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Abstract

To select a biological control agent for suppression of spider mites on landscape plants in western regions of the Rae§t; Nert
compared life history traits @alendromus occidentalidesbitt,Neoseiulus californicudicGregor) andNeoseiulus fallaci€Garman).

We also evaluated abilities of these predatory mites to suppress spider mites in 4 landscape plant species under fiedd gonditio
Comparing life history traits from the literature, intrinsic rate of increase was similar betwedwabseuluspecies but lower fdb.
occidentalis Prey killed per day was greatest @roccidentalis> N. fallacis> N. californicus For overwintering abilities\. fallacis
andG. occidentalisare indigenous to the Pacific Northwest and will survive winter assuming overwintering sites are available, but
survival ofN. californicusis unlikely.Neoseiulus californicusas the widest prey rande, occidentalithe narrowest, withl. fallacis
intermediate. When inoculated into spider mite infested landscape plafdaiaciswas equally effective at suppressing spider mites
as G. occidentalisin either Malus rootstock orAcer shade trees. Further tests with fallacis or N. californicuson Spiraeaand
Rhododendromplants suggested thidt fallacisis equally or more effective at suppressing pest mites, respectively. Compared with the
other candidate$y. fallaciswas equally effective at controlling pest mites and has a wider prey randge.tbatidentalisNeoseiulus
fallacis appears to be the best candidate for biological control of multiple spider mite species on landscape plants in théise parts of
Pacific Northwest.

Index words: integrated pest management, Tetranychidae, Phytosdildaseiulus fallacisNeoseiulus californicyssalendromus
occidentalis biological control.

Species used in this studyGalendromus occidentalifNesbitt);Neoseiulus californicugMcGregor);Neoseiulus fallaci§Garman);
the two spotted spider mifggtranychus urtica@koch); the southern red mi®Jigonychus illicigMcGregor);Malus(MM.106EMLA)
rootstock;Acerx freemanii‘Jeffersred’;Spiraea bumald&Crispa’; RhododendrorHotie’.

Significance to the Nursery Industry to suppress spider mite pests in landscape plant nursery sys-

Our investigations have focused on the identification, €MS (27).

evaluation and conservation of a predatory mite targeted for . An z_alternati\_/e to pesticides for suppres_sion of spider mit_es
control of spider mites in landscape nursery systems of the IS the inoculative release of predatory mites from the family

Pacific Northwest. We compared 3 indigenous predatory Phytoseiidae. P.redato_ry mites are important biological con-
mites and concluded thist fallacisappears to be best suited 10! @gents of spider mites in many agricultural systems (15).
for suppression of various pest mites found on landscape Pyioseiids are effective at suppressing pests in landscape
plants in the region. In 3 of 4 field test$, fallacis con- plants grown in greenhouse systems (32), but few studies
trolled spider mites below economic levels, suggesting that have tested their ability to suppress pest mites on landscape

inoculative releases of this predator can be an effective alter-Plants grown outd_oo_r s. Recent 5“40"95 evaluated the use of
native to pesticides. Phytoseiulus persimilig\thias-Henriot for the suppression

of Tetranychus urtica&och in landscape species grown in
semi-tropical regions of the United States (2, 3). Results sug-
] , ) ) gest thaP. persimiliscan reducé. urticaeon landscape plants
Spider mites of the Tetranychidae are major pests of land- he|ow economic levels. However, this predator is not an ideal
scape plant nurseries worldwide. Foliar damage caused bypjological control agent for all production regions. For in-
spider mite feeding renders plants unsightly and unmarket- stance p. persimilismay not overwinter in important tem-
able (13, 22). To protect these high value plants from spider perate growing regions of the United States (e.g., the Pacific
mite damage, nurserymen have traditionally relied on syn- Northwest; 19). In additiorP. persimilisis a specialist of
ever, due to resistance of spider mites to pesticides, negativegpider mite complex (16).
effects of pesticides on natural enemies, and environmental McMurtry and Croft (21) classified specialist and gener-
concerns, other control tactics besides pesticides are needegjist phytoseiid life styles into 4 types according to life his-
tory and morphological traits: Type | phytoseiids are spe-
cialized predators ofetranychusspecies, Type Il includes
1Received for publication April 7, 2000; in revised form August 1, 2000. We Selective predators of spider mites in the family
thank J.L. Green and J.A. McMurtry (of Oregon State University) for com-  Tetranychidae, Type Il phytoseiids are generalist predators
ments on the manuscript. This research was funded, in part, by grants from gnq Type IV species are specialist on pollen but may also

Oregon Association of Nurseryman and Northwest Nursery Crops Research . . - . .
Center (USDA). This is Journal Article R-07691 of the Florida Agricultural feed on mites. The ObJeCtlve of this StUdy was to 'dem'fy a

Introduction

Experiment Station. phytoseiid mite from the Type Il predator classification for
2Department of Entomology, Oregon State University, Corvallis, OR 97331- biological Contr0| of multlplg_ spider mites in Ollltdoor land-
2907. scape nurseries of the Pacific Northwest. We first compared
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life history traits from the literature for three species that lease of 210 (x 8) adult females of eithr fallacis, G.
appeared to be suitable candidates. From among the candioccidentalisor no release of predators (control). We moni-
dates that possessed the most promising characteristics, weored mite populations in each replicate plot by removing 50
performed field tests to compare their effectiveness at con- leaves in an ‘X’ type pattern from each replicate every 14
trolling spider mites when released into landscape plants of days. By June 27, spider mite populations had increased to

4 representative types. 0.60 (= 0.12) per apple leaf and predatory mites were re-
leased into plots by placing a bean leaf containing 3 adult
Materials and Methods females every 6 m along each of 12 rows per replicate. Leaf

samples were placed in an ice cooler, transported to the labo-

tetranychids that are indigenous to the western United States’ atory_and a 40x microscope was used to count pest and preda-

are Galendromus occidentali®esbitt, Neoseiulus tor mites. All predat_ors founo! on _s_ampled leaves were
mounted on glass slides and identified by morphological

californicus(McGregor) andNeoseiulus fallaci&arman (12, o . ; :
21). For these species, we compared intrinsic rate of increase?haraCte”St'CS (29). To normalize data of density estimates,

number of prey killed per day, ability to overwinter in the W€ performed a log(x+1) transformation prior to analysis.

Pacific Northwest, humidity tolerance and commercial avail- 1© adjust for sampling the same populations over time we
ability. Although Tetranychusspecies, and especially compared treatments with repeated measures analysis of vari-
Tetranychus urticaoch, are major pests in landscape nurs- 2nce (ANOVA) (33).

eries, we were also interested in comparing prey range of - o

selected phytoseiids for nofetranychusdiets (i.e., Acer x fre_ema_nn ‘JeffersredAfter initial success of the
Oligonychus Schizotetranychyganonychusetc.). Unfor- predatory mites in th#alus rootstock system, in 1996 we
tunately, comparative data for prey range among phytoseiids compared the ability &&. occidentalisN. californicus and

is limited (6, 7). Therefore, we estimated prey range by cal- N. fallacisto suppress populations bfurticaein deciduous
Cu|ating the sum of noﬂ]’etranychuq)rey references from shade trees. The StUdy Sl.te was located _near Dayton, OR (452
the literature citation index (LCI) of Croft et al. (6). Our as- N and 123.1W) and consisted of a 2 ha field of 1-yr-old (since
sumption that the LCI adequately describes the prey rangebudding)Acerx freemanii'Jeffersred’ saplings. Trees were

of Type Il phytoseiids is based on recent comparisons be- planted in rows spaced approximately 1 m apart and 0.76 m
tween LCI and actual prey range tests for a limited number Within the row.Acertrees were irrigated via overhead sprin-

Selection criteria Three Type |l selective predators of

of species (26). klers as needed and measured approximately 0.9 (£ 0.3) m
in height with 10 ( 4) leaves per tree at the initia@ion of_the
Predaceous mite culturesaboratory cultures o6. experiment. Due to the sparse canopy we questioned if the

occidentalisN. californicusandN. fallacisused in this study ~ More humid-adapteeoseiuluspecies would be as effec-
were originally collected from agricultural crops in the tive at suppressing spider mites as the arid-tole@nt
Willamette Valley, OR (12). These cultures have been main- occidentalis.

tained for 3-6 years with regular additions from field-col- A single, randomly selected row from the 2 Aax
lected mites. Cultures were held at 25 + 5C, 16:8 light:dark freemaniiplanting was used for this test. One hundred and
(L:D), and 80 + 10% relative humidity (RH), and mites were fifty trees were randomly assigned 1 of 4 treatments: release
fed mixed life stages oF. urticae3 times per wk. Predators ~ Of G. ocmdgntallsN. californicus N. fallacisor no release

for inoculative releases in field tests originated from labora- (control), with 3 trees used as a border between each of the
tory cultures and were mass reared at Oregon State Univer-replicates. On July 2. urticaepopulations reached 1.1 (+
sity: phytoseiids were produced on lima bedPisageolus ~ 0.2) per leaf and 2 adult females of a single species were
|unatus|__) infested withT. urticaeunder greenhouse condi- added to a basal leaf of each tree within release blocks. Mite

tions of 26:21 (+ 5)C day:night (D:N), 75% (+ 10) RH and a Populations were es_timated k_)y scanning_S rando_mly selected
photoperiod of 16:8 L:D h (31). leaves from basal, intermediate and apical portions of each

To compare the 3 candidate phytoseiid species under field tree with an optical visor at 10x magnification. Predator iden-
conditions, we performed tests of 2 or more of these speciestification and data analysis were performed as described
in 4 spider mite infested landscape plant types. These plantabove. )
types consisted of stoolbed rootstock, shade tree, deciduous_In our initial testsN. fallaciswas equally or more effec-
shrub and evergreen shrub. These types were selected betive thanG. occidentalisThus, we proceeded with ori.
cause they represent a range of plant architectural types andallacis andN. californicusin the final 2 plant assessments.
harbor a diversity of mite pest species.

Spiraea bumalda ‘CrispaThe test site was also located

Malus rootstockThe study site was located near Gervis, near Dayton, OR (see above) and consisted of 0.3 ha plot of
OR (45.1N and 122.8\WWMalusrootstocks (MM.106 EMLA) 2 year oldSpiraea bumald&Crispa’ plants that were planted
were cultivated in a 7.3 ha stoolbed field with 400 (+ 22) in rows spaced 0.76 m apart. The plants were contiguous
plants per rhand 1 m between each row (for a general de- within row and irrigated with overhead sprinklers as needed.
scription of stoolbeds see 14). Plants emerged from the pe-Again, a single row, measuring approximately 35 m, was
rennial roots in early spring, and by May continuous dense randomly selected for this test. Four 1 m replicated blocks
canopies of leaves were created within rows and nearly be-per treatment were randomly assigned along the row with a
tween rows. Plants were sprinkler irrigated as needed ac-0.5 m border between each replicate. Borders did not receive
cording to soil moisture sensors. release of predaceous mites but were sampled to indicate the

In 1995 we tested the ability @. occidentalisand N. degree of predator movement between plots. Treatments were
fallacis to controlT. urticaein small plots. Fifteen 10002m release oN. fallacis N. californicusor no release (control).
plots were randomly assigned one of three treatments: re-On July 2, 1996]7. urticaepopulations reached 1.9 (£ 0.3)
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per leaf and 5 adult female predators were released into theAssuming the LCI adequately describes prey ramye,
center of the canopy of each release block. Samples of bor-californicusappears to feed on the widest range of peey,
ders and replicates were taken every wk to estimate spideroccidentalisthe narrowest, witiN. fallacis intermediate
mite and predator mite populations. Samples consisted of 10(Table 1). While commercial availability from producers is
randomly selected leaves removed from each replicate andsimilar for all 3 species, their humidity tolerances are differ-
border. Processing of samples, predator identification and ent. Galendromus occidentalisggs are tolerant of much
data analysis were performed as described above. lower humidities than eithéfeoseiuluspecies (Table 1).
When comparing life history traits, our findings suggest
Rhododendron ‘Hotie’ As mentioned above, we ques- that each species has one or more traits that may be limiting
tioned if the predatory mites would also suppress other, non- and that selection based on literature alone is difficult (10).
Tetranychuspider mites found in the landscape nursery sys- For instancei. occidentalishas the lowest intrinsic rate of
tem.Oligonychus illicigMcGregor) is a major pest of rhodo-  increase yet kills more prey items per day (Table 1). Simi-
dendrons in the United States (20). In addition, leaves of larly, N. californicusappears to feed on a wider range of
most rhododendrons are smooth and lack morphological landscape plant pests but its potential to overwinter in the
characteristics known to affect phytoseiid behavior (such as region is unlikely (Table 1). In addition, sparsely canopied
pronounced hair on the underside of leaves or domatia; 34).ornamental plants (shade tree saplings) that grow several

Therefore, we compared the ability Nf fallacis and N. meters above ground may have humidities below the toler-
californicusto suppres®. illicis on rhododendron plants. ances of humid adaptétkoseiuluspecies.

The study site was located near Corvallis, OR, (44.5 N Introduction of the predato@. occidentalisndN. fallacis
and 123.3W). Four-yr-olRhododendrofHotie’ plants were  into Malusrootstock plants significantly reduced populations

grown in a 5 x 10 m plot with plants spaced approximately of T. urticaewhen compared to the contrél € 0.001; Fig.

0.5 m apart. Fifteen replicate plants were randomly assigned 1). No significant differences were found among populations
one of three treatments: releas®lotalifornicus N. fallacis of spider mites in either of the 2 predator release treatments
or no release. Predatory mites were inoculated into release(p > 0.05). Release of eith@. occidentalisor N. fallacis
plants on April 17. A one-plant border surrounded each rep- resulted in a reduction @t urticaepopulations as much as
licate. Irrigation, sampling, identification of predators and 95% when compared to the control plots (Fig. 1). For in-
data analysis were exactly like previous studies except only stance, inN. fallacisrelease plots spider mite population levels

5 leaves were sampled per replicate. peaked in early August at 1.34 (+ 0.32) per leaf with preda-
_ ) tor populations peaking at 0.48 (+ 0.10) per leaf 16 days
Results and Discussion later. Tetranychus urtica@opulation levels in control plots

Selection criteriaWhen comparing life history data from  reached 6.45 (+ 0.35) per leaf in early September.
the literature, values of intrinsic rate of increase were similar ~ Release of the predatory mites into spider mite infested
amongN. fallacis and N. californicuswhen feeding on Acerx freemanii'Jeffersred’plants significantly reduced the

Tetranychuprey, but lower foG. occidentaligTable 1). In populations ofT. urticaewhen compared to control treat-
contrast, Friese and Gilstrap (11) found the number of prey ments P < 0.001; Fig. 1). Although treatments were not sig-
killed per day was higher fo®. occidentalisthan N. nificantly different P-value > 0.05), spider mite densities

californicus In an unrelated study, prey killed per dayNor were slightly higher irG. occidentaligreatments than tests
fallacis appeared to be intermediate to that of the other with the 2Neoseiuluspecies. While some dispersal of preda-
phytoseiids (1). With respect to overwinterimyg, fallacis tory mites did occur from the release treatments into the con-
andG. occidentalisare indigenous to the Pacific Northwest trol treatment late in the experiment, biological control was
and are expected to persist assuming adequate hibernatiomot realized in the control treatment.

sites are present (12). Whi\e californicusoccurs in Cali- When compared to the control treatment, the predatory
fornia, it has not been found in the Pacific Northwest and its mitesN. fallacisandN. californicussignificantly reduced
successful overwintering in this region is unlikely (12, 19). populations ofT. urticaein the landscape shrith bumalda

Table 1. Characteristics of potential biological control agents targeted for spider mites infesting landscape nursery systemthefPacific Northwest.

Intrinsic Humidity Humidity

Predator rate of Prey killed/ Over- Prey Commercially  tolerance tolerance

Phytoseiid predator type increase female/d wintering range® available (RH,,of eggg  reference
Galendromus occidentalis Iz 0.228 14.39 Yes 0.373 Yes 28.41 12
Neoseiulus californicus I 0.287 10.05 Unknown 0.564 Yes 73.73 5
Neoseiulus fallacis I 0.298" 11.40 Yes 0.419 Yes 69.65 12

“Type |l selective predator of tetranychid spider mites (24).

vAverage [, calculated from 6 estimates as reported in Sabelis and Janssen (30).

*as reported in reference 21.

“as reported in reference 8.

'Fed excess eggs of cinabarinus.

YFed excess eggs of urticae

‘Winter survival in Pacific Northwest.

sPrey range estimated as a summation of the literature citation index ®&tmanychugliets from Croft et al. (9).
'Reference number for literature cited.
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Fig. 1.  Biological control of spider mite pests by inoculative releases of phytoseiid mite species in four ornamental nursegnpbkystems.
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‘Crispa’ (P < 0.001). Although not significantly different at

the ability ofCoccinella septempunctata suppress aphids

all dates, spider mite densities were often lower in release (17). Similarly, tritrophic level effects have been described

plots ofN. fallacisas compared to those Nf californicus
(Fig. 1). In contrastiN. californicusdispersed from release
locations to border plants earlier than tlidfallacis (P <
0.05).

The introduction oN. fallacissignificantly reduced popu-
lations ofO. illicis on Rhododendromvhen compared to ei-
ther the control or release Mf californicus(P < 0.001; Fig.
1). Two wks after the release date no individualsNof
californicus were recovered. No differences were found
amongO. illicis densities in control or release bif.
californicustreatmentsi® > 0.05). On May 15N. fallacis
was collected from control arid. californicustreatments.
The decrease in pest densities in controlnchlifornicus

among phytoseiid, their prey and leaves possessing domatia
and nectaries (34). In this stutly, fallaciswas less effective
in shade trees than on lower profile plants (rootstocks and
shrubs). These findings are consistent with recent studies
comparing biological control of spider mites Ny fallacis
among 30 plant varieties ranging in morphological types (24).
In general, limitations in control occurred mostly in tall, ver-
tical growing plants that had little foliar canopy (24). Modi-
fied cultural techniques may be used to improve these re-
strictions.

Our data also have relevance to dispersil ghlifornicus
andN. fallacis When comparing within-plant movement in
the presence of excess prey, Pratt et al. (25) observed. that

treatments on the last sampling date may have been due tecalifornicusdispersed over a greater distance thafallacis

the arrival oiN. fallacisor declining host suitability (Fig. 1).
Results from our field studies demonstrated thdallacis
was equally effective a8. occidentalisat suppressing the
two spotted spider mites in eithitalus rootstock orAcer
shade trees. Further comparisons amidngpllacisandN.
californicusin SpiraeaandRhododendrosuggested tha\.
fallacis is equally or more effective at suppressing the two
spotted spider mite or southern red mite, respectively (Fig.
1). The reason for the disappearanchl.ofalifornicusfrom
Rhododendroplants was unclear. Possible explanations in-
clude incompatibility with the host plant or the p@yjillicis.
Thus, considering tha. fallaciswill reproduce on a wider
range of pest mites th& occidentalisand is as effective in

In the studies reported herel, californicusdispersed into
contiguousSpiraeaborder plants earlier thaN. fallacis
suggesting thal. californicusdispersed more throughout
the plots as comparedb fallacis which remained more in
the area of release. With respeciNtocalifornicus biologi-
cal control was realized over a larger area but suppression of
pest mites was slower for this predator thanNofallacis
(Fig. 1). Dispersal of biological control agents influences the
rate of pest control, area of pest control and sampling proto-
cols (7, 25).

Our decision to focus dN. fallacisis consistent with other
studies that sought a predator of spider mites in agricultural
systems of inland valley regions of western Oregon. Strong

the field as the other 2 species, we suggest that it is the besf30) selected\. fallacisoverG. occidentaligor control ofT.

candidate for biological control of multiple spider mite pests
of landscape plants in the region.
As described by Raupp et al. (27), laboratory and field

urticae in hops in western Oregon and Washington. Simi-
larly, introductions ofN. fallacisinto strawberry fields re-
sulted in marked reductions ®f urticaeand the cyclamen

studies are needed to provide acceptable alternatives to théhite Phtyonemus palliduBanks) in this region (8). Morris
use of pesticides for control of pests of outdoor landscape (23) selected\. fallacisfor biological control off. urticaein
and nursery plants. This is the first report of the use of a Peppermint systems in both humid and arid regions of the

phytoseiid for control of multiple mite pests in outdoor or-

western United States. The use of a single biological control

namental plants. As shown in these studies, inoculative re- @gent in multiple agricultural systems within a common re-

leases oN. fallacisinto Malus RhododendromndSpiraea

plants provided suppression of spider mite populations be-

low damaging levels, resulting in marketable plants without
the use of pesticides.

Unlike most agricultural systems, outdoor landscape nurs-
eries are complex polycultures with many pests. When de-

veloping biological control in such systems, one must iden-
tify the range of pests to be controlled. We sought a Type I

gion may facilitate area-wide conservation strategiedlfor
fallacis.
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