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Predacious activity of Serangium parcesetosum Sicard (Coleoptera: Coccinellidae) on Bemisia tabaci
Genn. (Hemiptera: Aleyrodidae) on caged tomato
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Abstract: Tomatoes are the most familiar and the most common greenhouse vegetable crop in Turkey, as well as worldwide. Main whitefly species
problematic in the greenhouses, where tomatoes grown primarily, is Bemisia tabaci Genn. (Hemiptera: Aleyrodidae) in Mediterranean Region of
Turkey. Serangium parcesetosum Sicard (Coleoptera: Coccinellidae) is proved as a coccinellid predator of B. tabaci and a voracious feeder by several
studies. The hypothesis “the outcome of a biological control program is determined by the initial pest to predator ratio” was examined on caged
tomato in greenhouses. The current study showed the influence of initial whitefly density on the whitefly population growth rate, which was
independent of the absence or presence of S. parcesetosum (P> 0.05) for the whitefly density x predator release interaction). No significant differences
in whitefly suppression from S. parcesetosum predation were monitored between the two initial whitefly densities in both years. The density of the
pest was reduced by S. parcesetosum in high and moderate initial whitefly density cages 2-3 weeks after releasing the ladybird beetles. During the
experiment, copulating adults, larvae, and pupae of the predatory ladybird beetle were observed in both predator-releasing cages. These results
indicated that S. parcesetosum can survive and reproduce on tomato plants in greenhouse production during the spring months in Mediterraenean
region of Turkey.
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Oz: Domates, tiim diinyada oldugu gibi Tiirkiye'de de en yaygin olarak yetistirilen ortii alt1 sebzesidir. Tiirkiye'nin Akdeniz Bolgesinde domates
yetistirilen seralarda sorun olan yaygin beyazsinek tiirii Bemisia tabaci Genn. (Hemiptera: Aleyrodidae) dir. Yiiriitiilen gesitli aligmalar ile Serangium
parcesetosum Sicard (Coleoptera: Coccinellidae)'un B. tabaci'nin oburca beslenen bir coccinelld avasi oldugu kanitlanmistir. “Biyolojik miicadelenin
sonucu, salim zamani uygulanan av/avci oranina gore belirlenir” hipotezi, domates serasinda kafes igerisindeki domatesler tizerinde incelenmistir.
Bu calismada, beyazsinegin baslangic yogunlugunun populasyon artisina olan etkisi avci, S. parcesetosum salimindan bagimsiz olarak etki
gostermistir (P> 0.05 beyazsinek yogunlugu x avci salim interaksiyonu). Her iki yilda da beyazsinek baslangi¢ yogunluklari ile aver S. parcesetosum
etkilesiminde beyaz sinegin kontrol altina alinmasinda 6nemli bir fark goriilmedi. Beyazsinegin baslangi¢ yogunlugu orta ve ytiiksek olan her iki
kafeslerdede avci, S. parcesetosum salindiktan 2-3 hafta sonra beyazsinek yogunlugu avc tarafindan azaltilmigtir. Caligma siiresince, aver gelin
bocegi, S. parcesetosum’un ciftlesen erginleri, larvalar1 ve pupalari, avcnin salimimn yapildigi tiim kafeslerde goriildii. Bu sonuglar, S.
parcesetosum'un Tiirkiye'de ilkbahar aylarinda ortii altinda yetistirilen domates bitkilerinin iizerinde Beyazsinekle beslenerek yasayabildigini ve
¢ogalabildigini ortaya koymustur.
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Predacious activity of Serangium parcesetosum Sicard (Coleoptera: Coccinellidae) on Bemisia tabaci Genn. (Hemiptera: Aleyrodidae) on

caged tomato

INTRODUCTION

The main whitefly species causing problems on tomatoes grown in the greenhouses is Bemisia tabaci
Genn. (Hemiptera: Aleyrodidae) in the Mediterranean Region of Turkey (Ulubilir and Yabas, 1996;
Ulubilir et al., 1999). Whiteflies can seriously damage the crops by sucking the sap, causing leaves to
yellow, shrivel, and drop prematurely, as a vector of viruses such as Tomato yellow leaf curl virus
(TYLCV), and secreting honeydew, causing sooty-mold growth on leaves covered with honeydew
excreted by the pest (Perring, 2001). The economic thresholds of the pest populations can be rapidly
reached unless effective controls measures. The management of B. tabaci is based on the heavily
application of pesticides. In recent years, environmental concerns about pesticide contamination of soil,
water, and air have led policy makers to launch ambitious programs to reduce the number of pesticide
applications used in agricultural ecosystems. Farmers producing tomato in Turkey are willing to apply
mostly biological control agents against pests, because of the problem of pesticide residue on tomato crop
(Yucel et al., 1995, 1996; Ulubilir et al., 1998; Karut, 2007). Non-glandular and glandular trichomes in
foliage and stems of tomato plants have a negative effect, reduce the mobility of predators and make the
search behaviour of predators more difficult. In addition, the glandular trichomes produce toxic exudates
having potentially poisonous to natural enemies of pests. Non-glandular and glandular trichomes in
foliage and stems of tomato plants have a negative effect, reduce the mobility of predators and make the
search behaviour of predators more difficult. Consequently, establishing a biological control program
against B. tabaci on tomato is more difficult (Stansly et al., 2004). Commonly natural enemies of B. tabaci
on tomato plants in greenhouses in the Mediterranean countries are the predator Nesidiocoris tenuis
Reuter (Hem.: Miridae) and the parasitoid, Eretmocerus mundus Mercet (Hym.: Aphelinidae) (Albajes and
Alomar, 1999; van der Blom, 2002; Sanchez et al., 2003). The success of natural enemies of whitefly
depends on their ability to live on tomato plants with glandular trichomes (Stansly et al., 2005). Biological
control of B. tabaci in greenhouses requires more careful monitoring, increased parasitoid releasing, and/
or the use of additional natural enemies (van Lenteren and Martin, 1999).

Solanaceous species, including tomato are not preferred by natural enemies because of their hairy
trichomes, which prevent the movement of predators and parasitoids (Bottrell, 1998). Although the
number of natural enemies used against B. tabaci on greenhouse-grown tomato is limited, S. parcesetosum
has a positive result in biological control of B. tabaci on greenhouse in which eggplant is grown (Kutuk et
al., 2008).

Laboratory studies have shown that both larvae and adults of Serangium are voracious feeders, capable of
consuming large numbers of immature silverleaf whiteflies in a short period. Legaspi et al. (1996)
demonstrated that adults consumed approximately 400 whitefly nymphs in 24 hours and the cumulative
lifetime predation rate was approximately 5,000 whitefly nymphs per Serangium adult. These data
suggest that Serangium may have the potential to control whitefly at moderate to high levels.

Where parasitoid or predatory insects have been used for pest control at the field trial level, failures may
occur from time to time. Factors that can influence the effectiveness of biological control agents include
the specificity of agent (generalist or specialist), the type of agent (predator, parasitoid, or pathogen), the
timing and number of releases, the method of release, synchrony of the natural enemy with the host, field
conditions, and release rate. The pest-to-predator ratio is considered to be one of the major important
factors (Stiling and Cornelissen, 2005). This study investigated the hypothesis that success in biological
control of B. tabaci through the release of S. parcesetosum is much more certain if the ladybird beetle can be
introduced when whitefly population is at a moderate level in greenhouses.

MATERYAL AND METHOD

Clean Plant Production
The tomato seedling cultivar” Tayfun” were planted singly in pots to produce robust plants for
infestation with whitefly after 4-7 weeks.
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Whitefly Production

Two cheese-cloth-covered cages approximately 110x50x80 cm were accommodated in a greenhouse.
Fifteen cotton plants were caged every week and they were moved to a constant temperature room (27°C,
70% RH, 16 h photoperiod) and placed near the plants infested with whitefly, B. fabaci.

Serangium Parcesetosum Production

Ladybirds’adults were reared according to Yigit (1992). Every week 10 potted cotton plants, heavily
infested by whitefly were introduced into a cage. The cages were kept in a room (25 °C, 70% RH, 16 h
photoperiod). Ten to fifteen adults of S. parcesetosum were released into the cage.

Greenhouse Experiment

The effectiveness of S. parcesetosum against the whitefly populations with moderate and high density on
greenhouse-grown tomato was evaluated in the Alata Horticultural Research Institute, in the spring of
2015 and 2016. In the greenhouse, tomato cv. “Tayfun” were planted in the middle of February with 360
tomato seedlings in 2015 and 2016. At the same date, sixteen exclusion cages (3x2.7x2 m), each of covering
20 tomato plants were placed in a greenhouse. When tomato plants reached the 6-leaf period, a high
whitefly population was established by inoculating each cage with100 B.tabaci adults weekly to 8 cages
for 3 weeks and a moderate whitefly population was established inoculating each cage with 50 adults B.
tabaci weekly for the remaining 8 cages for 3 weeks. After this whitefly inoculation period, whitefly
population was monitored weekly by sampling two leaves per plant of the selected 5 plants per cage
from 4 April 2015 to 11 June 2015 and from 11 April 2016 to 13 June 2016.

Immature stages of whitefly on a 5 cm? leaf area were counted under a dissecting microscope. According
to the whitefly densities and the number of adult whiteflies released at the beginning, the cages were
divided into two groups, 8 of which had high whitefly density and the other 8 had moderate whitefly
density. After determining mean whitefly density, four cages of each density (moderate, high) received a
single release of S. parcesetosum two adults per plant (a total of 40 adults per cage) on 21 May 2015 and 25
April 2016. The remaining 4 cages of each density were considered untreated control. After the first
release of the predator, the abundance of S. parcesetosum larvae and adults were recorded by visual
inspections selected 5 plants per cage before taking the leaves to count B. tabaci. Mean whitefly densities
per 5 cm? leaf area among two whitefly densities (moderate, high) and 2 S. parcesetosum release
treatments (released, unreleased) were compared using a repeated measure (ANOVA), with the sample
date as the repeated measure.

Data loggers (HOBO, Onset Computer, Bourne, MA, USA) were employed to track the temperature and
relative humidity during the experiment. In 2015, the mean 10 days interval temperature and relative
humidity during the experiment ranged, respectively from 22.1°C, 67.8% on 9 April to 30.8°C, 73.3% on
18 June. In 2016, the mean 10 days interval temperature and relative humidity during the experiment
ranged, respectively from 23.4°C, 53.2% on 11 April to 29.4°C, 62.4% on 13 June.

RESULT AND DISCUSSION

The influence of initial whitefly density on whitefly population growth rate was independent of the
presence or absence of S. parcesetosum (P> 0:05 for the whitefly density x predator release interaction),
demonstrating no significant differences in whitefly suppression from S. parcesetosum predation were
observed between the two initial whitefly densities in both years (Table 1 and 2). Whitefly population
growth rates was not significantly different between two initial whitefly densities (whitefly density x
sample week interaction) in 2016 (Table 2). However, it varied significantly in 2015 (Table 1).

Due to the lack of a significant initial whitefly density x predator release interaction, the hypothesis that
biological control of B. tabaci by S. parcesetosum should be more effective on moderate initial whitefly
density compared to high initial whitefly density was not supported by this experiment. Whitefly density
was reduced by S. parcesetosum in high and moderate initial whitefly density cages 2-3 weeks after
releasing ladybirds because Serangium is voracious feeders (Figure 1 and 2).
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Table 1. Results of repeated measures ANOVA conducted immature B. tabaci in greenhouse experiment in 2015.
Cizelge 1. Domates serasinda 2015 yilimda Beyazsinek, B. tabaci’nin ergin oncesi donemleri iizerinde yiiriitiilen denemenin

VARYANS analiz sonuclari.

Effect df F P
Whitefly density 1,12 0,389 0,545
Predatory release 1,12 8,334 <0,014
Whitefly density x predator release 1,12 0,489 0,498
Sample week 10,120 20,334 <0,000
Predator release x sample week 10,120 6.293 <0.000
Whitefly density x sample week 10,120 2.653 <0.006
Whitefly density x predator release x sample week 10,120 1.565 0.125

Table 2. Results of repeated measures ANOVA conducted immature B. tabaci in greenhouse experiment in 2016.
Cizelge 2. Domates serasinda 2016 yilinda Beyazsinek, B. tabaci’nin ergin oéncesi donemleri iizerinde yiiriitiilen denemenin

VARYANS analiz sonuclari.

Effect df F P
Whitefly density 1,12 10.493 <0.007
Predatory release 1,12 16,650 <0.002
Whitefly density x predator release 1,12 0.042 0.841
Sample week 9,108 7.627 <0.000
Predator release x sample week 9,108 5.503 <0.000
Whitefly density x sample week 9,108 0.416 0.924
Whitefly density x predator release x sample week 9,108 0.716 0.693
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Figure 1: The influences of initial whitefly density and S. parcesetosum releases on B. tabaci population dynamics.
Mean (+) numbers of Bemisia tabaci larvae and pupae per 5 cm? of leaf area in cages with and without releases of S.
parcesetosum in high (A) and moderate (B) initial whitefly densitiy in 2015 and mean numbers of S. parcesetosum
adults and larvae per plant observed in 2.5 min visual search in high (C) and moderate (D) initial whitefly densitiy

ladybird released cages in 2015.

Sekil 1. S. parcesetosum salimnin Beyazsinek, B. tabaci populasyonu iizerine etkisi.
2015 yilinda baglangi¢ beyazsinek yogunlugu yiiksek (A) ve orta (B) olan kafeslerde S. parcesetosum salinan ve salinmayan
(kontrol) kafeslerde ortalama (+) Bemisia tabaci (Larva + pupa)/ 5 cm? /yaprak ve baslangi¢ beyazsinek yogunlugu yiiksek (C) ve
orta (D) olan S. parcesetosum salinan kafeslerdeki avci (ergin+larva) sayilari (adet/bitki /2,5 dakika gozle kontrol)
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Figure 2: The influences of initial whitefly density and S. parcesetosum releases on B. tabaci population dynamics.
Mean (+) numbers of Bemisia tabaci larvae and pupae per 5 cm? of leaf area in cages with and without releases of S.
parcesetosum in high (A) and moderate (B) initial whitefly densitiy in 2016 and mean numbers of S. parcesetosum
adults and larvae per plant observed in 2.5 min visual search in high (C) and moderate (D) initial whitefly densitiy
ladybird released cages in 2016.

Sekil 2. S. parcesetosum salimnin Beyazsinek, B. tabaci populasyonu iizerine etkisi.

2016 yilinda baglangig beyazsinek yogunlugu yiiksek (A) ve orta (B) olan kafeslerde S. parcesetosum salinan ve salinmayan
(kontrol) kafeslerde ortalama (+) Bemisia tabaci (Larva + pupa)! 5 cm? [yaprak ve baslangic beyazsinek yogunlugu yiiksek (C) ve
orta (D) olan S. parcesetosum salinan kafeslerdeki avci (ergin+larva) sayilari (adet/bitki /2,5 dakika gozle kontrol)

During the experiment, copulating adults, larvae, and pupae were observed in both predator-releasing
cages. These results indicated that S. parcesetosum can survive and reproduce on tomato plants, infested
by B. tabaci in greenhouse production during the spring months in Turkey.

In the tomato—initial whitefly population—coccinellid predator system it is described in this paper, B.
tabaci population suppression was obtained through the release of S. parcesetosum in both initial whitefly
densities (Figure 1, 2). The results demonstrated that S. parcesetosum has increased its population with B.
tabaci as prey and the whitefly populations decreased consequently, under plastic greenhouse tomato
conditions (Figure 1, 2). It was found that S. parcesetosum developed successfully in plastic greenhouses
where eggplant cultivated, infested by B. tabaci (Kutuk et al., 2008).

Tools of biocontrol-based IPM programs against B. tabaci is difficult in plastic houses (Stansly et al., 2004).
However, attention in biological control proceeds to increase in the world (van der Blom, 2002) and
usually, mirid (Heteroptera: Miridae) predators have been used in IPM programs. However, mirid
predators are considered as a pest in the case of lack of their prey because they can feed on juice of
tomato plants, causing necrotic rings on stems and flowers and punctures in fruits. These findings show
that more biocontrol agents had to be introduced in plastic greenhouse tomato crop.

CONCLUSION

Serangium parcesetosum can be offered as an alternative solution to increase implementation of biologically
B. tabaci management in greenhouses where tomato is cultivated in the Mediterranean Region of Turkey.
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