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J.W. KM, S.Y. CHOI, AND ].S. PARK: Studies on the Mechanism of Varietal Resist-
ance of Rice to the Brown Planthopper (Nilaparvata lugens STAL)

Korean-J. Plant Prot. 24(2) : 51~60(1985)
ABSTRACT This paper was performed to study the nature of varietal resistance of some
Korean-new rice cultivars to the brown planthopper (BPH), Nilaparvata lugens (STAL). The
rice cultivars tested were Cheongcheong, Gaya, Hangangchal, Samgang, Nampoong and Yeong-
poong which have been reported as having resistant genes for the BPH. The check varieties
were Jinheung, Sangpoong and Chucheong for susceptible and IR-36 for resistant. The factors
studied were referred to the seedling responses, preference in feeding and oviposition of BPH,
antibiosis (nymphal development, adult emergence and sex ratio, adult body weight, population
build-up, feeding amount and amylase activity), and chemical composition (inorganic compon-
ents, chlorophyll contents, cell wall components, amino acids and esterase isozymes) of leaf-
sheath and/or roots of rice plants. In conclusion, the natures of varietal resistance of rice
cultivars to the BPH were not only correlated with the resistant reaction of rice plant, but
also they were related with the nonpreference in feeding and oviposition and those resistant
cultivars had the antibiotic effects to the insects. Their antibiotic effects of rice cultivars to
the BPH would be related with some of the chemical components of rice plants, such as the

“contents of magnesium oxide (MgO), and chlorophyll and the different esterase isozymes.
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Table 1. Feeding preference(%) of the browne plant-
hopper nymphs on rice seedlings in a polyethylene tray

Hours after introduction

Cultivar

24 hr. 48 hr. 72 hr.
Cheongcheong 8.7 6, 9“ab 7.6%a
Gaya 7.4 7.6 abc 6.7 a
Hangangchal 4.8 5.3 a 5.1 a
Samgang 8.9 8.9 abc 8.6 a
IR-36 8.2 6.5 ab 6.2 a
Nampoong 16.6 10. 6 abed 10.1 a
Yeongpoong 9.4 7.3 ab 7.0 2
Jinheung 11.8 14.2 bed 10.3 b
Sangpoong 16.0 16.4 d 17.4 b
Chucheong 14.2 16.3 cd 21.0 b
¢ Mean separation by Duncan’s multiple range test, 5

% level.

* Mean separation by Duncan’s multiple range test,
1% level
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Table 2. Feeding preference (%)< of:the brown planthopper nymphs between -a test cultivars and Chucheong
planted in a cylindrical tube

Hours after introduction

Cultivar 6 hr. 12 hr. 24 hr. 48 hr. - 72 hr.

Test Chu. Test Chu. Test Chu. Test Chu. Test Chu.
Cheongcheong 48.8 51.2 38.9° 6L.1 27.5 72.5 28. 6'ab 71. 4 21.6:ab 78.4
Gaya 38.9 611 222 77.8 23.7 76.3 15.0 2 85.0 20.0 ab 800
Hangangchal 35.9 641 342 658 269 73.1 19.0 a 81.0 9.1 ab 90.9
Samgang 53.3  46.7  53.7  46.3  43.9 - 56.1 33.3abc - 66.7 " 29.1b 71.9
IR-36 40.5 59.5 37.8  62.2 25,0  75.0 12.8 ab 87.2 5.1 4 94.9
Nampoong 32.6 67.4 29.8 70.2 255 745 24.0 ab 76.0 14.3 ab 85.7
Yeongpoong 38.5 6.5 366 63.3 351 64.9 18.4 2 81.6 16.3 ab 83.7
Jinheung 65.9 34.1 641 359 57.1 42.9 67.5d = 32.5 68.4 ¢ 31.6
Sangpoong 57.1  42.9 587 41.3 36.1  63.9 45.5 bed.  54.5 48.8 ¢ 51.2
Chucheong 56.2 43.8 54.3 45.7 52.5  47.5 52.2 cd 47.5 50.5 ¢ 49.5

* Average of three replications
* Mean separation by Duncan’s multiple range test, 5% level
¢ Mean separation by Duncan’s multiple range test, 1% level

Table 3. Ovipositional preference of the brown plan- Table 5. Feeding activity of the female (5 pairs per

thopper among seedling of 10 rice cultivars in a pol- plant) of the brown planthopper infested for 24 hours
yethylene tray

Feeding amount (mm?)
Total No. Total No. Ave. eggs Prefere-

eggs per nce Cultivar A B C
Cultivar seedlings counted seedling ratio (%) Cheongcheong 132.70¢ 36.72¢ 30.7a-
Cheongcheong 10 180 8.0 1.2 Gaya 123.0a 54.3a 16.32
Gaya 9 78 8.7 5.4 Hangangchal 113.3a 93.7a 40.92a
Hangangchal 10 305 30.5 18.9 Samggang 155.3a 40.0a 67.0a
Samgang 10 131 13.1 8.1 IR-36 49.3a 7.01a 32.3a
IR-36 10 64 6.4 4.0 Nampong 117.0a 18.3a 58.3a
Nampoong 10 222 22.2 13.7 Yeongpoong 88.0a 19.72 29.7a
Yeongpoong 10 236 23.6 14.6 Jinheung 829.3 b 364.3 b 178.0b
Jinheung 8 92 11.5 7.1 Sangpoong 821.7b - 414.0b 310.7 b
Sangpoong 9 177 19.7 12.2 Chucheong 882.0b 378.3b 332.3b
Chucheong 10 78 78 4.8 ¢ Mean separation by Duncan’s multiple range test,
1% level.
Table 4. Ovipositional preference of the brown plan- A: Ninhydrin

thopper between a test cultivars and Chucheong pla-

B: Aniline hydrochloride
nted in a cylindrical tube

C: Bromocresol green

Total No. Ave. eggs Preference®

Cultivar eggs counted seedling  ratio(%) ‘ - -
Cheongeboons o 0 P (N)-12 Mudgooll A 2 v} w2 B HEH M-S ML
Chuchéong 542 180.7 80 stglz, Chelliah&t %4 (1982)2 HEbHl= HEst
G . i 4 .
Chucheong 825 ai0 7 o EEEAEA EEY) 2R BET o Ao
Hangangchal 191 63.7 25 PLES] fE R o HEHERS MEs ER
Chucheong 617 205.7 75 » o
Samgang 141 47.0 15 ZHol HMEED F JE Aoz £,

?lsmcheong 797 265.7 85 AmylaseiE#L 3k 6. 29 35 o] URRAA =

-36 . 131 43.7 20
Chucheong 513 171.0 80 ELAEE RS BERtkREAA FEEES B2
Nampoong 143 47.7 24 14 R -
Chucheong 458 152.7 76 Peim el A ek Stk 24RFRILIEASRE A = 25
eongpoong Lo .0 % B PERPERENA BRI Robd . KR

ucheong . . } .
Jinheung 489 163.0 " oo A 4B A F43 Binstehs) 48RS 5
gh“CheOHg 63é 2113 Zg Resle Wkmoz, TaREMUEIE F43 Moot

angpoong . 42 . 142.0
Chucheong 343 114.3 45 3, HEN AL 24BE7A F438 Estz 728
s Average of three replications < BR2IE Ryt @A REAALE 7207t
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Table 6. Amylase activity* of the brown planthopper
with the time intervals when the adult female were
infested on the different cultivars

Hours after introduction
-

Cultivar Ohr. 24hr. - 48hr. 72hr. 9ghr.

Cheongcheong  0.035 0.035 0.053 0.073  0.045
Gaya 0.035 0.043 0.030 0.075 0.040
Hangangchal 0.035 0.060 0.067 0.060 0.032

Sangang 0.035 0.035 0.040 0.073 0.042
IR-36 0.035 0.050 0.050 0.045 0.035
Nampong 0.035 0.055 0.070 0.070 0.034
Yeongpoong 0.035 0.060 0.070 0.080 0.040
Jinhueng 0.035 0.075 0.136 0.120 0.118
Sangpoong 0.035 0.060 0.171 0.165 0.118
Chucheong 0.045 0.095 0.205 0.195 0.138

* Average of the 20-brown planthopper
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Fig. 3. Amylase activity of the brown planthoppers
with the time intervals when the adult female were
infested on the different cultivars
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Table 7. Body weight of the adult brown planthopper
reared on rice seedlings of the different cultivars

Body weight (mg) /adult

Cultivar Female Male Average
Cheongcheong 1.59 1.16 1.38
Gaya 1.53 1.30 1.42
Hangangchal 1.62 1.21 1.42
Samgang 1.63 1.17 1. 40
IR-36 1.46 1,11 1.29
Nampoong 1.82 1.37 1. 60
Yeongpoong 1. 65 1.16 1.41
Jinheung 2°15 1. 42 1.79
Sangpoong 2.19 1.42 1.81
Chucheong 2.20 1.40 1.80
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Table 8. Body weight(mg)® of brown planthopper with the time intervals when the adult females were
fed on the 100-day old plants of the different rice cultivars

Hours after introduction

Cultivar ohr. 12hr. 36hr. 60hr. 84hr. 108hr.
Cheongcheong 2.25 2.24 2.21 1.96 1.89 1.80
Gaya 2.25 2.24 2.11 2.07 2. 00 1.92
Hangangchal 2.25 2.13 1.96 1.89 1.87 1.67
Samgang 2.25 2.27 2.07 1.06 1.04 1.84
IR-36 2.26 2.43 2. 63 2.44 2.27 2.20
Nampoong 2.25 2.10 2,18 2.20 2.34 2.34
Yeongpoong 2.25 2.14 2.10 2.17 2.20 2.30
Jinheung 2.25 2.45 3.31 3.40 3.58 3.60
Sangpoong 2.25 2.43 3. 04 3.39 3.51 3.54
Chucheong 2.25 2.53 3.07 3.12 3.41 3.44

e Average of the 25-brown planthopper
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Table 9. Population build-up of the brown plant-.
hopper .on the different rice cultivars

No. of nymph and adult per
pot at 30 days after infestation

Cultivars [ I i Average
Cheongcheong 5 8 4 6ac
Gaya 3 7 6 5a
Hangangchal 6 5 3 5a
Samgang 19 9 13 11a
IR-36 3 0 2 2a
Nampoong 33 29 37 33a
Yeongpoong 28 39 26 3la
Jinheung 678 753 646 632 b
Sangpoong 616 637 683 645 b
Chucheong 698 705 592 665 b

= Mean separation by Duncan’s multiple range test, 1
% level

Vol. 24, No. 2

Table 11. Chlorophyll amount in leaf-sheath of the
150-day old plants of the different rice cultivars

Chlorophyll amount (ug/gF. W)

Chloroph- Chloroph- Chlorophyll

Cultivar yll a yllb a+b
Cheohgcheong 112.2 79.1 191.3 a°¢
Gaya 89.0 61.3 150.3 b
Hangangchal 83.4 54.5 137.9 be
Samgang 93.5 66. 2 159.7 a
IR-36 105. 4 72. 4 177.8 a
Nampoong 86.2 57.7 143.9 be
Yeongpoong 81.5 54.1 135.6 be
Jinheung 59.6 36.6 96.2 d
Sanghoong 60. 0 34.4 94.4 d
Chucheong 72.2 44.8 117.0 cd

© Mean separation by Duncan’s multiple range test,
19 level
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Table 10. Inorganic components (%Y in leaf-sheah of the rice cultivars

30-day old trice plant

150-day old rice plant

Cultivar T-N P,05 K.0 Ca0 MgO  SiQ, T-N P,0; Ki0 CaO0 MgO SiQ, Zn* Mne
Cheongcheong 2. 65 117 1.85 0-33 0.67 1.60 1.04 0.61 3.01 0.19 0.28 8.70 73.4 497
Gaya 2.83 0.81 2.86 0.35 0. 64 2.00 0.93 0.55 2.83 0.17 0.29 9.50 41.0 234
Hangangchal .2.30 0.99 1. 60 0.30 0.59 2.20 1.00 0-56 3.14 0.18 0.30 7.80 66.5 583
Samgang 2.67 0.96 - 1.38 0.33 0.62 1.80 1.04 0.61 2.90 0.17 0.35 7.60 49.9 344
Nampoong 2. 40 1.18 1.54 0.31 0. 62 1.80 0.86 0-62 2.18 0.19 0.28 6.90 55.9 426
Yeongpoong 2.40 1.04 1.64 0.37 0.58 1. 60 1.00 0.51 3.22 0.19 0.35 7.40 68.1 507
Jinheung C2.14 0.89 2.15 0.26 0.47 3.00 0-73 0.35 2.94 0.14 0.19 4.80 57.6 423
Sangpoong 2.54 0.95 1.64 0.33 0. 44 2.20 0.90 0.21 1.86 0.13 0.18 7.70 46.8 205
Chucheong 2.83 0.73 2.04 0.37 0.38 3.20 111 0.40 1.96 0.12 0.19 7.30 61.7 201

* ppm
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Table 12. Cell wall components(%) in leaf-sheath of the rice cultivars.
30-day old rice plant 150-day old rice plant
; B Hemice- ;. . Cellu- i s Hemice- ;. . Cellu- e
Cultivar NDF« ~ ADF* lulose Lignin lose Silica NDF* ADF¢ Nlulose Lignin lose Silica
* Cheongcheong 55.88 27.88 27.70  2.54 23.88  1.76 59.62 38.62 21.00 3.87 27.34  7.57
Gaya 53.08 26.74 26.34 2.08 23.42 1.48  63.33 43.51  20.82 -3.75  31.32 8.49
Yeongpoong 54.60 27.76 . 26.84 2.72 23.64 1.62 64.27 42.53 21.74 4.49  31.14 " 7.09
Sangpoong 55.38 28.54 26.84 3.28 23.54 1.96 64.79 45.49 19.32 6.49 33.24 5.81
Chucheong 49.30 26.36 22.84  2.42 23.46 3.10 63.30 46.64 16.66 5.66 34.27 ~ 7.27
¢ Neutral detergent fiber
¢ Acid detergent fiber
Table 13. Ammino acid composition(%) in leaf-sheath of the rice cultivars
30-day old rice plant 150-day old rice plant
: : Cheong- Yeong- Sang- Chu- Cheong- Yeong- Sang- Chu-
Amino acid cheong Gaya poong poong  cheong cheong Gaya poong  poong cheong
Aspartic acid 1.6853  1.4250 1.7608 1.4699 1.7182 0.5316 0.3345 0. 5146  0.9926 0. 7552
Threonine 0.6061 0.5104 0.6409 0.5316 0.6978 0.2322 0.1747  0.2237  0.3429 0.2617
Serine 0.6948  0.55%9 0.6605 0.5787  0.7698 0.2496 0.1695 0.2252 - 0.3742 0. 2538
Glutamic acid 2.9872  1.9613 2.3281 2.4914 2.9739 0.6493 0.4627 0.5884 - 1.1262 0. 6695
Proline 0.5886 0.6607 0.7226 0.6181 0.8024 0.2722  0.2058 0.2601 0.3731 0. 3041
Glycine 0.7992 0.6518 0.8094 0.7092 0.8985 0.3147 0.2196 0.2780 0.4182 0. 3012
Alanine 0.1087 1.0235 1.1804 1.0622 1.3434 0.4916  0.3662  0.4500 0.5590 0. 4577
Valine 0.7543 0.9204 1.1515 0.8574 1.1 31 0.3233 0.2710 0.3569 0.4683 0.52 0
Iso-Leucine 0.6537 0.6119 0.6610 0.5794 0.7177 0.2513  0.1884  0.2367  0.3456 0. 2569
Leucine 1.2401 1.0873 1.2100 1.0904 1.332323 0.4762  0.3393 0.4325  0.6522 0- 4560
Tyrosine 0.4381 0.3484 0.3735 0.3669 0.4673 0.1393 0.0916 0.1212  0.2001 0.1082
Phenylalanine 0.7850 0.6395 0.7203 0-6581 0.8011 0.2950 0.1853 0.2570 0.4135 0. 3329
Lysine 0.8969 0.9670 0.9654 0.8427 1.0210 0.3453 0.2543 0.3436  0.5215 0. 4135
Histidine 0.2928 0.3238 0.2933 0.2686 0.3094 0.1032 0.0776  0.0923 0.1766 0.1153
Ammonea 0.1675 0.2038 0.1958 0.1795  0.2119 0.0640 0 0530 0.0664 0.0938 0. 0899
Arginine 0.7899 0.8294 0.7723 0.7174  0.8559 0.2623 0.1816 0.2547 0.4434 0.3745
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Fig. 4. Esterase variation of the different rice cult-
ivars (100~day old plants)
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