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Section III 
Field Crop Pests 
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Two-spotted spider mite, Tetranychus urticae (Koch) and hop aphid, Phorodon humuli 
(Schrank) are major pests of hop.  Numerous pesticides may disrupt conservation biological 
control of spider mites and hop aphid due to both direct and indirect effects.  In previous 
research, sulfur and stylet oil applied for management of hop powdery mildew (Podosphaera 
macularis) were shown to be toxic to phytoseiid mites and exacerbate spider mite outbreaks in 
field studies in Oregon and Washington (Gent et al., 2009).  Effects on predatory insects and hop 
aphid generally were modest or non-detectable.  Mechanism responsible for exacerbation of 
spider mite outbreaks remain unclear, as are practical approaches for integrating control 
measures for powdery mildew and conservation biological control of these pests.  Field studies 
were conducted during 2007 to 2009 in Oregon and Washington to develop fungicide programs 
compatible with conservation biological control of these pests  
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Methods 
In Oregon, experiments were conducted in an experimental hop yard in Corvallis (Benton 
County) planted to cultivar Willamette and irrigated by sprinklers (2007) or drip irrigation (2008 
and 2009). Plots consisted of 16 treated hills arranged in a randomized complete block design 
with four replications.  Plots were separated by one or two rows of nontreated plants.  Different 
timings of sulfur were evaluated. Three biweekly sulfur applications (Microthiol Disperss) were 
made early (15 April – 15 May), mid (15 May – 15 June), or late (15 June – 15 July) season and 
compared to a rotation of only synthetic fungicides (Flint, Accrue, and Quintec) and nontreated 
plots.  Plots receiving sulfur treatments were treated with synthetic fungicides on other 
application dates. All fungicides were applied at the highest labeled rates for hop. Ten to 40 
leaves were assessed from each plot at one to two week intervals from early April to mid-August 
to enumerate arthropods.  As plants grew taller than 2 meters, samples were taken from low (≤1 
m) and high (2 to 3 m) in the canopy.  Motile predator populations were enumerated from three 
“shake samples” of 4 plants in the middle of each plot (James and Price, 2004).  At harvest, 
aphids, spider mite motile stages and eggs were recovered and enumerated from 6 sub-samples 
of 10 cones per plot using an ethanol extraction.  Treatment differences where determined by 
repeated measures analysis of log-transformed means.  Mite damage was rated on a subset of 
cones using a 0 to 7 ordinal scale by a commercial hop merchant; data were analyzed using a 
nonparametric ANOVA-type statistic. 
 
In Washington, experiments were conducted in an experimental hop yard near Prosser (Benton 
County) planted to cultivar Willamette and irrigated by drip irrigation. Plots consisted of six 
plants in a single row, arranged in a randomized complete block design with four replications. 
Plots were separated by one or two untreated rows. The treatments applied in Washington were 
similar to those applied in Oregon, with four sulfur applications made early, mid, late, and very 
late in the season.  Leaf and cone samples were collected as described above to enumerate 
arthropod populations. 
 
Results 
In Oregon, late season applications of sulfur tended to exacerbate spider mite outbreaks, 
particularly in the upper canopy (Fig. 1B & D). Conditions were not conducive for a mite 
outbreak in 2009 (Fig. 1E & F), and sulfur timing in the absence of substantial mite populations 
did not have a significant effect on later mite populations. Treatment differences in the 
Washington trials were not as clear, although there was a general trend for greater numbers of 
spider mites in plots treated with sulfur later in the season compared to early season sulfur or 
synthetic fungicide timing (Table 1). Variability in the Washington trials potentially could be due 
to sampling height, given that treatment differences were most evident in the upper canopy in 
Oregon. In all trials, hop aphid abundance was not consistently affected by any fungicide 
treatments. Relatively few phytoseiid mites were observed in all three years in both states.  
Consistent differences in abundance of predatory insects between treatments were not detected.  
 
Discussion 
The mechanisms associated for spider mite outbreaks in relation to sulfur applications remains 
unclear, although it is clear that toxicity to predatory mites is not the only factor involved.  It is 
possible that an indirect effect of sulfur on spider mite behavior, such as dispersion in response 
to sulfur residues, may have an impact on mite populations.  However, spatial analyses of 
aggregation of mites among leaves have been inconclusive, potentially due to dispersion at a 
scale smaller than individual leaves.   
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Nonetheless, several conclusions and practical management recommendations can be made 
based on the results of 10 location-years of trials.  Later application timings of sulfur are 
associated with the most severe outbreaks of mites.  Generally this outbreak occurs after sulfur 
applications cease, lagging behind the last sulfur application by 10 to 21 days.  The rate of mite 
increase and potential for cone damage is greatest when sulfur is applied after 15 June, and 
multiple miticide applications may be needed to achieve control when sulfur is used after this 
date (data not presented).  Negative side-effects of sulfur on predatory arthropods are most 
obvious with predatory mites; effects on other predators appear transient or minor.  Importantly, 
mite outbreaks occurred in most treatments in most trials at levels that growers typically would 
not tolerate, but the outbreak tended to be most severe when sulfur was applied later.  Obviously, 
the success or failure of biological control of spider mites is more complicated than simply the 
timing of sulfur fungicide applications.  Nonetheless, sulfur-induced mite outbreaks can be 
minimized by applying sulfur as early as possible in spring, preferably before 15 May, or early 
June at the latest.   
 
 
Table 1. Mean seasonal density (±SEM) of arthropods per hop leaf in relation to fungicide treatment, WA 
  Fungicide treatment (mean ± SEM per leaf) 
   Sulfur timing  
Year Arthropod Water Early Mid Late Very late Synthetic 
2007 P. humuli 7.30  ± 4.46 2.46  ± 1.20 4.12  ± 1.96 5.16  ± 2.74 3.60  ± 2.05 7.27   ± 3.65 
 Phytoseiidae 0.14  ± 0.08 0.06  ± 0.03 0.10  ± 0.06 0.09  ± 0.04 0.08  ± 0.04 0.03   ± 0.02 
 T. urticae 15.45 ± 4.40 17.11 ± 5.06 30.7  ± 10.7 32.6  ± 15.1 20.20 ± 6.33 16.14 ± 6.11 
2008        
 P. humuli 2.76  ± 0.72 3.46   ± 0.85 2.96  ± 0.90 2.39  ± 0.70 2.29  ± 1.00 2.86  ± 0.85 
 Phytoseiidae 0.35  ± 0.13 0.31   ± 0.12 0.34  ± 0.14 0.24  ± 0.09 0.28  ± 0.10 0.23  ± 0.09 
 T. urticae 10.19 ± 3.75 15.03 ± 6.53 16.55 ± 5.17 21.29 ± 6.71 23.34 ± 8.93 17.32 ± 6.35 
2009        
 P. humuli 23.52 ± 8.98 12.23 ± 4.57 17.06 ± 6.75 17.34 ± 6.93 31.8  ± 12.5 24.74 ± 9.29 
 Phytoseiidae 0.40  ± 0.22 0.59   ± 0.27 0.55  ± 0.31 0.26  ± 0.11 0.49  ± 0.27 0.45   ± 0.28 
 T. urticae 46.1  ± 17.7 38.60 ± 14.7 34.9  ± 13.0 64.9  ± 33.7 54.8  ± 22.6 43.80 ± 17.0 
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Figure 1. Motile spider mite populations in the lower (A, C, E) and upper hop canopy (B, D, F) in 2007 
(A and B), 2008 (C and D), and 2009 (E and F) in relationship to fungicide treatments.  The dashed line 
in A to D represents an approximate action threshold for spider mites on hop.  Trials were conducted in an 
experimental yard near Corvallis, Oregon. Error bars are omitted to increase legibility of the figures. 


