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APPLE: Malus domestica Borkhausen, ‘Buckeye Gala’, ‘Idared’ 
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Brown marmorated stink bug (BMSB): Halyomorpha halys (Stål) 
San Jose scale (SJS): Quadraspidiotus perniciosus (Comstock) 
Woolly apple aphid (WAA): Eriosoma lanigerum (Hausmann) 
Twospotted spider mite (TSM): Tetranychus urticae Koch 
European red mite (ERM): Panonychus ulmi (Koch) 
Predatory mite (ZM): Zetzellia mali (Ewing) 
Predatory mite (AF): Amblyseius fallacis (Garman) 
 
Given that BMSB feeding injury to apples is expressed gradually over time and that BMSB immigration into orchards can 
occur through much of the growing season, evaluating the effect of individual insecticides used in seasonal programs 
involving multiple active ingredients is challenging. To address this issue, the efficacy of single insecticides applied season-
long was evaluated in a 1.6 acre block of 10-yr-old trees on M.26 rootstock, planted at a spacing of 8 x 20 ft. Four 
replicates of each insecticide were assigned to two-tree plots according to a RCB, consisting of two replicates each of 
‘Buckeye Gala’ and ‘Idared’. Most treatments were applied as alternate-row-middle (ARM) sprays at 6- to 8-d intervals 
from 6 May through 8 Aug (15 sprays), using a Swanson Model DA-400 air-blast sprayer calibrated to deliver 60 gpa at 3 
mph. Venom Insecticide was also applied as complete sprays at about 14-d intervals from 6 May through 8 Aug (8 sprays), 
for comparison with ARM treatments. Prior to the onset of treatments for BMSB, all plots (including untreated controls) 
were sprayed (all row middles, or complete sprays) with the following products to control mites, SJS, WAA, and other 
early-season pests (expressed as amt per acre): Lorsban Advanced (3 pt) + oil (1 gal) on 15 Mar, Assail 30SG (3 oz) on 23 
Mar, and Assail 30SG (6 oz) + Agri-Mek 0.15EC (10 fl oz) + oil (1 gal) at petal-fall on 19 Apr. To protect fruit from 
codling moth and oriental fruit moth injury, Altacor 35WG (3 oz/acre) or Delegate 25WG (5.2 oz/acre) were applied to the 
entire block on five dates between 15 May and 27 Jul. WAA populations were assessed via 3-min timed counts of the 
number of active colonies per 2-tree plot. Mite populations were recorded using a mite-brushing machine to remove mites 
from 25 leaves per plot. In-season evaluations of fruit injury were based on samples of 25 picked fruit per plot, and 
included 15 and 10 fruit from the middle and upper canopy of trees, respectively. Due to the unusually early season, fruit 
were harvested on 15 Aug. The harvest sample consisted of 100 fruit per plot, including 60 and 40 fruit from the 
lower/mid-canopy and upper canopy, respectively. Based on recent experiences with BMSB in Virginia, it is assumed that 
most or all stink bug injury was from BMSB, and is reported as such. Fruit were initially examined for external BMSB 
injury; if external injury was detected, fruit were not examined further. If no external injury was detected, fruit were 
sectioned to the core and inspected for internal injury. Fruit infestation by SJS was also recorded. Raw or transformed data 
were analyzed using ANOVA and Fisher’s Protected LSD, and all comparisons were considered significant at P < 0.05. 
 
There were no indications that the BMSB treatments incited the secondary pests of greatest concern. Following the miticide 
treatment at petal fall, none of the insecticides flared ERM (Table 1). Compared with the untreated controls, there were no 
significant effects of any treatment on ZM counts on any sample date (Table 2). AF populations appeared to be most 
impacted by Baythroid, Danitol, and Declare. On 13 Jun, average WAA colony counts per plot were very low and did not 
differ significantly among the treatments and the untreated control plots (Table 3). On 15 Aug, the highest average WAA 
counts were recorded from plots treated with Venom (as ARM spray), Leverage, Danitol, and Baythroid, although highly 
skewed counts among replicates within treatments precluded statistical analysis. Fruit infestation by SJS was low for all 
treatments through the harvest evaluation on 15 Aug (Table 3). 
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On 19 Jun, BMSB injury was relatively low in the control plots, although all treatments had significantly lower damage 
levels than the control (Table 4). A similar trend was recorded on 17 Jul, with no apparent increase in BMSB injury. At 
harvest on 15 Aug, BMSB injury increased considerably in all plots. Injury in the untreated control plots was significantly 
higher than any of the treated plots. The lowest damage levels occurred in plots treated with Leverage, Baythroid, Danitol, 
and Venom (ARM), with intermediate injury in the others. There were suggestions of a rate effect of Declare, although 
differences between the two rates did not separate statistically. ARM versus complete sprays of Venom suggested that 
ARM sprays may have improved efficacy, although there were no statistical differences between the application methods. 
BMSB injury during the 2012 season was likely influenced by light bug pressure early in the season, associated with 
relatively low overwintering adult populations. Furthermore, the early harvest likely mitigated the effects of late-season 
feeding on early and mid-season apple varieties. The increased levels of BMSB injury recorded at harvest may have been 
due to a combination of factors, including the larger sample size, an increasing population, and possibly to the effects of 
fruit ripening on bug feeding, which are poorly understood. ARM spray applications at about 7-d intervals conform well to 
the capabilities of most commercial apple growers and may provide better protection from BMSB by maintaining fresher 
residues on plant surfaces. 
 
This research was supported by industry gifts of pesticides and research funding. 
 
Table 1. 
 ERM/ leaf 
 
Treatment Amt/acre 6 Jun 6 Jul 6 Aug 
 
Baythroid XL 2.8 fl oz 0.00b 0.02b 0.14a 
Belay 2.13SC 6.0 fl oz 0.00b 0.00b 0.00a 
Danitol 2.4EC 16.0 fl oz 0.02a 0.00b 0.00a 
Declare 1.25CS 1.0 fl oz 0.00b 0.02b 0.06a 
Declare 1.25CS 2.0 fl oz 0.00b 0.00b 0.04a 
Leverage 360SC 2.8 fl oz 0.00b 0.08ab 0.00a 
Venom 70SG 4.0 oz 0.00b 0.12a 0.04a 
Venom 70SGa 4.0 oz 0.00b 0.00b 0.00a 
Untreated control  0.00b 0.00b 0.00a 
 
a Sprayed complete (every row) at about 14-d intervals; all others 
sprayed alternate-row-middle at about 7-d intervals 
Means followed by the same letters are not significantly different 
(P > 0.05) according to according to ANOVA and Fisher’s 
Protected LSD. 
 
Table 2. 
 Predatory mites/leaf 
 
 6 Jun 6 Jul 6 Aug 
 
Treatment Amt/acre ZM AF ZM AF ZM AF 
 
Baythroid XL 2.8 fl oz 0.00a 0.00c 0.06a 0.00b 0.50abc 0.00b 
Belay 2.13SC 6.0 fl oz 0.00a 0.02bc 0.02a 0.16ab 0.50abc 0.38ab 
Danitol 2.4EC 16.0 fl oz 0.06a 0.00c 0.06a 0.02b 0.10c 0.12ab 
Declare 1.25CS 1.0 fl oz 0.00a 0.00c 0.04a 0.00b 0.18bc 0.02b 
Declare 1.25CS 2.0 fl oz 0.00a 0.00c 0.10a 0.02b 0.28bc 0.06ab 
Leverage 360SC 2.8 fl oz 0.06a 0.00c 0.06a 0.06ab 0.92a 0.14ab 
Venom 70SG 4.0 oz 0.00a 0.14a 0.04a 0.06ab 0.76ab 0.16ab 
Venom 70SGa 4.0 oz 0.00a 0.02bc 0.10a 0.06ab 0.50abc 0.42a 
Untreated control  0.06a 0.08ab 0.08a 0.30a 0.36abc 0.38a 
 
a Sprayed complete at about 14-d intervals; all others sprayed alternate-row-middle at about 
7-d intervals 
Means within columns followed by the same letter are not significantly (P > 0.05) different 
according to ANOVA and Fisher’s Protected LSD. 
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Table 3. 
 WAA colonies/3-min No. fruit with SJS 
 
Treatment Amt/acre 13 Jun 15 Augb 19 Jun 17 Jul 15 Aug 
 
Baythroid XL 2.8 fl oz 1.00a 7.25 0.00 0.00 0.00a 
Belay 2.13SC 6.0 fl oz 0.00a 5.00 0.00 0.00 0.00a 
Danitol 2.4EC 16.0 fl oz 0.75a 8.00 0.00 0.25 0.25a 
Declare 1.25CS 1.0 fl oz 0.00a 0.00 0.00 0.00 0.00a 
Declare 1.25CS 2.0 fl oz 0.00a 0.75 0.00 0.00 0.00a 
Leverage 360SC 2.8 fl oz 1.00a 9.50 0.00 0.00 0.00a 
Venom 70SG 4.0 oz 0.50a 10.25 0.25 0.00 0.72a 
Venom 70SGa 4.0 oz 0.50a 1.25 0.00 0.00 0.25a 
Untreated control  0.00a 0.25 0.00 0.00 0.75a 
 
Means within columns followed by the same letter are not significantly (P > 0.05) 
different according to ANOVA and Fisher’s Protected LSD. 
a Sprayed complete at about 14-d intervals; all others sprayed alternate-row-middle 
at about 7-d intervals 
b Highly skewed counts among replicates within treatments could not be improved by 
transformation and were not analyzed statistically. 
 
Table 4. 
   No. fruit with BMSB injury 
 
Treatment Amt/acre 19 Jun (25 fruit/plot) 17 Jul(25 fruit/plot) 15 Aug(100 fruit/plot) 
 
Baythroid XL 2.8 fl oz 0.25b 0.00c 2.50d 
Belay 2.13SC 6.0 fl oz 0.75b 0.25bc 4.25bcd 
Danitol 2.4EC 16.0 fl oz 0.25b 0.25bc 3.25bcd 
Declare 1.25CS 1.0 fl oz 0.50b 0.50b 6.50b 
Declare 1.25CS 2.0 fl oz 0.50b 0.00c 4.25bcd 
Leverage 360SC 2.8 fl oz 0.75b 0.00c 1.75d 
Venom 70SG 4.0 oz 0.75b 0.00c 3.00cd 
Venom 70SGa 4.0 oz 0.25b 0.00c 6.00bc 
Untreated control  2.75a 1.75a 12.25a 
 
Means within columns followed by the same letter are not significantly (P > 0.05) different 
according to ANOVA and Fisher’s Protected LSD. 
aSprayed complete at about 14-d intervals; all others sprayed alternate-row-middle at about 7-d 
intervals 
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