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Seasonal population densities of Eutetranychus orientalis
(Klein)and the phytoseiid predator, Euseius scutalis (Athias-
Henriot) on lemon in the Jordan Valley were determined
with a mite brushing machine during 1986-87. Six of the nine
study sites were either managed as biological control groves
or had never been treated with pesticides. Population trends
for E. orientalis throughout the Jordan Valley were seasonal-
ly abundant from midsummer through December; moreov-
er, E. scutalis populations responded numerically and func-

tionally to their prey’s propensity to attain economic levels
during the same time period in non- sprayed groves. Groves
receiving pesticidal applications in April and May caused
marked reductions of the phytoseiid predator for several
months. Slide-dip biossay procedure indicated low levels of
tolerance in E. orientalis populations to four commonly ap-
plied acaricides in Jordan citrus.

Key words: lemon, mites population dynamics, acaricides,
Jordan.

Introduction

The predaceous phytoseiid mite, Euseius scutalis (Klein) is
commonly found on Citrus spp. in the Jordan Valley (20)
This predator is widely distributed throughout North Africa,
the Middle East, southern Spain and India (4,15). Bonufour
and McMurtry (12)list 29 families of shrubs and trees com-
mon to temperate, arid areas from which E. scutalis has been
collected. These host plants, especially of the genera Gossy-
pium, Vitis, Persea, Pyrus, Solanum, and Citrus are often
infested with tetranychid spider mites. Citrus is commonly
infested with injurious populations of the citrus brown mite,
Eutetranychus orientalis (Klein) during late summer and fall
in the Jordan Valley. Jeppson et al. (9) also reported its
occurrence on citrus in Turkey, Palestine, Egypt, India,
Pakistan ans Taiwan.

E. scutalis, like most species of Euseius, isa facultative
predator (6, 12, 14) and readily feed and reproduce on
pollen (e.g., iceplant, corn, date, cotton) or will dietarily
shift to acarine and insect predation. E. scutalis will readily
feed on several species of spider mites, citrus flat mite,
Brevipalpus lewisi McGregor, citrus thrips, Scirtothrips citri
(Mouton) and sweetpotato whitefly, Bemisia tabaci (Genna-
dius) (2, 13). This propensity toward polyphagy has enabled
E. scutalis to switch its diet during periods of low citrus
brown mite densities to seasonal occurrence and abundance
of windborne pollens during the mild winter and spring
climes of the Jordan Valley. Furthermore, the ability of E.
scutalis to develop and reproduce at rates commensurate to
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spider mite prey (2) will enhance its survivorship and syn-
chronize its numerical response with population increase of
E. orientalis (11, 18, 19).

The objectives of our research were to characterize the
population dynamics of both mite species on lemon; assess
the impact of the predator on E. orientalis infestations; and
to bioassay commonly recommended acaricides on Jorda-
nian citrus for E. orientalis control.

Materials and Methods

Populations of E. orientalis and E. scutalis were monitored
from December 1986 to November 1987 throughout the Jor-
dan River Valley. Nine lemon orchards, Citrus limon Bur-
mann were sampled; these were selected with regard to loca-
tion, pesticide usage histories, and cultural practices.
Population densities of both mites were assessed weekly
from 20 randomly sampled canopy leaves from each of
5 trees per orchard and individually processed with a miteb-
rushing machine (8). Motile life stages for each species were
counted with a stereomicroscope.

Lemon groves from the northern Jordan Valley monitored
were: Al Mashare, an abandoned grove which was never
culturally managed for pests or irrigated; Al Yabis and North
Shuna groves were under biological control, with the latter
grove having not received pesticidal sprays as part of a spher-
ical mealybug, Nipaecoccus viridis (Newstead), biological
control program. Three groves monitored in the central re-
gion were: Ghor Kebed, a chemically managed grove; Deir



Alla, a biological control grove, Ma’adi, another chemically
managed grove. Study groves grom the southern valley were:
Al Kafrein, a chemically managed grove; Al Rama, a biolo-
gical control grove; and South Shuna grove which has never
been treated with pesticides. The aforementioned biological
control lemon groves received no insecticidal or acaricidal
treatments in 1986 - 1987 unless otherwise noted.

A slide-dip bioassay, similar to that used by Babcock and
Tanigoshi (1), was used to assess the level of E. orientalis
responses to four acaricides. Each compound was mixed with
distilled water and serially diluted to produce appropriate
concentrations. Four concentrations for each acaricide and a
distilled water control were used. Approximately 100 robust
adult females were used per concentration; each of the five
replicates consisted of 20 females placed on their dorsum to
double sided sticky tape attached to the end of a standard
microscope slide. Slides were gently agitated in each pesti-
cide concentration for 5 s and then allowed to air dry. The
slides were then held in open microscope slide boxes under
laboratory conditions of ca. 25+2°C. Mortality was mea-
sured after 24 and 48 h by lightly touching the appendages of
each mite with a fine camel hair brush and observing for
movement. Living mites were scored as those that were able
to actively move their legs and/or mouth parts. After counts
were adjusted for control mortality, a computer probit analy-
sis (17) was used to construct concentration/ mortality

curves. Only recommended formulations of acaricides r=z-
istered for use in Jordan were used for all testing: cyhexzmos
50WP, bromoprophylate 5S0EC, fenbutatin- oxide SOWP znc
amitraz 25WP.

Results and Discussion

Population Trends. E. orientalis populations throughout
the Jordan Valley attained peak levels of abundance during
late Novemver through December (Figs. 1 - 3). This period
of heavy infestation coincides with seasonally lower tempera-
tures and increased rainfall. The mite passes late January
through February as mature, quiescent, fertilized orange-red
over-wintering females. There are ca. 8 - 10 generations. of
citrus brown mite per year on lemon in the Jordan Valley.
E. scutalis remained variously abundant from February to
October in the biological control groves at Ak Yabis and North
Shuna (Fig. 4) During this time E. scutalis regulated citrus
brown mite to noneconomic population densities because their
predatory responses were not mitigated by inappropriate
application (s) of pesticides. An excellent example of sea-
sonal dietary switching between citrus brown mite and air-
borne pollens occurred in the Al Yabis biological control
grove. Population trends for E. scutalis in the Al Yabis grove
indicate that ca. 0.5predator per leaf will regulate E. Orien-
talis during late winter and spring months. The propensity to
feed and reproduce on alternate food sources will allow the
arid adapted E. scutalis to survive and reproduce before
populations of E. orientalis resurge to economic levels (2).
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Figure 1. Population levels of Eutetranychus orientalis (Klein) in
lemon in the northern Jordan Valley, 1986 - 1987.
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Figure 4. Population levels of Euseius scutalis (Athias- Henriot) in

lemon in the northern Jordan Valley, 1986 - 1987.
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Figure 5. Population levels of Euseius scutalis (Athias- Henriot) in
lemon in the middle Jordan Valley, 1986- 1987. Applications of
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Figure 6. Population levels of Euseius scutalis (Athias-Henriot) in
lemon in the southern Jordan Valley, 1986 - 1987. Applications of
fenbutatin- oxide . ® at Al Kafrein.

By June, E. scutalis populations had declines to undetect-
able levels in the middle and southen Jordan Valley (Figs.
S - 6); this decline and concomitant favorable weather con-
ditions resulted in numerical increases of E. orientalis.
However, the quiescent overwintering female E. scutalis be-
gan responding to the emergence of overwintering citrus
brown mite females and to increasing levels of pollen from
flowering lemon, ornamentals and uncultivated plants during
February to May.

At the Ghor-Kebed grove, the applications of cyhexatin
and chlorpyrifos in mid-April reduced E. sculatis populations
to nearly zero in two weeks. Within one month the citrus
brown mite had attained a density of ca. 2 per leaf and 6 per
leaf by August. E. scutalis in the Ghor-Kebed grove re-
mained near the zero level for another seven months follow-
ing the late June application of chlorpyrifos. The cover
sprays of methidathion that were applied in mid-April in the
Ma’adi grove resulted in resurgence of E. orientalisto 3 - 5/
leaf through the summer months. These acaricidal applica-
tions were ill advised because population trends at treatment
were similar to those in the biological control grove at Deir
Alla.

In the near absence of spring populations of E. scutalis at
Deir Alla, the citrus brown mite never exceeded 2 per leaf in
1987. Population levels for E. orientalis and E. scutalis in the
Deir Alla grove indicate exellent prey regulation. Moreover,
the predator’s densities were so low during the mid-summer
through fall months in the middle and southern Jordan Val-
ley lemon groves that they were barely detectable in our 20
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leaf samples. Fenbutatin-oxide was applied twice in April to
the Al Kafrein grove to suppress uneconomic levels of ca. 3
spider mites per leaf. The organotin treatments reduced the
citrus brown mite populations to near zero for about two
months; E. orientalis populations rebounded to levels com-
mensurate to the nonchemical South Shuna and Al Rama
biological control groves by July. As indicated earlier, E.
scutalis is capable of regulating late season spider mite densi-
ties despite difficulties encountered in our measuring detect-
able predator populations.

Bioassays. E. orientalis from pesticide treated and untre-
ated groves in the Ministry of Agriculture’s Deir Alla Re-
search Station were bioassayed. At 48 h post-dip, amitraz,
cyhexatin and bromopropylate were about equal in toxicity,
while fenbutatin-oxide slightly less toxic (Table 1). All 48h
LCso values were well below recommended field rates for
these acaricides. Recommended field rates in parentheses
followed by respective sprayed and nonsprayed grove LCso
values in g (AI)/ liter for each acaricides were: fenbutatin-
oxide SO0WP (0.75), 0.27, 0.23; cyhexatin (0.27), 0.06, 0.09;
bromopropylate (0.36), 0.1, 0.09; and amitraz (0.40), 0.06,
and 0.14. A distinct correlation between nonsprayed and
sprayed blocks and their respective LCsp’s that would be
indicative of resistance development was not ascertained
from these bioassays. This apparent lack of correlation may
be due to the recent shift toward biological control of pest
arthropods. E. orientalis populations in the region are prob-
ably still undergoing pesticide selection and are inbreeding
for resistant and susceptible alleles; this, as more of the Jor-
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Table 1. Bioassay response of E. orientalis from treated and untreated Lemon groves at the Deir Alla Research Station, Jordan,
1987.
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24 h 48 h

Acaricide LCsoa 95% C.I. Slope LCsoa 95% C.I. Slope

Population

Dl DY

Treated Fenbutain-oxide (.45
Untreated Fenbutatin-oxide (.62

0.38 - 0.53 2.37 0.27
0.52 - 0.74 2.38 0.23

0.24 -0.32 3.13
0.20 - 0.26 4.28

Treated  Cyhexatin 0.63 0.38 - 1.04 0.91 0.06 0.05 - 0.08 2.27
Untreated Cyhexatin 0.15 0.13 - 0.17 2.99 0.04 0.03 - 0.95 1.93
Treated  Bromopropylate (.51 0.43 - 0.60 2.45 0.10 0.08 - 0.12 1.73

Untreated Bromopropylate (.21
Treated Amitraz 0.62
Untreated Amitraz 0.56

0.13 -0.32 0.79 0.09
0.46 - 0.82 1.23 0.06
0.40 - 0.80 1.26 0.14

0.07 - 0.11 1.66
0.04 - 0.07 2.05
0.12 - 0.16 2.93
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dan Valley growers continues to reduce applications of hard
pesticides for control of spherical mealybug and citrus brown
mite.

Table 2. Response of E. orientalis from two lemon groves in
the southern Jordan Valley, 1987.
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Acaricide Rate* South Shunab Al Kafrein

24h 48h 24h 48h
Fenbutatin-oxide 0.375 100 100 76 100
Cyhexatin 0.137 100 100 34 37
Bromopropylate 0.360 80 98 97 100
Amitraz 0.200 100 100 100 100

ag (Al)/ liter.
bpercent mortality.
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E. orientalis from South Shunaand Al Kafrein groves were

found to be collectively more susceptible than those popula-
tions bioassayed from the middle region of the Jordan Val-
ley. The rates shown for fenbutatin-oxide, cyhexatin, bro-
mopropylate and amitraz were respectively, 0.5, 0.5, 0 and
0.5-fold less than recommended field rates on citrus grown
in Jordan (Table 2). Except for amitraz, females from the
pesticide managed Al Kafrien grove were more tolerant at
24h than from the South Shuna biological control grove.
These differences are apparent from data that compare their
percent mortalities. After 48h, no difference was observed
between the populations for three of the compounds; howev-
er, slide dip mortality for female E. orientalis from Al Kafrien
to cyhexatin at 0.5-fold the field rate was only 37 percent
after 48hr. Cyhexatin resistance in the Tetranychidae has
recently become a serious problem (3, 5, 10, 16). Based on
these reports, the potential for cross resistance in this family

is likely where cyhexation has been widely used. If organo-
tin resistance in the Jordan Valley is present, its successful
mitigation may be based on recent research conducted to
evaluate resistance reversion in field selected populations
(7). They reported successful organotion resistance reversion
of the two-spotted spider mite, Tetranychus urticae Koch,
through the alternative use of acaricides that did not confer
subsequent organotin cross resistance.

ua:'-loﬂ

r.bu." u.b Euseius scutalis (Athias - Henriot) w,’.é.d| L1990 ST ., .‘.bﬁtb ez YR PRV s 4.J cd:",.é,ﬂi
d>we . E. orientalis ‘.J:J| JLF Sladod! Slie A% v (Acari: Phytoseiidae, Tetranychidae) ~Eutetranychus orientalis (Klein)

LHls o I <SS E. orientalis. VJ"U Loawgedl HLST
Ol oy Cieall Ciaza o lsdy 031 58 slaf
Lo ozl &5 L tidl Slaazzes Ofy s /Y]
& oy L Slaazned Lodall Bl (i,
sl I Dslasl Shyies ] cllibadl L LI
ey o5 Al oL & ol slael Ul ks 2231

1S iy all ol 46y dlos

. 114-120:(2) 8 &y Al SL) &0,

E. orientalis rlaJI C.;’..J das gl BEST s o~

o @ E. scualis (Athias-Henriot) . zie)ly (Klein)
sl plasaal oY1 (sl Slaedd o)l
Elsdl o B SISy L BT/1986 pall U3y (ol
‘..l,t (gl SISl bl e 5jlie dug el dandl
O el o pgbl . lallas b LY Sl platszd o2



oS cdeaST L 5 by Slmdanl

Syl Clsg gy p

LSy cbals iy [olbadar 1dbie oS

Lo,V ch:- Sldhas ‘c&:’,usn

Ceaisil Wi ol /oLl ¢ ol [0l Sldmall
Dol ol uilss L2l iy gl kel Byl IS
J.:.’J Sl g2s E. orientalis Solaeioeed a5 sl B
Sy Y DL oo Slds dyY Aediinie

References

1.

o0

10.

Babcock, J. M. and Tanigoshi. L. K. 1988. Resistance
levels of Typhlodromus occidentalis (Acari: Phy-
toseiidae) from Washington apple orchards to ten pesti-
cides. Exp. Appl. Acarol. 4: 151 - 157.

Bounfour, M. and McMurtry. J. A. 1987. Biology and
ecology of Euseius scutalis (Athias-Henriot) (Acarina:
Phytoseiidae). Hilgardia 55: 1-23.

Croft, B. A., Miller, R. W. Nelson R. D. and Westi-
gard. P. H. 1984. Inheritance of early-stage resistance to
formetanate and cyhexatin in Tetranychus urticae Koch
(Acari: Tetranychidae). J. Econ. Entomol. 77: 574 -
578.

Daveshvar, H. 1980. Some predatory mites from north-
ern and western Iran. Entomol. Phytopathol. Appliq.
48: 15 - 87.

Edge, V. E. and James D. G. 1986. Organotin resist-
ance in Tetranychus urticae (Acari: Tetranychidae) in
Australia. J. Econ. Entomol. 79: 1477 - 1483.

ElBadry, E. A. and ElBenhawy. E. M. 1968. Effect of
different species on the development and fecundity of
Amblyseius gossipi (Acarina: Phytoseiidae). Z. Angew.
Entomol. 62: 247 - 251.

Flexner, J. L., Westigard P. H. and Croft. B. A. 1988.
Field reversion of organotin resistance in the two-
spotted spider mite (Acari: Tetranychidae) following re-
laxation of selection pressure. J. Econ. Entomol. 81:
1516 - 1520.

Henderson, C.F. and McBurnie. H. B. 1943. Sampling
techniques for determining populations of the citrus red
mite and its predators. U.S. Det. Agric. Cir. 671.

Jeppson, L. R., Keifer H.H. and Baker. E. W. 1975.
Mites injurious to economic plants. Berkeley and Los
Angeles: Umv. Calif. Press. 614pp.

Keena. M. A. and Granett. J. 1987. Cyhexatin and
propargite resistance in populations of spider mites
iAcan: Tewranvchidae) from California almonds. J.
Ecca. Entomol. 80: 560 - 564.

Ll Sl Gy doe - 114

11.

12.

13.

14.

15.

16.

17.

18.

19.

Kennett, C.E., Flaherty, D.L. and Hoffmann, R.W.
1979. Effects of windborne pollens on the population
dynamics of Amblyseius hibisci (Acarina: Phytoseiidae).
Entomophaga 24: 83 - 98.

McMurtry, J. A. 1977. Some predaceous mites (Phy-
toseiidae) on citrus in the mediterranean region. En-
tomophaga 22: 19 - 30.

Meyerdirk, D.E. and Coudriet. D.L. 1986. Evaluation
of two biotypes of Euseius scutalis (Acari: Phytoseiidae)
as predators of Bemesia tabaci (Homoptera: Aleyrodi-
dae). J. Econ. Entomol. 79: 659 - 663.

Muma, M. H. and Denmark. H. A. 1970. Phytoseiidae
of Florida. Arthropods of Florida and neighboring land
areas. 6: 1 - 150. Fla. Dep. Agric. Div. Plant Ind.

Narayanan, E.S. and Kaur. R.B. 1960. Two new species
of the genus Typhlodormus Scheuten from india (Acar-
ina: Phytoseiidae). Proc. Indian Acad. Sci. 51: 1 - 8.

Pree, D. J. 1987. Inheritance and management of cyhex-
atin and dicofol resistance in the european red mite
(Acari: Tetranychidae). J. Econ. Entomol. 80: 1106 -
- 1112.

SAS Institute. 1985. SAS user’s guide: statistics, version
5 ed. SAS Institute, Cary. N.C.

Tanigoshi, L.K., Fargerlund, J. and Nishio-Wong. J.Y.
1981. Significance of temperature and resources to the
development biology of Amblyseius hibisci (Chant)
(Acarina, Phytoseiidae). Z. Angew. Entomol. 92: 409 -
-419.

Tanigoshi, L.K., Fargerlund, J., Nishio-Wong. J.Y.
Tz_migoshi, LK., Fargerlund, J., Nishio-Wong J.Y. and
Griffiths. H.J. 1985. Biological control of citrus thirps,
Scirtothrips citri (Thysanoptera: Thripidae), in southern
California citrus groves. Environ. Entomol. 14: 733 -
741.

. Tanigoshi, L. K., Bahdousheh M. and Sawaged. R.

1988. Citrus brown mite. Jordanian Ministry of Agricul-
ture Tech. Bull. JVASP 44: 1 - 3.



