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Stochastic model of vegetable leafminer Liromyza sativae Blanchard

(Diptera: Agromyzidae) phenology
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Abstract: Knowledge of the temperature-dependent development of each stadium of the leafminer,
Liromyza sativae Blanchard, is of crucial importance to the biological control of this pest using parasitoids.
In this study., low developmental threshold temperatures, effective cumulative degree-days and
developmental times of the leafminer were determined at constant temperatures of 13 C .16 C,19C.22C,
25C.28C.31C.34C,=£0.5C on color bean Phaseolus vulgaris.

Developmental rates of each stadium of the leafminer increased linearly with temperature up to 34 C
(r>>0.97). More than 90% of the variation in the developmental rate of each stadium was explained by
temperature. Linear regression equations for developmental rates of eggs, larvae, pupae and all immature
stages were Yo = —0.14674+0.017029¢ (r=0.9914), yira=—0.16679+0.017427¢ (+=0.9826) s Vpupa
= —0.05759+0.008622¢ (="0.9750) s Vil immature stages = — 0. 033334 0. 003675¢ (= 0. 9854) respectively.
The low developmental threshold temperature (L.DT') and effective accumulated degree-days (DD) of each
stadium were 8. 62 C and 58. 72DD for the egg stage, 9.57 C and 57.38DD for the larval stage., 8.98 C
and 155. 98DD for the pupal stage, 9. 07 C and 272. 09DD for all immature stages. The developmental time
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of eggs, larvae, pupae and all immature stages decreased from 13.15d to 2.39d, 16. 4d to 2.59d, 40.50d
to 6.96d and 70.05d to 11.96d respectively as temperature increased from 13C to 34 C. The
developmental time of eggs and larvae was approximately equal to that of pupae.

The phenology model described by Dennis et al. was used to develop a stochastic phenology model for
L. sativae. The function was:
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In the L. sativae model, stage 1 was eggs. stage 2 larvae and stage 3 pupae. As pointed out by
Dennis and Kemp, the parameter a, can be interpreted as the time (in degree-days) when only one —half of
the population is in stage i or below. Because the lower developmental threshold temperatures (LDTs) of
each stadium determined by linear regression were ranged from 8. 62 C to 9.57 C, the LDT of 9.5C was
used to calculate the degree —days of each stadium. The parameters of the model were estimated using the
Nonlinear Regression and Least —Squares method of the STAT program. The model predicted that 50%
of the population would advance beyond the egg, larval and pupal stages by 46. 97, 106. 97 and 253. 58 DD
respectively. The peak of the larval population should occur at 75 DD. Third instar larvae should emerge
from leaves between 90 DD and 120 DD and adults complete eclosion from 200 DD to 300 DD. The
parameters estimated using this stochastic phenology model were applied successfully to determine the
temperatures required to advance a particular stadium at a given time, and to simulate the process of
population dynamics, thereby facilitating experiments examining the interactions of parasitoids with each
larval stage.

Key words : Liromyza sativae; development; phenology; stochastic model

:1000-0933(2003)03-0512-05 : Q969 (A
(Liriomyza sativae Blanchard) N s
b, 1993 =, . ,
. Ls=sl, . Petitt™!
3 o b
o 9 ( )
. N N o
1
1.1
(Phaseolus vulgaris 1.. ) s 15cm,  20cm s 2
N , 25C , 14:10(L:D)h ,60001x .
10d, 30cm? ol
s N 30 o 40cm X 40cm X 40cm »
200 . . 100 (%:8=1:1),
6 . 6h  (9:00~13:00), s o 12h,
. N o 13.16.19.22.25,28.31.34C,40.5C,
>60% , (14:100h,

1.2



23

514
Dennis 1% 5 s
o S@) t .S t
( DD) . S@) =0, S@) s o
a;= i s a;
1 S) <a1
2 a<<St) <a,
r—1 a ,<S@ <a
roa < SUW i =1,2.34...,r— 1, r .
S ¢t . Logistic
[9]:
e =l m/{ r,z{we( m]}
PrS() <s]= j fuHdu = 1/{1 + e 7( Vi ) J}
[7( a’vflj )} [7(11/71711)]
I’,=Pr[a;,1<5(l])<a]]=]/{1+e v }7]/{1+e o }
=] ( Y(G=1+2:34... @) sai= i G=1,
230 .. r—1), Dennis &. Kemp'!’ s a; Il 50%
;bzz ;S(t»,): L; ° Ay sose oo sr— bz
( ) . s .
) 7‘:4a H N ~ H
[ 9
P”:1/{1+e ( ¥ ) }
(=] ()]
P2J=1/{1+e " }—1/{1+e " }
()] ()]
1>3,:1/{1+e vy }—1/{1+e e }
)]
r, = 1/{1 + e " }
sa 50% 5 Ao 50% sds
50% ;b .
2
2.1
C 1. 2, 13C 13.15d 34C 2.39d, 16. 4d 2.59d,
40. 50d 6. 96d, s 50% ,
o b o 13C
18.77% 23.41%, 57.82%, 25C

24.49%, 22.24% , 53.28%, 34C 20.02%, 21.69%,



3 515

58.29%. . , 9~10C .

o 9.5C s , o
2.2

s ( STAT)
) :a1=46.97, (¥"=0.9257):a,=106.97, (+*=

0.8746)3a;=253.57, (+*=0.8533); *=0.6998, C 1 2),

1 () 2 .
Table 1 Developmental duration(d) of L. sativae each (RH>60%)

stadium at constant temperatures

Table 2 Regression equation for development of L. sativae

each stadium at constant temperatures, and its low
Qe Egg Larvae Pupae  Total stage developmental temperatures ( LDT ) and effective
13 13.15 16. 40 40. 50 70.05 accumulated degree-days(DD)
16 8.43 10. 04 25.56 44. 04
19 5.85 5. 85 17.14 28. 84 (
29 4.17 5. 21 12. 22 21. 60 Stage r Regression equation ) )
25 3. 81 3. 46 8. 29 15.56 LTT K@D
a . /=—0. . T .62 58.
28 2. 74 2.91 7.49 13.15 0.9914 V 0.14674+0. 0170297 8.62  58.72
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Fig. 1  Comparison of observed value (()) and simulating results (—) for the proportion of the L. sativae
population in each stage as a function of accumulated degree-days
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