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Effects of different factors on the efficacy of grain protectants

WANG Zheng-Yan'" LI XingKui’

HE Meng-Ting' LUO Qiong' LU YudJie' (1. School of Food

Science and Technology Henan University of Technology Zhengzhou 450001 China; 2. Department of
Modern Management Zhengzhou Technical College Zhengzhou 450121)

Abstract: Confronted with different problems from application of grain protectants to stored grain pest
control this paper reviews effects of pest susceptibility to insecticide formulation type application
technology grain type and storage condition on the efficacy of grain protectants. Practical significance of
related results in stored grain pest control and future research direction of grain protectants are also
discussed.

Key words: Stored grain; grain protectant; pesticide efficacy

( Hertlein et al. 2011) o

2002; Guedes et al. 2008) ,

( Arthur 2016; Kavallieratos et al. 2018) .
( Hertlein et al. 2011) o N

A N

(202102110059) ; (31601890) ; (201908410090)

Author for correspondence:

Received: 2020 -04 -27;

E - mail: zywangedu@ 163. com
Accepted: 2020 -09 - 04



3 661
o Eroglu et al. 2019) .
Trogoderma granarium
( Kavallieratos et al. 2017) o
L. entomophila . N
o Lepinotus  reticulatus Lepidoglyphus
destructor ( Athanassiou et al. 2009a) ;
1 2~4 g/m’ Tenebrio molitor
3 4 ( Mewis and
1.1 Ulrichs 2001) »
1.1.1 3 (1)
N ;o (2)
;(3)
Prostephanus truncatus Rhyzopertha dominica
> Sitophilus oryzae > Tribolium ( ) ( )
castaneum T. confusum ( Nayak et al. o
2005; Athanassiou and Kavallieratos 2014) ; 1.1.2
Trogoderma N N
variabile ( Arthur et al. 2017) ; o
( Arnaud et al. o Plodia
2005) ; S. granarius interpunctella 1
> >
> > ( Kljajic and Peric o
2007) ; Liposcelis decolor N S s .

> >

( Nayak et al. 2002) .

Sitotroga cerealella
( Arthur 2016; Wijayaratne et al. 2018) ;
Cryptolestes ferrugineus
2007) ;

Oryzaephilus surinamensis

( Vardeman et al.

( Rumbos et al. 2016b;

2017) ;

( Kavallieratos et al.

~ ~

( Mewis and Ulrichs 2001; Kavallieratos
et al. 2019) .

( Mewis and Ulrichs 2001) .
1.1.3



662 Journal of Environmental Entomology 43
( Arnaud ( Athanassiou
et al. 2005) ; . and Korunic 2007) .
( Kljajic and Peric .
2006) ; LD,, 1 1.3
23.0 238.8 ( Kljajic and Peric 2007) ;
Callosobruchus maculatus ( Wakil et al. 2013);
( Oyeniyi et al. 2015) . N
1.2 ( Athanassiou et al. 2008 a 2009 b) .
20 o o
~ ~ pH ;
( Athanassiou et al. 2009a) ( Rumbos
et al. 2016 a) ,
( Nwaubani et al. 2014) , ( Athanassiou
( Arnaud et al. 2005) et al. 2007) .
o ( Kavallieratos et al.
( Rumbos 2005; Wakil et al. 2013)
et al. 2016 b) . ( Athanassiou et al.
2008 b) N
( Athanassiou ( Kavallieratos et al.
et al. 2008 a): 2017 2019) .
o Insecto  SilicoSec
( Athanassiou et al. 2016) ; 640 mg/kg . . .
5
( Yang
et al. 2009) . > > >
> > ( Kavallieratos et al.  2005) .
Metarhizium anisopliae 14 d
( Chintzoglou et al. 2008) .
( Kavallieratos
et al. 2006) ( Oyeniyi

2015) .

et al.



663

( Rumbos et al. 2016a)

( Kavallieratos et al.

2018) ; . 5 3

( Athanassiou et al. 2008 b) .
1.4
25C 10% N
69 d. 101 d
346 d; 40°C 13% 3
34 d. 36 d 78 d ( Afridi
et al. 2001) , ( >60%)

N

( Mewis and Ulrichs 2001;

Athanassiou et al.

2009a)
( Eroglu et al. 2019) .
1.5
( Mlambo et al. 2018) N
( 2001;
Vardeman et al. 2007; Eroglu et al. 2019)
( Athanassiou
et al. 2008 a) . 22°C. 28C

34°C
( Kavallieratos et al. 2011) ;
( Arnaud et al.

2005)

( Mlambo
et al. 2018) .

2

2.1

( Rumbos et al. 2018) ,
( Hertlein et al. 2011) ; .
( Wijayaratne et al. 2018) ;
( Wakil and Schmitt 2015) .
+

( Nayak and Daglish 2017) ;
( Chen and Chen 2013) .

2.2
( 2009) ;

( 2003) ;

( Structural
treatment)
( Wijayaratne et al. 2018) .
co,
( 1997) .

3



664 Journal of Environmental Entomology 43

( Hertlein et al. 2011) o

( Wang et al.
 (2)

2016)

(Isman 2020); (3)

( Oyeniyi et al. 2015) .

( References)

Afridi TAK  Parveen Z Masud SZ. Stability of organophosphate and
pyrethroid pesticides on wheat in storage J . Journal of Stored
Products Research 2001 37 (2): 199 —204.

Arnaud L. Lan HTT Brostaux Y et al. Efficacy of diatomaceous earth
formulations admixed with grain against populations of Tribolium

Journal of Stored Products Research 2005
41 (2): 121 -130.

Arthur FH  Campbell JF  Donaldson JE. Laboratory evaluation of

castaneum ]

particle size food contamination and residual efficacy of pyrethrin
+ methoprene aerosol ] .

2017 72: 100 -110.

Journal of Stored Products Research

Arthur FH. Efficacy ofmethoprene for multi — year protection of stored
wheat brown rice rough rice and com J . Journal of Stored
Products Research 2016 68: 85 -92.

Athanassiou CG  Arthur FH Opit GP et al. Insecticidal effect of

diatomaceous earth against three species of stored — product psocids

on maize rice and wheat J . Journal of Economic Entomology
2009a 102 (4): 1673 - 1680.

Athanassiou CG  Arthur FH Throne JE. Efficacy of grain protectants
against four psocid species on maize rice and wheat J . Pest
Management Science 2009b 65 (2) : 1140 - 1146.

Athanassiou CG  Kavallieratos NG Chintzoglou GJ et al. Effect of
temperature and commodity on insecticidal efficacy of spinosad dust
against  Sitophilus oryzae ( Coleoptera: Curculionidae ) and
Rhyzopertha dominica ( Coleoptera: Bostrychidag —J . Journal of
Economic Entomology 2008a 101 (3): 976 —981.

Athanassiou CG  Kavallieratos NG Meletsis CM. Insecticidal effect of
three diatomaceous earth formulations applied alone or in
combination against three stored — product beetle species on wheat
and maize J Journal of Stored Products Research 2007
43 (3): 330 -334.

Athanassiou CG  Kavallieratos NG Vayias B] et al. Influence of grain
type on the susceptibility of different Sitophilus oryzae ( L. )
populations  obtained from different rearing media to three
diatomaceous earth formulations J . Journal of Stored Products
Research  2008b 44 (3) : 279 -284.

Athanassiou CG  Kavallieratos NG. Evaluation of spinetoram and
spinosad for control of Prostephanus truncatus  Rhyzopertha
dominica  Sitophilus oryzae and Tribolium confusum on stored
grains under laboratory tests J . Journal of Pest Science 2014
87 (3): 469 -483.

Athanassiou CG  Korunic Z. Evaluation of two new diatomaceous earth
formulations  enhanced with abamectin and bitterbarkomycin
against four stored — grain beetle species J . Journal of Stored
Products Research 2007 43 (4): 468 —473.

Athanassiou CG  Vassilakos TN  Dutton AC et al. Combining
electrostatic powder with an insecticide: Effect on stored — product

beetles and on the commodity J

2016 72 (12): 2208 -2217.

Pest Management Science

Chen CY Chen ME. Susceptibility of field populations of the lesser grain
borer  Rhyzopertha dominica ( F.) to deltamethrin and spinosad
on paddy rice in Taiwan J . Journal of Stored Products Research
2013 55: 124 —127.

Chen JD. The effect of grain temperature on protectant efficacy and
residue J . Grain Storage 2003 32 (2): 3 -4.

J .
2003 32 (2): 3-4.

Chintzoglou GJ Athanassiou CG Markoglou AN et al. Influence of
commodity on the effect of spinosad dust against Rhyzopertha
dominica (F.) ( Coleoptera: Bostrychidae) and Sitophilus oryzae
(L) ( Coleoptera: Curculionidae)
Pest Management 2008 54 (4): 277 -285.

Eroglu N Sakka MK Emekci M et al. Effects of zeolite formulations

J . International Journal of

on the mortality and progeny production of Sitophilus oryzae and
Oryzaephilus surinamensis at different temperature and relative
humidity levels J . Journal of Stored Products Research 2019
81: 40 —45.

Guedes RNC ~ Campbell JF  Arthur FH et al. Acute lethal and



665

behavioral sublethal responses of two stored — product psocids to

surface insecticides ] Pest  Management Science 2008
64 (12): 1314 —1322.

Hertlein MB Thompson GD = Subramanyam B et al. Spinosad: A new
natural product for stored grain protection J . Journal of Stored
Products Research 2011 47 (3): 131 - 146.

Isman MB. Botanical insecticides in the twentyfirst centuryfulfilling
their promis€? ] . Annual Review of Entomology 2020 65:
233 -249.

Kavallieratos NG Athanassiou CG Diamantis GC et al. Evaluation of
six insecticides against adults and larvae of Trogoderma granarium
Everts ( Coleoptera: Dermestidae) on wheat barley maize and
rough rice J . Journal of Stored Products Research 2017 71:
81 -92.

Kavallieratos NG Athanassiou CG  Hatzikonstantinou AN et al.
Abiotic and biotic factors affect efficacy of chlorfenapyr for control of
stored — product insect pests J Journal of Food Protection
2011 74 (8): 1288 —1299.

Kavallieratos NG Athanassiou CG  Michalaki MP et al. Effect of the
combined use of Metarhizium anisopliae ( Metschinkoff) Sorokin
and diatomaceous earth for the control of three stored — product
beetle species J . Crop Protection 2006 25 (10): 1087 -
1094.

Kavallieratos NG Athanassiou CG  Paschalidou FG et al. Influence of
grain type on the insecticidal efficacy of two diatomaceous earth
formulations against Rhyzopertha dominica ( F. ) ( Coleoptera:
Bostrychidad ] . Pest Management Science 2005 61 (7):
660 —666.

Kavallieratos NG~ Athanassiou CG  Peteinatos GG et al. Insecticidal
effect and impact of fitness of three diatomaceous earths on different
maize hybrids for the eco — friendly control of the invasive stored —
product pest Prostephanus truncatus ( Horn) J . Environmental
Science and Pollution Research 2018 25 ('11): 10407 —10417.

Kavallieratos NG Michail EJ Boukouvala MC et al. Efficacy of
pirimiphos — methyl ~ deltamethrin  spinosad and silicosec against
adults and larvae of Tenebrio molitor L. on wheat barley and maize

J . Journal of Stored Products Research 2019 83: 161 —167.

Kljajic P Peric I. Altered susceptibility of granary weevil Sitophilus
granarius ( L. ) ( Coleoptera: Curculionidae) populations to
insecticides after selection with pirimiphos-methyl and deltamethrin

J . Journal of Stored Products Research 2007 43 (2):
134 - 141.

Kljajic P Peric 1. Susceptibility to contact insecticides of granary weevil

Sitophilus granarius (L.) ( Coleoptera: Curculionidae) originating

from different locations in the former Yugoslavia J . Journal of

Stored Products Research 2006 42 (2): 149 - 161.
Liang Q. A review of conspicuous research progress in stored grain pest
. Grain Storage 2001 30 (1): 6 —11.
J. 2001

control ]

30(1): 6-11.
Mewis I Ulrichs C. Action of amorphous diatomaceous earth against

different stages of the stored product pests Tribolium confusum

Tenebrio molitor  Sitophilus granarius and Plodia interpunctella
J . Journal of Siored Products Research 2001 37 (2):
153 - 164.

Mlambo S Mvumi BM = Stathers T et al. Field efficacy and persistence
of synthetic pesticidal dusts on stored maize grain under contrasting
agro — climatic conditions J . Journal of Stored Products Research
2018 76: 129 -139.

Nayak MK Collins PJ Pavic H. Long — term effectiveness of grain
protectants and structural treatments against Liposcelis decolor
( Pearman) ( Psocoptera: Liposcelididae) a pest of stored products

J . Pest Management Science 2002 58 (12): 1223 -1228.

Nayak MK Daglish GJ Byrne VS. Effectiveness ofspinosad as a grain
protectant against resistant beetle and psocid pests of stored grain in
Australia ] . Journal of Stored Products Research 2005 41 (4):
455 - 467.

Nayak MK Daglish GJ. Base — line susceptibility of field populations of
Rhyzopertha dominica ( F.) to spinosad in Australia J . Journal
of Stored Products Research 2017 70: 1 -6.

Nwaubani SI  Opit GP Otitodun GO et al. Efficacy of two Nigeria —
derived diatomaceous earths against Sitophilus oryzae ( Coleoptera:
Curculionidae ) and  Rhyzopertha  dominica  ( Coleoptera:
Bostrichidae) on wheat J . Journal of Stored Products Research
2014 59: 9 -16.

Oyeniyi EA  Gbaye OA Holloway GJ. The influence of geographic
origin and food type on the susceptibility of Callosobruchus
maculatus ( Fabricius) to Piper guineense ( Schum and Thonn)

J . Journal of Stored Products Research 2015 63: 15 -21.

Pang WL. The application of protective agent in storage grain ]
Cereals and Oils Processing 2009 39 (8): 41 -43.

] 2009 39 (8):
41 -43

Rumbos CI  Dutton AC  Athanassiou CG. Insecticidal effect of
spinetoram and thiamethoxam applied alone or in combination for the
control of major stored — product beetle species J . Journal of
Stored Products Research 2018 75: 56 —63.

Rumbos CI Dutton AC  Athanassiou CG. Insecticidal efficacy of two
pirimiphos — methyl formulations for the control of three stored —
product beetle species: Effect of commodity J . Crop Protection
2016a 80: 94 -100.

Rumbos CI Sakka M Berillis P et al. Insecticidal potential of zeolite
formulations against three stored grain insects particle size effect
adherence to kernels and influence on test weight of grains J .
Journal of Stored Products Research 2016b 68: 93 —101.

Vardeman EA  Arthur FH Nechols JR et al. Efficacy of surface
applications with diatomaceous earth to control Rhyzopertha dominica
(F.) ( Coleoptera: Bostrichidae) in stored wheat J . Journal of
Stored Products Research 2007 43 (4): 335 -341.

Wakil W Riasat T Lord JC. Effects of combined thiamethoxam and
diatomaceous earth on mortality and progeny production of four
Pakistani populations of Rhyzopertha dominica ( Coleoptera:
Bostrichidae) on wheat rice and maize J . Journal of Stored

Products Research 2013 52: 28 -35.



666 Journal of Environmental Entomology 43

Wakil W Schmitt T. Field trials on the efficacy of Beauveria bassiana
diatomaceous earth and imidacloprid for the protection of wheat
grains from four major stored grain insect pests J . Journal of
Stored Products Research 2015 64: 160 —167.

Wang ZY Zhao YR Lu YJ. Fumigation action of four plant oils against
eggs of Callosobruchus chinensis ( L.)  ( Coleoptera: Bruchidae)

J . Journal of Essential Oil Bearing Plants 2016 19 (6):
1394 - 1403.

Wijayaratne LKW~ Arthur FH Whyard S. Methoprene and control of
stored — product insects J . Journal of Stored Products Research
2018 76: 161 -169.

Wu SY Wang JJ Zhao ZM. The acute toxicity of carbon dioxide and

deltamethrin on Liposcelis bostrychophila ( Badonnel) at different

temperatures ] Journal of the Chinese Cereals and Oils
Association 1997 12 (6) : 5 -9.
CO,
I 1997 12 (6): 5-9

Yang FL Li XG Zhu F e al. Structural characterization of
nanoparticles loaded with garlic essential oil and their insecticidal
activity against Tribolium castaneum ( Herbst) ( Coleoptera:
Tenebrionidae
2009 57 (21): 10156 —10162.

J . Journal of Agricultural and Food Chemistry

Zhang GL. The effect of protectants on integrated control of stored — grain
insects J . Grain Storage 2002 31 (6): 8 —12.
I .
2002 31(6): 8-12



