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Effects of Temperatures and Relative Humidities on the
Development of Brown Planthopper,
Nilaparvata lugens(Stal)

Chung Gyoo Park* and Jai Sun Hyun**

ABSTRACT

The newly hatched nymphs of brown planthopper(BPH) were reared individually for two

generations in test tubes, where young rice seedling was planted on agar solution, at 30°C,
25°C and 20°C with 95%, 75%, 65% and 35% R.H.

Effects of 30°C on the development of BPH when compared with those of 25°C are followings.
Egg period, nymphal period, and adult longevity were shortened. Nymphal mortality was incr-
eased and the number of oviposited eggs was decreased. Hatchability was zero per cent
because the eggs were either unfertilized or died before finishing the development.

At the Jlow temperature of 20°C, in comparision with 25°C, the developmental period of
nymphs and eggs was considerably lengthened, and adult Jongevity was shortened, the number
of oviposited eggs was decreased.

The nymphal mortality was higher at high relative humidity (above 75% RH) than that at
low relative humidity (under 65% RH). Under the condition of high relative humidities, the

adult longevity was shortened, and the number of oviposited eggs was decreased.
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Fig. 1. Unhatched eggs exposed at 30°C, RH 65%

for 18 days. Left: Unfzrtilized egg, Right:

Embryonic death
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Table 1. Developmental periods of nymphs of brown planthopper reared at

different tempsratures

and relative humidities in the first generation.

Instar 30°C _— 25°C - 20°C
RH 9% 5% 65% 3%% 9%  75% 65% 35% 9%5%  75% 35%
X 2.19  2.10 2.31 2.17 2. 98 2.92 3.17 3.15 4.20 4.83 5.09
I SD A40.41” 40.31 =+0.53 0.38 +0.51 =0.49 +0.43 20.47 +0.78 £0.59 -£0.78
median  1.622 1.56 1.70 1.60 2.48 2.45 2.61 2.60 3.65 4.37 4.57
X 1.81 1.93 2.06 2.15 2.33 2.26 2.10 2.28 3.73 3.97 3.91
I SD  £0.49 0.46 =0.49 =0.36 40.53 +0.45 =+0.37 +0.50 2-0.58 =£0.32 =£0.52
median  1.35 1. 46 1.54 1.59 1.72 1.68 1.56 1.71 3.38 3.48 3.44
X 2.19 2.21 2.09 2.50 2.48 2.53 2.45 2.37 3.74 4.20 4.05
il SD  =40.40 -+0.50 -+0.29 +0.71 =+£0.51 =£0.51 =£0.54 0.49 ==0.44 =+0.23 =+0.57
median 1. 62 1.61 1.55 1.81 1.9 2.05 1.94 1.79 3.33 3.64 3.52
X 2.65 2.59 2.74 2.70 2.63 2.78 2.85 2.16 4.52 4. 60 4.24
v SD  40.70 --0.57 =+0.51 —+0.68 +0.49 =0.48 =+0.89 =+0.61 +0.59 £0.81 =£0.57
median 2. 15 2.11 2.29 2.29 2.21 2.35 2.27 1.60 3.95 4.13 3.66
X 3.74 4. 00 3.51 4.00 3.86 3.49 3.83 4.11 5.92 6.27 6. 07
v SD  +0.63 +0.54 4-0.61 +0.71 #+0.52 +0.51 =0.44 =0.66 =0.58 £0.58 -£0.93
median 3. 62 3.50 2.92 3.28 3.40 2.97 3.39 3.57 5.45 5.67 5.59
X 12.56 12.90 12.74 13.50 14.25 13.94 13.92 14.07 22.09 23.86 23.31
Overall. SD  £1.46 =41.32 41.24 +1.50 +£0.98 +£0.85 +0.86 —0.77 £1.00 +1.04 =£1.52
median 11.71 12.06 11.97 12.73 13.71 13.41 13.38 13.52 21.56 23.31 22.60

a): average b): standard deviation

c): median

Table 2. Developmental periods of the nymf)hs of brown planthopper reared at different tempzratures
and relative humidities in the 2nd generation.

Instar — 25°C 20°C o
RH 95% 75% 65% 35% 95% 75% 35%

X 3. 252 2.87 3.06 2.96 4.55 6.13 4. 46

1 SD —+0. 62" +0. 50 +0.43 +0. 49 +0.55 +1.31 -+0.65
median 2.679 2.41 2.54 2.47 4.05 5.56 3.83

X 2.47 2.30 2.28 2.09 3.80 4.83 3.62

1 SD +0.57 +0.51 +0.46 +0.29 +0. 46 +0. 64 -+0.57
median 1.89 1.73 1.70 1.55 3.37 4.38 3.14

X 2.31 2.60 2.36 2.57 3.70 3.52 3.98

il SD +0.47 =+0. 49 +0.55 =+0.60 +0. 59 =+0.51 40.49
median 1.73 2.18 1.81 2.05 3.27 3.05 3.49

X 2.28 2.52 2.74 2.57 4. 26 3.51 4.48

v SD +0.46 +0.59 +0.56 +0.51 -+0.63 +0.51 +0. 59
median 1.70 1.96 2.29 2.13 3.74 3.00 3.95

X 3.63 3.85 4.00 4.38 5.90 4.95 7.07

% SD +0. 49 +0.36 +0.74 +0.50 +0. 54 +0.44 +0.65
median 3.20 3.41 3.50 3.81 5.41 4.46 6.50

X 13.94 14.15 14. 46 14.57 22. 24 22.74 23.57

Overall ~ SD +1.01 +0.92 +1.01 +0.90 +0.73 +1.06 +1.47
median 13.27 13.54 13.71 14.19 21.67 22.22 22.79

a): average, b): standard deviation, ¢): median
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Table 8. Mortalities of nymphs reared at different temperatures and relative humidities in the first

generation.
Instar RH 959 _ 75% 65% . 3%%
30°C  25°C 20°C 30°C 25°C 20°C 30°C 25°C 30°C 25°C 20°C
H 4 0 8 4 6 9.3 4 0 12 0 6.25
il 4 0 2 8 4 0 10 2 6 0 2.08
it 16 2 2 12 0 6.98 10 0 4. 08 0
it ! 2 0 0 4 2.33 6 0 0 2.08
\ 6 8 0 12 8 0 0 0 4 0 0
Total 34 12 12 36 22 18.61 30 2 28 4.08 10.41
(43) (48)

Percentages of 50 replications of individual rearing except special notes.

Numbers in parenthesis indicate the number of tested insects.

Table 4. Mortalities of nymphs reared at different temperatures and relative humidities in the 2nd

generation.
Instar - 25°C . 2009
RH 95% 75% 65% 356% RH 95% 75% 35%
I 13.63 4 11.11 0 8.33 2 4
il 0 0 0 0 4.17 4 2
i 4.54 2 2.77 0 2.08 0 0
i 2.27 2 0 0 0 6 4
v 0 0 0 0 0 2 2
Votal 20. 44(44) 8 13.88(36) 0(23) 14.58(48) 14 12

Percentage: of 50 replications of 1nd1v1dua1 rearing except speclal notes.

Numbers in the parcnthesis indicate the number of tested insects.
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Table 5. Mortalities of nymphs reared at different temperatures and relative humidities in the first

generation.
Instar 30°C - 25°C 20°C
RH 95% 75% 65% 35% RH 95% 75% 65% 35% RH 95% 75% 35%
I 4 4 12 0 6 0 0 8 9.3 6.25
I 8 10 0 4 2 0 2 0 2.08
1l 16 12 10 2 0 0 4. 08 2 6. 98 0
v 4 0 6 2 2 4 0 0 0 2.33 2. 08
v 6 12 0 4 8 8 0 0 0 0 0
Total 34 36 30 28 12 22 2 4.08(48) 12 18.61(43) 10.41

Percentages of 50 replications of individual rearing except special notes.

Numbers in parenthesis indicate the number of tested insects.

Table 6. Numbers of adults emerged when newly hatched nymphs - were reared individually at

different temperatures and relative humidities in the 2nd generation.

- Brachyp_terous o Macropterous B ’Igtal .
R.H. Female Male Total Female Male Total Emerged Percentages
% adults of females
95 19 0 19 0 16 16 35 54. 29
25°C 75 19 2 21 2 23 25 46 45. 65
65 17 2 19 0 12 12 31 56.67
35 6 1 7 0 16 16 23 26. 09
95 22 3 25 0 16 16 41 53. 66
20°C 75 21 4 25 0 18 18 43 48.84
35 23 0 23 0 21 21 44 52. 27
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Table 7. Longevities of the emerged adults reared at different temperatures and relative humidities.

Pre-reproductive Reproductive Post-reproductive Overall
RH period period ) period
% n X+-SD C.V. X+SD C.V. X+Sb C.V. n X+SD C.V.
.95 (5)2.000.00 ( 0.00) 8. 00+ 4.24 (53.00) 0.8041.79 (223.75) (28) 10.39%+ 7.67 (73.76)
20°C 75 (8) 2.25-£0.71 (31.43) 7.25+ 3.01 (41.54) 1.50=+1.77 (118.19) (31) 10.94% 6.27 (57.30)
1 Gen. 65 (10) 2.0070.00 ( 0.00) 17.00-+ 5.83 (34.29) 0.40=0.84 (210.00) (24) 19.33+ 8.53 (44.12)
35 (11) 2.1840.61 (27.75) 11.09=+ 7.66 (69.07) 1.09+1.38 (126.05) (34) 13.88-+ 9.28 (66.87)
95 (18) 0.56:£0.92 (164.3) 29.44-+ 6.71 (22.79) 1.55+1.62 (104.52) (38) 34.95+11.93 (34.12)
25°C 75 (14) 1.14:+1.03 (89.87) 27.86-+12.04 (43.21) 1.7141.73 (100.85) (32) 27.31=+14.32 (54.25)
1 Gen. 65 (19) 1.3741.16 (84.67) 26.47-+ 8.57 (32.38) 0.63--0.96 (152.38) (39) 33.561 7.14 (21.28)
35 (8) 1.25+1.04 (82.81) 27.00+12.28 (45.49) 1.00=%1.07 (106.90) (37) 24.03+12.38 (51.53)
30°C 95 (12) 4.67+2.46 (52.68) 8.33+ 8.52 (102.3) 0.83+1.34 (161.45) (39) 18.46413.27 (71.90)
1 Gen. 75 (12) 4.50+1.24 (27.56) 20.50+10.59 (51.66) 1.17%1.34 (114.53) (25) 26.04+15.58 (59.82)
35 (16) 2.9371.03 (35.12) 22.9374 7.00 (30.53) 0.67+0.98 (146.27) (42) 30.76--14.72 (47.86)
20°C 95 (17) 4.1242.28 (55.26) 32.18=+11.62 (36.11) 1.65+1.77 (107.21) (35) 37.49-+15.05 (40.14)
2 Gen. 75 (18) 2.67-1.19 (44.56) 25.56=11.14 (43.58) 1.56+1.29 ( 83.16) (39) 35.95+13.74 (38.22)
35 (19) 3.26+1.19 (36.50) 35.26+ 1.19 ( 3.37) 1.26%1.19 ( 94.44) (41) 40.73+14.64 (35.93)
Table 8. No. of eggs laid by females at different temperatures and relative humidities.
The females were emerged at the respective conditions.
R.H. No. of Eggs/female Eggs/female/day
% females X -+ SD Ccv X + SD [
95 5 106.60 +  79.57 (74. 64) 9.36 -+ 5.54 (59. 23)
30°C 75 8 104.50 -+ 63.97 (61.22) 8.97 + 5.07 (56.51)
(1 Gen.) 65 10 340.80 -+ 162.95 (47.81) 17.24 =+ 4.54 (26. 34)
35 11 191.00 + 181.51 (95.03) 10.37 -+ 6.60 (63. 64)
95 18 637.94 =+ 170.15 (26.67) 20.25 =+ 3.42 (16.91)
25°C 75 14 646.43 =+ 302.13 (46.74) 23.72 + 8.34 (35. 16)
(1 Gen.) 65 20 670.16 =+ 220.56 (32.91) 22.38 + 6.15 (27. 49)
35 8 676.75 £ 344.26 (50. 87) 22.04 =+ 7.29 (33.07)
20°C 95 12 53.50 = 80.49 (150. 45) 3.11 £ 2.07 (66.62)
(1 Gen.) 75 11 173.60 =+ 133.68 (77.99) 6.17 *£ 2.59 (41.91)
35 15 263.53 == 106. 20 (40. 30) 9.63 —+ 1.85 (19. 22)
206°C 95 16 307.31 + 156.84 (51.03) 8.16 =+ 2.51 (30.76)
(2 Gen.) 75 17 367.24 4+ 189.95 (51.72) 11.94 -+ 3.61 (30. 21)
35 18 489.72 =+ 206.56 (42.18) 12.69 =+ 2.55 (20.08)
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Table 9. Hatchabilities at different tewaperatures and relative humidities. The eggs were laid by

the females which had been reared at the respective conditions.

Hatched (%) Unhatched (%)
R..H o o _ Embryonic death Unfertilized Overall
% X + SD CV )‘(+SDCV X 4+ SD CV X + SD CV
95 0 53. 33+29 63(53 55) 44.67129. 63(66. 33) 100
30°C 75 0 57. 36-28. 74(50. 10) 42. 64428.74(67. 39) 100
(1 Gen.) 65 0 63. 47115. 08(23. 76) 36.53115. 08(41. 29) 100
35 0 45. 80-+32. 48(70. 93) 54.20432. 48(59. 93) 100
95  70.50% 9.56(13.56) 9. 154 4.19(45.73) 20. 35 9.31(45.75) 29.50+ 9.56(32.41)
25°C 75 72.347-13.99(19. 34) 9. 40+ 8.79(93.56) 18. 26-£11. 04 (60. 47) 23. 66113. 99 (50. 57)
(1 Gen) 65  61.297 8.96(14.63)  14.54- 6.40(44.05) 24. 17 6.23(25.77) 39.71% 8.96(22.56)
35  45.93%14.06(30.61)  22.26+ 7.43(33.37) 31.834-16. 47(51.75) 54. 071 14. 05(26. 00)
20°C 95  52.227425.85(48.54)  28.85+19. 86(68. 86) 18.93415.52(82.01) 47.787425.85(54. 41)
(1 Gen.) 75  54.58+18.83(34.50) 45. 42+18. 83(41. 46)
35 56.2011.90(21.18)  16.76-= 7.05(42.07) 27.05 9.76(36.07) 43.80+11.90(27.17)
20°C 95  61.887118.93(30.59)  17.0816.21(94.92) 21.04+13. 85(65. 81) 38. 121+ 18. 93(49. 66)
(2 Gen.) 75  74.567F12.44(16.68) 7. 46+ 6.13(82.25) 17.98+ 9.81(54.52) 25. 44112. 44 (48. 90)
35  53.44+11.38(21.29)  17.16% 4.90(28.58) 29.45311.18(37.95) 46.56111. 38(24. 44)
Table 10. Hatchabilities at different tempsratures and relative humidities. The eggs were laid by
the females obtained from stock roomni. ’
Hatched( %) Unhatched (%)
R.H. Embryonic death Unfertilized Overall =
% X + SD CV X + SD CV X + SD CV X + Sh Cv
95 35.717+21.09(59.07)  45.78-£20. 87(45. 60) 18.514-20.24(109. 35)  64.293-21. 09(32. 80)
30°C 75  71.05320.87(29.37)  11.04710.80(97.89) 17.91718.63(104.00)  28.95-+20. 87(72.09)
65  60.067-18.09(30.12)  16.0211.38(71.04) 23.92+13.54( 56.61)  39.94+18.09(45.29)
35  43.80+16.33(37.28)  35.89714.16(39. 46) 20.311+12.49( 61.48)  56.20+16.33(29.06)
95  80.191+12.46(15.53)  12.257% 9.09(74.18) 7.5510.85(143.73)  19.81+12.46(62. 89)
25°C 75  83.23-517.00(20.43) 4.58+6.16(134. 66) 12.19+165.53(127.40) 16.77-=17. 00(101. 37)
65  80.2013.82(17.23)  8.01z-11.68(145. 80) 11.80= 8.20( 69.54) 19. 80+13 82( 69.89)
35  68.35+13.50(19.75)  16.27+ 9.42(57.89) 15.37+ 8.59( 55.93) 31.65413.50( 42.65)
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Table 11. Egg periods at different temperatures
and relative humidities. The eggs were laid
by the females which had been reared at the

specific condijions.

R.H.

2, Mean+SD cv

93 12.70+1. 04 8.15

25°C 75 10. 324+0.47 4.55
(1 Gen)) 63 9.85 +0. 47 4.74
35 9.59+0.32 3.35

20°C 95 17.03 +1.69 9.90
(1 Gen.) 73 15.57:0.48 5.78
35 17.5570. 48 2.73

20°C 95 16.63=0. 92 5.55
(2 Gen.) 75 16.91-0. 44 2.62
35 14.697-0. 48 3.28

Table 113} zbct.
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Table 12. Egg periods at diffeient temperatures

and relative humidities. The eggs were laid

by the females obtained from stock room.

R.H.

o Mean--SD Cv
95 8.171.42 17.37
30°C 75 6.5140.21 3-29
65 6.38-10.23 3.52
35 6.56.10.57 8.70
95 8.41+1.13 13. 47
23°C 75 8.022-0. 33 4.10
65 8.701:0.57 6. 57
35 7 1.28

.24°70.82 11.
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