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Table 1. Tested insecticides in control of the apple armored scale

. . * Recommended
Toxicant Trade name Toxicant group IRAC group Concentration (g/L a.i.)
Spirotetramat Movento® Tetramic acid 23 0.075
Flupyradifurone Civanto® Botenolid 4D 0.100
Pyriproxyfen Admiral® IGR 7C 0.050
Thiacloprid Bisacaya® Nicotinoid 4A 0.120

*IRAC (Insecticide Resistance Action Committee)
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Table 2. Characters of the trees used in the control of the apple armored scale

Row Amount (L) of the

. Orchard Date of Height of . .
Generation tree distance diluted
No. treatment (Year) tree (m) (m) pesticide/tree
. 1 6-20 2-3 ~2 15.0
First 2 May 18 2.25 1-3 ~4 15.0
1 4-5 1 ~4 3.5
Second 5 July 30 45 1 - 35
Adult 1 August 18 8-10 1-2 ~2 2.5
Egg 1 March 19 15-30 3-4 ~3 5.0
4 (et al., 2015; Hesselbach and Scheiner, 2019
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Table 3. Variance analysis of the apple armored scale first and second generation nymphs and second
generation adult’s mortality in the different days after treatment with different pesticides in two
orchards

Developmental stage

First generation

Second generation

Orchard Source of variation Adult
nymph nymph
df MS df MS df MS

Block 2 36.16 2 5.21* 2 0.08*
Toxicant 4 3836.46** 4 6539.61 ** 4  3.15**

No 1 Day 7 1147.63** 7 11854.81 ** 7 17.76**
Toxicant*Day 28 431.93** 28 216.71 ** 28 0.42**
Error 79 12.09 78 1.50 78 0.02
CV (Percent) 4.33 2.15 19.17
Block 2 28.28 2 18.30** 2 0.20
Toxicant 4 11769.66** 4 6290.01** 4  478**
Day 4 1624.12** 7 11560.48** 7 24.23**

No2  Toxicant*Day 16 1152.30** 28 343.70** 28  0.47**
Error 48 17.59 78 3.02 78 0.04
CV (Percent) 14.43 2.74 22.10

*and **: Significant at 5 and 1 percent levels of probability, respectively
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Figure 1. Egg mortality percentage (+ standard error) of apple armored scale in 5 cm?of a branch.
Different letters indicate significant difference (Tukey, p<0.05)
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Table 4. Mean comparison of mortality (percent) in the first and second generation nymphs and second
generation adults of the apple armored scale in the different days after treatment in orchard No 1.

Mortality (percent) at the days after treatment

Generation Treatment
1 3 5 7 14 21 28 35
Spirotetramat 59.2+4.4 70.9+29 23.7+1.6 35.0+5.5 60.5+5.1 89.8+0.7 71.7+0.2 87.4+25
0.5 mn h-1 0 0 k-n a-f h-k c-g
Spirotetramat 86.3+3.1 89.3+3.  87.7+1.9 92.8+14 849+29 91.8+1.3 98.1+0.3 100.0+0.0
0.75 d-g 7 a-f b-g a-e e-g a-e a-c a
First Flupyradifurone 93.4+0.3 94.5+0.4 93.6+0.5 94.3+0.9 70.1+2.7 95.8+0.2 97.1+0.1 98.9£0.4
a-e a-e a-e a-e h-m a-e a-d ab
. . 87.5+0.9 90.4+0.9 76.3+0.7 70.9£3.7 61.3+25 80.2£1.5 91.2+0.8 94.5+0.8
Thiacloprid .
b-g a-f gh h-1 j-n f-h a-f a-e
Pyrinroxvfen 63.2£0.1 77.5+0.7 72.9+0.1 91.0+04 60.0+0.1 72.6+0.6 57.7+0.4 91.8+0.7
yriproxy i-n gh hi af I-n h-j n a-e
Spirotetramat 13.740.3 29.7+0.6 45.3+1.0 67.0+0.6 76.5+0.9 92.5+0.6 94.7+0.7 97.6+0.3
0.5 qr n | h f c bc ab
Spirotetramat 18.8+0.  31.6+0. 54.8+1.1 71.9+04 82.0+0.6 95.0+04 97.9+0.5 100.0+0.0
0.75 3p n jk g e bc ab a
Second Flupyradifurone 18.5+0.2 53.3+0.1 §8.6i0.3 73105 86.6+0.5 92.4+0.6 97.2+0.2 99.4+0.4
p k ij fg d c ab a
. . 16.4+0.2 15.1+0.2 13.4+0. 17.2+0.5 33.0+0.9 51.1+12 65.4+1.5 80.9+0.8
Thiacloprid
p-r p-r qr pPq mn k h e
. 2.0+0.5 13.0+0.8 24.6+1.0 36.3+t0.5 42.9+0.9 60.8+1.0 73.2+1.3 80.9+1.6
Pyriproxyfen -
S r 0 m | i fg e
Spirotetramat 0.0£0.0 0.4+0.1 0.1+0.1 15+0.2 15+0.2 2.2+0.1 0.8+0.0
. . ; - 43+0.1a
0.5 j h-j j e ef cd g-i
Spirotetramat 0.0 0.0 0.0+0.0 0.0+¢0.0 0.1+0.0 0.2+0.1 1.7+0.2 0.1+0.1
. . : : . . 24+09¢c
0.75 J ] ] ] ] de J
Adult Flupyradifurone JQ.OiO.O Q.Oi0.0 JQ.OiO.O g._?io.l JQ.OiO.O ]}éOi0.0 ;).Oio.o 3.040.0 b
Thiacloprid JQ.OiO.O JQ.OiO.O JQ.OiO.O g._;&o.l i+5i0.2 §.3i0.2 %3i0.1 3.0£0.1b
*.
Pyriproxyfen Jf).OiO.O JQ.Oﬂ:O.O JQ.Oﬂ:O.O JQ.Oio.o JQ.Oio.o gh +0.1 JQ.Oﬂ:O.O 31402 b

Means in each experiment fallowed by similar letters are not significantly different (Tukey’s test, P > 0.05)
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Table 5. Mean comparison of mortality (percent) in the first and second generation nymphs and second
generation adults of the apple armored scale in the different days after treatment in orchard No 2.

Mortality (percent) at the days after treatment

Generation Treatment

1 3 5 7 14 21 28 35
Spirotetramat 117422 64263 30.2+26 55.742.8 51.6+3.3 i i
0.5 fg b-d e d d
Spirotetramat 58.1£1.2 69.9+1.8 64.6+23 753+0.1 76.6+14 ) )
0.75 cd a-c b-d ab ab
. - 0.0+0.0 0.0£0.0 0.0+0.0 58.4+4.3 78.2+34
First Flupyradifurone - - -
g9 g g cd a
Thiacloprid 24.7+49 6.9+3.4 0.0+0.0 0.0+0.0 0.0+00 ) )
ef g g g g
Pyriproxyfen g.Oi0.0 (g).Oﬂ:0.0 (g).Oﬂ:0.0 8.010.0 8.010.0 ) ) )
Spirotetramat 15.9+0.4 35.1+0.8 55.1+1.4 85.1+1.0 89.2+04 93.7+0.5 97.1+0.3 98.0+0.3
0.5 s op m fg ef b-e a-c a-c
Spirotetramat 21.9+04 37.7+09 67.3t1.6 925+0.6 94.3+05 95.8+0.6 98.7+0.7 100.0+0.0
0.75 qr 0 jk c-e a-e a-d ab a
Second Flupyradifurone 21.9+0.3 64.3+03 73405 896+06 90.8+0.4 93.1:0.5 96.0+06 97.0+0.6
qr ki i ef d-f b-e a-d a-c
. . 19.3+0.2 185+0.3 17.3+0.5 23.5+0.8 47.8+t14 76.1+0.7 83.0£0.9 86.0+1.1
Thiacloprid )
r-s g-s rs q n hi g fg
. 2.3+0.6  15.3+1.0 29.9+1.2 459409 584+15 59.6£2.1 70.9+2.7 81.5+35
Pyriproxyfen "
t s p n m Im ij gh
Spirotetramat 0.2£0.2  1.0£0.2 0.1+0.1 2.3+0.1 1.2+0.1 3.4+0.2 0.8+0.2 45:01a
0.5 fg de g c d b d-f D
Spirotetramat 0.0£0.0 0.0+40.0 0.0+40.0 0.2+0.1  1.0+0.0 1.4+0.2 0.1+0.1
3.8+0.2 b
0.75 g g g fg de d g
Adult Flupyradifurone g.Oi0.0 S.Oi0.0 S.Oi0.0 (e);;‘,io.l g.li0.0 (lj.Si0.0 S.Oi0.0 3.4+01b
Thiacloprid 0.0+0.0 0.0+0.0 0.0+0.0 1.24+0.2 0.5+0.3 2.5+0.2 0.2+0.1 32402 b
9 g g d €-g c fg
Pyriproxyfen 0.0+40.0 0.0£0.0 0.0+0.0 0.240.1 0.1+0.1 1.0+0.2  0.0+0.0 39402 b
g g g fg g de g

Means in each experiment fallowed by similar letters are not significantly different (Tukey’s test, P > 0.05)
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Abstract

The apple armored scale, Lepidosaphes malicola Borchsenius (Hem.: Diaspididae) an important pest
of fruit trees. Control of this pest depends mostly on the use of chemical pesticides. To study the effect of
several pesticides on the pest population, two separate experiments were conducted in a randomized
complete block design with three replications in two orchards. The first factor was treatments [control
(water), spirotetramat 0.5 and 0.75 ml/L, flupyradifurone, thiacloprid, and pyriproxyfen 0.5 ml/L]. The
second factor was the sampling time (1 day before and 1, 3. 5, 7, 14, 21, 28 and 35 days after treatment).
Spirotetramat and flupyradifurone (with more than 80 percent mortality) had the most effect on the
nymphal mortality. The mortality in thiacloprid and pyriproxyfen was lower than that of spirotetramat and
flupyradifurone. By considering the treatment time, the mortality rate of nymphs by flupyradifurone, a
butenolide with knockdown effect reached its highest level one day after treatment. In 0.75 ml/L
concentrations of spirotetramat the highest decrease in the nymphal population was observed one week
after treatment. Spirotetramat with up and down bilateral movement ability is a very long-lasting systemic
insecticide. Results indicated a negligible effect of the pesticides on adult mortality under female shields.
The use of 1.5- 2 percent volck® oil in winter spraying had a significant effect on pest control. Overall,
spirotetramat and flupyradifurone showed a significant effect on the nymph’s control and can be
recommended.
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