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Modelling The Population Dynamics of Laodelphax striatelfus Fallén on Rice
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ABSTRACT: Temperature-dependent traits of Laodelphax striatellus, rice stripe virus vector, were investigated at 10 constant
temperatures (12.5, 15.0, 17.5, 20.0, 22.5, 25.0, 27.5, 30.0, 32.5, and 35.0 + 1°C) under a fixed photoperiod (14/10-hr light/ dark cycle).
Unit functions for the oviposition model were estimated and implemented into a population dynamics model using DYMEX. The
longevity of L. striatellus adults decreased with increasing temperature (56.0 days at 15.0°C and 17.7 days at 35.0°C). The highest total
fecundity (515.9 eggs/female) was observed at 22.5°C, while the lowest (18.6 eggs/female) was observed at 35.0C. Adult
developmental rates, temperature-dependent fecundity, age-specific mortality rates, and age-specific cumulative oviposition rates were
estimated. All unit equations described adult performances of L. striatellus accurately (*=0.94~0.97). After inoculating adults, the
constructed model was tested under pot and field conditions using the rice-plant hopper system. The model output and observed data
were similar up to 30 days after inoculation; however, there were large discrepancies between observed and estimated population density
after 30 days, especially for 1% and 2™ instar nymph densities. Model estimates were one or two nymphal stages faster than was observed.
Further refinement of the model created in this study could provide realistic forecasting of this important rice pest.
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Table 1. Parameters of the temperature-dependent developmental model (Poikilothermal rate function) and stage emergence model
(2-parameter weibul function) for the immature stages of Laodelphax striatellusthat were used in the population dynamics model. Values
were obtained from Park et al. (2011)

Parameters
. St
Stages Temperature-dependent developmental rate equation® e em'ergbence
equation
RHO025 HA HL TL HH TH I} n
Egg 0.1516 18300.1 -43252 284.59 37202.9 306.11 13 0.9927
Ist nymph 0.9675 29685.4 -4753.9 260.43 32092.6 294.30 5 0.9775
2nd nymph 0.3844 17673.7 -69471 285.35 75461.3 305.44 5 0.9525
3rd nymph 0.8568 -20030 -55253 298.51 273391 308.40 5 0.9577
4th nymph 0.3972 22049.9 -108395 285.63 81218.5 302.29 3 0.9653
5th nymph 0.2445 19811 -138713 286.22 109722 302.15 3 0.9631
T 1
a RH025 555 15 [ (298 5~ 7
r(T,)=
1+exp[— L, L)]+exp[ 1 1
R "TL T 7T il

b F(x) =1—exp[— (z/n)"]
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Table 2. Adult fecundity and longevity (mean=SE) of Laodelphax striatellus at 10 constant temperatures

20114 7€ 6Lof -3}

=
434G 7t xEUR

MP-2N)Z of:§ 5o 2}
5790219, 89 5%, 8
2ol Bpstgich 4 240
s cheat o] 42
Hohel ABR BT 2k

2 16900} olaket 24 ujel) HA| 2L ol 83 154

L

|
T % 93 ARG BT RS 4% o 5 2%
ol HESHk A7 B4
7)ol e 5] A A3t

gol AP WENR §7 A F WA ol Ak BE

8]0l AH g &

B 7HAE Ro= 735k 70%

7

TehA| ke 4% o,
telom, AJulel u)UH Z(Sibata

U EENMES T4

S 7)

= 1

= 2N 68U HeR B
A

Ly

U] RIS},

L okl

o] FES Aol Aote] wegER BEsr)

20113420129 9] 2E
&

o %7 7lol] ALE o 24, 2 717]

2 A= 48 gosg x| (Radiation shield, Passive
#7714 by Davis instruments) o] 25 d|o|g 274 (Hobo HS
Pro Series by Onset) & o|-&3}o] =33} t}.

ny

it I

d H

]

g

!

nE

A
—

[

—

o= 12.5°C 518 35.0 CAtolof] A E 107] F2x7]

o B Algho] ZHs ) FAE LERR £

S} %

il

]_

Temperature (C) No. adults examined Fecundity (eggs/female) Logevity (days + SD)
12.5 20 59.4 + 37.04ab’ 53.6 £26.60de
15.0 20 196.4 + 88.47bc 56.0 +25.24¢
17.5 20 251.6 +£160.74c 44.0 + 22.25cde
20.0 20 330.6 = 169.34cd 37.5+17.88bcd
22.5 20 515.9 +187.30e 44.1 + 18.04cde
25.0 20 492.1 +£190.63¢ 35.7 + 11.26abcd
27.5 20 422.1 £238.35de 29.7 + 14.95abc
30.0 20 246.7 £ 50.45¢ 32.1+ 13.82abc
32,5 20 210.6 £ 73.29¢ 25.6 +9.88ab
35.0 20 18.6 +£23.40a 17.7 £ 6.04a

®Means followed by the same letter within a column are not significantly different (P>0.05, Tukey’s test).
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Table 3. Parameter estimates for adult developmental rate and oviposition component equations for Laodelphax striatellus adults

Function name Function Parameter Estimated value+SE r2
1 A 50.44 £ 2.659
T)=——""——>+ :
Adult developmental rate r(T) A+ Bx T B -0.0015 £ 0.0004 0.94
a -205.11 £ 175.760
b b 710.60 = 161.720
Total fecundity I = oy ¢ 297.10 +0.370 0.95
d 8.79 +£2.524
p 1.16 £ 0.004
. —1—expl— 8 n
Mortality rate M(z,) =1—exp[—(z,/n)"] 3 23340029 0.97
; 0.54 + 0.004
i i i Plx )=1—exp|—(z B n .
Cumulative ovipostion rate (L“) pl (1,,/77) | 3 164 + 0.027 0.97
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Table 4. Comparison between observed and estimated population density (number of individuals/pot) of Laodelphax striatellus
according to investigation dates (Pot experiment, 2011)

Nymphal stage

Adult Total
Date .Days af.ter Ist+2nd 3rd 4th 5th
inoculation
Obs. Est. Obs. Est. Obs. Est. Obs. Est. Obs. Est. Obs. Est.
Jul. 21st 15 133.0 432.1 68.3 7.9 8.3 0 0 0 2.0 2.4 211.7 4424
Aug. 5th 30 22.7 2.6 253 0.6 86.3 164 139.0 1549 993 72.2 372.7 246.7
Aug. 12th 37 115.3 1966.7 29.0 11.2 15.3 0.3 29.0 8.4 87.3 148.3 276.0 21353

Aug. 19th 44 172.0. 13132.0 105.0 14922 133 3041 313 325 78.7 1259 400.3 15086.8

100 100

July 21th mm Estimated August 5th = Estimated
Observed Observed
80 - - 80 -
S S
I I
] ]
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] o 7
& o 7 / 7
20 20 // % %
0 /B ‘ 0 7z
1st+2nd 3rd 4th 5th Adult 1st+2nd 3rd 4th 5th Adult
Developmental stages Developmental stages
100 100
August 12th = Estimated August 19th === Estimated
Observed Observed
80 1 e 80
S S
S 60 E 60 -
5 5
Q 401 7 o 404 7
3 % ” o %
o / / o / 7
1st+2nd 3rd 4th 5th Adult 1st+2nd 3rd 4th 5th Adult
Developmental stages Developmental stages

Fig. 1. Comparison between observed and estimated stage distribution of Laodelphax striatellus population after adult inoculation in
potted rice (Pot experiment, 2011).
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Table 5. Comparison between observed and estimated population density (number of individuals/hill) of Laodelphax striatellus
according to investigation dates (Field experiment, 2012).

Nymphal stage

Adult Total
Date .Days af.ter Ist+2nd 3rd 4th 5th
inoculation
Obs. Est. Obs. Est. Obs. Est. Obs. Est. Obs. Est. Obs. Est.
Jun. 15th 8 0.7 0.2 1.7 0 0.7 0 0 0 2.3 2.8 53 3.0
Jun. 22nd 15 22.0 53.7 43.0 0.8 0 0 0 0 2.6 1.5 67.7 56.0
Jun. 28th 21 30.0 80.2 29.0 26.1 5.0 9.7 0 0.7 0.7 0.6 64.7 117.3
Jul. 7th 30 28.0 41.9 20.0 27.3 35.0 30.5 43.0 37.0 5.0 13.8 131.0 1505
Jul. 12th 35 32.5 11.4 25.5 18.0 23.0 25.2 41.0 42.6 35.5 40.9 157.5 138.0
Jul. 20th 43 7.0 61.4 15.0 24 38.0 4.0 70.0 20.0 50.0 79.2 180.0 167.0
Jul. 27th 50 163  168.1 5.7 439 9.0 21.4 243 5.1 45.7 63.0 101.0 301.5
Aug. 3rd 57 253  573.1 9.3 92.4 9.0 59.4 33 46.6 57.0 37.0 104.0  808.5
100 100
June 22nd = Estimated June 28th mmm Estimated
Observed Observed
- — 80 4
S S
= c
2 S
t t
2 2
3 3
o o
1st+2nd 3rd 4th 5th Adult 1st+2nd 3rd 4th 5th Adlt
Developmental stages Developmental stages
100 100
July 7th W Estimated July 12th mm Estimated
Observed Observed
80 4 80
S S
g 60 E 60 -
£ £
S ] 2 w0
3 °
o o
1st+2nd 3rd 4th 5th Adult 1st+2nd 3rd 4th 5th Adult
Developmental stages Developmental stages
100
" July 20th . Estimated July 27th - Estimated
Observed Observed
80 80
S S
5 © §
£ £
2 2
o o
o o

1st+2nd 3rd 4th 5th Adult

Developmental stages

1st+2nd 3rd 4th 5th Adult

Developmental stages

Fig. 2. Comparison between observed and estimated stage distribution of Laodelphax striatellus after adult inoculation in the rice paddy
field (Field experiment, 2012).
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