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Functional response of egg parasitoids, Psix saccharicola and Trissolcus agriope
(Hymenoptera: Scelionidae) on cold-stored eggs of Acrosternum arabicum
(Hemiptera: Pentatomidae)
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ABSTRACT

Storage at low temperature for host availability at different times is a valuable way to increase the mass
production of natural enemies for biological control programs. Usually, host cold storage is done at
temperatures below the optimum temperature and can affect the adaptations of natural enemies. Egg
parasitoids, Trissolcus agriope and Psix saccharicola from Scelionidae family are as biological control
agents against important pest of pistachio, greenstink bug, Acrosternum arabicum. In this study, effect of
host egg storage at 4 £ 1 °C on functional response of Trissolcus agriope and Psix saccharicola were
evaluated at different densities (5, 10, 15, 20, 25, 30, 35, 50, 65, 80 and 95) under laboratory conditions.
Logistic regression analysis revealed a functional response type Ill for T. agriope on both fresh and cold-
stored eggs and type IlIl and Il for P. saccharicola on fresh eggs and cold-stored eggs, respectively.
Although the type of treatment did not change the type of functional response in T. agriope but were
reduced the type of response from Ill on fresh eggs to type Il on cold-stored eggs in P. saccharicola.
However handling time in both species were increased in cold-stored eggs treatment compared to fresh eggs
treatment. Our results suggest that T. agriope can successfully parasitize cold-stored eggs of A. arabicum
without considerable undesirable effects on its parasitism rates. However, this method may have negative
effects on the performance of some other parasitoid wasp, including P. saccharicola.

Keywords: Attack rate, Biological control, Cold storage, Handling time.
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Table 1- Logistic regression statistics determining the functional response type in two parasitoid wasps
Psix saccharicola and Trissolcus agriope reared on fresh and cold stored eggs of Acrosternum arabicum.

Full Model Reduced
Best Fit
Model
Parasitoid species ~ Treatment Coefficient ~ Estimate SE b P-value  Coefficient Estimate SE b P-value
Constant (P))  1.5955 0.3518  20.5626 <.0001
Psix sacharicola Linear (P1) 0.0702 0.0238  8.6571 0.0033
Fresh eggs Quadratic
) -0.00185 0.000460 16.1752 <.0001
Cubic (P3)  9.897E-6 2.646E-6 13.9879 0.0002
Cold stored Constant
Constant (Po)  2.6899 0.3814  49.7287 <.0001 2.7281 0.1037 691.4642 <.0001
eggs (Po)
Linear (P;) -0.0287 0.0247  1.3492 0.2454  Linear (Py) -0.0294 0.00142 428.9020 <.0001
Quadratic
0.000017 0.000467 0.0013 0.9716
(P2)
Cubic (P3) -2.24E-7  2.659E-6 0.0071 0.9330
Constant (P))  0.9177 0.2673  11.7831 0.0006 Constant ~ 1.0934  0.1571 48.4331 <.0001
Trissolcus (Po)
agriope Fresh eggs Linear (P;) 0.0280 0.0187 22490 0.1337 Linear (Py) 0.0138 0.00621 4.9416  0.0262
Quadratic ~ -0.00060 0.000370 2.6087 0.1063  Quadratic 0.000053 32.6391 <.0001
(P2) (P2) 0.00030
Cubic (P3) 1.757E-6  2.185E-6 0.6468 0.4212
Constant (Pp)  0.6143 0.2753  4.9794 0.0257
Cold stored Linear (Py) 0.0776 0.0195 15.8227 <.0001
€ggs Quadratic ~ -0.00160 0.000388 17.0236 <.0001
(P2)
Cubic (P3)  7.408E-6  2.28E-6 10.5550 0.0012
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Table 2- Functional response parameters (+ standard error) estimated for two parasitoids Psix

saccharicola and Trissolcus agriope reared on fresh and cold stored eggs of Acrosternum arabicum

Attack Rate Handling Time
Parasitoid species Type of host eggs Type a(hf Th(h)® r
Psix sacharicola Fresh 11 0.4014+0.012 0.9927
Cold storage Il 0.1700+0.0192 0.4526+0.023 0.9811
Trissolcus agriope Fresh 11 0.4634+0.022 0.9838
Cold storage 11 0.5336+0.033 0.9879
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FIG. 1. Observed numbers (symbols) of fresh and cold-stored eggs of Acrosternum arabicum parasitized
by two egg parasitoids, Trissolcus agriope and Psix saccharicola

S9UaS euSails (SdjpelS 098 5l 5 g Jbo G S
‘Satid,.il.oﬂ Sl ol 1,8 JLasl o cye ooy shpgh b 3l Jels iegh ol
23,5 o S0, olxind, ) ac Jg olals  AGRITPP959T

Color o 4 oRiils ] 5l g (o bl o

REFERENCES

Allahyari H, Azmayesh fard P, Nozari J (2004) Effects of host on functional response of offspring in
two populations of Trissolcus grandis on the sunn pest. Journal of Applied Entomology 128: 39-
43.

Alim MA, Lim UT (2010) Biological attributes of Ooencyrtus nezarae Ishii (Hymenoptera: Encyrtidae)
reared on refrigerated eggs of Riptortus pedestris (=clavatus) Fabricius (Hemiptera: Alydidae).
Journal of Asia-Pacific Entomology 13: 139-143.

Asgari Sh, Kamali K, Fathipour Y, Solaymannejadian E (2002) Comparison of functional and
numerical responses of egg parasitoid of sunn pest, Trissolcus semistriatus reared on Eurygaster
integriceps and Graphosoma lineatum. Pests and plant diseases 69 (2) 97- 110. (In Persian).

Banamolaei P, Iranipour S, Asghari S (2018). Functional Response of Two Populations of Trissolcus
vassilievi (Mayr) on Sunn Pest Eggs (Eurygaster integriceps Puton). Journal of Applied
Researches in Plant Protection 6 (4): 89-106.

Bernal JS, Bellows TS, Gonzales D (1994) Functional response of Diaerteiella rapae (Mclntosh)
(Hym.: Aphidiidae) to Diuraphis noxia (Mordwilko) (Hom.: Aphididae) hosts. Journal of Applied
Entomology 118: 300-309.

Bruce AY, Schulthess F, Mueke J (2009) Host acceptance, suitability, and effects of host deprivation on
the west African egg parasitoid Telenomus isis (Hymenoptera: Scelionidae) reared on east African
stemborers under varying temperature and humidity regimens. Environmental Entomology 38:
904-919.

Chen WL, Leopold RA (2007) Progeny quality of Gonatocerus ashmeadi (Hymenoptera: Mymaridae)
reared on stored eggs of Homalodisca coagulate (Hemiptera: Cicadellidae). Journal of Economic
Entomology 100: 685-694.

Chown SL, Nicolson S (2004) Insect physiological ecology: mechanisms and patterns. Oxford


https://www.researchgate.net/journal/0046-225X_Environmental_Entomology

.. Psix saccharicola, Trissolcus agriope sl s ool STy o)), Sen § > ¥

University Press.

Colinet H, Boivin G (2011) Insect parasitoids cold storage: A comprehensive review of factors of
variability and consequences. Biological Control 58: 83- 95.

Colinet H, Hance T, Vernon P (2006) Water relations, fat reserves, survival, and longevity of a cold-
exposed parasitic wasp Aphidius colemani (Hymenoptera: Aphidiinae). Environmental
Entomology 35: 228-236.

Colinet H, Vernon P, Hance T (2007) Does thermal-related plasticity in size and fat reserves influence
supercooling abilities and cold-tolerance in Aphidius colemani (Hymenoptera: Aphidiinae)
mummies? Journal of Thermal Biology 32: 374-382.

Da Rocha L, Kolberg R, Mendona JRMS, Redaelli LR (2006) Effects of egg age of Spartocera
denticentris (Berg) (Hemiptera: Coreidae) on parasitism by Gryon gallardoi (Brethes)
(Hymenoptera: Scelionidae). Neotropical Entomology 35: 654-659.

De Clercq P, Mohaghegh J, Tirry L (2000) Effect of host plant on the functional response of the
predator Podisus nigrispinus (Heteroptera: Pentatomidae). Biological Control 18: 65-70.

Drooz A, Weems M (1982) Cooling eggs of Eutrapela clemataria (lepidoptera: Geometridae) to— 10 C
forestalls decline in parasite production with Ooencyrtus ennomophagus (Hymenoptera:
Encyrtidae). The Canadian Entomologist 114: 1195-1196.

Fathipour Y (2001) Functional response of Trissolcus grandis (Hym., Scelionidae) to different egg
densities of Eurygaster integriceps (Het., Scutelleridae) and effects of wheat genotypes on it.
Applied Entomology and Phytopathology6 8: 123-136.

Fernandez-arhex V, Corley JC (2003) The functional response of parasitoids and its implications for
biological control. Biocontrol Science and Technology 13(4): 403-413.

Foerster LA, Doetzer AK, Castro LCFD (2004) Emergence, longevity and fecundity of Trissolcus
basalis and Telenomus podisi after cold storage in the pupal stage. Pesquisa Agropecudria
Brasileira 39: 841-845.

Foerster LA, Doetzer AK (2006) Cold storage of the egg parasitoids Trissolcus basalis (Wollaston) and
Telenomus podisi Ashmead (Hymenoptera: Scelionidae). Biological Control 36: 232-237.

Forouzan F, Jalali MA, Ziaaddini M, Hashemi Rad H (2018) Effect of cold storage on biological traits
of Psix saccharicola (Hymenoptera: Platygastridae), an egg parasitoid of Acrosternum arabicum
(Hemiptera: Pentatomidae). Journal of economic entomology 111(3): 1144-1150.

Franks F (1982) The properties of aqueous solutions at subzero temperatures, In: (ed.), Water and
aqueous solutions at subzero temperatures. Springer. Pp. 215- 338.

Hance T, Van Baaren J, Vernon P, Boivin G (2007) Impact of extreme temperatures on parasitoids in a
climate change perspective. Annual Review of Entomology 52: 107.

Hassell M P (1978) The Dynamics of Arthropod Predator Prey Systems. New Jersey: Princeton
University Press.

Hassell M, Lawton J, Beddington J (1977). Sigmoid functional responses by invertebrate predators and
parasitoids. The Journal of Animal Ecology 249-262.

Hemerik L, Yano E (2011) Scaling up from individual behaviour of Orius sauteri foraging on Thrips
palmi to its daily functional response. Population Ecology 53(4): 563.

Holling CS (1959) Some characteristics of simple types of predation and parasitism. The Canadian
Entomologist 91: 385-398.

Jamshidnia A, Kharazi-Pakdel A, Allahyari H, Soleymannejadian E (2010) Functional response of
Telenomus busseolae (Hym.: Scelionidae) an egg parasitoid of the sugarcane stem borer, Sesamia
nonagrioides (Lep.: Noctuidae) at different temperatures. Biocontrol Science and Technology
20(6): 631-640.

Juliano SA (2001) Nonlinear curve fitting: predation and functional response curves, In: S. M. Scheiner
and J.Gurevitch (ed.), Design and Analysis of Ecological Experiments. Oxford University Press
New York.

Kivan M, Kilic N (2004) Parastiism and development of Trissolcus simoni in eggs of different host
species. Phytoparasitica 32: 57-60.

Kivan M, Kilic N (2005) Effects of storage at low-temperature of various heteropteran host eggs on the
egg parasitoid, Trissolcus semistriatus. BioControl 50: 589-600.

Laumann RA, Moraes MCB, Pareja M, Alarcao GC, Botelho AC, Maia AHN, Leonardecz E,
Borges M (2008) Comparative biology and functional response of Trissolcus spp. (Hymenoptera:
Scelionidae) and implications for stink bugs (Hemiptera: Pentatomidae) biological control.
Biological Control 44(1): 32-41.

Leopold RA (1991) Cryopreservation of insect germplasm: Cells, tissues and organisms, In: (ed.), Insects


http://www.scielo.br/ne

o

IYAD Gliaali g 5l ) 8,led A 5,90 ( oLS sl (5 ke 5 DB So5glem J S

at low temperature. Springer. pp. 379-407.

Leopold RA (1998) Cold storage of insects for integrated pest management. In: Hallman GJ, Denlinger
DL (ed.), Temperature sensitivity in insects and application in integrated pest management. pp.
235-267.

Mainali BP, Lim UT (2013) Quality assessment of Riptortus pedestris (Hemiptera: Alydidae) eggs cold-
stored at different temperature and relative humidity regime. Biological Control 64: 132-137.
Mazur P, Cole KW, Hall JW, Schreuders PD, Mahowald, AP (1992) Cryobiological preservation of

Drosophila embryos. Science-New york Then Washington 258: 1932-1932.

Mehrnejad MR (2013) Abundance of parasitoids associated with two major stink bugs on pistachio
trees. Applied Entomology and Phytopathology 81(1): 83-84.

Mills NJ, Lacan | (2004) Ratio dependence in the functional response of insect parasitoids: evidence
from Trichogramma minutum foraging for eggs in small patches. Ecological Entomology 29: 208—
216.

Mohaghegh J, DeClercq P, Tirry L (2001) Functional response of the predators Podisus maculiventris
(Say) and Podisus nigrispinus (Dallas) (Heteroptera: Pentatomidae) to the beet armyworms,
Spodoptera exigua Hubner (Lepidoptera: Noctuidae): effect of temperature. Journal of Applied
Entomology 125: 131-134.

Mohammadpour, M., Ziaaddini, M., Jalali, M. A., Hashemirad, H. and Mohammadi-
Khoramabadi, A (2016) Egg parasitoids of the pistachio green stink bug, Brachynema germari
(Hemiptera: Pentatomidae) in Kerman province, Iran. Zoology and Ecology, 26: 28-34.

Mahmoud A, Lim UT (2007) Evaluation of cold-stored eggs of Dolycoris baccarum (Hemiptera:
Pentatomidae) for parasitization by Trissolcus nigripedius (Hymenoptera: Scelionidae). Biological
Control 43: 287-293.

Montoya P, Liedo P, Benrey B, Barrera JF, Cancino J, Aluja M (2002) Functional response and
superparasitism by Diachasmimorpha longicaudata (Hymenoptera: Braconidae), a parasitoid of
fruit flies (Diptera: Tephritidae). Annals of the Entomological Society of America 93(1): 47-54.

Nachman. G. (2006). A functional response model of a predator population foraging in a patchy habitat.
Journal of Animal Ecology 75(4): 948-958.

Orr DB 1988. Scelionid wasps as biological control agents: a review. Florida Entomologist 71 (4): 506-
528.

Pandey R, Johnson MW (2005) Effects of cool storage on Anagyrus ananatis Gahan (Hymenoptera:
Encyrtidae). Biological Control 35: 9-16.

Pourkhatoon S, Ziaaddini M, Alizadeh A, Jalali MA, Ebrahimi M (2016). Biological characteristic of
Brachynema germari (Hemiptera: Pentatomidae): comparative study of composite and natural diet.
Journal of Economic Entomology 109(3): 1273-1282.

Ruberson JR, Kring TJ (1993) Parasitism of developingeggs by Trichogramma pretiosum
(Hymenoptera: Trichogrammatidae) host age preference and suitability. Biological Control 3: 39—
46.

Rundle BJ, Thomson LJ, Hoffmann AA (2004) Effects of cold storage on field and laboratory
performance of Trichogramma carverae (Hymenoptera: Trichogrammatidae) and the response of
three Trichogramma spp.(T. carverae, T. nr. brassicae, and T. funiculatum) to cold. Journal of
Economic Entomology 97: 213-221.

SAS Institute (1999). SAS/STA User’s Guide, Version 1.3.0.161. SAS Institute, Cary, NC, USA.

Steponkus P, Myers S, Lynch D, Gardner L, Bronshteyn V, Leibo S, Rall W, Pitt R, Lin TT
Maclntyre R (1990) Cryopreservation of Drosophila melanogaster embryos 345(6271): 170- 172.

Streams FA (1994) Effect of prey size on attack components of the functional response by Notonecta
undulata. Oecologia 98(1): 57-63.

Trexler JC, McCulloch CE, Travis J (1988) How can the functional reponse best be determined?
Oecologia 76(2): 206-214.

van Driesche RG, Bellows TSJr (1996) Biological Control. Chapman and Hall New York.

van Lenteren JC, Tommasini M 2003. Mass production, storage, shipment and release of natural
enemies, In: van Lenteren JC (ed.), Quality control and production of biological control agents:
theory and testing procedures.CABI Publishing, Wallingford, UK. pp.182-189.



