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Persistence and Efficacy of Two Nanosilica Formulations on

Callosobruchus maculatus in Different Pulses
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ABSTRACT

The persistence effects of Silica Nanoparticles (SNPs), namely, Nanosav and Aerosil®,
were evaluated on several pulses for controlling Callosobruchus maculatus (F.)
(Coleoptera: Chrysomelidae). For this purpose, one kg of each pulse was treated with four
concentrations (50, 100, 200, and 300 mg kg-1) of each SNPs. The sampling was tested
after 0, 2, 4, and 6 months’ storage period following the treatment. Adults were
introduced to these samples and the number of dead adults was counted 1, 2, and 4 days
after the exposure to the treated pulses. The percentage decrease in F1 progeny was
calculated 42 days later. The mortality was 100% in black gram, cowpea, green gram,
and chickpea when treated at a concentration of 300 mg.kg-1 of both SNP formulations in
0-month post-treatment four days after the exposure. No progeny was observed in lentil
treated with 300 mg kg-1 of Nanosav in 0-month post-treatment. Another experiment was
conducted to calculate SNPs adherence to the seeds. The highest adherence was on the
black gram with 86 and 99.5%, in Nanosav and Aerosil®, respectively. Our results
indicated that two SNPs had insecticidal activity against C. maculatus and can be used
effectively in integrated pest management program of C. maculatus in stored pulses.

Keywords: Aerosil nanosilica, Infestation, Integrated pest management, Nanosav nanosilica,
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INTRODUCTION

Due to the adverse effects of synthetic
insecticides and fumigants, like ethyl formate
plus methyl isothiocyanate (Ren et al., 2012) and
Phosphine (Kostyukovsky et al., 2010), that have
been applied for controlling C. maculatus, it is
essential to find a promising alternative against
infestations of C. maculatus in storage.

Nanoparticles can be used effectively against
weeds, plant pathogens, and insect pests and
can also be included in new formulations of
pesticides and insect repellents (Barik et al.
2008) without the dangers of conventional
chemical pesticides (Thabet er al. 2021).
Nanopesticides have been a topic of interest in
recent years and they can be applied as an
appropriate alternative for the application of

conventional insecticides for protecting stored
grains (Athanassiou et al., 2018). Among
nanopesticides, SNPs (silica nanoparticles) can
satisfactorily protect stored products against
Coleoptera stora pests, including Sitophilus
oryzae (L.) (Curculionidae) (Debnath et al.,
2011), Tribolium  castaneum  Herbst
(Tenebrionidae) (Debnath et al., 2012;
Sabbour and Abd El-Aziz, 2015), Rhyzopertha
dominica (F.) (Bostrichidae) and Tribolium
confusum du Val. (Tenebrionidae) (Ziace and
Ganji, 2016), C. maculatus (Aramugam et al.,
2016; Rouhani et al, 2012), and
Callosobruchus chinensis (L.) (Bruchinae)
(Mesbah et al., 2017) on different
commodities. The active ingredient of SNP is
SiO,. SNP acts the same as Diatomaceous
Earth (DE), which absorbs insects’ protective
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wax layer and causes death through
desiccation and, to some extent, by abrasion
(Debnath et al., 2011; Ziaee and Ganji, 2016).
Callosobruchus maculatus (F.) (Coleoptera:
Chrysomelidae: Bruchina) is a cosmopolitan
insect pest (Hill, 2002). Many species of this
genus are feeding on stored, dry postharvest
beans of the tribe Phaseoleae and are adapted
to arid climate (Tuda ef al. 2000).

The effects of two nanosilica formulations
has been documented on C. maculatus
oviposition deterrence, egg hatching rate, adult
emergence, progeny reduction as well as
weight loss of different pulses due to insect
damage (Yousefnezhad Irani et al., 2018). To
the best of our knowledge, the persistence of
these formulations has not been studied against
C. maculatus. Therefore, the present research
was conducted to: (1) Evaluate the persistence
of two SNP formulations on adults of C.
maculatus on different pulse seeds for six
months storage period, (2) Assess the efficacy
of SNP formulations on C. maculatus F,
progeny on different pulses, and (3) Evaluate
the adhesion rate of SNPs to the pulse seeds.

MATERIALS AND METHODS

Insects

The adult insects were collected from the
stock, then kept in the Entomology
Laboratory of Plant Protection Department,
Urmia University, Urmia, Iran. The insects
were reared on cowpea (var. Mashhad) at
28°C, 55% RH, and 12:12 L:D conditions
(Radha and Susheela, 2014). In all
experiments, 1-day-old male and female
adults were used (equal sex ratio), sex
differentiation was performed according to
Bandra and Saxena (1995).

Pulse Seeds

The pulses tested in the bioassays were
cowpea (var. Mashhad), chickpea (var.
Adel), lentil, green gram, and black gram.
Clean, infestation- and pesticide-free pulse
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seeds were stored at —20°C for two days to
ensure that all lived stages were died
(Obeng-Ofori et al., 1997).

Nanosilica Formulations

Two Silica Nanoparticles (SNPs) were
utilized in the bioassays. Nanosav SNP was
obtained from Nanosav Co., with the
average particle diameter was 20-30 nm.
Nanosav SNP contains SiO,> 98%, 0.328%
Na as Na,O, 0.393% Ca as CaO, 0.294% Fe
as Fe,03;, 0.185% sulfate as SO3, and loss on
ignition < 2%. Aerosil® was purchased from
Evonik Industries AG, Germany, with
average particle diameter of 12 nm. Aerosil®
contains Si0,> 99%, Ti< 120 ppm, Ca< 70
ppm, Na< 50 ppm, and Fe< 20 ppm.

Bioassays

Insecticidal Efficacy and Persistence of
SNPs against C. maculatus Adults

The insecticidal efficacy and persistence of
SNPs were tested as reported by Vayias et al.
(2010) with some changes. Each pulse variety
was treated with SNP formulations at conc. 50,
100, 200, and 300 mg kg in 2.4 L glass jars.
The jars were sealed and shaken by hands for
five minutes to achieve equal dispersion and
they were allowed to stand for 30 minutes to
settle down the particles. The untreated lots of
pulses were served as control. Pulse samples
were taken on the same day of storage and 2,
4, and 6-month post-treatment at 28°C and
55% RH. Three samples of 80 g (sub-
replications) were removed from each jar and
poured into glass vials (300 mL volume).
Then, ten pairs of 1-day-old adults (equal sex
ratio) were introduced to each vial. The vials
were enclosed with lace fabric for adequate
ventilation, andthey were incubated at 28°C,
55% RH, and 12:12 L:D conditions. The
mortality (insects with no movement) was
recorded 1, 2, and 4 days after releasing adults
in the vials. The entire experiment was
repeated three times (true replications) and the


http://dx.doi.org/10.52547/jast.25.1.87
https://jast.modares.ac.ir/article-23-52917-en.html

[ Downloaded from jast.modares.ac.ir on 2024-05-10 ]

[ DOI: 10.52547/jast.25.1.87 ]

Two Formulations against Callosobruchus maculatus

bioassays were repeated over a 6-month
storage period.

Effect of SNPs on F; Progeny of C.
maculatus on Different Pulses

To evaluate F, progeny, after assessing the
mortality, glass vials were kept undisturbed
for 15 days for egg-laying. Afterward, all
adults were discarded and vials were
maintained under experimental conditions
for 42 days to assess F1 progeny production.

Adherence of SNPs to Different Pulses

The adherence of SNPs to different pulses
was determined by the method described by
Korunic (1997). Lots of 1 kg of each pulse
type were sieved for one min through a 2 mm
mesh sieve (Damavand Co.) to remove any
finer particles. Then, three samples of each
pulse (250 g) were treated with 300 mg kg-1
of SNP formulations in glass vials, and the
vials were manually shaken for five min and
kept undisturbed for 30 min to settle down the
particles. The treated seeds were sieved for
five min. The particles collected from the
bottom paper were weighed using an
analytical balance (Sartorius CPA 2248,
Germany) with 0.1 mg precision, as the second
weight of the SNPs and subtracted from the
first weight. Subsequently, the percentage of
SNPs adherence to the seeds was calculated.

Statistical Analysis

Percentage data were transformed using arcsin
and progeny number was logarithmically
[log(x+1)] transformed. Abbott’s formula (1925)
was used to correct mortality. The means were
compared using the Tukey-Kramer’s test (HSD)
at P < 0.05. For each pulse, the mortality was
submitted to Repeated Measures MANOVA
with two repeated factors (post-treatment time
with four levels and exposure time with three
levels) and two main effects (formulation and
concentration). Progeny data were submitted to
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Repeated Measures MANOVA with the mean
number of emerged adults as the response
variable and the post-treatment time as the
repeated factor. At the same time, different pulse
seeds, formulation, and concentration were the
main effects. The associated interactions of the
main effects were included in the analysis. The
adherence test results were analyzed using one-
way ANOVA with different pulse seeds as the
main effect; also, the mean comparison between
two SNP formulations for each pulse seed was
performed by independent sample t-Test at P<
0.05. SPSS version 22 was used for all analyses
(SPSS, 2013).

RESULTS

Insecticidal Efficacy and Persistence of
SNPs against C. maculatus Adults

According to data shown in Table 1, the main
effects and the interactions were significant for
C. maculatus adults, except for exposure
timexSNP on cowpea and post-treatment
timexSNP  on  lentil.  Aerosil®  caused
significantly higher mortality in black gram in
comparison with Nanosav. In all exposures of 0-
month post-treatment, 300 mg kg-1 for both
formulations caused complete insect mortality.
However, there was no mortality when adults
were exposed to 50 mg kg-1 of Nanosav for one
day at the 6-month storage period (Table 2).

For cowpea treated with both SNPs, the insect
mortality reached 100% after two days exposure
to the highest concentration of 300 mg kg-1 at 0-
month post-treatment. The mortality decreased to
86 and 99% for Nanosav and Aerosil® after four
days of exposure, respectively (Table 3).

For green gram-treated with SNPs, there was
complete mortality when adults were exposed to
300 mg kg-1 of both formulations 2 and 4 days
after exposure of 0-month post- treatment. After
four days of 6-month post-treatment period,
Nanosav and Aerosil® provided 90.6 and 96%
mortality, respectively (Table 4).

The insect mortality on chickpea treated
with 200 and 300 mg kg-1 of both
formulations was 100% after four days


http://dx.doi.org/10.52547/jast.25.1.87
https://jast.modares.ac.ir/article-23-52917-en.html

Yousefnejad Irani et al.

(070 =d 121591 (JSH Ad93n ) WAIJJIP A[JUBDYIUSIS 10U dJB ULIN[OI OB JOJ JOJI3] ASBI JOMO] PUB MO OB Ul 1a139] aseoraddn dwies ay) AQ pamo[[oJ SUBdJ ,

w0’ 0F0001  5qq0°IFETO pa0 TFET9 0 TFIOE o 00F0001 o7’ 0F0°08 0 [F8'SY 550 1F9°TC 14

qv8 0FL'96 poS TFO'SL a8 0FE8Y T 1F00T g8 0FE'ES 28 0FEE9  B0FEEE  TIFOCI 4
oS 0FL99 190’ 170708 3q8 0FEEL a8 0FEE pg0 CFOSS 3,8 0FEEE w8 0FL9 1400700 I 9

ey0'0F0°00L 0070001 @O 0FL6L  {ETFVS 40070001 a0 0FV'Co  pq6°0F0C9 o I'TFOEY 14

ey0'0F0°001 2g8 0FEBE  (oq0TFOEY  p0TFOSE g8 0FL'16 0 1FOSL 56’ 1F0°0S  5n80FEET [4
av80F0'88 03 0FL99  5480FL9I 1u80FE8 250" TF0°08 1a6' 17008, TIF0°01 0°0F0°S I 14

ey0'0F0°00L  ,0°0F0°001 w0 0FE96 )6 0F6°EL o, 00F0001  »y0'0F0001 (g6 0FF'I8  ((8TF6'09 14

w0’ 0F0001 ¢y 8°0FL'96 @l 1F008  80FLIS  +y0°0F0001 q@8 OFL'T6  pq8°0FLT9  8°0FL9E 4
a8 0FL'96 8 0FE8L jal 100 5yq8°0FL 91 g8 0FE88 28 0FL99  (8°0FEEN S 0FE8 I 4

w0’ 0F0°001  5y0°0F0°001  »y0°0F0°001  oqTTFO68 o0 0F0001  »,0'0F0001  6'0FE96  oy6 0FI'OL 14

w0’ 0F0°00L 0070001 w8 0FL96  80FEBI w0 0FO00L  wy0'0FO'001 o6 [FOSL o8 0FESS 4
w0’ 0F0001  5qq8'0FE'E6 a8 0FL99 8 O0FLIE  »y0°0F0°001 20 1F0S8  3.80F0°ST  5080FLII ! 0

00€¢ 00¢ 001 08 00€ 002 001 08
L[1S010Y AesOuBN  (Ae(q) owm (yruo) swny
(.3 Bw) UOHENUIIUOD/BII[ISOUBN amsodxg  juduLAN-ISO]
' ISOI3Y PUE ABSOUEN] JO SUOLJEIUIIUOD JUDIAJFIP YILM PAJEal} WIS YOB[q UO S)NPE snipnovu ) Jo (FSTFUBSIN) AM[EHOW JUddI0 *T Qe
100°0 > SLy 100°0 > 9T 100°0> 'S 100°0 > (244 100°0 > 6'v€ 9  ouwmn ansodXFxdw JUAUNEAI-1SO0q
1000 > Sy 100°0 > ¥¥s 1000 > 0°L81 1000 > Y8 1000> 0¢vl 9 UONEIUAOUOD) xaW N AnsodxF
1000 > v¥91 100°0 > L0T 1000 > SLl v0 01 100°0 > Lyl ¢ dNSxown amsodxg
1000 > SL8SL 100°0 > 6'1C19 1000 > glovil 1000 > £€059 1000> 16819 ¢ own amsodxg
1000 > ¥ 100°0> ¥'6C 1000 > 691 1000 > '8¢ 10070 > ClS 6 UONEBRUIOUOT AW JUIUNLIN-1SOd
10 81 100°0 > €7l 1000 > 86 100°0 > S0l 100°0 > 69 ¢ NS Jusunean-1s0d
10070 > 6°0261 1000 > cLSel 1000 > 81viC 1000 > 9'6vLI 1000> €vLTE € QW) JUSUINED.-ISO]
1000 > ! 10°0 9Y 1070 LY 6v0°0 I'¢ 100°0 > S uoneRuaduo) x dNS
1000 > ¥'805¢ 100°0 > S'68L 1000 > L1981 1000 > 072861 1000> O0vIEl € uonenuUIdU0)
1000 > 9t6 1000 > 1'997 1000 > 6°95C 1000 > [45%3 1000> S9L1 1 dNS
d A d A d A d A d A

U] vadyo1y) weis usaln eadmo) wesd yoerg  Jp UOIJBLIBA JO 90IN0S

“(owm 2msodxa pue ) JUSW)LI-)SO :S10308) Pajyeaday) SInpe snwpnovut ) Jo S[AI] Ajjepiown 1oj sijewrered YAONVIA T AIqEL

[ 0T-50-20z uo Jrde'ssepowise| wouy pspeojumod ]

[ 28152 182l1/5250T 10A ]


http://dx.doi.org/10.52547/jast.25.1.87
https://jast.modares.ac.ir/article-23-52917-en.html

JAST

t Callosobruchus maculatus

ons againsi

Two Formulati

(S0°0 =d 18 159) SH AN L) UAIJJ1p APUBOYIUTIS JOU I8 UWN]OD OB 10J 19119] SBO IOMO] PUB MOI [oBd Ul 19119] aseotaddn swes ay) Aq pamo[[oJ suesjy ,,

quy6'0FC96 10a8 TFI'8L 20’ 0FETY (g 1'TFO6Y qv6'0F9°06 pol 0FCTOL aqa L TRV EY pg6°0F9°6€ 14
pv8 0FEER 558 0FL'99 @8 0FLIT  350°0F0°S pg0’CFO'SL 1a6’ 1F0°0S 548 0FE €L 508 0FE€ 4

3y8 0FL9S ya8 O0FL' 1T 4q0'0F0°0 4q0'0F0°0 3¢8 0FEET 18 0FEEL 1q0°0F0°0 3q0'0F0°0 ! 9
ey0'0F0°001 pog € TFL'88 nETFSLL 5z 1'TFI09 00707001 po0°0F9°SL >q6 0F1'89 oL 'CFY 6V 14
2y C 1F0°06 T EFOSL 548 0FL9C 508" 0FL'9 28 0FEER 2q8 0FE8S 118 0FL 91 508 0FE€ (4

WO 1F0°S9 g8 0FEEE q8'0F0°S 420'0F0°0 a8 0FL'1E 18 0FL 91 waa8 0FE€ 530°0F0°0 I 14
ey0'0F0°001 quy6 0F1'86 @0’ 0FL06  ql'TFTCL  y0'0F0°001 qa6'0FL 06 a0’ 0FS' 18 qq6'0F0°€9 14
qvC IF0°S6 g8 0FEE8 1a8'0FL9S 1 8°0FL'IT qv8 0FL'16 po0 EFO'SL a8 0FE8E 100°0F0°01 4

ay0 1 F0°SL 3 OFL' 1Y 138 0FE8 3448 0FL'9 28 0FE Y ya8 0FEET 48 0FL'9 348 0FE€E ! [
ey0'0FO00T  »,0°0F0°00T  oqy6'0F' 96  456°0F6°06  »,0'0F0°001 egy0 0FCT86 g8 IFSVO vq0 0FS S8 14
ey0'0F0°001 g8 0FL'16 pa8 OFLIL 5 80FEEE 000707001 28 0FEER pa8 0FEBS 200" CFO'ST [4

pv8 OFEER O 1F0°SS 38 0FL LI 598 0FE'8 pg8 OFEEL 5q8 0FL 1€ B8 0FE'8 54C 1F0°S ! 0

00€ 00T 001 0¢S 00¢ 00T 001 0¢S
o [1SOIOY ABSOUBN (Keq) awm (qiuojA) awin
(.3 Swr) UonEnuadU0)/BIIISOUEN amsodxs JudUIEAI-ISOJ

91

' 11SOIOY PUEB ABSOUEN] JO SUOEBIJUIOUOD JUIIDIIIP UM PaIedl) Wweld uddi3 uo synpe snwjnovut °) jo (FSFUBIIA) ANEHOW JUSIIJ “f dqE L

(S0°0 = & 181591 GSH AN L) Jua1djJ1p A[IUeoyTuSIs Jou I8 UWN[0d YIed JOJ I9)I] ISBD JOMO] PUB MOI Yok Ul 19119 aseoraddn owres ayy £q pamo[[o] suedy ,,

ey 1 '0F0°66 2qg0 TFF06 20 TF7°69 2aS TFIPS 2qgC 0F098 oy EFETL pq0’0F0°9S & CFL'CY 14
pyC 0FO'C8 3aC 0F0°0L a8’ 0FEBE 18 0FEET pal €FO°SL 1»C 0FOPS 570"CF0O'ST 408 0FL9 [4
w9 0F9°61 4g0'CFO'0€ ya8 0FL9 33q8 0FE'E a8 0FEEE 40 1F0°0C aC 1F0°S #0'0F8°0 I 9
ey0'0F0°001 ey0'0F0°001 qg0'0FS I8 8 TFL99 ey0'0FE96 qg0'0FS 18 20 S EFL99 20’ 0FF'LS 14
2y C 0F0°06 paC OFF°08 Sal TFL'IS 218 0FLIT g8 0FE €Y 8 0FL99 218 0FE8€E 358 0FE €L [
ayC 0F0°SL 57C 1F0°0S yg8 0FE €l 528 0FE'8 20 1F0°09 5q0° 1F0°SE waC TFO01 w8 OFL'T 1 14
ey0'0F0°001 ey0'0F0°001 egC CF1768 en0 0FF 9L ey0'0F0°001 ey0'0F0°001 o0 CFT8L qq0"TFELY 14
ey0°0F0°001 »g¢ 0F0'88 paS 1F9°09 pa8 OFLIE qaC 0F0°06 28 0FE8L pq0 1F0°0S 108 0FL 1T [
8 0FEEY 50 1F0°SL 5q0° 1F0°ST 340°0F0°01 pg0"CFOSL 08 0FL 19 438 0FL 91 1q0°0F0°S I ré
ey0'0F0°001 ey0'0F0°001 eg0 1FOV6 eq 1 '0FO'C8 ey0'0F0°001 ey0'0F0°001 00 CFE68 vq0°0F0'SL 14
ey0°0F0°001 oy 8 0FE86 3 0FE8L 228 0FE €S «0'0F0°001 g8 0FEE6 2q0’CFO°S9 8 0FEEE [
qv8 0FL'96 qav8 0FE€6 1S 1790y 18 0FE €l qg¢ 0F0°06 0 1F0°08 g8 OFLTE 408 0FL9 1 0
00€ 00T 00T [US 00€ 00T 001 [US
L1501V AesoueN  (Ke(q) owmn (qIuoJA)) awin
A_.wu_ FuI) UOIBIUIUO))/BII[ISOUBN ainsodxq JUSWIIBAI-)SOJ

» |ISOIOY PUE ABSOUEN] JO SUOHEIUIIUOD JUIIDFFIP YHM Pajear} 82dmod uo synpe snopnovus °) 3o (FSFUBIIA) AN[EHOW JUDId “€ AqEL

[ 0T-50-20z uo Jrde'ssepowise| wouy pspeojumod ]

[ 28152 182l1/5250T 10A ]


http://dx.doi.org/10.52547/jast.25.1.87
https://jast.modares.ac.ir/article-23-52917-en.html

[ Downloaded from jast.modares.ac.ir on 2024-05-10 ]

[ DOI: 10.52547/jast.25.1.87 ]

Yousefnejad Irani et al.

exposure of 0-month post-treatment, and it
decreased to 78% for Nanosav in the 6-
month post-treatment period (Table 5).

The insecticidal efficacy of WNanosav
formulation was significantly higher in lentil
than the corresponding mortality caused by
Aerosil”. The concentrations of 200 and 300
mg kg-1 of Nanosav caused complete
mortality after four days exposure of 0-
month  post-treatment period and it
decreased to 69 and 98% after six months of
storage for lentil (Table 6).

Effect of SNPs on F; Progeny of C.
maculatus on Different Pulses

In all pulses, the highest number of F1
progeny was reported in the control when
compared with other treatments. In all
pulses, except for lentil, Aerosil®
significantly decreased the number of C.
maculatus progeny, in comparison with
Nanosav (Table 7).

Adherence of SNPs on Different Pulses

In all pulses, Aerosil® demonstrated higher
adherence on seeds, in comparison with
Nanosav. The highest adherence was found
in black gram treated with Aerosil® and
Nanosav with the mean of 99.5 and 86%,
respectively, while the lowest adherence was
found in Nanosav-treated chickpea with the
mean of 66.9% (Table 8).

DISCUSSION

The results of the present study showed
that, among all tested pulses, the mortality of
adults was increased by increasing the
concentration and time exposure to each
concentration. Debnath et al. (2011)
reported that toxicity of different SNPs was
increased by increasing the application rate
against S. oryzae. Besides, Rouhani er al.
(2012) illustrated that prolonged exposure of
C. maculatus to the higher rates (2 g kg-1)
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of SNPs led to satisfactory protection of
cowpea seeds. Also, Badii et al. (2013)
found that the mortality of C. maculatus
adults in peanut treated with DEs
formulations:  Diatomenerde,  Probe-A,
Fossilshield, and Damol-D1 was increased
by increasing the concentration. This may
result from the fact that in higher
concentrations and more  prolonged
exposure, the body of insects has more
contact with the particles and, consequently,
picks up more particles, which results in
more absorption of wax layer, and mortality
(Shah and Khan, 2014).

It was found that S. oryzae adult mortality
was significantly increased when the particle
size of SNPs was decreased from 100-400 to
15-30 nm (Debnath et al., 2011). A similar
observation has been found by Arumugam et
al. (2016) when different pulse seeds were
treated with nanostructured silica (with
particle size smaller than 12 nm) against C.
maculatus. The toxicity of nanostructured
silica, even in low concentration, was
increased by decreasing the particle size.
According to our results, in all pulse seeds,
except for lentil, Aerosil” provided adequate
control against C. maculatus, compared to
Nanosav. The mean particle size of Aerosil®
and Nanosav was 12 and 20-30 nm;
respectively. Ziace and Ganji (2016)
reported that the insecticidal efficacy of
Aerosil® on wheat and peeled barely was
higher in comparison with Nanosav when
applied for controlling R. dominica and T.
confusum adults. The increasing surface-to-
volume ratio in nano-insecticides facilitates
insecticide penetration, increases adhesion
of particles to insects’ cuticles, and,
consequently, increases mortality (Hussein
et al., 2002).

According to our results, the most
effectiveness of both SNPs against C.
maculatus was observed on the black gram
and the lowest was on lentil, followed by
chickpea. Kavallieratos et al. (2010)
assessed the insecticidal activity of three
commercial DE formulations, including
Protector, SilicoSec, and Insecto, in three
wheat cultivars (Athos, Pontos, Sifnos)
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against adults of R. dominica, S. oryzae,
and 7. confusum. The activity of a DE
formulation varied among different grain
types, which may be due to the differences
in the physicochemical properties of the
grain. Since the Pontos variety had longer
seeds and more gluten content, causing more
serious damage than two other varieties
(Kavallieratos et al., 2010). Moreover, grain
size influences the insecticidal activity of
silica-based DE formulations. The more
excellent distribution of DE particles is
obtained on smaller seed grains than larger
ones, which increases the chance of the
particles’ contact with the insect’s body
(Debnath et al., 2011). Arumugam et al.
(2016) observed the highest insecticidal
activity of SNPs on the black gram, while
the lowest mortality was observed on
chickpea.

Both formulations decreased the number
of progeny in comparison with the control.
These results are inconsistent with other
researches (Badii et al., 2013; Stathers et al.,
2004). According to Stathers et al. (2004),
the number of C. maculatus offspring on
cowpea treated with DE formulations was
decreased by increasing the concentration.
The mortality of adults might be achieved
during the early days and the insects could
not lay eggs. The lowest C. maculatus
progeny was reported when insects were
exposed to the highest concentration of 2 g
kg-1 of all DE formulations. This may be
due to the change in behavior of C.
maculatus in the presence of DE (Badii ef al.
2013). Yousefnezhad Irani et al. (2018)
showed that on Aerosil”-treated black gram
with the highest concentration of 300 mg kg~
', adults produced the least eggs. Aerosil”
decreased the percentage of hatched eggs
and emerged adults in treated eggs on all
pulses when compared to the Nanosav.
Mesbah et al. (2017) claimed that SNPs on
treated broad beans significantly reduced the
population of C. chinensis, compared to
coarse silica; and no offspring were
observed in the concentrations of 1 and 2 g
NSPs 100 g-1 of seeds. It could be due to the
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slow mode of action of inert dusts (Korunic,
2013).

Our results demonstrated that the highest
adherence of two SNPs was on the black
gram and the lowest adherence was recorded
on chickpea, followed by lentil-treated with
Nanosav and also on lentil followed by
chickpea—treated ~ with  Aerosil®.  The
adherence to pulses may be due to SNPs
characteristics and the seeds’ physical and
chemical properties. Athanassiou and
Kavallieratos (2005) stated that the
adherence of PyriSec (DE) was very low on
triticale, peeled barley, and maize out of
eight different tested kinds of cereals. It was
concluded that there was a positive
relationship between adherence and DE
toxicity against R. dominica. The same
findings were reported by Perisic et al.
(2018), who evaluated three DEs against R.
dominica in five different cereal grains.
They found that the lowest adherence with
the mean of 59% was observed for DE s-2 in
triticale, while 95% of Protect-It” particles
adhered to wheat kernels. Plumier et al.
(2019) demonstrated that the DE particles
with higher surface roughness had a higher
adhesion percentage in wheat and corn
kernels. The highest adhesion of SNP
formulations could be attributed to the rough
surface of the particles. The persistence of
both SNP formulations declined over 6-
month post-treatment storage in all pulse
seeds, as the mortality decreased with
increasing storage times. It should be noted
that even the reduced residue was sufficient
for providing satisfactory protection of
stored pulse seeds.

Aerosil® was very effective against C.
maculatus and it successfully eliminated
progeny production of this insect pest.
According to the present study, both SNP
formulations can be used as pulse seeds
protectant at a dose rate of 300 mg kg-1.
SNP formulations can be considered as an
IPM strategy component for the protection
of stored pulse seeds.
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