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Temperature-dependent Development Model and Forecasting of Adult
Emergence of Overwintered Small Brown Planthopper, Laodelphax

striatellus Fallen, Population

Chang-Gyu Park*, Hong-Hyun Park and Kwang-Ho Kim
Crop Protection Division, Department of Agricultural Biology, National Academy of Agricultural Science, Suwon 441-853, Republic of Korea

ABSTRACT: The developmental period of Laodelphax striatellus Fallen, a vector of rice stripe virus (RSV), was investigated at ten
constant temperatures from 12.5 to 35+1°C at 30 to 40% RH, and a photoperiod of 14:10 (L:D) h. Eggs developed successfully at each
temperature tested and their developmental time decreased as temperature increased. Egg development was fasted at 35°C (5.8 days),
and slowest at 12.5°C (44.5 days). Nymphs could not develop to the adult stage at 32.5 or 35°C . The mean total developmental time of
nymphal stages at 12.5, 15, 17.5, 20, 22.5, 25, 27.5 and 30°C were 132.7, 55.9, 37.7, 26.9, 20.2, 15.8, 14.9 and 17.4 days, respectively.
One linear model and four nonlinear models (Briere 1, Lactin 2, Logan 6 and Poikilotherm rate) were used to determine the response
of developmental rate to temperature. The lower threshold temperatures of egg and total nymphal stage of L. striatellus were 10.2°C and
10.7°C, respectively. The thermal constants (degree-days) for eggs and nymphs were 122.0 and 238.1DD, respectively. Among the four
nonlinear models, the Poikilotherm rate model had the best fit for all developmental stages (r*=0.98~0.99). The distribution of
completion of each development stage was well described by the two-parameter Weibull function (*=0.84~0.94). The emergence rate
of L. striatellus adults using DYMEX" was predicted under the assumption that the physiological age of over-wintered nymphs was 0.2
and that the Poikilotherm rate model was applied to describe temperature-dependent development. The result presented higher
predictability than other conditions.
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Table 1. Developmental period (days) (mean+SE) for immature stages of L. striate/lus at constant temperatures

Temperature

Nymphal stage

(C) Egg 1 ond 3t 40 5t Total”
125 44.510.3)4ad) 16.8+0.80a 19.0+0.84a 22.6x1.16a 25.9+1.32a 49.7+4.81a  132.7+12.67a
(88) (30) 27 (25) (14) 3) 3)
15.0 28.6£0.21b 9.4+0.36b 9.8+0.29b 9.5+0.36b 11.6£1.06b 15.8+0.50b 55.9£1.97b
(176) 27 22) (22) (20) (20) (20)
175 19.6£0.11¢c 7.5+£0.21¢ 6.5+0.19¢ 6.6+0.18¢ 6.7+0.36¢ 10.4+0.45¢ 37.7+0.73¢
(235) (38) 35) 35) (34) (33) (33)
20.0 12.4+0.07d 5.540.14d 4.4+0.12d 4.4+0.16de 4.840.15de 7.8+0.34cd 26.9+0.57d
(247) (39) (38) (38) 37) (35) (35)
25 10.3+£0.05¢ 4.3+0.12de 3.7+0.11def 3.3+0.13ef 3.7+0.18ef 5.2+0.13de 20.24+0.37¢
(341) (39) (39) (36) (34) (30) (30)
25.0 8.3+0.05f 3.240.09ef 2.740.09efg 2.240.09f 3.0+0.19ef 4.6+£0.28¢ 15.8+0.42¢
(278) (35) (3%5) (34) 31 (28) (28)
275 6.8+£0.04g 3.2+0.10f 2.3+0.67g 2.5+0.63f 2.7+0.85f 4.2+0.45¢ 14.9+0.61¢
(288) (36) (35) 31 (29) (25) (25)
30.0 6.0+0.04h 2.7+£0.11f 2.2+0.08g 2.4+0.19f 3.1+0.24ef 6.6+0.62de 17.4+0.89¢
(269) (38) (36) (36) (35) 29) 29)
3.5 5.9+0.03h 2.7+0.10f 2.5+0.13fg 3.0+0.20ef 6.6+0.80cd i )
(307) (30) (28) (23) (14)
35.0 5.8+0.03h 2.5+0.11f 3.9+0.31de 5.9+1.09cd 9 i )
(225) (3%5) 29) (13)
9 Total represents developmental time (days) of total nymphal stages.
Values in parenthesis are number of individuals examined.
“Not examined.
Values followed by the same letter within a column are not significantly different (P>0.05, Tukey's Test)
Table 2. Lower threshold temperatures and thermal requirements estimated by linear regression for L. striatellus
Regression parameters 3 .
Stage r Lower threshold temperature (C)  Degree days (DD)
Slope£SE Intercept+SE
Egg 0.0082+0.0003 -0.084+0.008 0.99 10.2 122.0
1* nymph 0.0169+0.0009 -0.149+0.023 0.98 8.8 59.2
2 nymph 0.0246+0.0012 -0.265+0.027 0.99 10.8 40.7
3" nymph 0.0270+0.0030 -0.301+0.062 0.94 11.1 37.0
4 nymph 0.0233+0.0007 -0.257+£0.014 0.99 11.0 42.9
5t nymph 0.0150+0.0009 -0.163+£0.018 0.98 10.9 66.7
Total” 0.0042+0.0002 -0.045+0.004 0.99 10.7 238.1
% Total means total nymphal stages.
W ARSI g SE7] A Elo AAHOZSAFNE 7N Briere eral., 1999). 53] of 0] UF T kg o S} Azl
A Slck e Ao} SIolel IS QUASR Y @ AP Rl KR 2R IS 9Y &
shee A Walolle A SAZE 1AL o] 3t FAIE 9 ER S 2EE A HER W 2 2o A o T
As}7] Slsto] wageol Lrolo] PAS MY wEE A 98 wrh silels mulS 2] gato] w4 HUES A}
kel g BB o] QIITHLogan eral, 1976; Sharpeand  S-SRck 4ol ARG W vl malolA] o 19,27, 5
DeMichele, 1977; Schoolfield ef al., 1981; Lactin ef al., 1995; o] 2y AFALS e 7}0] 0.98 o]} g =2 3

g T &= g ndy} U Ao 4F U A& 347
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Table 3. Parameter estimates for four non-linear models describing the relationship between temperature and development rate of all
immature stages of L. striatellus

Parameter &

Nymphal stages

Model 2 Egg B o 34 yu o Total”
a 0.00008 0.00015 0.00031 0.00030 0.00020 0.00026 0.00006
. 7 9.14 6.60 10.53 9.83 7.00 11.52 10.82
Briere 1
T, 40.86 41.66 35.96 35.36 35.27 31.18 32.79
r 0.99 0.99 0.99 0.95 0.80 0.98 0.99
p 0.13436 0.07737 0.13043 0.10249 0.05802 0.16830 0.15543
T, 40.24 46.72 37.68 38.27 42.07 32.47 33.90
Lactin 2 AT 7.42 12.32 7.58 9.36 12.95 5.92 6.43
A -0.0256 -0.2612 -0.1475 -0.3501 -0.8763 -0.0730 -0.0205
IS 0.99 0.99 0.99 0.96 0.91 0.99 0.99
0.02802 0.05544 0.05436 0.08950 0.12352 0.01791 0.17438
p 0.15348 0.13474 0.16456 0.15964 0.14436 0.21876 0.19485
Logan 6 T, 39.20 40.20 36.49 35.90 35.67 31.41 32.85
AT 6.24 6.80 5.74 6.00 6.65 4.40 5.12
P 0.99 0.98 0.98 0.91 0.79 0.98 0.98
RHO025 0.1516 0.9675 0.3844 0.8568 0.3972 0.2445 0.0762
HA 18300.1 29685.4 17673.7 -20030 22049.9 19811.0 23563.1
. HL -43252 -4753.9 -69471 -55253 -108395 -138713 -202866
Poikilotherm
rate model TL 284.50 260.43 285.35 298.51 285.63 286.22 285.36
HH 37202.9 32092.6 75461.3 273391 81218.5 109722 72408.5
TH 306.11 294.30 305.44 308.40 302.29 302.15 301.97
r 0.99 0.99 0.99 0.98 0.98 0.99 0.99
? Total means total nymphal stages.
27} 2}7] TR ARbTY o] ThE BORO 2 LA whs BA7E

T} (Wagner et al., 1984). Webr] 2= SHA QI - 947
= W=7 fleliAle 2 S EAE W71k Btgkolu
FTHeE A W7 WHro] Ats Al7A =E
2] BAGlo] o] LAY HlSEt WS AU = 5]
2% EYAQ USYE A HIE B 34S IS ot
(Sharpe et al., 1977; Curry et al., 1978b).

ST, FUe AP ISARwE 6=
o] 22 Curry et al. (1978a)9] 2J5}o] 225-0] W53} 3L 9]
R ARE TR o] Fed, 2 Aol e 919 Wt fAF
S1A 17t o] =2 oA WAEY] WS 71Tk Bt 717t
O & e i 0 8 WS 7] 7R A5SkAlR] $ 2-parameter
Weibull 3t=of] 2-8-A1 Tk o, 19,25, 38 o) Ws2tm & o
Ashe o] 348 (1Y) 2+2H0.94, 0.93, 0.90, 0.91 2 B] 3
A =R o AE o iRl 457 55 o] W eke FA49
14182 0.88, 0.84 2 A} 2 © & Lokt (Table 4, Fig. 3.).

Nm% 32,

= o]3} ukg

Table 4. Estimated parameters of the two-parameter Weibull
function for developmental completion of each stage of L.
striatellus

Stage  Parameter Estimated value SEM P
8 12.0617 0.8423
Egg 0.94
" 0.9927 0.0043
4.8415 0.3536
1* nymph s 0.93
" 0.9775 0.0113
3 4.4340 0.4479
2 h ‘ 0.90
ymp 7 0.9525 0.0142
8 43343 0.4163
31 h 0.91
fymp " 0.9577 0.0147
8 3.6868 03511
4t h .
fymp 0 0.9653 00163 88
3.6551 0.4054
5™ nymph p 0.84
" 0.9631 0.0164
3 8.1205 0.5490
Total” ‘ 0.92
o 7 1.0034 0.0058

? Total means total nymphal stages.
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Fig. 3. Cumulative proportion of development completion for each immature stage of L. striatellus as a function of normalized time
(developmental period/mean developmental period). The two-parameter Weibull function was used.
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DYMEX" (version 3.0)& 0]&3}0] A8 melg x3}al 57
o] 2w Hhg w2 1975\ =9, 1992\ UFA| S L 7HAlT
0] 23}X)7]1 2 o &39Itk 19759 9 Ao A9 U5 5
S-S AR OFF-0] o7 Wk B H|E-2 37 0.57%, 43
77.47%, 58 21.97% (Chon ez al., 1975)%.2.™, 1992 Wk 7)
A T-2-33 26.32%, 43 54.82%, 53 16.23% (Bae et al., 1995)
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Fig. 4. Comparison of the observed and estimated proportion of adult L. striatellus using five different temperature dependent

development models in two regions.
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