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I Interpretive Summary 

Pesticide-resistant M. occidenta1is were successfully mass reared 

using two methods; a greenhouse technique and a field plot method. The 

1-1 

greenhouse production method used 325 square feet of bench space to produce 

about 1,356,000 Sevin resistant predators during June to September while 

170 square feet of bench space was required to produce about 227,000 

permethrin resistant predators. The Sevin resistant strain was released 

into about 210 acres; the permethrin resistant strain was released into 

about 86 acres. The half acre San Joaquin Valley soybean plot was more 

efficient than the greenhouse method, although predators could not be 

harvested from that plot until August. However, by August 6, at least 61 

MILLION resistant predators had been produced. 

Predators were released after Sevin or permethrin applications were 

made so the susceptible native predators were greatly reduced. The bean 

plants were cut and placed in the crotch of the tree; usually in every third 

tree, in every third row. Such releases were made quickly if a small 3 

wheeled cart or pickup truck could be driven down the row.. Release and 

nonrelease trees in all orchards were banded in order to determine if the 

resistant predators are overwintering successfully; predators from the bands 

will be recovered and tested during the winter. 

The resistant predators established in the orchards and spread in 

several was spectacular. In one orchard near Livingston, we obtained 

evidence that the predators were spreading through air currents. The 

predators spread within a few weeks to nonre1ease trees and we also trapped 

predators in large numbers during July and August on sticky panels outside 
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the orchard downwind from the prevailing winds. We now wonder if the resistant 

predators will spread from our release sites to surrounding almond orchards. 

Low rates of Omite and Plictran were used to manage spider mites in 

several of the release orchards. These low rates are promising pest management 

tools, but can be less effective than desired sometimes. Their use requires 

adequate monitoring of spider mite densities, and the presence of adequate 

numbers of predators in the orchard. If it is quite hot, the orchard is 

water stressed, and if spider mites are already dense so there is abundant 

webbing, then low rates may be ineffective in preventing foliage damage. 

A small mite (Pyemotes) was released into 2 almond orchards to control 

southern red fire ants. The results of the releases will be evaluated in 

the spring of 1982. 
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II Introduction 

The project objectives for 1981-82 were: 

1) Release Sevin~ and permethrin-resistant M. occidentalis into almond 

orchards, to compare results when predators are released by helicopter and 

by ground (every fifth tree every row). We expect to release into 2-10 

almond orchards. The 1st year we will evaluate predator establishment and 

dispersal; the 2nd year we will evaluate overwintering and efficacy of the 

resistant strains. We will evaluate dispersal of the resistant strains 

throughout large (80-100 acre) blocks and into adjacent orchards. 2) 

Continue evaluation of Omite rates as a mite management tool. 3) Evaluate 

a mite as a parasite of southern red fire ants, pests of nuts in almond 

orchards in the southern San Joaquin Valley. 4) Serve as an advisor on mite 

problems for extension personnel. 

This report includes data in manuscript form that has been, or will be, 

submitted for publication. 
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Two Methods for Large Scale Production of Pesticide-Resistant Strains 

of the Spider Mite Predator Metaseiulus occidental is (Nesbitt) (Aca­

rina: Phyt~sei idae) 

by Warjorie A. Hoy, Darryl Castro, and Daniel Cahn 

Department of Entomological Sciences, 201 Wei lman Hal I, University 

of Ca Ii forn i a, Berke ley 94720 
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Abstract 

Two methods of rearing pesticide-resistant strains of Metaseiulus 

occidental is are described. Over 1.5 mi I lion predators were reared on 

pinto bean plants in 45.5 square meters of greenhouse bench space be­

tween June and September. About 62 mi I I ion predators were reared in a 

0.2 hectare soybean field plot. Inputs of labor and predator yields are 

corrpared, as are other advantages and disadvantages of the two methods. 
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1. Int roduct i on 

A genet i c irrprovement program wi th the spider mi te predator, 

Metaseiulus (=Typhlodramus or Galendramus) occidental is (Nesbitt) has 

produced strains that are resistant to carbaryl and permethrin in addi­

tion to their original organophosphorus (OP) insecticide resistance 

(Roush and Hoy 1981aj Hoy and Knop 1981). Evaluations of the labora­

tory-selected strains have been conducted in the laboratory, green­

house, and in smal I field plots in apple, pear and almond orchards 

(Roush and Hoy 1981b; Hoy et al., 1980; Hoy, Westigard and Hoyt; In 

prep.). Because the resi stant predator strains establ i shed, survived 

the appropriate pesticide appl ications, overwintered, and spread from 

release to nonrelease trees, the resistant predator strains were releas­

ed into approximately 120 hectares of almond orchards in the San 

Joaquin Val ley in Cal ifornia during 1981 as part of a large scale irrple­

men ta t i on proj ect (Hoy et a I ., 1982. ). Such re I eases requ i red large 

nurrbers of predators. 

Most previ ous rearing methods developed for phytosei ids are 

suited for laboratory or modest insectary rearing programs (Ristich 

1956; Furr and Shaw 1977; Theaker and Tonks 1977; Mdl/Lrtry and Scriven 

1965; Scriven and ~'kM.Jrtry 1971), although Field et al.(1979) .described 

2 rearing methods using apple trees and soybeans to mass produce an 

OP-resistant strain of M.occidental is for Austral ian apple and peach or­

chards. 

We report 2 methods, highly efficient and inexpensive, that al low­

ed us to produce over 62 mi I I ion carbaryl-OP-resistant M.occidentalis 

.11[-.3 
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in a 0.2 hectare soybean plot and over 1.5 mi I I ion sulfur~P, 

penmethrin~, or carlbaryl~-resistant M.occidental is in the green­

house using a total of 45.5 square meters of bench space during June, 

July and August. Since this phytosei id species does not feed on pol len, 

the two-spotted spider mite, Tetranychus urticae (Koch) was mass reared 

as prey. Advantages and disadvantages of the two methods are compared. 
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Greenhouse rearing 

Rearing in the University of Cal ifornia, Berkeley, greenhouse 

had three goa Is, produc i ng "pure" co Ion i es of sp i der mi t es for feed i ng 

laboratory colonies, augmenting prey populations in the greenhouse 

predator rearing system, and producing pesticide-resistant predator 

strains for field releases. The 3 predator strains reared are resis­

tant to carbaryl-OP, (Roush and Hoy 1981a), pennethrin-OP (Hoy and Knop 

1981), and to su I fur-OP insect i ci des (Hoy and Standow 1981). Carbary I, 

OP, and sulfur resistances are determined by single major semidominant 

genes (Hoy and Standow 1981; Roush and Hoy 1981a; Hoy, Unpubl.). The 

pennethrin resistance is determined polygenical Iy (Hoy and Knop 1981). 

Pinto beans, Phaseolus vulgaris (L), were obtained in bulk from 

a grocery store and grown in a mixture of steri I ized U.C. soi I mix 

and vermicul ite (1 :1) in 35 X 28 X 55 em flats. Seeds (ca.125) were 

planted about 1 em deep in the soi I mix and watered with Captan (1.8 

gram 50 WP/I iter water) to control diseases. The bean flats were ferti 1-

ized by adding 25 grams 5-10-10 granular ferti I izer upon planting. 

When the primary leaves were 2-4 days old, leaves from stock 

flats with two-spotted spider mites, Tetranychus urticae (Koch), were 

cut and distributed over the new fol iage. The dried leaves were removed 

after 2-3 days. A mature flat with T.urticae could infest 4-8 new 

flats. Flats planted and infested every 2-3 days provide continuous 

spider mite production. Each day, the number of hours spent planting, 

infesting, spraying or sampl ing was recorded. 
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Flats with both M.occidentalis and T.urticae were more difficult 

to rear initially because the nunber of M.occidental is avai lable for 

initial inoculation of the flats were low, and predator-prey ratios 

became inbalanced, leading to substantial plant damage. Predator-prey 

flats were moni tored once a week by sarrpl ing 4 leaflets/flat, Woich 

were brushed with a mite brushing rrachine, arid counted under a dissect­

ing microscope. If too few spider mites (less than 20 spider mites to 1 

predator) were present, flats with T.urticae only could be cut and 

placed on the mixed flats. The spider mites moved off the cut plants to 

the recipient plants and dried fol iage was removed within 1-2 days. If 

too rrany spider mites were present (more than 50 spider mites to 

predator), a low rate of propargite (0.33 to 0.66 gram 30 ~ a­

mite/liter water) was appl ied using a handheld sprayer. At these rates 

the propargite is nontoxic to M.occidental is and substantial suppres­

sion of the spider mites occurs. Ideal spider mite: predator ratios 

were between 20 and 40 spider mites: I predator so that unl imited 

growth of predator populations could occur. 

If contaminating phytoseiids, such as Anblyseius cal ifornicus, 

were found in the weekly sarrples, carbaryl (3.0 gram 80 w> Sevin/I iter 

water), pennethrin (0.5 g A.I. 2 EC Anbush/l00 liter water), diazinon 

(0.3 gram 25 EC/liter water) or sulfur (6.3 gram Ortho Flotox/liter 

water), were sprayed to drip on established flats or to new flats to 

control the contaminants and to keep the resistant strains pure. The 

different resistant strains were kept on separate greenhouse benches. 

Leaf sarrples taken just before each harvest estirrated the nunber 

of sp i der mi t es and M.occi dental is transferred to new f I at s or rei eased 

IlI- 6 



( 

( 

into orchards or vineyards. The number of plants/flat and the number of 

leaflets/plant were estimoted also. 

Soybean Plot 

The large scale predator rearing conducted in the soybean plot 

is dependent upon the avai labi I ity of abundant spider mites and M.occi­

dentalis for the initial inoculations, so it was necessary to rear both 

mi te speci es in the greenhouse during Apri I and ~y. 

Experirrent station personnel prepared the soi I on 23 Apri I 1981 

at the Unive~sity of Cal ifornia's West Side Field Station (WSFS) near 

Five Points, Cal ifornia and a preplant herbicide ( alachlor 1.4 I iter 

Lasso/2.4 hectare) was appl ied to the 0.2 hectare plot. Soybeans (cv. 

Wi I I iams) were planted on Apri I 27 in 1 meter rows and 182 kg 16-20-0 

ferti I izer/ 2.47 hectares appl ied. The plants were furrow irrigated and 

cu I t iva ted. 

By ~y 19, the soybeans had emerged and a total of 31 flats of 

greenhouse-reared pinto bean flats containing both M.occidental is 

and T.urticae were released by cutting the plants and placing them on 

the soybean plants. Approximately 270,000 carbaryl-OP resistant female 

M.occi dental is were rei eased. Carbary I ( 1 I b/1 00 ga I Ion) was appl i ed 

to the plants with a highboy sprayer on July 15 to ensure the predator 

strain remained resistant and to remove any contaminating insect preda­

tors of the spider mites. The number of hours of labor by the WSFS 

personnel was estimated. 

Predator-prey densities were estimated by sampling 10 leaflets/­

row (-total = 15 rows). The leaflets were placed in a refrigerated con­

tainer, brushed wi th a mi te brushing machine, and the mi tes were count­

ed under a dissecting microscope. 

7lT-7 
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3. Resul ts 

G reenhou se rp.a ring 

Table I I ists the tasks and labor involved in producing bean 

plant flats containing r.urticae and M.occidentalis. Ten days after 

planting, the bean plants can be sprayed wi~h sulfur, carbaryl, or 

pennethrin depending upon the predator colony being reared. T.urticae 

are added at that time only if the flats to be used for infesting have 

a low prey:predator ratio, or less than 20 spider mites: I predator 

(al I stages). Twelve days a~ter planting, the resistant predator strain 

can be added to the flats by cutting rrature bean plants from older 

flats and placing them on top of the fol iage. Two days later the dried 

fol iage should be removed. Leaflet sarrples are taken once a week unti I 

the flats to ensure appropriate predator:prey ratios are present and 

contaminating predators are absent.The total labor input for planting, 

watering, spraying, sarrpl ing, and counting is estirrated to total I 1.7 

- 12.6 hours for 24 flats (or one bench) over the 42 day interval. 

Visual monitoring to detenmine irrigation needs, the presence of cont~ 

inating phytoseiid or insectan predators, and relative spider mite 

:predator densities should be done every day and requires at least 5 

minutes/day/bench. Leaf sarrples taken just before harvest provide 

estirrates of spider mite and predator numbers/leaflet; the counts of 

the number of plants/flat and number of leaflets/plant al low calcula­

tion of the number of M.occidental is and T.urticae ferrales avai laboe 

for harvest or for infesting. The number of M.occidental is and T.urti­

cae released into orchards or vineyards can be varied by altering the 

number of plants released per tree/vine. 



( By these methods, a total of 227,000 penmethrin~ resistant 

M.occidental is were released into the field from about 15.3 square 

meters of bench space during August and early Septerrber. Sui fur-OP 

resistant M.occidental is were reared in 10.6 square meters of bench 

space and a total of 485,000 femeles were released during June, July 

and August. About 1,356,000 carbaryl-OP resistant predators were reared 

in 30.2 square feet of bench space; releases were rrade during June, 

July and August. 

It is helpful if additional bench space {about 5.6 square meters} 

are avai lable to produce extra spider mites. Several times during the 

rearing project, spider mite: predator ratios became too low and extra 

prey had to be added to the system. 

Several difficulties arose during our greenhouse rearing (Table 

2). If spider mite population levels became too high, they caused 

severe darrege to the bean plants and the plants don't survive for the 

3-4 weeks necessary to a! low rrultipl ication of the predators. The spi­

der mites disperse from the dry, dead plants and substantial losses of 

predators then occur unless new flats are avai lable for infestation by 

cut t ing the darreged plants. Dai Iy and weekly sarrpl ing al erted us of 

thi s probl em and timely app/ i"cat ions of propargi te were rrade. The 

second problem can be a shortage of prey for the predator. If the 

prey:predator ratio is less than 20:1, the predators wi I I run out of 

food within a few days. If additional prey is not added, the predators 

wi I I decl ine in numbers due to reduced oviposition, increased mortal­

i ty, and perhaps di spersa I f rom the pi ant s. A th i rd prob I em involved 

trying to hold the rrature flats too long. Ideally, the flats wi I I be 

harvested soon after the 4th week after infesting. If the plants need 

to be held longer, plants and predators are lost because plants are 
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crov.ded and become shaded out. As a resul t, a flat wi th 75 plants in it 

rray be reduced to 50 plants over a 2 week interval with a concomitant 

loss of predators. Contamination of the plants by other phytoseiid 

predator species YBS an occasional problem that could be solved by 

applying the appropriate pesticide since the contaminants were al I 

susceptible to pesticides. Thus, if sulfur-OP resistant M.occidental is 

were being reared, sulfur or diazinon would .el iminate the invaders. 

Because the plants were kept so short a time, contamination by green­

house \'.hi tef lies, thrips, or I eafminers YBS minirral • 

Soybean Plot 

Labor at the 0.2 hectare soybean plot totaled ca. 82 hours; plant­

ing, ferti I ization and cultivation took 10.5 hours, furrow irrigation 

totaled 20 hours, cultivation and weeding took 10.5 hours and the car­

baryl appl ication took ~ hour. Spider mite and predator releases occur­

red periodically from May 26 to June 29 into the 15 rows and required a 

total of 14 hours labor. 

The soybean plants grew quickly. Plants were 16.5 em tal I on June 

3, 45.7 em tal I on June 29, 61 em tal I on july 8, and 99 em tal I on 

July 29. The nurrber of leaflets/plant increased; 6,9,30,33 and 68 leaf­

lets were present on May 26, June 12, June 29, July 29, and August 6, 

respectively. Despite abundant spider mite populations (Table 3), no 

defol iation occurred, in part because the plants were wei I watered. No 

acaricides were appl ied. 

Sarrpl ing I eaves over the season took 5 hours and count ing the 

samples took 16 hours; other counts took a total of 5 hours. Leaflet 

samples showed an average of 8.3 females/leaflet on August 6 (Table 

3). Since there were about 68 leaflets/plant on that date and 8.9 

JIr -/0 
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plants/0.3 meter in the 131 meter rows, we estimate there were 32 mi 1-

li~l caribaryl-OP resistant M.occidental is females in the 0.2 hectare 

plot. In addition, there were about 30 mi I I ion irrrratures and males and 

another 38 mi I lion M.occidental is eggs on that date. Since about 

180,000 females were released initially, this constitutes an 178-fold 

increase. The predator:prey ratios in Table 3 are approximate, but 

indicate that unlimited prey was avai lable for the predators unti I the 

August 6 sample date. At that point we considered it likely that the 

predators would censume their prey within a few days, andharvest was 

scheduled to occur then so that predators would not be lost. At har­

vest, each plant contained an average of 300 M.occidental is females. 

Releases were made using either portions of or entire plants, depending 

upon the inoculation levels required for each vine/tree. 

The major advantage of the greenhouse rearing system is that it 

al lows continuous production from April to October. It is a less effic­

ient way to produce M.occidental is than the field plot method. Another 

disadvantage is that contamination of strains can occur if they are 

reared in the same greenhouse unless appropriate sprays are appl ied 

regularly. Really large scale production was most efficient in the 

field plot. Its major disadvantage is the lateness of the production 

and its reliance upon the greenhouse rearing system for initial inocula­

tion material. These two methods al lowed inexpensive production of the 

caribaryl-OP, permethrin-OP and sulfur-OP resistant strains of M.occiden­

tal is and should be adaptable for use with other pesticide-resistant 

phytoseiid species. 
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Table 1. Typical M. occidentalis - T. urticae production schedule in / 
the University of California, Berkeley greenhouse during 1981a 

Date 

July 1 

July 5 
July 8 
July 10 

July 12 

July 14 

July 16 

July 23 . 

July 30 

August 3 

August 10 

Task/ growth stage 

Labor (minutes) each task 
b c per 24 flats-!-

Plant flats, water, fertilize, add 
fungicide 

Bean plants emerge 
Dicotyledon leaf stage 
Apply appropriate insecticide 

(optional: add spider mites if 
infesting material has few spider 
mi tes) 

Infest flats with spider mites and 
M. occidentalis via cut bean 
plants 

35 

20 
(20) 

30 

Remove dried bean plants; trifoliate 
stage 5 

Sample 4 leaflets/flat, brush and 
count. 
Optional tasks, depending upon 
sample results 
(a) spray propargite 
(b) spray insecticide 
(c) add spider mites 

Ditto 

Ditto 

Ditto 

Preharvest leaflet sample; 
Preharvest plant and leaf sample; 

Optional, depending on sample 
results 
(al Spray propar9 it~ 
(b) Spray insecticide 

Harvest flat or use for infesting 
new flats 

45 

(20) 
(45) 
(30) 
45 

(20) 
(45) 
(30) 
45 

(20) 
(45) 
(30) 
45 

(20) 
(45) 
(30) 
45 
30 

(20) 
(45) 

Total watering = 216 
Total hand lens inspection 

= 145 
Total other labor = 345 

706 minutes 
Optional tasks = 1 3/4 hour 
(10-45 x 5) = (,50 - 225 minute 



Table 1. (cont'd) 

a/ 

E./ 

.£/ 

Temgerature averaged 75 0 F, but ranged from 60
0 

at night to a high of 
90 F during the day. 

The flats were watered every day; about 5 minutes/24 flats was 
required in addition to the labor listed • 

Once the flats were infested with T. urticae and M. occidentalis they 
were examined for 5 minutes/day with a hand lens-for contaminating 
phytoseiids, plant conditions, diseas:es, etc~ in addition to the labor 
listed. 



Table 2. Production schedule of the su1fur-OP-resistant Metaseiu1us occidenta1is strain in the 
University of California, Berkeley greenhouse - 1981. 

No. flats Prey:predator · ratio all stages at Date Mean Total no. M.o. ~~ 

on each Date each saIDE1e date flats M.a. kept for sent to 
bench infested 1 2 3 4 harvested ~~/f1at infesting field 

4 stock 25 March 4 840 3,360 0 

12 March 4 l/lO 17 358 189 April 1 440 5,280 0 
S Tu S p 

39 April 1 316 790 297 32 May 18 4,160 128,960 0 
S P P P S 

13 May 18 24 23 12 June 10 4,740 23,700 37,920 
S S D 

24 " 64 13 17 June 10 5,870 ° 70,440 
S S D June 16 4,300 51,600 0 

13 " 35 14 21 June 16 17,200 223,600 0 
S S D 

17 June 10,16 3 20 0.6 July 2 2,900 20,300 29,000 
S,D,Tu S,D 

24 " 98 13 1.5 June 30 5,200 0- 83,200 
S,D S,D July 2 41,600 ° 

7 II 3 21 0.5 June 30 2,9.00. 0 11,600 
Tu,S,D S,D July 2 0 8,700 

24 · July 2 31 4 25 12 July 14 3,800 22,800 0 
Tu,S Tu July 20 0 68,400 

24 July 14 59 2 Aug. 4 3,800 30,400 ° Tu,S,D Aug.10 8,000 0 128,000 

24 August 4 12 2 4 Aug.24 2,600 15,600 46,800 
S,Tu S,Tu 



Table 2. (cont'd) 

!/ Tu indicates addition of spider mites to system; P, D and S indicate propargite, diazinon or 
sulfur, respectively, were sprayed on the flats to reduce spider mites, remove contaminating 
phytoseiids such as Amblyseius californicus, or maintain the pure sulfur-OP resistant strain. 
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Table 3. Mean "T. urticae : M. occidentalis densities/ soybean leaflet at the 

W~FS soybean plot - 1981. Tea leaflets/row were sampled, brushed and 

counted under a dissecting microscope. 

No. Ratio 

Sample rows T. urticae M. occidentalis all stages 

date sampled eggs actives ~ imm. females Tu. : Mo. 

19 June 6 21 11 0.3 0.2 0.2 46 

29 June 8 33 10 0.2 0.3 0.3 54 

8 July 4 151 29 0.8 0.6 0.6 90 

21 July 15 30 14 0.5 0.7 1.0 20 

29 Ju1:y 14 514 58 6.3 1.8 2.4 54 

6 August 15 356 83 9.9 7.7 8.3 17 



( 

Acknowledgements 

We thank the Almond Board of Cal ifornia, Cal ifornia Experiment Station 

Project 3522-H, the IPM Project in the California Department of Food 

and Agriculture for partial funding, and R.P.Field, W.W. AI len, and A. 

McCain for advice. 



( 

( 

( 

.4JL. - I 

UNIVERSITY OF CALIFORNIA SYSTEM\VIDE ADl\UNISTRATION 

BERXELEY. DAVIS· IRVINE· LOS ANCELES • RIVERSIDE· SAN DIEGO· SAN' FRANCISCO SANTA BARBARA· SANTA CRUZ 

Office of the Vice President -
Agriculture and University Services BERKELEY, CALIFORNIA 94720 

CALIFORNIA AGRICULTURE 

Edited Draft 

DATE: November 16, 1981 

TO: Marjorie A. Hoy 

MS. NO. 443 TITLE: Implementation releases of pesticide-resistant 
spider mite predators 

Attached is your manuscript with our editorial suggestions for your approval. 
PLEASE NOTE: This is your last opportunity to review this article before it is 
printed. Galley proofs will not be sent. 

Please make changes or comments clearly in pencil on the edited manuscript and 
return it to us with this form signed by you not later than Nov. 18, 1981 

The article is scheduled for publication in the January-February 1982 issue. 

We will send each author 10 copies of the issue in which the article appears. 
The principal author may also order up to 100 additional copies at no charge 
by indicating the quantity desired: ~612 . (Additional quanti-
ties or reprints are available at cost. Prices on request.) 

-2n_ a./~ -
(Author'~ure) 

Return to: 

Dick Venne, Editor 
California Agriculture 
317 University Hall 
Berkeley, California 94720 

(415) 642-9300 

Manuscript edited by 
Betsey Tabraham, 
Associate Editor 

Date) 

Project Number  81-C5
Project Name:  Control of Mites on Almonds



( 

( 



( 

( 

Large Scale Releases of a Genetically-Irrprcved Biological Contl~ol ,A.~ent 

Aerial qispersal of Metaseiulus occidental is documented for the first 

time. 

tv'arjorie A. Hoy, Wi II iam W. Bamett, Wi Ibur O. Rei I, Darryl Castro, 

Daniel Cahn, Lonnie C. Hendricks, Richard Coviello and Walter J. Bentley 
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Spider mites can be serious pests in Califomia almond 

orchards. In some orchards, the mite Metaseiulus (=Typhlodrarus) 

occi denta lis (Nesb itt) is an effect i ve predator of the Paci f i c and 

two-spotted spider mites, Tetranychus pacificus tv'icGregor and T. 

urticae Koch, respectively. Pesticides used to control the navel 

orangeworm, An¥elois transitella (Walker), and the peach twig borer, 

Anarsia lineatella Zell., can disrupt this biological control, 

however. Carbary I (Sevi n) and the new pyrethroi d permethri n (Anbush 

or Pounce) can cause seri ous spider mi te outbreaks, by ki II ing spider 

mi te predators, including M.occidental is, by st irrulat ing spider mi te 

reproduction, or by causing dispersal of spider mites, vJoich also can 

enhance their reproduction. 

M. occi den ta lis has been sel ect ed in the I abora tory for resi s­

tance to carbaryl and to permethrin (California Agriculture, January 

1980 and Noverrber-Decerrber 1980) as part of a genet i c i rrprovement 

project. The two strains, vJoich are also resistant to organophos­

phorus insecticides, such as Guthion (azinphosmethyI ), diazinon, and 

Imidar:"\ (phosmet), are call ed carbaryl-OP and permethrin-OP resi stant. 

These st rai ns have been eva I uat ed in the I aborat ory, greenhouse, and 

srrall field plots to determine their ability to become established, 

control spider mi tes, overwinter in orchards, and survive carmercial 

pesticide applications. 

The concept of genetic irrprovement of biological control agents 

previously received little support because of concems that labora­

tory-selected natural enemies might not be as effective as unselected 

"wi Id" strains. Because our previous field plots were srrall and not 

alv.ays rranaged "norrrally" by the grower, we conducted research on the 
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' Spider mites can be serious pests in California almond 

orchards. In some orchards, the mi te Metaseiulus (=Typh/odrarus) 

occidentalis (Nesbitt) is an effective predator of the Pacific and 

two-spotted spider mites, Tetranychus pacificus MCGregor and T. 

urticae Koch, respectively. Pesticides used to control the navel 

orangeworm, Arrye/ois transitella (walker), and the peach twig borer, 

Anarsia lineate/la Zell., can disnJpt this biological control, 

however. Carbary I (Sevi n) and the new pyrethroi d permethri n (Arrbush 

or Pounce) can cause serious spider mi te outbreaks, by ki II ing spider 

mi te predators, including ~.occidental is, by st irru/at ing spider mi te 

reproduct ion, or by caus i ng d i spersa I of sp i der mi t es, WI i ch a I so can 

enhance their reP.roduction. 

M.occidentalis has been selected in the laboratory for resis­

tance to carbaryl and to permethrin (California Agriculture, January 

1980 and Noverrber-Decenber 1980) as part of a genetic irrprovement 

project. The two strains, Wlich are also resistant to organophos­

phorus insecticides, such as Guthion (azinphosmethyI ), diazinon, and 

Imidan (phosmet), are called carbaryl-OP and permethrin-OP resistant. 

These strains have been evaluated in the laboratory, greenhouse, and 

srmll field plots to determine their ability to become established, 

cont rol spider mi tes, overwinter in orchards, and survive comnercial 

pest i ci de appl i cat ions. 

The concept of genetic irrprovement of biological control agents 

previously received little support because of concerns that labora­

tory-selected natural enemies might not be as effective as unselected 

"wi IdOl strains. Because our previous field plots were srrall and not 

alYBYs rmnaged "nonra/'y" by the grower, we conducted research on the 
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feasibility' of large-scale field releases of pest icide-rp.si stant 

strains of predators for spider mi te control. Goal s were to rear 

resi stant M. occidental is and rei ease them in San Joaquin Vall ey 

comnercial almond orchards; document thei r establ i shment during the 

first season; document their ability to overw(nter; and determine if 

pesticide rates can be reduced to manage spider mites and predators. 

Thi s report describes our progress in rearing large nurrbers of the 

resi stant pred~tors, thei r establ i shment, and a previ ously unknoW1 

phenomenon--Iarge-scal e aerial di spersal of M. occidental is from an 

a I mond orchard. 
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Predator rearing 

Two systems were developed to produce predators. Most of the 

1.5 million M. occidentalis ferrnles released in almond orchards 

during 1981 were reared on pinto beans, Phaseolus vulgaris (L), in a 

Un i versi ty of Ca I i fom i a, Berkel ey, greenhouse. P I ant s were groWl in 

flats containing one-half U.C. soi I mix and one-half vennicul ite. In 

the ini fial phase of greenhouse product i on (February to May) I.. 

urticae were added to the bean plants as soon as dicotyledon leaves 

appeared. About one week later, resi stant M.occidental is were added. 

P I ant s were treat ed wi th carbary I or pennethrfn peri odi ca II y to 

ensure that the predator colonies rerrnined resistant and that non­

resi stant predators were removed. Each st ra in vas ITB i nta i ned on 

separate benches in the greenhouse. 

Low rates of acaricide (Omi te 30 \/P,1/3 to 1/2 pounds /100 

ga I I ons va t er) were app lied v.hen preda t or-p rey den sit i es became i rrba I ...., 

anced (usually more than 40 to 50 spider mi tes of all stages to I 

predator). After the predator-prey system stablized in ~JBy, predators 

were rrultiplied by cutting old plants containing both spider mites 

and M.occidentalis and placing them on clean young bean flats. These 

divisions yielded three new flats every two to three weeks during the 

sumner.Continuous production of predators from June to Septerrber v.as 

possibl e, and about one mi II ion carbaryl-OP-resi stant predator 

ferrnles and 227,000 pennethrin~-resistant females were released. 

Predators al so were reared outdoors in a hal f-acre soybean 

plot in the San Joaquin Valley. This method required less labor than 

the greenhouse system, but large nurrbers of predators were not 





,. 

c 

.. 

avai lable for release unti I early August. The soybeans were planted 

Apri I 27, arrd 31 f la t s ' of sp i der mi t es and carbaryl-OP-resi stant 

predators were added on four occasions in June. Total input of M.occi­

dentalis v.as estirmted to be 180,000 ferrales. By August, the plants 

were about 4 feet tall and could be harvested. Leaf sarrpl es taken on 

August 6 indicated that the half-acre plot contained approxirmtely 32 

MILLION M.occidentalis ferrales, plus at least another 30 million 

immtures and rml es. Each soybean plant contained an average of 300 

predator ferral es. 

Thi s method v.as the I east expensi.ve in producing large quant­

ities of predators in inoculative releases during August or Septem­

ber for large acreages. Control of spider mi tes can not be expected 

during the field season of release with these late releases. However, 

this procedure should be helpful in establishing a population that 

wi II be effect ive the following year. 

Predator rei eases 

In all cases, both predator strains were released in the 

orchard after the relevant insecticide had been applied so that 

native (susceptible) predators were largely eliminated. Pinto bean 

plants were cut and placed in the crotch of the tree. Release 

patterns and nurrbers released varied from orchard to orchard (see 

table ), . but most often 350 females were placed in every third tree, 

in every thi rd row. UnknoWl nurrbers of rml es and immtures were 

released as wei I. 

We expect ed estab I i shment in the tree and spread from rei ease 

trees to adjacent nonrelease trees sometime during the 1981 field 

season. Releases were rrade thcughout the sumner v.hen adequate prey 



were avai lable to support the predators; that is,. a minirral prey 

level of one-half to one spider mite of any stage per leaf. Black 

cot ton cloth bands were stapl ed to rrajor scaffolding I irrbs of rei ease 

and nonrelease trees in all orchards during Septerrber. Overwintering 

female predators recovered from the bands during Decerrber and January 

wi II be tested in the laboratory to determine if they are resi stant 

and well distributed in the release orchards. 

Spider mite pq:>ulations were rranaged by using low rates of 

Qnite (~,l,or 2 pounds 30 v.p per acre) or Plictran (~or I pound per 

acre) both before and after predators were released. Use of these low 

rat es somet imes gave poorer spi der mi t e cont rol than desi rab lei f 

pq:>ulat i ons of M.occidental is were not adequate or well di st ributed 

in the orchard. Weather, pq:>ulation densities, and irrigation sche-

dules are also inportant in determining if these low rates give 

satisfactory control. If the weather is extremely hot, spider mite 

webbing has bui It up, or the orchard is water stressed, low rates of 

Omite or PI ictran may not control spider mites sufficiently to 

prevent fol iage darrege.Thus, al though low rates of these sel ect ive 

acar i c i des are potentially useful in sp i der mi t e rranagemen t , 

considerabl e experi ence and meni toring are requi red to prevent exces-

sive darrage from spider mi tes. We wi I I cont inue to evaluate such use 

of acaricides during " 1982, because low rates can prevent predator-

prey imbalances resulting from temporary loss of food, reduce grower 

costs, and retard develq:>ment of resi stance to these cherni cal s. 

Dominant resistance genes will be selected for more slowly in native 

spider mite pq:>ulations if acaricides are used infrequently and at 

low rates. Plictran resistance has been found in spider mites in 

Oregon pear orchards recently (P.H. Westigard, personal comrunica-

tion), and serves as a warning of the potentially limited life span 

of these acaricides in California. 
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Aerial Oi spersal 

We suspect ed that carbaryl-OP-resistant M.occidental is 

di spersed aerially in the Bidart almond orchard near Bakersfi eld 

during 1979-80. A few predators had been released in August 1979 at 

one end of the block, and I;::>y August 1980 the carbaryl-OP-resistant 

predators were present thoughout the block in large nurrbers (Fig. I), 

Wli ch indi cated they had establ i shed, spread, and survived a carbaryl 

appl i cat i on in July 1980. An addi t i anal sarrpl e and laboratory test 

wi th carbaryl in Apri I 1981 showed that the resi stant strain had 

survived a second winter. Because the predators were so widely 

distributed over at least 50 acres, aerial dispersal was suspected. 

In 1981, we conduct ed an experiment to det ermi ne if our sus­

picion was justified. Carbaryl-OP-resistant M.occidentalis were 

released on June 9 into every third tree, in every third row in an 

almond orchard (Livingston-I in tabl e). Carbaryl had been appl i ed in 

Way and aga in on Ju I y 3. Desp i t e app I i cat i ons of 2 pounds 30 y.p Oni t e 

per acre on Ju I Y 3 and 21 , sp i der mi t es increased and caused 

substant ial fol iage darmge and some, defol iat i on because populat i ons 

were high v.hen the acaricide was applied. The abundant spider mites 

also provided unlimited food for the predators, v.hich rrultiplied 

extensively. 

As fol iage qual i ty decl ined, spider mi tes (predcminant Iy T .urt i­

cae and T.pacificus ferrales) began to disperse from the orchard in 

July. Dispersal was detected by trapping the mites on sticky panels 

situated on two towers placed at the east end (doWlwind of prevai­

I ing winds) of the orchard on July 31. The 11-foot-high towers were 

about 25 feet from the edge of the orchard on a 2-foot I evee. Six 



p last i c panel s 9 by 12 inches, were coated wi th high vacuum grease 

(Dow Com ing) and attached at three level s on the tower. Af t er 

removal from the orchard, the panels were scanned with a dissecting 

microscope, and spider mite and predator nurrbers were estimated by 

crunting one-ninth of the panel area. Predators from the panels were 

slide-mounted and identified to species; all' were M.occidentalis fe­

males. No immatures or males were recovered on the panels. 

Aerial dispersal of M.occidentalis in the field has not been 

documented previrusly. The dispersal raises interesting questions 

about the fate of the resistant strains we have released. We know how 

to establish resistant predators in specific orchards after the rele­

vant pest i cide has been appl i ed. However, we don I t know how rapidly 

or how far these resistant predators will disperse from the release 

sites, or how to manage the resistance in the orchards or vineyards 

to which the resistant M.occidentalis disperse. 

During 1980 and 1981, we inoculated 210 and 86 acres of 

almonds in the San Joaquin Valley with the carbaryl-OP- and permeth­

rin-OP-resistant strains, respectively (fig. 2). It wi II be interest­

ing to I eam whether these orchards wi II serve as foci for the spread 

of carbaryl resistance (detennined by a single rrajor semidominant 

gene) into other orchards or vineyards. (Spread of the permethrin-OP 

resi stant st rai n is not expect ed because the permethrin , resi stance 

is detennined by several genes. If this strain interbreeds extensive­

ly wi th permethrin-suscept ibl e wi Id predators, the resi stance is 

lost.) Only careful moni toring of the area around these rei ease si tes 

can resolve our questions. It is clear for the first time, however, 

that M.occidentalis can disperse through the air. The relative irrport­

ance of this method of dispersal remains to be resolved. 
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Table 1. ~ ~sistant M. occidentalis Releases in Almonds du ~ g ~9~~ 

Orchard 

location 

N. Palm & North Ave. 
Turlock - I 

N. Palm & North Ave. 
Turlock - II 

Washington & Westside Rd. 
Livingsto? - ! 

Washington & Westside Rd. 
Livingston - II 

Ave. 18 & Rd. 20 
Madera 

Hwy 33 & Mountain View 
Three Rocks 

Merced & Palm Ave. 
Wasco 

Hwy. 46 & Palm Ave. 
Wasco 

Hwy. 46 & 43, Block 32-4 
Blackwell Corners 

Strain 

Acreage released 

3 Carbaryl-OP 

6 Permethrin-OP 

14 Carbary1-0P 

10 Carbary1-0P 

6 Carbary1-0P 

80 Carbary1-0P 

20 Permethrin-OP 

15 Carbary1-0P 

60 Permeth rin-OP 

1/ Based on prerelease counts of bean plants. 

Release 

date 

July 31 

July 31 

June 9 

Aug. 15 

July 21 

July 10 

Sept. 15 

May 28 

Aug. 5 

Release 

pattern 

No.~~ 

Re1eased/ 

1/ tree-

2nd tree 500 
3rd row 

3rd tree 1000 
3rd row 

3rd tree 350 
3r:d row 

3rd tree 350 
3rd row 

every tree 300 

3rd tree 350 
3rd row 

3rd tree 200 
edges only 

5th tree 2900 
5th row 

3rd tree 350 
3rd row 

Total 

released 

50,000 

34,300 

61,600 

60,000 

180,000 

555,400 

8,600 

175,000 

165,000 

2/ Trees were banded on Sept. 15, 16, or 17 to monitor overwintering success and resistance levels of 
M. occidenta1is. 

No. 

band;!:..! 

40 

80 

100 

40 

74 

240 

30 

40. 

100 



Fig. I. Greenhouse mass rearing of M.occidentalis using pinto beans 

infest~ with two spotted spider mites. One predator-infested flat can 

be cut and distributed on 4 new flats for rrultiplication of predators. 

Over 1 ~ mi I lion resistant predators were produced during June-August 

by this method. 

Fig. 2. Mass rearing of resistant M.occidentalis in a ~ acre soybean 

plot in the San Joaquin Val ley. Soybean plants contained about 300 

predator females each in late July. Cut plants are placed into the 

crotch of alrrond trees and predators move into the tree fram the wi It­

ing bean plants. Approximately 32 mil lion predator females were present 

in this ~ acre plot on August 6. 
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Fig. 3. Diagram of the Bidart alrrond orchard Where carbaryl~ resis-

tant M.occidental is were released ' in August 1-979. p'redators recovered 

in 1980 and 1981 were resistant to carbaryl, indicating extensive move-

ments had occurred in this 80 acre orchard. 
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Fig. J. Di spersal of carbaryl-OP · and permethrin-OP resi stant M.occiden-

talis fram almond orchards Where releases were rrade in 1980 and 1981. 
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-------------------------- Phone: --------
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Grower/Advisor: Peels ~I\tLd~~~~:_&i_"_u.N\_e. __ Pr_A_~ __ Phone: __ _ 

. :tIC Ext. Personnel: B ~Me.i\- Address:_ffoH-~M1L.U,.'O~-..JCL--....IA-L-_--: __ Phone: ------

-

Location: Hw{§s -t-Ho~ 
Blocl<" Size I GvRows x IdJ Tr~W 

Acreage: ~ 
Tree .~pacing: ~d:)Cd.r dt~bttfJttt/ 

Varieties: t~eti 

Pre-Release Colony: 

. Varietal pattern: -----------------
Irrigation: ~~ 
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Peittri~e Note~: Date Material Concentration Notes 
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MO 

, (3 1 I 
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Grower !Adv1~or:- -E.4RL S(/1?8E/{ Address: STA,;;'Rr.800-1'.3J?, L..o5THIUS 93249 phone: (5o.rJ 465-5'" 

UC Ext. Pe rsonne 1: W-IJC.T 'pP-,dlFV 

Location: I!wY ~ V- I/I-JY 32 

Block Size! /09 Rows x 41 Trees 
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~((),..,s-r 

Address: ~O~ ~209 

Acreage:~£~o ____ _ 

Tree Spac ing: -----
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----------------~ 
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Pe~ttd ele Note~: 

/ prft 1 Po.,t e e;!!'Oe No. trey., 
~;Jmo' e 

,/ 

v 
- -

L/" 

Irrigation: 0P~/NKLER 

y N 

Date Material Concentration Notes 
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WASCo 

Grower/Advisor: ___________________ Address: ________________________ Phone: __________ _ 

UC 'Ext. Pe rsonne 1: WAif BElirLEV 
UfO M. Sf B~;.(E/{SrtEl,D 

Address: PrJ, fiox .2So9 Phone:(f.?s) ?.t:1-7/' 

9330.3 

Loca t ion: !I,FCFD v f/,LM /WA.sco Acreage: __ ~;L~o~ __ 
I 

Block Size / Rows x 

Varie ties: 

Pre-Release Colony: 

Pe~ti.('icle Note "': 

S"lmp' e D'ltp: 

prR , Po~t e e"'~e 
No. trey", 

!>-'lmo 1 e 

Trees Tree ~pacing: ________ _ 

' Varietal Pattern: __________________ _ 

Irrigation: -----------------
y N 

Date Material Concentration Notes 

D~ te : 9 - IS - "if I P<l t te rn Type: 3rt!. Yr.!:, €"i>&ES: t~/Jc.Y 

No. 9~ Re 1 e<'t~ed I Re 1 ep. ~e Tree: ~Oo 

Tot;>l Rele"'~ed: %'=-00 ~~ 
----~~~~----~ 

DRte 

Me~n' Le~f VAlues ( Leaves bru~hen ~nd counted 
on per tree basis) 

Jele§ge Trees NO / 
Chec~Trees MO 

tJo..!"E - --
-

I 
I i I 

B;>nding D'lt;:l: 

Date No Tree~ Bands/tree Type 

1-(5-/51 /5 2. Y.t-tu)e-J !'A'v{ 
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' .. 

! 

Recovery Date ~ 

Total No. 
of bands: 30 
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Grower/Advi~~r: _________________ Address: _________________________ Phone: ____________ __ 

~c Ext. Pe rsonne 1 : ,!l.// p. ~·1l· ':.1 
I 

Ph one :/1'; '::; J .~J I - .L ( :; J 

Location:/f,tl."f(. y /,/111/i'(--.l:J!!5'(" Acreage: II) 

Block Size I :; J Rows x (oTrees Tree ~pacing: ________ _ 

Varieties: ' Varietal Pattern: -----------------
Irrigation: /y .. , ... 

------------------
Pre-Release Colony: N 

Per::ttC'icte Note~: Date Materi&l Concentration Notes 

1"'.~.II'-i.? -r 1#' ~:#ln· /~/J,t. ,:---,------r-------j----------f---------------
/,/, : f)"I'>(.· ,.;;;, .::-;. ," '. ',;~,/ C:'<"'I'-f.- .scR{/~O /lo.,.. 

S~mp' e D:tt;>: 

DRte: S/:z'fJ/tJ'l P<lttern Tyoe·: t:v:tr" S-/rttU IslTX-t/S 
, ' 

No. Z' Rele~!':ed' Re'e~se Tree: 281[0 

Tot;>' ReleAFed: /leel,ClOO ~~ 

Mepn f LeAf V~lues ( Leaves bru~hen ~nd counted 
on per tree basis ) 
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l-10 / 
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.. /' ;20 5i2;,/5'/ (l.S!; o.o:u> o.S'4- 0_030 --- , -

v b 7/z ,:/f; / ·0·:' , 0 - ' -, 
-- , 

, 

B<>nding D'Itp: 
Date No Tree~ B~nds!tree Type Recovery D8te s 

& . /( ~lS I 10 I !b:,,~.: ... -
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J' .L / d>·l~ .. '\ l -;-L' c/ ... =-- of bands: "t:'(, 

/C' I J..t'/~" /c(F/!~t-
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JJl' -31 
D , 
t5 II)t~ I?T S BAt( ER S riFL D' 

Grower IAdvisor: 11J1/PY (7r;;r:c, AddTess: ________ ~ ______________ Phone: ________ __ 

UC Ext. Personnel: ______________ Address: ________________ ~--- Phone: ------

Location: Acreage: ----------------------- -------
Block Size I Rows x Trees Tree Spacing: -----
Va rie tie 5 : . . Varietal Pattern: -------- --------------

Pre-Release Colony: 

per.:ttri (Ie Note r.: 

19~1 Relep.~e Dp.t~: 

S"'!mple D'lt;>: 

NOIJf:.- TAK't;f.j 

y N 

Date 

.J~'1 ··,rt 

f{('/'{ 4 

Ju~.-'1 27 

.j!,/.! "7 
oJ 

I. !. ~. ') 
.... , . /. , :; -' .< 

DlIte: 

Material 
S"fi;'el l~ OIL 

P,.:P.~A··' oA-) 

G t,ifUltJN 

GAI.")I) + 0.:.-

IMlfj/j/J 

DI ... !/r~ 

Irrigation: n()..?D 
~~~--------

Concentration Notes 

8uRL9"> r.(F/;'ry . (:lr :2 f:;'''s .!..() :.o/.f 

/k~j l.,';11 :,_, I ~ ! ;r 

------------ P~ttern Type: _____________ __ 

No. S?? Rel e3~ed I Rel ep.!':e Tree : ________ _ 

Tot~' Rele~Red: P? 
--------------~~ 

Me:'n I LeI'! f V,<ll ue s ( Leave s bru fihecl ::Ind coun ted 
on per tree basis ) 

PTR Poc:t No. tre¥<; 
ele~"e !,"Amo 1e( 

DRte ,elesi:t Trees 
MO / 

C ec h ~T rees 
MO 

1 

-- --
_ .-

, 

I 
I ! 

B;>nning -DJlt.!l: 
D~te No Tree~ B~nd~ltree Type Recovery D.-He s 

'1-IS-bl (0 I eb6E' '/PUJr'l RoAD'/ 
Total No. 

20 I /1J1J/XJtLt /Iv BLOC-I::.. of bands: ~0 
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AERIAL DISPERSAL. AND EFFICACY OF A GENETICALLY-ItRROVED STRAIN OF THE 
SP I DER MITE PREDATffi NET ASE I ULUS OCC I DENTAL IS (ACAR INA, PHYTOSE I I DAE ) 
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ABSTRA.CT 

Carbaryl-resistant Metaseiulus (=Typhlodromus or Galendromus) 

occidentalis (Nesbitt) released in August 1979 into a few trees at 

the edge of an 32 hectare almond orchard near Bakersfield, California. 

In August 1980, predators were collected from 7 sites wisely separated 

in the orchard had rroderate to high levels of carbaryl resistance. 

Because it is unlikely M.occidentalis could have dispersed so far by 

v.alking, aerial dispersal v.as suspected. Predators sarrpled in Apri I and 

September 1981 also were carbaryl resistant, indicating that this 

strain had survived a second winter and field season. During June 1981 

the carbaryl-resistant strain v.as released into an almond orchard near 

Livingston, California. Large nurrbers of M.occcidentalis were collected 

in August on sticky panels located outside the orchard downwind from 

the prevai I ing winds. Thus, aerial di spersal by M.occidental is vas 

detected in the field for the first time. Thus, this laboratory-select­

ed strain rrey be capable of substantial dispersal on its own. 
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Metaseiulus (=Typhlodroous or GalendrOOl.ls) occi,dentalis (Nesbitt) 

is an irrportant predator of spider mites in western North American 

deciduous orchards and vineyards. An organq:>hosphorus insecticide (OP)­

resistant strain has been released and established in Australian and 

New Zealand deciduous orchards. M.occidentalis acquired resistance to 

OP insecticides and to sulfur through natural selection in orchards 

and vineyards (Hoy et al. 1979, Hoy an<:i Knq:> 1979, Hoy and Standow 

1981). Carbaryl and permethrin resistance was develq:>ed through artif­

icial selection in the laboratory as part of a genetic irrprovement 

program with this predator (Roush and Hoy 1981a, Hoy and Knq:> 1981). 

Fi eld eff i cacy test s i nvolvi ng these 2 resi stant st rains have 

been conducted in srrell plots involving a few trees (Hoy et al.1980, 

Roush and Hoy 198Ib). The assurrption was rrnde that these resistant 

predators would stay wi thin individual rei ease trees for substant ial 

periods of time (weeks or months), and that adjacent trees could 

receive a different predator strain wi thout fear of rapid mixture or 

interbreeding (Croft 1976). Croft and Barnes (1972) found that an 

OP-resistant strain of M.occidentalis did not move substantial dis­

tances in thei r t ria lsi n a southern Cal i forn i a app I e orchard over a 

2 year period, and Hoy and Westigard (In prep.) four:d the perme­

thrin-resi stant strain of M.occidental is moved into adjacent trees 

only during the second year in Oregon pear orchards. Field (1978) in 

contrast, found that the OP-resistant strain of M.occidentalis spread 

throughout the Austral ian peach orchard wi thin one year. 

During August 1980, carbaryl-resistant M.occidentalis were 

found throughout a 32 hectare almond block after having been released 

in August 1979 into a few trees only at one end of the orchard. As it 
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seemed unlikely that the predators could disperse by walking, aerial 

dispersa.1 of this laboratory-selected resistant strain was suspected. 

Oi spersal mechani sms in phytosei id mi tes are not well under­

stood. Johnson and Croft (1976) described a specific behavior believ­

ed to be involved in the aerial di spersal of Arrblyseius fa"aci s 

(Ganman). Adult preovipositing females, ovipositing females, and to a 

I esser extent adul t rral es, al tered thei r behavi or from a random 

search movement to a di rected movement toward the edge of an arena. 

They terminated forward motion, oriented to an air flow of ca. 1600 

meter/hour and raised their anterior body av.ay from the substrate. 

Air currents effected dispersal, and starvation and temperature influ­

enced this behavior (Johnson and Croft, 1976). Field (1981) describ­

ed simi lar behavi or in the carbaryl-resi stant strain of M.occiden­

talis under laboratory conditions. 

This paper documents the extensive dispersal of the carbaryl-

resi stant st rain in a Bakersfi eld almond orchard during 1979-1980 

and its survival for 2 full , years there. In addition, evidence is 

presented that M.occidental is can di sperse aerially in a Livingston, 

California almond orchard. 

r 
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Materials and Methods 

Dispersal in the Bakersfield almond orchard 

A total . of 2-3000 carbaryl-resistant M.occidentalis were releas­

ed into 3-4 trees along the edge of an almend orchard near Bakers­

field, California in late August 1979 by R.T. Roush after Blocks I-A 

and II-A had been treated with carbaryl (1.8 kg 80S Sevin / hectare) 

in July 1979 (Fig. I). Carbaryl nearly el iminated the nat ive suscep­

tible M.occidentalis. Carbaryl was not applied in blocks 1-8 or 11-8 

during 1979 (Fig. I). In 1980, block 11-8 was used to evaluate the 

use of low rates of propargite to control spider mites. Carbaryl \\as 

applied on July 15, 1980 in blocks and II, and propargite \\as 

applied on July 29 (0,120,240, and 600 gram 30 v.p Onite/IOO liters 

water) to block 11-8. Spider mites (predominately Tetranychus urticae 

(Koch) and T .paci ficus (McGregor» and M.occi denta lis were men i tored 

by sarrp ling 20 I eaves/ tree from 24 trees of each t rea tmen t (t ota 1= 96 

trees) in block 11-8. The I eaves were kept chi II ed unt i I they could 

be bn.Jshed with a mite bn.Jshing rrachine and counted under a dissect­

ing mi croscope. M.occidental is were recovered from the orchard, 

colonized, and 30-80 gravid ferrales were tested with 2.4 gram AI 

carbaryl (80 v.p Sevin)/I iter water sprayed on 2 em diarreter pinto 

bean leaf discs (Phaseolus vulgaris (L» containing T.urticae as 

prey. Survival \\as assessed after 48 hours. Sarrples were taken from 7 

si tes on Septerroer 10,1980, from 5 si tes in Apri I 1981 and from 2 

sites in Septerroer 1981. No carbaryl was applied during 1981. 

4 



Dispersal in the Livingston Almond Orchard-1981 

About 350 carbaryl-resistant M.occidentalis females, reared on 

pinto bean plants in a University of California, Berkeley greenhouse 

with T.urticae as prey, were released into an almond orchard near Liv­

ingston, California. Cut bean plants were placed into the crotch of 

every th i rd tree every th i rd row on June 9, 1981 .Carbary I v..as app lied 

in N'ay and on July 3. The second carbaryl apprication v..as corrbined with 

propargite ( 367 gram 30 WP Omite/hectare). A second propargite appli­

cation at the same rate was made on July 21. The almond trees in this 

36 hectare orchard are about 10 years old, spaced 4.6 meters apart in 

rows 7.6 meters wide and their canopies touch. 

Leaf samples (10 leaves/tree) from 10 release (R) and 10 nonre­

lease (NR) trees were taken periodically, and counted as described 

above. M.occidentalis was sarrpled from 8-10 trees (including both R 

and NR trees at ground level and at the tops of the trees by using a 

pole pruner during July. The two colonies were tested with carbaryl. 

The sarrples were taken at the two heights because the pesticides had 

been applied by a ground rig and the tops of the trees were poorly 

covered. Another colony was collected and tested for carbaryl resis­

tance in September 1981. 

On July 31, two towers 3.4 meters high were placed 7.6 meters 

outside the east end of the almond orchard about 0.6 meters up a levee. 

The tops of the towers were thus 4 meters above the orchard floor. Each 

tower had 3 plastic panels (23 X 30 0Tl) at three heights, "low", "mid­

dl e", and "high", that were thinly coated wi th high vacuum grease (Dow 

Corning) on the side facing the almond orchard. After removal from the 

towers, the panels were scanned with a dissecting microscope and the 

( 
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nurrber of spider mites and predators were estimated by counting sec­

tions (2.54 X 30.5 am) total ling 1/9 of the panel area. ~Ies of the 

phytoseiids on the panels were removed, cleared, and slide mounted for 

identification of species and stadium. 



Results and Discussion 

6akersfield Almond Orchard 

The carbaryl-resi stant M.occidental is rei eased in August 1979 

into Block I-A established, overwintered, survived a carbaryl applica-

t i on in July 1980, nul t ipl i ed, and spread (Fig. I). Somet ime between 

August 1979 and July 15, 1980, the carbaryl-resistant strain in Block 

I-A reached Block 11-8. Since Block 11-8 v.as not treated with 

carbaryl in 1979, carbaryl-susceptible M.occidentalis were abundant 

in this block {Hoy, Unpubl.), and the carbaryl-resistant strain nust 

have interbred with susceptible natives. Carbaryl-resistant M.occi-

dental is were sarrpled in Block J 1-8 on July 18, only 3 days after 

carbaryl v.as appl i ed (Tab I e I) and \\hen sanpl es of M. occidental is 

were taken from 7 sites in September 1980, the percentage of females 

surviving ranged from 24 80 % (F i g • I, Block I I -B). These modera t e 

to high survival rates support the hypothesis that the resistant 

predators had interbred wi th nat ives; survival of ferral es from 

resistant and susceptible laboratory colonies averaged 80 and 2 %, 

respect ively. Carbaryl resi stance in thi s strain is detennined by a 

singl e rrejor semidcminant gene (Roush al"!d Hoy 1981a). 

The carbaryl-resi stant predators survived a second winter in 

th is orchard, as M.occidentalis collected in April 1981 were car-

baryl resi stant (Fig. I). Predators coil ected in September 1981 were 

still carbaryl resistant despite the fact that no carbaryl v.as 

applied to either Block lor II during 1981 (Fig. I). 

The rapid spread of carbaryl resi stant M.occidental is from the 

release site (Block I-A) to Block II-B v.as unexpected and suggested ( 
that aerial di spersal could have occurred (Fig. I), al though since 

- • - -e' _ .... _. _~. __ • 
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the trees are large and their canopies touch, it is possible that the 

predators were able to walk from tree to tree. 

Livingston almond orchard 

That the carbaryl-resi stant M.occidental is strain can di sperse 

rapidly was demonstrated again in 1981 in the Livingston almond orc-

hard. Predators were released on June 9, and were present by JUly in 

both the Rand NR trees (Table 2). The 2 colonies obtained in July 

from the ground and tree top levels gave 97 and 4Cf/o survival, 

respect i ve I y, v.hile a susceptible and resistant laboratory colony 

tested at the same time had 65 and Cf/o survival. Since the NR trees 

const i tute 8~ of the trees in the orchard, substant ial movement 

within the orchard had occurred by July 17 (Table 2). The higher 

survival rate of the predators from the ground I ever supports the 

hypothesi 5 that carbary I coverage was bet t er there. Spi der mi t e 

densi ties increased during July and leaf darrage was evident; unl imi t-

ed food v-as thus available to M.occidentalis and extensive rrultipli-

cation occurred (Table 2). 

During July, spider mi tes began to di sperse aerially from the 

orchard due to deteriorating foliage conditions and large nurrbers of 

spider mites were trapped on the sticky panels in late JUly and early 

August (Tab Ie 3). All M.occi dental is recovered on the st i cky panels 

were ferralesj no rrales or irrrratures were recovered. The peak predator 

di spersal .Iagged sl ight Iy behind the peak spider mite dispersal 

(Tab Ie 3). 

Croft and Bames (1971) found intertree migrations were quite 

( I imi ted in populat i ons of M.occidental is in a southem Cal i fomia 

appl e orchard. "Rei eases could be rrade into individual trees" ••• v.hi Ie 

"adjacent trees receiving dissimi lar treatments were unaffected for a 



considerable period .•• " Because spread w:1S so slqw, they concluded 

that "the ultirrate success of the genetic induction of the azinphosm­

et.hyl resi stance into the nat ive suscept ibl e populat i on is yet to be 

fully proved" (Croft and Bames 1972). 

The rate of di spersal and degree of interbreeding of nat ive and 

susceptible and resistant M.occidentalis is of concem in the irrple­

mentation of a genetic irrprovement projec~ (Hoy 1979). If the preda­

tors are released into orchards or vineyards after the relevant 

pesticide is applied, establishment of strains carrying pesticide 

. resi stances detennined by rrajor dominant or semidominant genes occurs 

readi Iy in that specific orchard. However, it is unclear how rapidly, 

how far, or how rrany of these resistant predators will disperse from 

the rei ease si tes, and how best to mon; tor or "rranage" these resi s­

tant M.occidental is in the recipi ent orchards or vineyards. During 

1980 and 1981, a total of 85 hectares of almond orchards in the San 

Joaquin Valley of Cal ifomia received ' inoculations of the carbaryl­

-resistant strain of M.occidentalis. It will be interesting to deter­

mine vklether these orchards wi II serve as foci for spread of the 

semidominant carbaryl resi stance gene into surrounding orchards or 

vineyards. Careful monitoring around these release sites rray resolve 

this question. It is clear, however, that M.occidentalis can disperse 

through the air and that dispersal within the orchard can be more 

rapid than believed fonnerly. Furthennore, these data indicate that 

this laboratory-selected strain has perfonned wei I in these field 

trials, confinning that genetic inprovement of this biological con­

t ro I agen t had been ach i eved. 

r. 

.( 
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Fig. I. Establishment and spread of the carbaryl-resistant strain of 

. M.occidentalis in a Bakersfield, California almond orchard. Predators 

were released in August 1979 into Block I-A, \\hich had been treated 

with . carbary I during July 1979. Carbaryl V>eS applied to Block II-B 

during 1979 and to II-A and I I-B during 1980. No carbaryl V>eS appl ied 

during 1981. Nunbers next to circles~ squares, or triangles indicate 

the % gravid ferral es surviving 48 hours after treatment wi th 2.4 

grams carbar~1 A.I./I iter water. Few fe-ml es (0-5%) of carbaryl-sus­

ceptible M.occidentalis survive this carbaryl rate. 
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Table 1. Establishment of the carbaryl-OP resistant strain of M. occidentalis in 

Block II-B of the Bakersfield almond orchard. 

M . al 1 f h ean mltes- per ea on trees treated wit propargite at 
- ---

600 bl 240 bl 
120 bl grams- g- g- Check 0 bl 

g-
--------- --------

Sample dates- Spider M. Spider M. Spider M. Spider M •. 

1980 mites occ. mites occ. mites occ. mites occ. 

June 13 0.01 o 0 . 02 o 0.01 o 0 0 

July 2 0.24 o 0.03 0.0 0.02 0.02 0 0 

July IS-Carbaryl applied to all trees 

July 18 0 . 26 0.17 0 . 63 0 0.49 0.01 0.22 0 

July 28 1.23 0.15 1. 73 0.03 1. 39 0.05 1.47 0.07 

July 29-propargite applied 
--~------'----'-'----

Aut;ust 1 0.09 0.02 0.09 0 0.26 0.16 0.70 0.03 

August 19 0.76 0.16 7.66 0.65 4.06 0.82 21.33 0.89 

September 2 1. 75 0.68 1.15 1.50 1.13 0.95 2.80 1. 71 

September 16 0.10 0.44 0.10 0.35 0 0.34 0.10 0.63 

---.----- -------------

al Spider mite were T. ~rt~~?e and I. F.~cificus. 

bl Six replicates of 4 trees each were sampled. 

( 



Table 2. Spider mite and M. occidentalisdensities on foli~ge from the Livingston , CA 

almond orchard. ( 

Hean mites (all stages)/leaf~/ 

Re]ease trees Nonrelease trees 

Sample dates - 1981 

June 9 
2/ 

Prerelease sample-

July 3 carbaryl & propargite applied 

July 8 

July 17]/ 

July 21 propargite 

July 27 

July 31 

Aug. 6 

Aug. 20 

Aug. 28 

Sept. 17 

applied 

Spider mites M.o. Spider mites M.o. 

0.7 0.02 0.2 0.0.1 

4.5 0.10 3.9 0 .. 03 

4.3 0.61 6.4 0.26 

10.0 2.4 6.3 0 .. 6.2 

8.0 1.5 6.0- 0.9.8 

5.0 3.3 5.3 1.20 

0.03 0.6 0.04 0..43 

0.01 0..5 0.0.3 0..34 

0. 0. 0. 0 

------ ------

1/ Based on 10. brushed leaves/tree; 10. Rand 10. NR trees were sampled. 

2/ 

3/ Two colonies of ~.' occidentalis were obtai.ned and tested in the laboratory for 

carbaryl resistance. 

( 



Table 3. Aerial dispersal demonstrated in recoveries of M. occidentalis and spider 

( mites [rom sticky panels.!l placed at 3 heights on 2 towers located 7.6 

( 

m outside the Livingston, CA almond orchard. 

Nean no. mi tes'!) /panel on 
._---------._--------_._---

South tower North tower 

Sample interval Species low middle top low middle top 

1981 

July 31-Aug. 6 spider mites 733 1125 l390 661 1305 1224 

M.occidentalis 5 14 - o o 27 8 

Aug. 8-Aug. 20 spider mites 792 603 729 1098 909 1107 

M.occidentalis 36 63 27 135 117 90 

Aug. 20-Aug. 28 spider mites 9 9 54 18 18 45 

M.occidentalis 36 27 27 27 72 45 

Aug.28-Sept.17 spider mites o o o o o o 

M. occid.entalis o o o o o o 

Sept.17-0ct.l spider mites o o o o o o 

N.occidentalis o o o o o o 

._----_._-

}j Panels ,.ere 23 x 30 cm in size and lightly coated with high vacuum grease 

(Dow Corning
R
). 

2/ Numbers are estimates for entire panel. 
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VI - 1 

VI Production of "Super Mite" for 1982 Releases 

The predators released to date have been OP-Sevin or OP-permethrin 

resistant. The genetics of both Sevin and permethrin resistances are known 

(Hoy & Knop 1981; Roush & Hoy 1981a). Sevin resistance is determined by a 

major dominant g~ne. Permethrin resistance is determined by several genes. 

A strain resistant to permethrin-Sevin-OP insecticides was produced 

during 1981 (Table VI-I). It should b,e mass reared and field tested during 

1982. 

Selection of immature predators with permethrin continued (Table VI -2); 

no big increases in resistance occurred. 

New colonies of M. occidentalis continue to be screened and selected 

for permethrin resistance. One colony looked promising when it was screened 

at a very high level (Table VI - 3). However, the resistance is probably 

not determined by a major gene and there is no good increase in resistance 

level in this colony, so it Will be dropped. 



Table VI-1 .Responses to selection by M. occidenta1is in 1981 of the "Supermite II" " , 

strain - Resistance to Sevin, OPs, and Permethrin in one strain. 

Pesticide % survival C Date test~? II ~~ % of controls 
1981 (g AI- ) tested survival susc. resist. 

Jan 19 permethrin (2) 1225b / 53 10 87 
Jan 23 carbaryl (2.4) 420::- 65 0 80 

Feb. 2 permethrin (2) 240 72 0 30 
Feb. 6 permethrin (2) 410 50 0 60 

Feb. 13 carbaryl (2.4) 970 46 0 70 

March 2 permethrin (2) 660b/ 76 7 75 
March 6 carbaryl (2.4) 380=- 63 17 73 

Apr. 6 permethrin (2) 540b/ 78 7 83 
Apr. 10 carbaryl (2.4) 35~ 82 7 93 

June 1 permethrin (4) 520b/ 56 0 76 
June 5 carbaryl (2.4) 210::- 76 0 73 

Aug. 17 permethrin (4) 76\/ 67 0 87 
Aug. 21 carbaryl (2.4) 39~ 72 0 83 

24 
c/ 610 70 0 77 Sept. permethrin (4)-

( Sept. 28 carbaryl (2.4) 1120 83 3 90 

~/ Dose for permethrin is in g AI/100 liter and for carbaryl is in gAl/liter. 

b/ Females tested with carbaryl had survived the permethrin treatment. 

~/ Females tested with permethrin had survived the carbaryl treatment. 
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Table VI-2Continued selection progress with M. occidentalis (Immature Selection) 

C" during 198!. 
..-

Selection Date Dose Controls 
no. 1981 tested pennethrin No. % % survival 

(g AI/lOO 1) tested survival Susc. Resist. 

31 30 Jan ~ 4 480 58 0 47 

32 

33 14 July ~ 4 520 41 

34 31 Aug. immatures 2 825 15 

35 16 Oct. ~ 2 80 88 17 85 
4 80 84 12 73 

4 Nov ~ 4 480 66 0 70 
immatures 2 550 36 

( 



Table VI-3 Results of selection for a dominant pyrethroid resistance in a new 
colony of M. occidentalis from Washington (Dom?). 

Permethrin No. Controls C 
dose ~~ % susc. resistant 

Date (g AI/100 1) tested survival colony colony 

24 Oct. 1980 4 1460 11.6 (A) 0 74 

5 Nov. 1980 4 340 12.4 (B) 

26 Nov. 1981 4 220 (A) 23 0 60. 
4 83 wl 13 

23 Feb. 1981 4 125 (A) 2 
4 165 (B) 19 

24 Apr. 1981 4 10.0 (A) 35 0 
4 100 (R) 39 
4 100 Oil 31 

6 May 1981 4 100. LA} 26 
4 77 (B.) 27 
4 100 on 28 

27 July 1981 4 480 (Al 19.2 

30 July 1981 4 330 (~) 6.1 . C--
5 Aug. 1981 4 240 on 17.1 0 56 

10 Aug. 1981 4 231 (B) 34.6 0 55 

8 Sept. 1981 4 20 (B) 55 0 68 

23 Sept. 1981 4 320 (B) 33 0 75 

c 
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VII Releases of a Mite Parasite of Ants 

Two releases of Pyomotes tritici, a parasite of insects, were made 

during 1981. This mite was easily reared in the laboratory on cigarette 

beetle pupae and on honey bee pupae. Only the number of suitaole hosts 

limits production, and the availability of a cheap, effective artificial 

diet (Bruce, personal corom.) will make mass-rearing this parasite easy. 

Southern red fire ants were b.rought into the laboratory several .times. 

The mites successfully paralyzed and killed all stages but they developed 

well only on the ant pupae and larvae. 

One release was made in late June into an ant control plot set up by 

Walt Bentley and Wilbur Riel near Bakersfield. About 2 tablespoons of 

cigarette pupae were released at each marked mound in the evening. The 

ants were active and quickly carried the beetle pupae containing the mites 

down into their nests. However, nut damage due to ants in the mite release 

area was nearly as high as in the untreated checks, so we have no evidence 

the mites are being effective. The plot will be monitored again in the 

spring. 

The mites were also released into the eivingston almond orchard in 

August. No efficacy data were taken. The ant mounds will be examined next 

spring. 

The parasitic mite colony is being maintained and if the release sites 

look promisi?g next spring, additional releases can be made. 
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