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1.Effects of Different Temperatures on the Parasitism Performance of Trissolcus
mitsukurii, an Egg Parasitoid of Rhynchocoris humeralis

This study evaluated the survival, fecundity, and offspring sex ratio of female
Trissolcus mitsukurii reared from eggs of Eocanthecona furcellata for 14 days at
four temperatures: 15, 20, 25 and 30 C. Mean fecundity per female increased with
temperature, reaching 19.30 * 4.26, 40.85 * 3.74, 70.83 £ 7.73 and 72.16 £ 8.45
at 15, 20, 25 and 30 C, respectively. Offspring sex ratios, expressed as the
proportion of female progeny, were 0.82, 0.69, 0.85 and 0.84 at the four
temperatures, indicating consistently female-biased offspring. These results show
that E. furcellata eggs are a suitable alternative host and that T. mitsukurii
performs best at 25 and 30 ‘C, providing a solid basis for developing efficient
mass-rearing techniques.

2.Reproductive Efficiency of the mite-eating ladybird Stethorus aptus under
Different Rearing Densities

This study evaluated the reproductive efficiency of Stethorus aptus under
different rearing densities. Under laboratory mass-rearing conditions
standardized by consistent rearing containers and equal quantities of spider
mites, adult beetles were inoculated at densities of 1, 3, 5, and 10 pairs. The
number of offspring adults and multiplication rates were assessed after one
month. Results showed: (1) the mean number of offspring adults after one month
were 61.25 £ 29.98, 102.89 + 41.27, 197.00 £ 117.27, and 215.25 * 57.83, with the
10-pair 1inoculation group producing the highest offspring count, significantly
exceeding the 1- and 3-pair groups; (2) multiplication rates were 61.25, 34.30,
39.40, and 21.53 times, with the 1-pair group significantly higher than the 3-
and 10-pair groups and exhibiting the highest multiplication rate. These findings
indicate that rearing density significantly affects reproductive efficiency under
the current mass-rearing conditions, with lower densities favoring higher
multiplication rates. Observations of parental adults and larvae within confined
spaces revealed minimal cannibalism and instances of cooperative feeding on the
same prey, suggesting spatial factors exert limited influence on reproduction.
Visual assessments at 15 days post-inoculation showed greater larval numbers in
the high-density groups, yet total offspring after one month did not increase
linearly. This 1s hypothesized to result from insufficient food resources for
larvae produced during the mid-to-late reproductive period, impairing successful
adult emergence. Considering practical mass-rearing constraints related to cost
and space utilization, multi-pair inoculation remains the predominant operational
approach. Future optimizations of food supply, guided by the density effects
identified in this study, could enhance reproductive multiplication and optimize
the breeding protocol for Stethorus aptus.

3. Predatory Capacity of Euborellia annulipes (Ring-legged Earwig) Against Two
Lepidopteran Pests

This study evaluated the predation capacity of the ringlegged earwig (Euborellia
annulipes) against different developmental stages of two important lepidopteran
vegetable pests-Spodoptera litura and Plutella xylostella-to assess 1ts poEspﬁjﬂJE
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as a biological control agent 1n the field. Laboratory assays showed that
predation on S. Iitura larvae varied significantly among instars. The mean daily
consumption of 2nd-instar larvae (12.96 * 1.09 individuals) was significantly
higher than that of 3rd- and 4th-instar larvae (6.32 * 0.90 and 6.17 £ 0.41
individuals, respectively). A similar trend was observed for P. xylostella, with
2nd-instar larvae consumed at a significantly higher rate (30.56 % 0.39
individuals) than 4th-instar larvae (23.47 * 1.12 individuals). Comparison
between the two prey species indicated that overall predation was higher on P. xyl
ostella than on S. Iitura, suggesting greater feeding efficiency on smaller-
bodied prey. These findings demonstrate that E. annulipes has considerable
potential as a biological control agent, showing effective predation on
lepidopteran pests of crucifer vegetables.

4.Evaluation of Free-registered Plant Protection Materials on Natural Enemies and
Whitefly Damage in Protected Cucurbit Sod Culture

This study investigated two commonly used unregistered plant protection materials
for whitefly control-soap salt and citrus oil. We evaluated their suitability for
use 1n integrated pest management (IPM) programs involving sod culture in
greenhouse-grown oriental melon and assessed their impact on specific natural
enemies within the sod culture system. Two field trials were conducted using a
standard pesticide trial design, applying soap salt and citrus oil, respectively.
In the first trial , one week before harvest, the number of whiteflies on a
single sticky trap increased sharply to 3,102 and 3,279, respectively, which was
significantly higher than the untreated control's 1,056 whiteflies. By the
seventh survey during the harvest period, the numbers were 6,537 and 7,498, also
significantly higher than the untreated control's 2,339. Regarding natural enemy
populations, visual observations noted occasional long-legged fly (Diptera:
Dolichopodidae) deaths or damage to spider webs following material application,
but there were no significant differences in overall population numbers. In the
second trial (Nanzhuang Township), no difference in whitefly numbers was
observed, and stilt-legged flies were absent from this trial area. Spider,
ladybug, and aphid wasp populations varied throughout the cultivation period. The
highest number of spiders monitored on the trellis this year was only 6, much
lower than the minimum of 15 monitored in the sod culture area last year;
however, the untreated plots this year maintained effective whitefly control,
suggesting that spiders only contribute a partial control effect. In both trials,
the application of soap salt and citrus oil led to more severe powdery mildew
infections, resulting in insufficient fruit maturity. In contrast, the untreated
control plots 1in both the Sanyi and Nanzhuang areas achieved a 90% good fruit
rate. This project has expanded to include two collaborating farms, successfully
completing six consecutive crops of oriental sweet melon over two years where no
pesticides were needed until harvest.
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F"— ~ NEPAFET Trissolcus mitsukurii WEEHE 14 H PR TGRSR,
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Table 1. Mean total number of eggs laid by Trissolcus mitsukurii females over 14

days and offspring sex ratio at different temperatures.

*Number of eggs per Number of eggs per Sex ratio
female female per day (%Yofemale)
15°C 19.30+4.262 1.44 0.82
20°C 40.85+3.74° 3.06 0.69
25°C 70.83+7.73¢ 5.07 0.85
30°C 72.16+8.45¢ 5.07 0.84

* Mean + standard error. Means within each column followed by the same letter(s)

are not significantly different at 5% level by Scheffe's method.
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Fig. 1. Daily and cumulative offspring production of Trissolcus mitsukurii females at

Average number of offspring per female
Suudsyjo jo a8ejusorad aAneNN)

different temperatures
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Tablel . The mean number of offspring adults of Stethorus aptus under different

parental densities.
Pair of Stethorus aptus (P) Offspring adults (no.)
1 61.25+29.98 ¢
3 102.89 +£41.27 be
5 197.00 = 117.27 ab

10 215.25+57.83 a

Data in the same column with different letter(s) were significantly different by LSD

test (p <0.05).

22 2R GIBRIAS A FAABRE TR

Table 2 . Multiplication rate of Stethorus aptus under different parental densities.
Reproductive ratio

Pair of Stethorus aptus (P)
1 61.25a
3 3430Db
5 39.40 ab
10 21.53b

Data in the same column with different letter(s) were significantly different by LSD

test (p <0.05).
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- ~ 2 % 8 WEAJ (Stethorus aptus) % F.7 £ % i+ = 8L %(Tetranychus

urticae)z_ {7 % o
Fig. 1. The larvae of Stethorus aptus were observed to share predation on the two-

spotted spider mite, Tetranychus urticae.
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Table 1. Evaluation of the predation capacity of the ringlegged earwig (Euborellia
annulipes) against different developmental stages of Spodoptera litura

Number of predated larvae

Spodoptera litura n
Mean + SE

2" instar 25 12.96 + 1.09a
3" instar 32 6.32 + 0.90b
4 instar 26 6.17+0.41b

F 19.38

df 2,80

P <0.0001

Means within a column followed by different lowercase letters are significantly
different (Tukey’s HSD, P < 0.05).

Fo2 ~RRWIOHZ P ED )RR i a0 TR
Table 2. Evaluation of the predation capacity of the ringlegged earwig (Euborellia
annulipes) against different developmental stages of Plutella xylostella

Number of predated larvae

Plutella xylostella n
Mean £+ SE
2" instar 12 30.56 +£0.39a
4™ instar 15 23.47+1.12b
F 29.70
df 1,25
P <0.0001

Means within a column followed by different lowercase letters are significantly
different (Tukey’s HSD, P < 0.05).
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Fig. 1. Daily consumption of the ringlegged earwig (Euborellia annulipes) against
different instar larvea of Spodoptera litura.
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Fig. 2. Daily consumption of the ringlegged earwig (Euborellia annulipes) against
different instar larvea of Plutella xylostella.
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Figure 1. Frequency of whitefly occurrence per oriental melon plant under sod culture, treated with different free
registered plant protection materials (control without pesticide application, soap salt, and citrus oil) in (A) the first
pesticide trial (Sanyi) and (B) the second pesticide trial (Nanzhuang).
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Figure 2. Number of whiteflies per sticky trap card on oriental melon under sod culture, treated with different
free registered plant protection materials (control without pesticide application, soap salt, and citrus oil) in (A) the
first pesticide trial (Sanyi) and (B) the second pesticide trial (Nanzhuang).
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Figure 3. Number of spiders on the trellis net on oriental melon under sod culture, treated with different free
registered plant protection materials (control without pesticide application, soap salt, and citrus oil) in (A) the first
pesticide trial (Sanyi) and (B) the second pesticide trial (Nanzhuang).
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Figure 4. Number of spiders on the sticky trap card on oriental melon under sod culture, treated with different
free registered plant protection materials (control without pesticide application, soap salt, and citrus oil) in (A) the
first pesticide trial (Sanyi) and (B) the second pesticide trial (Nanzhuang).
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Figure 5. Number of ladybugs on the sticky trap card on oriental melon under sod culture, treated with different
free registered plant protection materials (control without pesticide application, soap salt, and citrus oil) in (A) the

first pesticide trial (Sanyi) and (B) the second pesticide trial (Nanzhuang).
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Figure 6. Number of Dolichopodidae species (long-legged flies) on the sticky trap card on oriental melon under
sod culture, treated with different free registered plant protection materials (control without pesticide application,
soap salt, and citrus oil) in (A) the first pesticide trial (Sanyi) and (B) the second pesticide trial (Nanzhuang).
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Figure 7. Number of Aphidiinae species (aphid wasps) on the sticky trap card on oriental melon under sod culture,
treated with different free registered plant protection materials (control without pesticide application, soap salt,

and citrus oil) in (A) the first pesticide trial (Sanyi) and (B) the second pesticide trial (Nanzhuang).
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Flgure 8. Plant status during harvest in the first trial of oriental melon under sod culture using different free registered

plant protection materials (Sanyi): A, control without pesticide application; B, soap salt; C, citrus oil treatment. :
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Figure 9. Plant status during harvest in the second trial of oriental melon under sod culture using different free registered
plant protection materials (Nanzhuang): A, control without pesticide application; B, soap salt; C, citrus oil treatment. gy
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