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Table 1. Mean (+SE) conidial germination percentage of B. bassiana affected by
different concentrations of Azadirachtin, 24 hours after treatment

Concentration of
Azadirachtin in PDA
medium (pl/ml)

Germination percentage (+SE)  Reduction percentage

Control (0)
22.5

45

90

90.33+1.20° 0

86.66+0.88° 3.67
81.33+1.20° 9.00
78.00+0.57° 12.33

Means marked with different letters within the same column are significantly different

(P< 0.05, Tukey).
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Table 2. Mean (xSE) efficacy (%) of different treatments in controlling eggs of B. tabaci applied alone or in
combination with Azadirachtin, 3, 7, and 14 days after treatment (DAT) in cotton field

Mean (£SE) efficacy

Treatment Applied concentration Time (day)
3 7 14

ZnO NPs 20mg L™ 34.06+0.08 ™  14.82+0.05 ° 1.77x0.07 ¢
Kaolin 30gL™? 44.32+40.08°  46.53+1.31"™  21.11+0.06°
B. bassiana 1x10" conidia ml™* 7.25+0.07 © 19.22+0.10 ¢ 1.60+0.06 ¢
Azadirachtin 15mgL* 24.44+0.05°  40.93+0.12°  18.26+0.04 ™
ZnO NPs+ Azadirachtin 10mgL*+75mgL* 38.52+0.06 °  32.34+0.08 °®  10.36+0.07
Kaolin+ Azadirachtin 15gL*+75mgL? 58.34+0.21%  67.43#0.12° 32.61+0.08
B. bassiana+ Azadirachtin ~ 1x10° conidiaml™+ 7.5 mg L™  15.17+0.04% 23.41+0.05%  8.98+0.06

Thiacloprid 03mlL? 42.73+0.07°  65.71+0.13*  11.98+0.08 ™

Means marked with different letters within the same column are significantly different (GLM Univariate followed by
Tukey’s test: P<0.05).
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Table 3. Mean (£SE) efficacy (%) of different treatments in controlling nymphs of B. tabaci applied alone or
in combination with Azadirachtin, 3, 7, and 14 days after treatment (DAT) in cotton field

Mean (xSE) of efficacy

Treatment Applied concentration Time (day)

3 7 14
ZnO NPs 20mg L 55.48+0.10 ° 35.73+0.07 ™ 3.44+0.07 ®
Kaolin 30gL* 56.60+0.15°  54.50+0.06 "  40.64+0.06 *
B. bassiana 1x10% conidia ml™* 13.474#0.05°  32.28+0.05°  2.18+0.05°
Azadirachtin 15mg L™ 45.45+0.09°  86.52+0.11%  46.39+0.10 *
ZnO NPs+ Azadirachtin 10mgL*+75mgL* 68.34+0.07°" 77.43+0.08%  21.31+0.06 @
Kaolin+ Azadirachtin 15gL"+75mgL"? 70.56£0.07°  78.66+0.08*  40.87+0.05 *
B. bassiana+ Azadirachtin  1x10° conidiaml™+7.5mg L™ 35.10+0.06 "  45.76+0.09 ™ 18.49+0.04 °*
Thiacloprid 03mlL* 89.57+0.07%  76.91+0.18°  24.16+0.04 ™

Means marked with different letters within the same column are significantly different (GLM Univariate followed
by Tukey’s test: P<0.05).
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Table 4. Mean (xSE) efficacy (%) of different treatments on pupae of the parasitoid E. mundus applied
alone or in combination with Azadirachtin, 3, 7, and 14 days after treatment (DAT) in cotton field
Mean (£SE) of efficacy

Treatment Applied concentration Time (day)
) 3 7 14

ZnO NPs ég mﬁ_l'- 11.23+0.04%  21740.04°  0.00+0.00°
Kaolin 1x1gol° conidia ml™ 3.19+0.06 13.2140.11%  6.40+1.02°
B. bassiana 15 mg L 2.53+0.05 ¢ 6.04+0.05 ™ 0.35+0.00 ¢
Azadirachtin 10 mg L + 7.5 mg L™ 10.50+0.06 ®  15.94+0.08%  3.25+0.05 **
ZnO NPs+ Azadirachtin 15gL +7 5'mg -1 13.76+0.07%®  9.41+0.06 ®  0.72+0.09 ©
Kaolin+ Azadirachtin 1x10° conidiaml+ 7.5 mg L~ 6-24£0.09 be 12.11+0.08®  531+0.25 %
B. bassiana+ Azadirachtin LY 4.34+0.07 ¢ 7.24+0.05 ™ 0.00+0.00 ¢
Thiacloprid 20.29+0.10%  13.46+0.08%  2.32+0.04 ™

0.3mlL"
Means marked with different letters within the same column are significantly different (GLM Univariate followed
by Tukey’s test: P <0.05).
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Table 5. Mean (xSE) mortality percentages of pest, weight of boll, seed cotton yield, yield increase over control, cost of control, and benefit:cost ratio
following application of different treatments, alone or in combination with Azadirachtin, in cotton field

Mean total mortality percentages i . . .
Treatment ofpest (e otbl Seed coton ted el increasecost Beneft Beneftco
Eggs Nymphs (+SE) - (kg ha') (+SE)  (US$)
ZnO NPs 16.881.05% 31.55+0.36°  5.03+0.05™ 3476.73+0.88 %"  48.61+0.25"  38.09 41.66 1.09
Kaolin 37.32+0.76* 50.58+0.28" 5.11+0.08"™ 3532.28+0.86 104.16+0.76 ®  20.23 89.28 4.41
B. bassiana 9.35+0.21¢ 15.97+1.30" 5.00+0.25™ 3453.39+0.77 25.27+0.36°  36.90 21.66 0.58
Azadirachtin 27.87+0.29" 59.45+0.19% 5.08+0.15™ 3508.39+0.82  80.27+0.71¢  32.14 68.80 2.14
ZnO NPs+ Azadirachtin 27.07+0.14" 55.69+0.16®  5.07+0.08" 3502.56+0.84 ) 74.44+054°  35.00 63.80 1.82
Kaolin+ Azadirachtin 52.79+0.30° 63.36+0.61° 5.13+0.14"™ 354552+1.06%  117.40+0.56% 26.19  100.47 3.83
B. bassiana+ Azadirachtin ~ 15.85+1.02 33.11+0.88° 5.04+0.18"™ 3480.89+1.02%  52.77+#0.39°  34.52 45.23 1.31
Thiacloprid 40.14+0.17% 63.54+0.46° 5.10+0.12™  3521.73+1.03%  93.61+0.28 "™  22.61 80.23 3.54
Control - - 4.97+0.21™ 3428.12+0.76 ¢ - - - -

Means marked with different letters within the same column are significantly different (Tukey’s test: P <0.05).
NS: None significant
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Abstract
Background and Objectives
Bemisia tabaci (Genn.) (Hem: Aleyrodidae) is considered as one significant pest in the
agricultural products in Iran. In this research, the effects of ZnO NPs, kaolin, B. bassiana
(EUTP105 Isolate) were assessed alone or in combination to Neemarin® compared to
thiacloprid insecticide under field conditions on eggs and nymphs of B. tabaci and pupae
of its parasitoid Eretmocerus mundus.
Materials and Methods
This research was handled in the research field of the scientific staff of the Cotton
Research Center of East Iran, Kashmar, in a randomized complete block design with
three replications in August 2019. The experimental plots were separately 6 m? and 1.5
m. The recommended concentration of Neemarin® (15 mg L™ AZA), thiacloprid (0.3 mL
LY, Kaolin (30 g L™), a concentration of 20 mg L™ of ZnO NPs, a concentration of
1x10% conidia mL™ of B. bassiana, half- concentration of Neemarin® (7.5 mg L™ AZA)
+ 10 mg L™ of ZnO NPs, half- concentration of Neemarin® (7.5 mg L* AZA) + 15¢g L™
of Kaolin and half- concentration of Neemarin® (7.5 mg L™ AZA) + a concentration of
1x10° conidia mL™ of B. bassiana were prepared which sprayed on upper and lower
surfaces of cotton plants using a knapsack sprayer, equivalent to an application volume
of 500 | ha™. The control treatment was sprayed by water. The mortality of B. tabaci
eggs and nymphs and pupal stage of E. mundus were calculated using Henderson and
Tilton equation . To this purpose, five plants were randomly selected in each plot and
three leaves from each one (top, middle, and bottom section of plant canopy) were
excised and transferred to a laboratory. Two pieces of 1 cm? from each leaf were chosen
so that the units included into main vein. Total live eggs and nymphs of pest as well
pupae of parasitoid in each sample unit were counted using a binocular. Samplings were
handled one day before and 3, 7 and 14 days after spraying.
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Results

In 3 DAT (days after treatment), the most effective treatments on eggs and nymphs of
pest were Kaolin + Neemarin® and thiacloprid, respectively. While, the least effective
treatments were B. bassiana. In 7 DAT, Kaolin + Neemarin® and ZnO NPs exerted the
highest and lowest mortality, respectively, on the eggs of pest, Neemarin® and B.
bassiana exerted the highest and lowest mortality, respectively to the nymph. In 14 DAT,
the highest efficacy on eggs and nymphs was observed in Kaolin + Neemarin® and
Neemarin®, respectively, while the lowest efficacy both on eggs and nymphs belonged to
B. bassiana. The highest and lowest mortality of the pupae of parasitoid in 3 DAT
belonged to thiacloprid and B. bassiana, respectively. In 7 DAT, Neemarin® and ZnO
exerted the highest and lowest mortality on the parasitoid pupae, respectively. In 14
DAT, Kaolin exerted the highest mortality on the pupae of parasitoid that was followed
by Kaolin + Neemarin® Neemarin®, and thiacloprid. The maximum yield and
benefit/cost ratio were observed in Kaolin + Neemarin®, followed by Kaolin treatments.

Discussion
Considering the results, ZnO NPs and Kaolin alone, or in combination to Neemarin® can
be the suitable candidates as an alternative in the IPM programs of B. tabaci on the
cotton field.
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