 0. 9874 25. 9705 0.0373 0. 1861 0. 9682
r(y B) = 0.9691 5.5549 0.0115
r(y C) = 0.9844 7.9021 0. 0042
(7) r(y B) =-0.9434 5. 6880 0. 0023 0. 9434 32.3529 0. 0047 0. 6800 0. 9287
(8) r(y B) =0.9206 4.0845 0.0150 0.9328 10. 0535 0. 0468 0.8911 0. 8852
r(y B?) = -0.8966 3.5073 0. 0247
(9) r(y C) =0.986 10. 4824 0. 0005 0.9913 84. 8807 0. 0023 0. 4507 0. 9854
r(y €% = -0.9813 8. 8285 0. 0009
RHT PAL ; 2 1
4 2.3.5 4,
- RHT PPO 6 RP197648-64-2 PAL 3
; 3 ; 2
. RP197648-64-2 PPO
RHT POD 4 2 ; 6
3.5 6 5 6 3 1. 2. 3. 4 5
o . RP197648-64-2 POD
Pth33 PAL 2.3.5 6
. Pth33 PPO 6 ; 5 2
; 2 o
4.5 6 3 - Ptb33 POD 570011 PAL 1
1 3 4 2.4.5 6 3 ;
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5 N (U/g)
Table 5 Effect of seedling stage light intensity and N application rate on defense enzyme activity of rice
( PAL) ( PPO) ( POD)
Rice variety Test No. Phenylalnine ammonialyase Polyphenol oxidase Peroxidase
TN1 1 24.86 +£1.08 ¢ 153.87£7.13 ¢ 499.69 £21.39 a
2 45.98 £2.62 a 178.08 +13. 06 be 364.90 £42.95 ab
3 37.29£2.60 b 214.67 £7.58 be 316.75 £19. 845 ab
4 24.95+1.08 ¢ 485.09 +£74.49 a 282.90 £118.64 b
5 25.53+1.07 ¢ 282.13 £21.72 b 372.30 £12. 68 ab
6 35.99£3.43 b 428.08 £2.63 a 231.44 £23.04 b
IR56 1 37.22£3.33 ab 224.24 £7.76 cd 554.45 £57.70 a
2 29.04 £3.71 b 18.32+1.90 e 346.62 £30.25 b
3 35.14 £4.60 ab 319.17£15.62 b 299.92 £26.98 b
4 35.95+1.69 ab 214.45 £34.68 d 515.45+7.99 a
5 41.91+7.88 a 633.87 +4.80 a 279.16 £22.92 be
6 38.09 £0.45 ab 268.69 £6. 66 ¢ 152.05 £55.83 ¢
RHT 1 36.93 £8.04 a 116.93 £7.36 e 420.87 +11.64 a
2 30.94 £0.17 ab 227.76 £6.61 ¢ 378.81 £46.78 ab
3 28.65 £2.29 ab 44.61 2. 10 f 304.29 £35.29 be
4 20.45+1.32 b 189. 17 £18.46 d 432.47 +28.38 a
5 27.96 £2.40 ab 369.28 £8.19 b 226.73 £8.17 ¢
6 26.79 £1.28 ab 774.64 £3.50 a 237.48 £16.95 ¢
Pth33 1 39.81£2.65 a 175.52 £3.50 ¢ 481.55+14.41 a
2 32.06£1.32 a 5.73+1.40 d 187.22 +33.76 ¢
3 33.20+£6.85 a 46.91 £12.38 d 350.78 £61.53 b
4 31.70 £1.62 a 139.68 £16.28 ¢ 385.30 £49. 19 ab
5 31.73£3.36 a 297.01 £32.72 b 221.72 £12.52 ¢
6 41.29+2.35 a 1536.40 £43.04 a 239.29 £14.81 ¢
RP197618-642 1 37.40 £3.00 b 258.03 £5.01 ¢ 458.91 £33.07 a
2 24.84 £1.62 df 1038. 75 +58. 18a 303.06 = 18. 371 be
3 45.93+1.59 a 225.09 £12.05 ¢ 336.94 £28. 14 b
4 29.53 £1.39 cd 386.05 £57.65 b 478.89 +£32.09 a
5 29.53 £1.40 cde 101.76 £13.44 d 218.02£19.09 ¢
6 31.50£1.35 ¢ 4.11+1.15d 266.77 +61. 89 bc
570011 1 50.34 +4.42 a 138.40 £17.09 b 690.45 £52.88 a
2 23.15+0.70 b 37.89 +4.61cd 347.66 £13.77 b
3 45.00+1.48 a 129.96 £25.33 b 364.07 £31.15 b
4 25.33+1.34 b 78.96 £11.75 ¢ 361.26 £26.24 b
5 23.76 £0.32 b 9.44+£2.02d 196. 66 £13.35 ¢
6 29.01 £0.97 b 203.31£0.94 a 179. 68 +£28.50 ¢
0.05 o Note: Same-column means followed by the same letter are not

significantly different at the 0. 05 levels.
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Table 6 Relationship among defense enzyme activity of rice and seedling stage light intensity and N application rate

Variety Regression model Model No.
PAL
TN1 Y = —1.2369 +2.0664 A +0.5702 C +0.0084 AC —0. 1587 BC (1)
IR56 Y = 44.6701 0. 6401 A +3.547 9B —0.2424 C -0.5374 B’ (2)
RHT Y = 18.7024 +5.5143 B +0. 0124 C? (3)
Pth33 Y = 33.6887 +8. 0478 B -2. 0248 B (4)
RP197618-6-42 Y = 30.5472 -0.0121 C* +0. 2418 BC (5)
570011 Y = 26.2962 +3.2959 B -0.9801 B> —0.0081 AC +0.3891 BC (6)
PPO
TN1 Y = 570.7118 —4.9471 A +4.7830 C - 13. 8925 B* 0. 5206 C’ (7)
IR56 Y = 297.9944 +30.5966 B +33. 6275 B> —6.2219 AB -0.7122 AC (8)
RHT Y = —724.7099 +83.4634 A +51.4539 C -4.3055 AC -5. 6557 BC (9)
RP197618-6-42 Y = —116. 1790 +43. 6417 A —=2.0615 A* +2.3973 AC -7.0166 BC (10)
570011 Y = 135.9552 —0.5984 A —38.8996 B? +11.3911 AB (11)
POD
TN1 Y = 261.6115 +74. 8056 B —0.2492 A*> +0. 1636 C* —2.7833 AB (12)
IR56 Y = 759. 5975 -30. 8966 A (13)
RHT Y = 249.5777 +5.5911 C (14)
Pth33 Y = 1204.7051 —140.9600 A +4. 8238 A* +2.1282 B? +1. 4474 BC (15)
RP197618-6-42 Y = 1321. 6154 — 146. 5384 A +4. 9936 A’ (16)
570011 Y = 240. 4627 -3.3754 A +17.5759 C -0.967 AC +3. 0202 BC (17)
(1) TN1 PAL RHT PAL
o (4)
o Ptb33 PAL
(2) IR56 PAL 0
(5) RP197648-6-4-2 PAL
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Table 7 Inspection result of model

Coefficient { P K P S Ra
Model of patial - Significance Col.rrelation Fvalues Significance  Residual Adjust(?d
e, correlation level index level standard  correlation
deviation index
(1)  r(Y A) =0.9999 60. 5348 0. 0003 1.0000  4157.4697  0.0116 0.1513 0. 9999
r(Y €)= 0.9990 22. 2465 0. 0020
r(Y AC) = 0.9772 4. 6066 0. 0440
r(Y BC) =-0.9999  60.2789 0. 0003
(2) r(Y A) =-0.9999 72. 4481 0. 0002 1.0000  4310.2615  0.0114 0.0721 0. 9999
r(Y B) = 0.9998 53.5713 0. 0003
r(Y C) =-0.9999 82. 3495 0. 0001
r(Y B =-0.9996 34. 4248 0. 0008
(3) r(Y B) =0.939% 3.8764 0. 0304 0. 9827 18. 7357 0.0511 1.5782 0. 9561
r(Y C°) = 0.9764 6. 3887 0. 0078
(4 r(Y B) =0.9998 53. 8367 0. 0003 0.9999  1165.2101  0.0220 0. 1436 0. 9995
r(Y B?) = -0.9998 56.3929 0. 0003
(5) r(Y € =-0.9766 6. 4267 0. 0076 0. 9965 94. 3653 0.0105 0. 9897 0.9912
r (Y BC) = 0.9958 15. 3740 0. 0006
(6) r(Y B)=0.9994 29. 5336 0.0011 1.0000  28876.7673  0.0044 0. 0779 1. 0000
r(Y B?) = -0.9997 43. 5009 0. 0005
r(Y AC) = -0.9987  19.8133 0. 0025
r(Y BC) = 1.0000 179. 8778 0. 0001
(7)  r(Y A) =-0.9908 7.3268 0.0181 0. 9998 764. 9292 0. 0271 5.5395 0. 9992
r(Y €)= 0.9902 7. 0838 0.0194
r(Y B?) = -0.9996 34,2642 0. 0009
r(Y € =-0.9991 24.0729 0.0017
(8) r(Y B)=0.9926 8. 1819 0. 0146 1.0000  4399.5410  0.0113 3. 3944 0. 9999
r(Y B?) = 0.9997 42. 668 0. 0005
r(Y AB) = -0.9996  36.6187 0. 0007
r(Y AC) = -0.9999  66.8356 0. 0002
(9) r(Y A) =0.9993 26. 3844 0.0014 0.9997 438. 9423 0. 0358 14. 0201 0. 9986
r(Y C) = 0.9989 21. 6622 0. 0021
r(Y AC) = -0.9992  25.4632 0. 0015
r(Y BC) =-0.9991  23.1734 0.0019
(10) r(Y A) = 0.9898 6.9325 0. 0202 1.0000  5650.3971  0.0100 5. 4840 0. 9999
r(Y A?) =-0.9931 8.4972 0. 0136
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Coefficient t . P . K o P . S . fa
Model of partial Tvalie teat Significance  Correlation — Significance  Residual ~ Adjusted
o, comelation level index level standard  correlation
deviation index
r (Y AC) = 1.0000 124.9311 0. 0001
r(Y BC) =-0.9999  63.4128 0. 0002
(11) r(Y A% =-0.9254 3.4530 0. 0408 0. 9858 22.9089 0. 0421 19. 0046 0. 9640
r(Y B?) = -0.9811 7. 1686 0. 0056
r (Y AB) = 0.9775 6.5578 0. 0072
(12) r(Y B) = 0.9984 17. 6874 0. 0032 0. 9999 991. 3343 0.0238 3.2780 0. 9994
r(Y A*) =-0.9935 8.7518 0.0128
r(Y € = 0.9996 36. 6903 0. 0007
r(Y AB) = -0.9932 8. 544 0.0134
(13) r(Y A) = -0.9091 4.3632 0.0073 0. 9091 19. 0378 0.0120 70. 8112 0. 8849
(14) r(Y C) = 0.8288 2.9628 0.0314 0. 8288 8.7784 0.0414 56. 6121 0. 7802
(15) r(Y A) = -1.0000 124. 3153 0. 0001 1.0000  18041.7638  0.0056 0. 9463 1. 0000
r(Y A% =1.0000 113.9842 0. 0001
r (Y B?) = 0.9993 26. 9872 0.0014
r (Y BC) = 0.9999 76. 3585 0. 0002
(16) r(Y A) = -0.8980 3.5352 0.0241 0.9412 11. 6340 0. 0386 45.7416 0. 8998
r(Y A%) =0.8464 3.1515 0. 0076
(17)  r(Y A) = -1.0000 128. 3490 0. 0001 1.0000  124999.8125  0.0021 0. 1166 1. 0000
r(Y C) =1.0000 890. 0525 0. 0001
r(Y AC) = —1.0000  686.2422 0. 0001
r (Y BC) =1.0000 1488.5094 0. 0001
o (6) 570011 RP197648-64-2 PPO
PAL
. . (11) 570011
(7) TN1 PPO PPO
. . (12) TN1 POD
(8) IR56 PPO
. . (13) IR56 POD
(9) RHT PPO o (14)
RHT POD 0

. (10) (15) Pth33 POD
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. (16) RP197648-6-42
POD
o (17)
570011 POD
3
PAL . PPO  POD
( 1992;
1998) (
2003) . PAL N
( 1998:
1999) ; PPO
( Tscharntke
et al. 2001)
(
2005) ; POD
POD
( 2004) .
IR56 JIf PAL  PPO
PAL. PPO
POD ; RHT I}
PAL. PPO  POD
PPO ; Ptb33
I PAL  PPO ; RP1976-
18642 JIf PAL
PPO ;
570011 I PAL  PPO
POD
o PAL. PPO
POD
N ( Cheong & Yang

2003; Frost et al.
et al. 2012)

2008; Hu et al. 2011; Consales

o

. ( PAL) .
( PPO) . ( POD)

( terpenoids) .
( tannins) .

( Cheong & Yang

( phenolics)
( alkaloids)

2003; 2005; Gulsen et al. 2010;
2012) . PAL. PPO  POD
o PAL
PPO (
2005) ; PAL
PAL ( 1997)
50% 25% POD. PAL. PPO
( 2012) ;
(
2014) . N
PAL. PPO  POD
IR56 PAL  PPO N
POD ;
RHT  PAL
PPO N
POD ; Pth33  PAL
POD N
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