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Temperature-dependent Development Model of White Backed Planthopper
(WBPH), Sogatella furcifera (Horvath) (Homoptera: Delphacidae)

Chang-Gyu Park*, Kwang-Ho Kim, Hong-Hyun Park and Sang-Guei Lee
Crop protection Division, Department of Crop Life Safety, National Academy of Agricultural Science, Suwon 441-853, Republic of Korea

ABSTRACT: The developmental times of the immature stages of Sogatella furcifera (Horvath) were investigated at ten constant
temperatures (12.5, 15, 17.5, 20, 22.5, 25, 27.5, 30, 32.5, 35+17C), 20~30% RH, and a photoperiod of 14:10 (L:D) h. Eggs were
successfully developed on each tested temperature regimes except 12.5C and its developmental time was longest at 15C (22.5 days)
and shortest at 32.5°C (5.5 days). Nymphs successfully developed to the adult stage from 15C to 32.5°C temperature regimes.
Developmental time was longest at 15°C (51.9 days) and it was decreased with increasing temperature up to 32.5C (9.0 days). The
relationships between developmental rate and temperature were fitted by a linear model and seven nonlinear models (Analytis, Briere
1, 2, Lactin 2, Logan 6, Performance and modified Sharpe & DeMichele). The lower threshold temperature of egg and total nymphal
stage was 10.2°C and 12.3°C respectively. The thermal constant required to complete egg and nymphal stage were 122.0 and 156.3 DD,
respectively. The Briere 1 model was best fitted (r2 =0.88~0.99) for all developmental stages, among seven nonlinear models. The
distribution of completion of each development stage was well described by three non-linear models (2-parameter, 3-parameter Weibull
and Logistic) (¥ = 0.91 ~0.96) except second and fifth instar.
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Table 1. Developmental period (days)(mean+SEM) for immature stages of Sogatella furcifera at constant temperatures

Temperature Nymphal stage
C Egg : : : B
(%) First Second Third Fourth Fifth Total
s 18345550 20.3+3.06a N
' (24) ©)]
15.0 22.5a° 9.7+2.38b 8.8+1.04b 8.6£0.89a 10.2+0.98a 14.7£1.46a 51.943.62a
' 1? (40) (37N (B34 (33) 29 29
175 17.5£1.51b 6.3+£1.58¢c 5.6+1.01¢c 5.2+1.10b 5.7+0.94b 7.7+0.83b 30.5+£2.93b
' (43) 47 47) 47) (45) (44) (44)
20.0 11.2+1.00c 4.8+0.82d 3.5+0.59d 3.2+0.64cd 3.5+0.67¢ 5.1+0.51¢ 20.0+1.20¢
' (50) (46) 43) (43) 43) (43) (43)
275 9.3+1.17d 3.9+0.85de 2.7+0.57def  2.8+1.12de 3.0+£0.53¢ 4.5+1.04c¢ 16.9+1.99d
' (57) (38) (36) (36) (36) 35) 35)
25.0 7.4+0.73¢ 3.120.72ef  2.54+0.70efg 2.1+0.56ef 2.3+0.74d 3.3+0.65d 13.2+1.08¢e
’ (65) (43) (43) 42) 41 41) 41)
275 5.8+0.73ef 2.5+0.57f 1.8+0.68fg 1.8+0.63f 1.9+0.44d 2.4+0.62¢ 10.4+0.92f
’ (50) (33) (32) (32) 31 31 (31)
30.0 5.7+0.63f 2.0+0.50f 1.8+0.52¢g 1.7+£0.57f 2.0+0.36d 3.1+0.57de 10.2+0.88f
’ 43) (49) (46) (46) (46) (38) (38)
35 5.5+0.89f 2.0+0.44f 1.8+0.63g 1.9+0.50f 2.3+0.53d 2.6x1.34de 9.0+1.22f
' 41 47 44) 43) (36) Q) %)
35.0 6.1+0.82ef 2.6+0.75f 3.0+1.29de 3.8+0.96¢
' (11 27 (13) 4)

a) Total represents developmental time (day) of total nymphal stage.

b) Not examined.

) Values followed by the same letter within a column are not significantly different (P>0.05, Tukey's Test)
d) Values in parenthesis are number of examined individuals.
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Table 2. Lower threshold temperatures and thermal requirements estimated by linear regression for Sogatella furcifera

Stage Regression equation r Lower threshold temperature (C) Degree days (DD)
Egg Y=0.0082X-0.084 0.99 10.2 122.0
1* nymph Y=0.0250X-0.280 0.98 11.2 40.0
2" nymph Y=0.0311X-0.349 0.99 11.2 32.1
3" nymph Y=0.0321X-0.355 0.98 11.1 312
4™ nymph Y=0.0337X-0.408 0.99 12.1 29.7
5" nymph Y=0.0255X-0.320 0.97 12.5 39.2
Total” Y=0.0064X-0.079 0.99 12.3 156.3

? Total means total nymphal stage.

Table 3. Parameter estimates for seven non-linear models describing the relationship between the temperature and developmental rate
of allimmature stages of Sogatella furcifera

Parameter & Nymphal stages
Model . 2 Egg . : g
adjusted r First Second Third Fourth Fifth Total”
a 0.0000014  0.0000700 0.0006980 0.0005195 0.0001641 0.0000399 0.0000268
Tin 1.59 1.11 7.18 7.54 7.83 7.87 7.32
Analytis n 2.8976 2.5304 1.9567 1.9969 2.2226 2214 2.1498
Mmax 41.95 35.23 35.37 35.46 35.52 40.74 40.27
m 0.7956 0.1944 0.3483 0.4685 0.6697 0.9660 0.6705
# 0.99 0.98 0.98 0.99 0.95 0.77 0.96
a 0.000078 0.000281 0.000405 0.000432 0.00042 0.00025 0.00006
Briere 1 1) 9.14 10.84 11.38 11.38 11.64 10.97 10.93
T, 40.86 38.10 36.06 35.59 34.75 36.81 39.14
. 0.99 0.94 0.97 0.99 0.98 0.88 0.98
a 0.00013 0.00056 0.00055 0.00047 0.00044 0.00017 0.00007
1, 8.27 7.28 9.88 10.64 11.53 11.46 10.72
Briere 2 T, 38.09 35.08 35.31 35.39 34.58 38.68 37.94
b 3.017 7.605 3.092 2.303 2.092 1.537 2.322
. 0.99 0.98 0.98 0.99 0.97 0.84 0.97
P 0.13436 0.16684 0.14705 0.13933 0.11830 0.09374 0.12629
T, 40.24 37.76 37.26 37.04 37.50 41.18 39.55
Lactin 2 AT 7.42 5.98 6.75 7.09 8.23 10.25 7.90
A -0.0256 -0.0253 -0.1219 -0.1608 -0.3056 -0.3178 -0.0346
. 0.99 0.98 0.98 0.99 0.97 0.84 0.97
P 0.02802 0.01426 0.04118 0.05030 0.04147 0.03459 0.00736
p 0.15348 0.13892 0.17216 0.16374 0.17570 0.16687 0.16869
Logan 6 T, 39.20 37.26 36.47 36.18 35.02 36.28 36.94
AT 6.24 4.09 5.40 5.61 5.29 5.57 5.47
. 0.98 0.98 0.96 0.97 0.93 0.80 0.95
SC 32.50 60.37 69.52 75.87 76.49 217.42 117.14
K 0.00027 0.00041 0.00047 0.00048 0.00048 0.00012 0.00005
Performance 1) 10.74 11.15 11.42 11.94 12.49 12.45 12.29
K, 0.4066 1.0364 0.4860 0.3389 0.2798 0.1940 0.3013
7, 39.13 36.04 36.17 36.14 35.61 38.82 38.81
° 0.98 0.97 0.98 0.99 0.95 0.76 0.96

Temperature-dependent development model of Sogatella furcifera
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Table 3. Continued
Parameter & Nymphal stages
Model . 2 Egg - - - >
adjusted r First Second Third Fourth Fifth Total
RHO025 0.1519 0.3310 0.4472 0.5745 0.5109 0.4847 0.1465
HA 18414.2 16473.9 10925.5 2976.4 20358.7 28121.1 27561.3
Modified HL -43467 -114710 -62505 -44256 -109455 -587570 -126690
Sharpe and TL 284.45 285.25 288.39 292.21 287.26 287.80 286.69
DeMichele HH 37150.5 101462.9 121363.0 147342.1 59718.6 43221.1 31153.2
TH 306.04 307.81 307.50 307.55 303.73 300.59 298.73
r 0.99 0.99 0.98 0.98 0.94 0.55 0.94
? Total means total nymphal stage.
Table 4. Estimated parameters of three stage emergence models for each stage of Sogatella furucifera
Parameter & Nymphal stages
Model . 2 Egg - - - >
adjusted r First Second Third Fourth Fifth Total
Jé] 13.2581 3.8081 4.5856 4.9382 7.9312 6.3656 13.3316
2-parameter n 0.9678 0.9865 0.9502 0.9382 0.9312 0.9558 1.0035
Weibull
r 0.95 0.92 0.90 0.91 0.92 0.85 0.96
Ié] 9.9076 2.9653 125.7266 545.5847 -930.0438 310.7790 5.5976
3-parameter 0% 0.2352 0.1964 -24.0365 -96.6980 114.7533 -43.6857 0.5683
P . n 0.7324 0.7864 24.9966 97.6444 -113.8217 44.6453 0.4336
Weibull
P 0.95 0.92 0.91 0.91 0.92 0.85 0.96
a -18.9640 -5.7363 -6.4794 -7.2071 -11.0642 -9.3483 -20.1301
- b 20.2142 6.4191 7.4300 8.3090 12.5507 10.4142 20.7090
Logistic
r 0.95 0.92 0.89 0.91 0.92 0.85

¥ Total means total nymphal stage.
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