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Abstract

The red spider mite, Tetranychus marianae McGregor (Acari: Tetranychi-dae), has been an important 
pest of eggplant Solanum melongena L. (Solan-aceae) and other vegetables in the Mariana Islands. The 
damage due to T. marianae has been severe and caused huge economic losses. Because no threshold 
levels are available for T. marianae, many growers are applying up to 12 chemical applications per 
eggplant cropping period. This is not only expensive, but also results in lower yields because of 
extensive foliar damage and development of resistance in mites to chemicals. To diminish the calendar-
based chemical applications and to preclude damage to foli-age and fruit quality, this study was 
undertaken for the development of a threshold level for optimum timing of chemical applications for T. 
mari-anae. In the direction of this aim, an attempt was made to generate differ-ent threshold levels by 
applying chemical spray (Sun-spray 6E, 5 ml/l) within 12 h after reaching the threshold levels at 2, 4, 6, 
8 and 10 mites/leaf, as well as current recommended calendar-based sprays and non-sprayed control in 
a replicated block design for the dry and wet seasons of 2010 at two locations (Yigo and Inaranjan) in 
Guam (USA). Based on T. marianae-infested leaves, incidence of T. marianae and yield levels, the plots 
sprayed at 2 or 4 mites/leaf in the dry season and 2–8 mites/leaf dur-ing the wet season had 
significantly lower leaf damage and incidence of T. marianae compared with a greater number of mites/

leaf in calendar-based sprays and control plots. At the greater threshold levels, the mean yield was 
significantly reduced in comparison with the mean yield obtained when plots were sprayed at a 
threshold of 2–8 mites/leaf. There-fore, it is concluded that the optimum threshold chemical spray for 
T. marianae on eggplant is 4 mites/leaf during the dry season and 8 mites/leaf in the wet season.

Introduction

The red spider mite, Tetranychus marianae McGregor

(Acari: Tetranychidae), is considered a potentially

highly destructive pest and, if established in

commercial fields, will add considerably to production

costs (Oatman et al. 1967). This mite species is a

major pest of vegetables (eggplant, tomato, cucum-

bers, pepper, etc.), and even a small number of

T. marianae on plants can cause severe damage as they

are a year-round pest (Reddy et al. 2011). The mite

causes serious damage in the Marianas and Florida on

Solanaceous plants throughout the year (Denmark

1970). This mite species was first recorded on Passifl-

ora foetida L. (Passifloraceae) in Mt. Lassso, Tinian

(The Common Wealth of the Mariana Islands), in

1946 (McGregor 1950). It is widespread in the Pacific

islands and also found in the West Indies, Bahamas,

Southern Florida, Nicaragua, Argentina, Brazil and

South-East Asia (Denmark 1970; de Moraes et al.



1987). Tetranychus marianae prefers to feed and thrives

on Solanaceous plants, but it has also been reported

on numerous other plants (Reddy et al. 2011).

Although no information is available on the dam-

age potential and biology of T. marianae on eggplant,

Solanum melongena (Solanaceae), Wene (1956)

observed that heavily infested tomato leaves became

yellowish-green to yellowish-brown. The author fur-

ther reported that the feeding of T. marianae caused a

silvering on the shoulder of the fruit, and this silvery

area became russet brown in appearance. Denmark

(1970) reported that the mites caused tomato leaves

to become chlorotic and curl. Tests of the effect of

T. marianae on tomato, Irish potato, bell pepper and

eggplant in a glasshouse showed that potato and egg-

plant were virtually destroyed within 3 weeks after

being infested with 20 mature females on each plant

(Oatman et al. 1967).

The biology of T. marianae was studied on yellow

passion fruit (Passiflora edulis Sims f. flavicarpa Deg.) by

Noronha (2006). The mite is usually found on the

abaxial surface of leaves with the presence of web for-

mation (Ochoa et al. 1994). The longevity of T. mari-

anae females was reported to be close to 30 days

(Bonato and Gutierrez 1999). Female T. marianae can

produce offspring parthenogenetically (Davis 1969).

Eggs are deposited singly on the lower surface along

or near the leaf midrib or veins. Feeding perforations

on eggplant leaves by T. marianae become chlorotic

and are visible as whitish to yellowish stipplings or

dots at the upper surface of the leaf (Mata 1984).

Under substantial infestation, the chlorotic areas may

amalgamate so that leaves eventually turn yellow and

can drop prematurely (Reddy et al. 2011).

As no damage threshold levels have been developed

for T. marianae, some growers in the Mariana Islands

are applying 10–12 chemical sprays per cropping per-

iod, often leading to extensive foliar damage and

resulting in lower yield levels because of the develop-

ment of resistance of mites to the chemicals. Most

growers in the Mariana Islands are unaware of the

benefits of the threshold levels or the adverse effects

of chemical sprays on beneficial organisms (Biddinger

et al. 2009). The use of pesticides in the Pacific region

increased dramatically in the recent past due to the

increase in T. marianae. There has been no record of

any predatory mites or any other biological control

being used in the region. Although both economic

injury level (EIL) and an economic threshold level

(ETL) or action threshold (AT) are important and help

in reducing the judicious use of chemical applications

(Maoz et al. 2011), extensive field studies for several

consecutive years is necessary. However, the current

study was aimed at developing threshold levels for

T. marianae on eggplant in order to provide a more

immediate solution to growers to reduce the number

of chemical applications required for the control of

the pest.

Materials and Methods

Eggplant seedlings

The eggplant seeds of Pingtung Long variety (Known-

You Seed, Co., Ltd., Kaohsiung, Taiwan) were sown

in trays (40 9 30 cm) and raised in a nursery in a

shade house (30–32°C, 60–80% RH, 14 : 10-h light/

dark photoperiod). The seedlings were grown for

40 days.

Study sites

Experiments were performed in two locations of the

University of Guam Agricultural Experiment Station,

Yigo (13°31.930′N, 144°52.351′E) and Inarajan

(13°61.963′N, 144°45.353′E). The first trial was car-

ried out during the dry season (February–June, 2010)
at both Yigo and Inarajan, and the second identical

trial was carried out at the same locations during the

wet season (August–December 2010). The treatment

plots were 8 m 9 8 m in a factorial design and sepa-

rated from other plots by 1.0-m buffer zones intended

to prevent spray drift. Forty-day-old eggplant seed-

lings were transplanted at a distance of 75 cm

between rows and 50 cm between plants in the row.

Three replicates of each of 10 treatments produced a

total of 30 plots. Each plot consisted of 10 rows of 15

eggplant plants, for a total of 150 plants per plot. The

total area of the experimental eggplant field was

2900 m2 (0.29 ha) at each site. All the fertilizer appli-

cations were followed according to Schlub and Yudin

(2002).

Chemical treatment

For treatment applications T1–T5 based on T. mari-

anae threshold levels, an application of Sun-spray 6E

(Sunoco, Inc R&M, Philadelphia; active ingredients:

refined petroleum distillate: 98.8 wt% + emulsifier:

1.2 wt%) at the rate of 5 ml/l was sprayed within

12 h after reaching mean threshold levels of 2, 4, 6, 8

or 10 mites/leaf. The Sun-spray chemical was chosen

for the present study as it is environmentally friendly

and is significantly proven to be effective against spi-

der mites (Lancaster et al. 2002). For the calendar-

based chemical treatments, spray [Sun-spray 6E



(5 ml/l)] was applied as shown in the treatments

T6–T9. This spraying schedule was usually performed

by growers. No chemical treatment was applied in T10

(control, three replications).

T1: Threshold-based chemical sprays (TCS) (mean

of 2 mites/leaf);

T2: TCS (mean of 4 mites/leaf);

T3: TCS (mean of 6 mites/leaf);

T4: TCS (mean of 8 mites/leaf);

T5: TCS (mean of 10 mites/leaf);

T6: calendar-based spray schedule (CSS) (10 days

after transplanting (DAT)): 10, 20, 30, 40, 50, 60,

70, 80, 90, 100, 110 and 120;

T7: CCS: (15 DAT): 15, 30, 45, 60, 75, 90, 105 and

120;

T8: CCS: (20 DAT): 20, 40, 60, 80, 100 and 120;

T9: CCS: (25 DAT): 25, 50, 75, 100 and 125; and

T10: Control (no spray).

The days of chemical application in each treatment

are shown in table 1. The amount of solution sprayed

per application was 95 l/ha for small plants (up to 45

DAT) and 190.0 l/ha for larger ones (45 DAT until

harvest). All the chemicals were applied with motor-

ized backpack sprayers (Solo Brand; Forestry Suppli-

ers, Jackson, MS). The sprayer was equipped with an

adjustable, flat spray, hollow cone and jet stream noz-

zle, and pressure was calibrated to deliver 20 gpa at

45 psi.

Sampling method

To determine the mite population level, ten plants

were selected randomly per plot. For each plant,

three leaves were chosen randomly: one per top,

middle and bottom of the plant. On the underside of

each of these leaves, the number of mites present

was counted using a magnifying lens. The counts

were made at weekly intervals. Similarly, the num-

ber of infested leaves by T. marianae per plot was

recorded out of the 30 leaves counted in each plot.

The eggplant were harvested when they were ready

and the yield was recorded for each treatment plot.

The data were averaged and expressed as per cent of

infested leaves and yield per hectare.

Statistical analysis

Data for the number of infested leaves on 10 plants

per plot and overall yield levels in different treatments

were analysed using repeated-measures ANOVA

(P < 0.05) over multiple dates, and differences

between treatment means were compared using

Tukey’s HSD test. All statistical analyses were carried

out using SAS version 9.3 (SAS Institute 2009). The

5% level of significance was used for all analyses.

Results

The results indicated that mean percentages of

mite-infested leaves and the population of T. mari-

anae at both the locations are higher when thresh-

old levels and the number of chemical sprays were

advanced (tables 2 and 3). During the dry season,

T. marianae and infested leaves were significantly

fewer (F9,29 = 54.9, P < 0.05) in T1 (2 mites/leaf)

and T2 (4 mites/leaf) compared to other treatments

with higher threshold levels. However, a significant

difference was not observed between the treatments

of 2 mites/leaf and 4 mites/leaf. For the period of

the wet season, T. marianae and infested leaves

were significantly fewer (F3,29 = 89.4, P < 0.05) in

T1 (2 mites/leaf) through T4 (8 mites/leaf) com-

pared to T5 (10 mites/leaf). In both the dry and

wet seasons, the calendar-based treatments T6–T8
(10–20 DAT) recorded significantly fewer (F9,29 =
121.5, P < 0.05) levels of T. marianae and infested

leaves than T9 (25 DAT). Significantly higher

(F9,29 = 101.6, P < 0.05) levels of T. marianae and

infested leaves were recorded in control treatments

compared to all other treatments in both locations

and wet and dry seasons. The overall data from the

threshold and calendar treatments indicated that

the mean number of T. marianae and infested leaves

was significantly fewer (F11,29 = 112.6, P < 0.05)

in threshold treatments than in calendar-based

treatments.

The results for marketable eggplant yield levels

were reflected by the number of T. marianae-infested

leaves (fig 1). During the dry season, the yield levels

were significantly higher (F9,29 = 54.9, P < 0.05) in

T1 (2 mites/leaf) and T2 (4 mites/leaf) compared to

T3–T5 (6–10 mites/leaf) in both locations. However,

in the wet season, the yield levels were significantly

higher (F9,29 = 110.3, P < 0.05) in T1–T4 compared

to T5. In both the dry and wet seasons, the calen-

dar-based treatments T6–T8 (10–20 DAT) recorded

significantly higher (F9,29 = 87.4, P < 0.05) yields

than T9 (25 DAT). The control (no spray) plots

yielded significantly lower marketable yields (10.4–
12.2 tons/ha) as an average for both the seasons

and locations. The average overall yield from the

threshold and calendar treatments indicated that the

yield levels were significantly higher (F14,29 = 78.6,

P < 0.05) in threshold treatments than in calendar-

based treatments.



T
a
b
le

1
N
u
m
b
e
r
o
f
d
a
y
s
a
ft
e
r
tr
a
n
sp
la
n
ta
ti
o
n
a
t
w
h
ic
h
a
ch
e
m
ic
a
lt
re
a
tm

e
n
t
w
a
s
im

p
o
se
d
a
ft
e
r
g
e
tt
in
g
th
e
e
st
im

a
te
d
th
re
sh
o
ld

le
v
e
lo

f
m
e
a
n
n
u
m
b
e
r
o
f
T
e
tr
a
n
y
ch
u
s
m
a
ri
a
n
a
e
in

co
m
p
a
ri
so
n
w
it
h
ca
l-

e
n
d
a
r-
b
a
se
d
ch
e
m
ic
a
ls
p
ra
y
s
o
n
e
g
g
p
la
n
t

T
re
a
tm

e
n
t

Y
ig
o
lo
ca
ti
o
n

In
a
ra
n
ja
n
lo
ca
ti
o
n

D
ry

se
a
so
n

N
o
o
f

sp
ra
y
s

W
e
t

se
a
so
n

N
o
o
f

sp
ra
y
s

D
ry

se
a
so
n

N
o
o
f
sp
ra
y
s

W
e
t
se
a
so
n

N
o
o
f
sp
ra
y
s

T
1
:
T
C
S

(2
m
it
e
s/
le
a
f)

8
,
1
7
,
2
9
,
4
2
,
5
7
,
7
3
,M

8
8
,
1
0
2
a
n
d
1
1
5

9
1
2
,
2
2
,
3
1
,
4
8
,

5
9
,
7
6
,
9
1
a
n
d
1
0
2

8
1
0
,
1
8
,
3
2
,
4
5
,
6
1
,

7
6
,
9
3
,
1
0
8
a
n
d
1
1
6

9
1
4
,
2
3
,
3
4
,
5
2
,

6
4
,
7
7
,
8
8
a
n
d
1
0
7

8

T
2
:
T
C
S

(4
m
it
e
s/
le
a
f)

1
5
,
2
6
,
3
8
,
5
2
a
n
d
7
8

5
1
9
,
2
8
,
4
3
,
6
8
,
8
8
a
n
d
9
2

6
2
0
,
3
2
,
4
4
,
6
2
,
7
8
a
n
d
9
2

6
1
7
,
3
1
,
4
4
,
6
6
,

7
8
,
8
4
a
n
d
1
0
3

7

T
3
:
T
C
S

(6
m
it
e
s/
le
a
f)

2
2
,
3
6
,
6
3
a
n
d
8
8

4
2
4
,
3
3
,
5
8
,
6
9
a
n
d
9
0

5
1
8
,
3
8
,
5
3
,
8
2
a
n
d
1
0
2

5
1
8
,
2
9
,
4
0
,
5
3
,
7
2
a
n
d
9
5

6

T
4
:
T
C
S

(8
m
it
e
s/
le
a
f)

2
5
,
3
8
a
n
d
5
4

3
2
2
,
3
5
,
4
8
a
n
d
8
6

4
2
4
,
4
1
,
5
8
a
n
d
8
8

4
2
0
,
2
7
,
4
2
,
6
5
a
n
d
8
3

5

T
5
:
T
C
S

(1
0
m
it
e
s/
le
a
f)

3
1
a
n
d
6
8

2
2
8
,
4
4
a
n
d
7
3

3
3
5
,
6
5
a
n
d
9
2

3
2
8
,
4
0
,
7
2
a
n
d
9
4

4

T
6
:
C
C
S

(1
0
D
A
T
)

1
0
,
2
0
,
3
0
,
4
0
,
5
0
,
6
0
,7
0
,

8
0
,
9
0
,
1
0
0
,
1
1
0
a
n
d
1
2
0

1
2

1
0
,
2
0
,
3
0
,
4
0
,
5
0
,
6
0
,7
0
,

8
0
,
9
0
,
1
0
0
,
1
1
0
a
n
d
1
2
0

1
2

1
0
,
2
0
,
3
0
,
4
0
,
5
0
,

6
0
,7
0
,
8
0
,
9
0
,
1
0
0
,
1
1
0
a
n
d
1
2
0

1
2

1
0
,
2
0
,
3
0
,
4
0
,
5
0
,

6
0
,7
0
,
8
0
,
9
0
,
1
0
0
,

1
1
0
a
n
d
1
2
0

1
2

T
7
:
C
C
S

(1
5
D
A
T
)

1
5
,
3
0
,
4
5
,
6
0
,
7
5
,
9
0
,

1
0
5
a
n
d
1
2
0

8
1
5
,
3
0
,
4
5
,
6
0
,
7
5
,
9
0
,

1
0
5
a
n
d
1
2
0

8
1
5
,
3
0
,
4
5
,
6
0
,
7
5
,
9
0
,
1
0
5
a
n
d
1
2
0

8
1
5
,
3
0
,
4
5
,
6
0
,
7
5
,
9
0
,

1
0
5
a
n
d
1
2
0

8

T
8
:
C
C
S
:

(2
0
D
A
T
)

2
0
,
4
0
,
6
0
,
8
0
,
1
0
0
a
n
d
1
2
0

6
2
0
,
4
0
,
6
0
,
8
0
,
1
0
0
a
n
d
1
2
0

6
2
0
,
4
0
,
6
0
,
8
0
,
1
0
0
a
n
d
1
2
0

6
2
0
,
4
0
,
6
0
,
8
0
,
1
0
0
a
n
d
1
2
0

6

T
9
:
C
C
S
:

(2
5
D
A
T
)

2
5
,
5
0
,
7
5
,
1
0
0
a
n
d
1
2
5

5
2
5
,
5
0
,
7
5
,
1
0
0
a
n
d
1
2
5

5
2
5
,
5
0
,
7
5
,
1
0
0
a
n
d
1
2
5

5
2
5
,
5
0
,
7
5
,
1
0
0
a
n
d
1
2
5

5

T
1
0
:
C
o
n
tr
o
l

(n
o
sp
ra
y
)

–
–

–
–

–
–

–
–

D
A
T
,
d
a
y
s
o
f
a
ft
e
r
tr
a
n
sp
la
n
ta
ti
o
n
;
T
C
S
,
th
re
sh
o
ld
-b
a
se
d
ch
e
m
ic
a
ls
p
ra
y
s;
C
C
S
,
ca
le
n
d
a
r-
b
a
se
d
ch
e
m
ic
a
ls
p
ra
y
s.

S
u
n
-s
p
ra
y
6
E
(5

m
l/l
)
w
a
s
sp
ra
y
e
d
w
it
h
in

1
2
h
a
ft
e
r
re
a
ch
in
g
th
e
th
re
sh
o
ld

le
v
e
ls
.



Discussion

Using TCS to replace calendar-based chemical sprays

to better control pests has been considered a top prior-

ity for sustainable agriculture. This study is a helpful

addition which demonstrates that calendar-based

chemical sprays are not a desirable pest control strat-

egy for growers in terms of safety and pesticide resi-

due problem in food products particularly vegetables.

Threshold-based spraying decision programmes are an

important option in integrated pest management (Sil-

vie et al. 2001). The integration in farmers’ practices

of calendar-based spraying decisions for spider mites

has been followed since two decades in many parts of

the world (Reddy and Guerrero 2001). Calendar-

based programmes have been followed by growers to

reduce risk because of a lack of research information

for many pests, particularly for spider mites.

Table 2 Percentage of infested leaves result-

ing from Tetranychus marianae in different

treatments of TCS vs. calendar-based chemi-

cal sprays on eggplant grown in dry and wet

seasons Treatment

Mean ± SE per cent infested leaves

Yigo location Inaranjan location

Dry season Wet season Dry season Wet season

T1: TCS (2 mites/leaf) 0.2 ± 0.1a 0.1 ± 0.1a 0.5 ± 0.2a 0.0 ± 0.0a

T2: TCS (4 mites/leaf) 0.5 ± 0.2a 0.2 ± 0.1a 1.5 ± 1.2a 0.2 ± 0.1a

T3: TCS (6 mites/leaf) 15.0 ± 1.5b 1.5 ± 0.3a 18.0 ± 2.1b 1.5 ± 0.5a

T4: TCS (8 mites/leaf) 19.5 ± 0.4b 2.0 ± 1.1a 22.0 ± 1.2b 2.0 ± 1.2a

T5: TCS (10 mites/leaf) 32.0 ± 1.8c 28.0 ± 2.4b 43.5 ± 2.3c 22.0 ± 2.3b

T6: CCS (10 DAT) 0.5 ± 0.2a 1.5 ± 0.8a 1.0 ± 0.2a 1.0 ± 0.0a

T7: CCS (15 DAT) 5.0 ± 0.1a 4.5 ± 0.8a 5.0 ± 0.4a 6.0 ± 0.2a

T8: CCS: (20 DAT) 8.0 ± 0.2a 8.5 ± 0.6a 7.5 ± 1.3a 9.0 ± 1.0a

T9: CCS: (25 DAT) 22.0 ± 0.4b 26.0 ± 2.1b 24.5 ± 2.2b 20.0 ± 1.8b

T10: Control (no spray) 96.5 ± 1.3d 82.0 ± 3.4c 98.0 ± 3.2d 84.0 ± 2.4c

DAT, days of after transplantation; TCS, threshold-based chemical sprays; CCS, calendar-based

chemical sprays.

Means within the same column followed by the same letter are not significantly different P > 0.05

(repeated-measures ANOVA, Tukey’s HSD). Each value represents the mean (±SE) of three replica-

tions. The mean number of infested leaves by T. marianae per plot was recorded out of the 30

leaves counted in each plot.

Table 3 Mean number of Tetranychus mari-

anae in different treatments of TCS vs. calen-

dar-based chemical sprays on eggplant grown

in dry and wet seasons

Treatment

Mean ± SE number of T. marianae/leaf

Yigo location Inaranjan location

Dry season Wet season Dry season Wet season

T1: TCS (2 mites/leaf) 1.8 ± 0.4a 1.6 ± 0.5a 1.9 ± 0.7a 1.7 ± 0.6a

T2: TCS (4 mites/leaf) 3.5 ± 1.1a 3.4 ± 1.3a 3.8 ± 1.2a 3.5 ± 1.2a

T3: TCS (6 mites/leaf) 30.4 ± 2.8b 5.8 ± 0.8a 48.5 ± 4.3b 5.7 ± 2.2a

T4: TCS (8 mites/leaf) 46.3 ± 3.2 b 7.5 ± 2.1a 51.7 ± 2.6b 7.8 ± 3.3a

T5: TCS (10 mites/leaf) 32.0 ± 2.7c 28.0 ± 3.5b 43.5 ± 3.7c 32.5 ± 2.3b

T6: CCS (10 DAT) 8.5 ± 1.7a 10.6 ± 1.7a 15.6 ± 2.5a 11.6 ± 3.1a

T7: CCS (15 DAT) 14.3 ± 2.4a 11.2 ± 2.2a 17.2 ± 3.1a 13.4 ± 2.7a

T8: CCS: (20 DAT) 18.8 ± 1.8a 14.5 ± 2.6a 18.4 ± 3.2a 15.8 ± 1.5a

T9: CCS: (25 DAT) 48.6 ± 4.1b 36.0 ± 4.4b 54.8 ± 6.8b 40.6 ± 4.6b

T10: Control (no spray) 630 ± 12.8d 493 ± 12.2c 735 ± 11.3d 527 ± 8.8c

DAT, days of after transplantation; TCS, threshold-based chemical sprays; CCS, calendar-based

chemical sprays.

Means within the same column followed by the same letter are not significantly different P > 0.05

(repeated-measures ANOVA, Tukey’s HSD). Each value represents the mean (±SE) of three replica-

tions. The mean number of T. marianae per plot was recorded out of the 30 leaves counted in

each plot.



As of today, this is the first time that a threshold-

based chemical spray programme has been reported

for T. marianae on eggplant. However, damage thresh-

old levels have been determined and reported for

other mites. For example, Tetranychus pacificus and

T. turkestani Ugarvo & Nikolski on rose Rosa hybrid L.

(Rosales: Rosaceae) (Karlik et al. 1995) and Tetrany-

chus ludeni Koch on Impatiens wallerana Hook.f. (Eri-

cales: Balsaminaceae) (Alatawi et al. 2007) have been

studied. In the present study, threshold-based spray

and fewer chemical sprays reduced the leaf damage

and incidence of T. marianae when compared to cal-

endar-based chemical sprays and control (no spray)

treatments. It is interesting to note that the treatments

with 2 or 4 mites/leaf had significantly lower inci-

dence of T. marianae and higher yield levels recorded

during the tests in the dry season. The threshold treat-

ment with a mean of 2 mites/leaf requires nine

chemical sprays, while only five sprays are necessary

for the threshold level of 4 mites/leaf. This way, four

chemical sprays can be avoided for the control of

T. marianae by choosing 4 mites/leaf. Because no sig-

nificant difference was observed between these two

threshold treatments in terms of leaf damage and

yield levels, it is recommended to use 4 mites/leaf as a

threshold level for T. marianae during the dry season.

In the same way, the treatments with 2–8 mites/leaf

during the wet season had significantly lower leaf

damage and higher yield levels than the control (no

spray) treatment and some of the calendar-based

chemical sprays. The threshold treatments with

means of 2, 4, 6 and 8 mites/leaf require 8, 6, 5, and 4

sprays, respectively. Again, no significant difference

was observed between these threshold levels in terms

of leaf damage and marketable yield levels. Based on

these two season (wet and dry) trial results, therefore,

it is recommended to use 8 mites/leaf as a threshold

level for T. marianae during the wet season. Imple-

menting this approach, up to four sprays can be

avoided for the control of T. marianae during the wet

season.

The most important point here is to note that differ-

ent threshold levels are required for T. marianae on

eggplant during the dry and wet seasons. This is

because of the population fluctuation, and it could be

argued that, during the dry season, the population’s

build-up is higher than in the wet season. Our find-

ings corroborate with Denmark (1970), who reported

that T. marianae has a high biotic potential and often

reaches high populations in dry, warm weather, at

which time uncontrolled populations occur. Our

results are somewhat different with Bostanian et al.

(2003) who reported that it would be possible to

reduce the number of acaricide applications as the

eggplant tolerates a high density of T. urticae without

any decrease in yield. In this respect, they proposed

700 mites per leaf as a tentative empirical action

threshold based on their results. According to these

authors, however, as this preliminary threshold may

be attained during adverse weather conditions and it

may not be possible to enter and treat the field

promptly, a 600 mite per leaf action threshold may be

more appropriate. Thus, a buffer of 100 mites per leaf

would provide the time span for the return of better

weather conditions for an acaricide treatment (Bosta-

nian et al. 2003). Also, Beers and Hull (1990) and

Palevsky et al. (1996) found that high mite densities

(450–1000) of Panonychus ulmi (Koch) occurring in

mid-season on apples can reduce the fruit weight in

the year of mite damage and can decrease the number

of fruit in the following season. Weihrauch (2005)
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Fig. 1 Marketable yield (tones/ha) of eggplant after chemical applica-

tion in different treatments of TCS vs. calendar-based chemical sprays

on eggplant grown in dry and wet seasons. Different letters above the

bars indicate significant differences P > 0.05 (repeated-measures ANOVA,

Tukey’s HSD). Each value represents the mean (±SE) of three replica-

tions. DAT, days of after transplantation; TCS, threshold-based chemical

sprays; CCS, calendar-based chemical spray.



noticed that although T. urticae infestation of cones

from untreated hops, Humulus lupulus (Cannabaceae),

was significantly higher than acaricide-treated plants

in 27 of the 36 cases, in only one instance did that

cause economic loss. T. urticae infestation levels of

about 90 mites per leaf are tolerable at harvest time

with little or no risk of causing economic loss to hop

growers.

Existing synthetic chemicals are still being used in

parts of the world to control mite incidence on various

crops. Dicofol is one of the acaricides that traditionally

are used to control the spider mites on various crop

plants in several countries (Dutcher 2007). However,

dicofol resistance in mites has been a growing prob-

lem, and it developed resistance to mite species partic-

ularly after recurrent applications (Singh 2010).

While the label on carbaryl does list mites, the product

is well known and actually to induce mite population

after repeated applications. Many farmers in Microne-

sia are required to use repeated applications because

of the ineffectiveness of these chemicals and the even-

tual mite population build-up. In addition, carbaryl is

known to cause mite populations to flare and become

carbaryl resistant (Shaw and Wallis 2008). On the

other hand, horticultural oils’ (Sun-spray ultra-fine

oil) attractive substitutes to traditional pesticides, as

they are effective in controlling pests while at the

same time conserving beneficial arthropods (Miller

1997). This is a highly refined horticultural spray oil

concentrate for insect, mite and disease pest manage-

ment and reported to be effective against mites

(Knapp et al. 2001). However, this chemical needs to

be special ordered and imported to the islands, and

thereby, it is often expensive. Thus, the research

information generated from the present study on the

optimizing threshold levels can be useful to the egg-

plant growers on the use of Sun-spray in order to save

money on a safer product.

While T. marianae damage can still be prevented

by modern acaricide applications to some extent, it

is expected that the excessive use of these chemical

applications will eventually lead to resistance devel-

opment and subsequent pest outbreaks (van de Vrie

1985; Penman and Chapman 1988). Adopting the

economic threshold levels established in the present

study could help to reduce pesticide applications

against T. marianae, with the resultant selection for

pest resistance, adverse effects to biological control

agents, and harm to human health and the envi-

ronment. Because T. marianae is an economically

detrimental pest on eggplant in the Mariana Islands,

the research information generated from the pres-

ent study is important and should be disseminated

to the public and eggplant growers. The threshold

levels of 4 and 8 mites/leaf in the dry and wet sea-

sons, respectively, can be adopted for the control of

T. marianae on eggplant. Also, the threshold levels

found in this study can be used, as suggested by

Palevsky et al. (2007), to assess the degree of suc-

cess of integrated control programmes, such as the

conservation and augmentation of mites’ natural

enemies.
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