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ABSTRACT

The efficacy of newer insecticides with novel modes of action viz., flubendiamide, emamectin benzoate,
spinosad, thiodicarb, indoxacarb and lufenuron were evaluated against the storage pests of hybrid maize. Toxicity
bioassay studies were conducted against lesser grain borer, Rhyzopertha dominica and red flour beetle, Tribolium
castaneum. Differential toxicity of newer insecticides was observed with the two test insects where R. dominica
was found to be more susceptible than 7. castaneum. All the newer insecticides provided good control (> 86%) of
R. dominica within three days of exposure to treated maize seed compared to chemical check deltamethrin (76.7 %)
and untreated control (0%). Emamectin benzoate (100%), spinosad (93.3) followed by thiodicarb (73.3) were found
effective against 7. castaneum than deltamethrin which recorded less than 50 % adult mortality at 15 days after
exposure. Twelve months after storage, spinosad and emamectin benzoate proved to be the best treatments with no
insect damage on treated maize followed by thiodicarb, indoxacarb, lufenuron (1.3 %) and deltamethrin (2.9%)
compared to untreated control (13.73 %). There are no significant differences in quality parameters viz., 0il%,
protein %, starch and moisture content of treated seed up to 12 months of storage. The germination of maize seed
was decreased to 54 % in untreated control within nine months of storage, where the germinability was maintained
above certification standards (>80%) with all other treatments except flubendiamide (78 %). Hence, these novel
insecticides have the potential to be more effective and safer chemicals and would be a valid addition to pest
management programs of storage pests of hybrid maize.
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Maize (Zea mays, L., Poaceae), is a very
versatile crop, growing in all sorts of edaphic,
altitudinal and fertility conditions, which explains
its global adaptability. It is the third most important
cereal in India, after wheat and rice with an area
of 7.89 m ha under cultivation producing 15.09 mt,
with an average productivity of 1904 kg ha’
(CMIE, 2010). Development of hybrids in maize
increased demand for high quality seeds by the
farmers for obtaining higher crop productivity. The
improved quality seed should possess good
germination, optimum moisture content and be free
from diseases and insect pests as per seed
certification standards. Harvested maize stored as
bagged seed in store houses is extremely vulnerable
to insect infestations.

Post harvest losses caused by insect pests
are an important concern in maize storage. The
primary damage in stored maize seed is due to
lesser grain borer (Rhyzopertha dominica Fab.),
followed by secondary attack by red flour beetle

(Tribolium castaneum Herbst.) and rice moth
(Corcyra cephalonica Stainton).Current
management strategies to overcome the storage
menace by these insects involved the use of
conventional insecticides such as malathion,
chlorpyriphos and deltamethrin. Concerns over
environmental and human health along with
increased insect resistance to existing insecticides
have driven researchers to find safer insecticides
that are environmentally benign. Hence, the present
investigation was carried out to evaluate the
efficacy of new insecticides on the storage pests
of maize and their effect on the long term storability
and quality of hybrid maize seeds.

MATERIAL AND METHODS

Laboratory and storage studies were
conducted at Seed Research and Technology
Centre, Acharya N. G. Ranga Agricultural
University, Rajendranagar, Hyderabad, Andhra
Pradesh, India to evaluate the relative toxicity of
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newer insecticides against economically important
insect pests and their residual effect on the long
term on farm storage of hybrid maize seeds. Freshly
harvested certified hybrid maize seed (DHM-117)
with high germination (> 95%) and low moisture
content (<10%) purchased from Breeder Seed
production Unit, S.R.T.C., Rajendranagar,
Hyderabad, Andhra pradesh was frozen at —20 °C
for one week to kill any internal infestation of storage
insects

The insect species used in bioassays
included the lesser grain borer, R. dominica (F.)
(Coleoptera: Bostrichidae) and red flour beetle, 7.
castaneum (Herbst) (Coleoptera: Tenebrionidae).
The insect cultures were reared on clean untreated
rough rice. All insect colonies were maintained and
all bioassays were conducted at, 27+ 5°C,65+ 5
% relative humidity (RH) under laboratory
conditions.

Six newer reduced risk insecticides,
chemical check deltamethrin and an untreated
control were evaluated and are listed as follows:
untreated controls, 2.0 ppm flubendiamide (Fame),
4.0 ppm emamectin benzoate (Proclaim), 2.0 ppm
spinosad (Tracer) , 2.0 ppm thiodicarb (Larvin), 2.0
ppm indoxacarb (Avaunt) , 5.0 ppm lufenuron
(Cigna) and 1.0 ppm deltamethrin. Each insecticide
treatment was applied to maize at the rate of 15 ml
of formulated spray solution for 3 kg seed and
untreated controls were sprayed at the same rate
with distilled water. Each treatment was replicated
three times and applications were made indoors
After each replicate sample was treated, it was
shade dried and packed in a 2 kg capacity gunny
bag and were stored under ambient conditions with
no environmental controls.

Toxicity bioassay studies

The tests were carried out in 250 ml plastic
containers, each containing 100 g of hybrid maize
seed. The experiment was conducted in completely
randomized design with eight treatments and three
replications. The seeds were mixed with required
quantities of insecticides until the coverage on the
surface of the seeds was relatively consistent. Ten
insects of R. dominica and T. castaneum adults
were introduced into each container. The adult
mortality was recorded on 1, 3, 5, 7 and 15 days
after release.
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Storability studies

Freshly harvested hybrid maize seed with
high germination and vigor was used for the storage
studies. Required quantity of insecticides was
diluted in 5 ml of water to treat one kg of seed for
proper coating. After drying in shade, seeds were
packed in 2 kg capacity gunny bags. Similarly,
untreated control was maintained for comparison.
The experiment was conducted in completely
randomized design with eight treatments and three
replications. The seeds were analyzed for insect
damage, germination, seedling vigor and weight loss
(%) at three months interval up to twelve months
of storage. Quality parameters like protein %, starch
content, oil % and moisture content were recorded
using NIRT grain analyzer using non destructive
sampling method at three months interval. The
number of damaged seeds in each replication were
counted after taking a random sample of 100 g
seeds and converted to per cent insect infestation.
The seed moisture content of the treatments was
determined by “Kett’s PM 600" moisture meter.
The weight loss due to insect infestation was
calculated by deducting the final weight from the
initial weight and converting to per cent weight loss.
Seed germination was measured using standard
paper towel method as per the ISTA rules (1999).
Germinated seeds were counted on 10" day and
ten germinated seedlings were selected from each
replication of the treatment for calculating the
seedling vigor index. The shoot and root length of
each of the 10 seedlings were measured in
centimeters and total length of the seedling was
calculated. The seedling vigor index and percent
avoidable loss were calculated by using the following
formulas (Abdul-Baki and Anderson, 1973).

Seedling vigor index (SVI) = Germination (%) x
Total seedling length (cm)

% Avoidable loss =
Wt. of control sample — Wt. of Test sample x 100
Wt. of control sample

The data were subjected to suitable
transformation wherever necessary and analysed
by adopting completely randomized design as
suggested by Panse and Sukhatme (1978).
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Table 1. Toxicity of newer insecticides on stored grain pests of hybrid maize.

% Adult mortality (Days after treatment)

Chemical —
Rhyzopertha dominica Tribolium castaeneum

1 3 5 7 1 3 5 7 15
Flubendiamide 2ppm 133 86.7 96.7 100.0 00 133 167 267 533
(21.1) (68.9) (83.8) (90.0) (0.0) (13.1) (19.2) (30.0) (46.9)
Emamectin 56.7 100.0 100.0 100.0 233 900 900  90.0 100.0
benzoate 4ppm (53.1) (90.0) (90.0) (90.0) (28.8) (71.6) (71.6) (71.6) (90.0)
96.7 100.0 100.0 100.0 00 333 733 8.7 933
Spinosad 2 ppm (83.9) (90.0) (90.0) (90.0) 0.0) (33.9) (59.2) (68.9) (81.1)
70.0  100.0 100.0 100.0 0.0 100 500 600 733
Thiodicarb 2 ppm (56.9) (90.0) (90.0) (90.0) (0.0) (18.4) (45.0) (51.9) (59.7)
36.7 100.0 100.0 100.0 0.0 00 233 267 500
Indoxacarb 2 ppm (36.6)  (90.0) (90.0) (90.0) (0.0) (0.0) (28.1) (48.0) (45.0)
333 967 100.0 100.0 33 33 133 433 467
Lufenuron 5 ppm (34.9) (83.8) (90.0) (90.0) (6.15) (6.1) (17.7) (45.8) (43.1)
300 767 833 833 100 167 200 267  50.0
Deltamethrin 1 ppm  (32.2) (65.9) (66.1) (66.1) (18.4) (23.9) (26.6) (30.8) (45.0)
Control 00 00 00 00 0.0 00 200 233 267
0.0)  (0.0) (0.0) (0.0) 0.0) (0.0) (23.9) (28.8) (30.9)
CD @ 5% 28.1 157 757 841 124 205 197 250 134

Figures in parentheses are arcsine transformed values

Table 2. Effect of newer insecticides on moisture content and insect damage on hybrid maize.

Chemical Insect damage (%) Moisture content
3M 6M oM  12M 3M 6M 9M  12M
Flubendiamide 2ppm 1 3 3.6 3.73 5.1 107 100 7.9 104
_ (6.55)  (10.84) (11.1) (12.98)
Emamectin 0.0 0.0 0.0 0.0 108 99 81 104
benzoate 4ppm (0.0) 0.0)  (0.0) (0.0
0.0 0.0 0.0 0.0 108 100 7.9 103
Spinosad 2 ppm (0.0) 0.0) (0.0) (0.0
0.0 0.0 1.6 1.3 108 100 81 105
Thiodicarb 2 ppm (0.0 0.0) (7.25) (6.55)
0.0 0.0 1.3 34 108 100 81 104
Indoxacarb 2 ppm  (.0) 0.0)  (6.55) (10.54)
0.0 0.0 0.0 1.3 108 10.1 7.9 105
Lufenuron 5 ppm (0.0 0.0) (0.0) (6.55)
0.0 0.0 3.67  5.83 107 10.1 7.7 104
Deltamethrin 1 ppm (0.0 (0.0) (10.58) (13.8)
Control 0.8 74 9.6 24.4 109 10.1 79 105
(5.14)  (15.72) (17.82) (29.3)
CD @ 5% 0.74 227 257 423 NS NS NS NS

*Figures in parentheses are arcsine transformed values M: months after storage
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RESULTS AND DISCUSSION
Effect of insecticides on adult mortality

Differential toxicity of newer insecticides
was observed with the two test insects under study
where R. dominica was found to be more
susceptible to newer insecticides than T.
castaneum. (Tablel). Among the insecticides,
spinosad was found to be significantly superior with
96.7 % mortality of R. dominica within one day of
exposure followed by emamectin benzoate,
thiodicarb and indoxacarb which have resulted in
70.0 and 56.7 % adult mortality respectively. All
the newer insecticides provided good control (86.7
- 100%) of R. dominica within three days of
exposure to treated maize seed compared to
chemical check deltamethrin (76.7 %) and untreated
control (0%). Complete mortality of R. dominica
adults was obtained by all the newer insecticides
under study within seven days of exposure.

T. castaneum was found to be relatively
less susceptible to the test insecticides. At 24 hours
after exposure, none of the insecticides were found
effective against 7. castaneum with a record of
very less adult mortality (0 - 23 %) (Tablel). But
emamectin benzoate recorded 90% adult mortality
on third day of exposure which was significantly
superior to all other insecticides (0 to 33.3 %)
compared with chemical check deltamethrin ( 16.7
% ) and untreated control ( 0 %). Same trend was
continued up to seven days where emamectin
benzoate and spinosad recorded highest mortality
of T. castaneum (90 % and 86.7 % respectively).
Three newer insecticides viz., emamectin benzoate
(100 %), spinosad (93.3 %) followed by thiodicarb
(73.3 %) were found superior to deltamethrin and
other test insecticides which recorded less than 50
% adult mortality compared to untreated control
even after 15 days after exposure. Similar results
were also reported by Bonjour et al. (2008) on
stored wheat. Huang et al. (2004) reported that
field strains of red flour beetle have developed 20-
7.5 X resistance than laboratory strains and also
reported that 7. castaneum is the least susceptible
species to spinosad than other stored grain beetles.
Athanassiou (2008) reported that one ppm spinosad
can cause adult mortality of R. dominica up to
6.3%, while our results indicate that 100% mortality
occurs at 2 ppm dose after 72 hours. Thus the
results are in line with that of Athanassiou (2008)
who further reported that 7. castaneum is less
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susceptible to spinosad and survival can be high at
high dose rate and increased exposure time.

Storability studies
Effect of insecticides on insect damage in
hybrid maize

Three months after storage, (Table 2) all
the newer insecticides were found to be effective
with no insect damage (0 %) at par with the
chemical check deltamethrin compared to untreated
control (0.8 %). As indicated in Table 2, six months
after storage, all the newer insecticides except
flubendiamide (3.6%) maintained their supremacy
with no insect damage and as good as deltamethrin
compared to untreated control (7.4%). Even nine
months after storage, spinosad, emamectin
benzoate, thiodicarb, indoxacarb and lufenuron
performed better (< 2%) compared to deltamethrin
(3.67 %) and untreated control (9.6 %). Twelve
months after storage, spinosad and emamectin
benzoate proved to be the best treatments with no
insect damage on treated maize followed by
thiodicarb and lufenuron (1.3 %), indoxacarb (3.4
%) and deltamethrin (2.9 %).

Highest seed damage of 24.4 % was
recorded with untreated control. Flubendiamide is
found to be significantly inferior to all other newer
insecticides with high insect damage (5.1%). The
results of the experiment clearly showed that all
the insecticides except flubendiamide were found
effective in protecting the maize seed from insect
damage up to 12 months of storage without any
adverse effect on germination and vigor of the seed.

Effect of insecticides on moisture content in
hybrid maize

The effect of insecticidal seed treatments on
moisture content of seed at different storage
intervals was found non significant and which was
observed below Indian Minimum Seed Certification
Standards (10 %) in all the treatments. It clearly
showed that none of the insecticides when applied
as seed treatment affected seed moisture content
(Table 2).

Effect of insecticides on germination of hybrid
maize seed

There were no significant differences in seed
germination up to three months of storage and all
the treatments maintained > 90% germination and
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Table 3. Effect of newer insecticides on germination and seedling vigor of hybrid maize.
Chemical Germination (%) * Seedling Vigor Index
3M 6M oM 12M 3M o6M 9M 12M
Flubendiamide 2ppm 98,0 993 780  65.0 1818 2284 1650¢ 1174*
. (85.2) (86.2) (61.8) (53.9)
Emamectin 99 99.3 85.0 70.0 1713 2637 1760° 1449°
benzoate 4ppm (87.3) (87.3) (67.2) (56.4)
' 99 99.3 82.0 68.0 1659 2431 2023* 1363*
Spinosad 2ppm  (854)  (86.2) (65.1) (55.4)
o 99 99.3 84.0 65.0 1963 2396 1806* 1410?
Thiodicarb 2ppm  (87.3)  (87.3) (66.7) (54.8)
100 99.6 83.0 62.0 2057 2576 1786* 1136°
Indoxacarb 2 ppm  (90.0)  (88.1) (65.7) (51.8)
100 96.3 85.0 69.0 1853 2483 1705 1279¢
Lufenuron 5 ppm  (90.0)  (79.1) (67.2) (56.1)
. 100 97.0 81.0 63.0 1742 2553 1687° 1205*
Deltamethrin 1 ppm (90.0)  (80.3) (63.9) (52.6)
Control 100 85 54.0 44.0 1796 2015 1627¢ 766°
(90.0) (65.7) (47.8) (41.9)
CD @ 5% NS 6.59 898  1.52 NS NS 257 313
*Figures in parentheses are arcsine transformed values M: months after storage
Table 4. Effect of newer insecticides on oil %, protein and starch content of hybrid Maize.
Chemical Oil % Protein % Starch %
3M 6M 9M I2ZM 3M 6M OSM 12M 3M o6M O9M 12M
Flubendiamide -2ppm 6.0 6.2 63 60 12.8 125 124 126 67.1 66.6 643 67.0
Emamectin 6.1 6.1 62 6.1 127 125 123 127 66.8 668 644 67.0
benzoate- 4 ppm
Spinosad -2 ppm 60 6.1 63 6.1 126 125 124 126 669 665 643 67.0
Thiodicarb-2ppm 62 6.1 63 6.1 125 125 123 126 669 665 644 66.6
Indoxacarb -2 ppm 6.0 62 62 60 12.6 12.6 123 125 668 66.5 645 66.8
Lufenuron- 5 ppm 6.1 62 64 6.1 127 125 124 126 669 665 644 0668
Deltamethrin- 1 ppm 6.0 6.1 6.5 60 12.7 127 124 125 61.0 66.6 642 669
Control 60 62 6.1 60 127 125 122 126 66.7 66.7 643 67.1
CD @ 5% NS NS NS NS NS NS NS NS NS NS NS NS
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were at par with untreated control (100 %). But
the germination was dropped to 85 % in the
untreated maize seed after six months of storage
(Table 3). All the new insecticides were found to
be effective in maintaining the germinability of seed
above certification standards (>80%) up to nine
months of storage and at par with deltamethrin ,
the germinability in untreated control was up to
54% . After 12 months of storage, the germinability
of seeds was dropped below certification standards
(<80%) in all the insecticidal treatments.

Effect of insecticides on seedling vigor index
of hybrid maize seed

Studies on seedling vigor index of hybrid
maize indicated that the vigor of seed decreased
with the increase in storage period (Table 3).There
were no significant differences in seedling vigor of
maize seed up to six months of storage. Further,
significant differences were observed among the
insecticidal treatments after nine months of storage
where spinosad recorded highest seedling vigor
(2023) at par with thiodicarb and indoxacarb (1806
and 1786 respectively) followed by emamectin
benzoate (1760) and lufenuron (1705) which
performed better than deltamethrin (1687).
Flubendiamide proved inferior with lowest record
of seedling vigor (1650) which is at par with
untreated control (1627).Though there was
decrease in seedling vigor of the seed, all the
insecticidal treatments including flubendiamide
recorded significantly higher seedling vigour in the
range of 1174 to 1449 compared to untreated control
(766) after twelve months of storage. These results
are in line with the findings of Ghelani et al (2009)
who reported that emamectin benzoate and
spinosad were effective against storage pests viz.,
R. dominica, T. castaneum and C. cephalonica
up to nine months of storage of pearl millet without
affecting the germination and vigor of seed. Data
recorded on the quality parameters viz., 0il%,
protein % and starch content of treated seed
indicated that there were no significant differences
in quality of hybrid maize seed up to 12 months of
storage. (Table 4.)

Effect of insecticides on adult emergence and
avoidable weight loss of hybrid maize

All the insecticidal seed treatments except
flubendiamide recorded significantly low adult
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population of R. dominica and T. castaneum
compared to untreated control after 12 months of
storage. Lowest population of R. dominica was
observed in treatment with emamectin benzoate and
spinosad (6 insects/ 500 g seed). Flubendiamide
recorded highest population of R. dominica (68
insects/500 g seed) which is significantly higher than
untreated control (40 insects/500 g seed) and
chemical check deltamethrin (9 insects / 500 g
seed).Surprisingly flubendiamide recorded low
number of 7. castaneum adults (3insects / 500 g
seed) at par with spinosad(3 insects / 500 g seed)
compared to emamectin benzoate(10 insects / 500
g seed) and untreated control (15 insects / 500 g
seeds). While, the lowest population of T.
castaneum (1.0/ 500 g seed) was found in treated
maize seed with thiodicarb, indoxacarb and
deltamethrin.

Effect of insecticides on seed quality
parameters of hybrid maize seed

All the insecticidal seed treatments caused
varying degree of seed damage in hybrid maize and
reduced number of emerged adults as well as the
weight loss of the grains. The percent avoidable
weight loss of treated maize seeds was higher
compared to the grains that received no treatment.
Highest avoidable weight loss was recorded in
seeds treated with emamectin benzoate and
spinosad (11.41 % in both) followed by indoxacarb
(10.74%) compared to chemical check deltamethrin
(9.39 %). There are a number of studies that
document effectiveness of contact insecticides
when stored-product insects are exposed on treated
surfaces for fixed time intervals (Arthur, 1999;
Toews et al., 2003). Liang et al., (2002) reported
the persistent insecticidal activity of spinosad for
12 months against insect pests under on-farm
storage of corn. Research revealed the strong
larvicidal effects of spinosad on storage pests of
corn and sunflower seeds (Huang and
Subrahmanyam, 2004) and storage pests of stored
wheat (Flinn et al., 2004).These research findings
are in line with that of Bonjour et al. (2008) and
Yousafnezhad (2007) who reported that spinosad
provided long term control on R. dominica and T.
castaneum population up to 96 weeks.

In summary, the newer reduced risk
insecticides viz., spinosad and emamectin benzoate
with their novel modes of action protected the
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hybrid maize seed from infestation and damage of
storage insects up to twelve months of storage.
Hence, these novel insecticides have the potential
to be more effective and safer chemicals and would
be a valid addition to pest management programs
of storage pests and can be used for long term safe
storage without any quantitative and qualitative
losses of hybrid maize seed.
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