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Akira KAWAI1* and Mohd. Mainul HAQUE2

Department of Fruit Vegetables, National Institute of Vegetables and Tea Science
(Ano, Mie 514–2392, Japan)

Abstract
Developmental rates of Aculops lycopersici increased linearly as rearing temperature increased.  A
total of 81.2 degree-days above a developmental zero of 10.5°C were required to complete develop-
ment from egg to adult emergence.  Adult longevity decreased with increasing temperature.  The high-
est intrinsic rate of natural increase was observed at 25°C as 0.253 per day.  The population increased
exponentially on greenhouse tomato plants and the intrinsic rate of natural increase was estimated to be
0.175 per day.  A. lycopersici first reproduced on the released leaves then moved upward.  The infesta-
tion caused great injury to the plants, with a large number of leaves turning brown and then drying up.
The number of leaves, the plant height and the diameter of the main stem of the plants all decreased.
Homeopronematus anconai naturally occurred on tomato plants.  After the rapid population increase of
H. anconai, the A. lycopersici population decreased sharply.  An adult H. anconai consumed an aver-
age of 69.3 A. lycopersici deutonymphs per day in the laboratory. H. anconai was thought to be a pro-
spective natural enemy of A. lycopersici.
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Introduction

The tomato russet mite, Aculops lycopersici (Mas-
see) is an important pest of tomato first described by
Massee14 in Australia.  It is now cosmopolitan and it has
become a serious pest3,19.  It was first found in Japan in
198616 where it has since become an influential pest17.
Several chemicals are effective to control it, but control
methods other than chemicals are not developed.  Some
natural enemies already have been found but none is
effective.  Various fragmented studies on its biology have
already been conducted and were reviewed by Perring
and Farrar19.  Ecological studies on A. lycopersici have
continued in Japan with the purpose of analyzing popula-
tion dynamics of this pest and establishing an integrated
pest management (IPM) system for tomato.  This paper

presents results of the studies on the population dynamics
of A. lycopersici, its damage to tomato plant and its pro-
spective natural enemy.

Development and Reproduction

A few fragmented studies on the life history of A.
lycopersici have been published1,20 and recently detailed
studies were conducted7.  Developmental period is very
short at high temperatures.  Duration from egg to adult is
only 5 days at 30 to 25°C and 9 days at 20°C while that at
15°C is 17 days (Table 1).  Developmental rates increased
linearly as rearing temperature increased from 15 to
27.5°C.  The developmental zero from egg to adult is esti-
mated as 10.5°C with thermal constants of 81.2 degree-
days.  Survival rate of the nymphal stage is high between
15 and 27.5°C, but decreased at 30°C.  Female rate is 70
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to 80% regardless of temperature.  At 25°C,  longevity of
female adults is 26 days and fecundity per female is a
maximum of 51.7 eggs (Table 2).  The intrinsic rate of
natural increase increased with temperature to a peak of
0.286 at 25°C (Table 3).  This rate was much higher than
that of other eriophyoid mites2,15 and is nearly equal to
that of Tetranychus ulticae (0.292) or T. kanzawai
(0.268)13.  

These experiments were conducted at 30–33% rela-
tive humidity.  High humidity retarded development and
decreased the number of eggs of A. lycopersici at high
temperatures and 30–60% humidity was suitable for
reproduction20.  Population growth in the field at high
humidity conditions would be slower than the data in
Table 3.

Population growth on tomato plant

Population growth of A. lycopersici on tomato plant
was examined in a glasshouse6.  A hundred adults of A.
lycopersici were released on the fourth and fifth leaves
from the base of the plant.  The population increased
exponentially and peaked (187,286 per plant) at 6 weeks
after infestation (Fig. 1). The change in population den-
sity during the 6 weeks after infestation fitted well to the
equation Nt = 0.175t + 0.495 (r = 0.964, P<0.01) (t: days
after release, Nt: population density at day t).  Population
increased exponentially and the intrinsic rate of natural
increase per day was estimated as 0.175.  This rate is
much higher than the intrinsic rate of natural increases of
Trialeurodes vaporariorum or of Thrips palmi obtained

Table 1.  Developmental duration and survival rate of A. lycopersici at different temperatures7

Temp. Duration in days a) Survival (%)

(°C) Egg Nymph Egg to adult Egg Nymph Egg to adult 

15 8.26 ± 0.18 (38) 8.78 ± 0.31 (27) 17.07 ± 0.18 (27) 93.8 82.1 77
17.5 5.85 ± 0.14 (39) 6.05 ± 0.14 (38) 11.76 ± 0.19 (38) 97.9 95.8 93.8
20 4.59 ± 0.12 (32) 4.06 ± 0.11 (32) 8.66 ± 0.18 (32) 96.7 72.2 69.8
22.5 3.57 ± 0.08 (47) 3.62 ± 0.10 (45) 7.16 ± 0.11 (45) 97.9 89.9 88
25 3.14 ± 0.14 (29) 2.40 ± 0.10 (25) 5.48 ± 0.14 (25) 94.1 88.5 83.2
27.5 2.57 ± 0.07 (47) 2.21 ± 0.07 (47) 4.79 ± 0.09 (47) 97.5 92.7 90.3
30 2.23 ± 0.09 (30) 2.36 ± 0.09 (28) 4.57 ± 0.09 (28) 95 55.7 52.9

a): x ± SE.  Numbers in parenthesis indicate sample size.

Table 2. Fecundity and longevity of ovipositing female A. lycopersici 
on tomato leaves at constant temperatures7

Temp. 
(°C)

Longevity of 
ovipositing female a)

% of ovipositing 
females b)

Fecundity (total eggs 
/ ovipositing female) 

15 32.2 ± 0.6 (26) 77.1 21.9 ± 4.1
20 29.7 ± 0.7 (31) 75.6 31.9 ± 4.4
25 25.7 ± 0.8 (27) 69.2 51.7 ± 9.8
30 17.3 ± 0.6 (23) 74.2 42.7 ± 6.7

a): x ± SE.  Numbers in parenthesis of the longevity column show sample size.
b): No. of ovipositing females / No. of mites.

Table 3. Parameters of A. lycopersici population growth on tomato leaves at
constant temperatures7

Temp. 
(°C)

Mean generation 
time (T0)

Net reproductive 
rate (R0)

Intrinsic rate of 
natural increase (rm)

15 20.7 17.5 0.138
20 20.2 24.4 0.158
25 12.8 38.7 0.286
30 13.0 27.1 0.253
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in the greenhouse.  From this rate, it is estimated that the
population of A. lycopersici can increase 1,914 times in
30 days and 36,316 times in 60 days.  The population of
A. lycopersici on the plants decreased gradually from 7
weeks after infestation because of the damage to the host
plant caused by the attack. 

On tomato plant, more than 70% of the A. lycoper-
sici population infested the leaves and most of the rest
infested the stems.  The vertical distribution of adults on
leaves and stems is shown in Fig. 2.  On leaves (Fig. 2A),

until 2 weeks after infestation, more than 80% of the pop-
ulation was found on the fourth and fifth leaves, where
the mites were released.  However, a few mites were
found on the ninth and eleventh leaves at 1 and 2 weeks
after infestation, respectively.  At 3 weeks after infesta-
tion, the percentage was highest on the fifth leaf, but that
on the fourth and fifth leaves was only 36%.  The part
with the highest percentage then moved up the plant.  A.
lycopersici first reproduced on the infested leaf and then
moved upward.  The leaves with the highest density were
in the middle part of the plant and the leaves in the apical
parts had a low density population.  On the stem (Fig.
2B), at 1 week after infestation, about half of the popula-
tion was found 10 to 20 cm from the base and this posi-
tion was near where the mites were released.  Until 4
weeks after infestation, the position with the largest pop-
ulation moved upward and the distribution tended to be
uniform.  From 5 to 7 weeks after infestation, the popula-
tion on the apical part of the stem increased.

Damage to tomato plant

Thirty-two species were listed as host plants of A.
lycopersici and 29 of these species were in the family
Solanaceae19.  The injury by A. lycopersici is essentially
restricted to the family Solanaceae.  Tomato is the most
susceptible species and severe injury is frequently
observed.  Injury is seldom observed on other Solana-
ceous species, i.e. potato, eggplant and petunia.  Signifi-
cant differences in susceptibility to A. lycopersici were
found between tomato varieties10 and highly resistant
allied species of the same genus as tomato were found
(Kitamura & Kawai, unpublished).  Breeding of resistant
varieties is expected.

Injury by A. lycopersici on tomato plant was quanti-
tatively examined by releasing them in a glasshouse6.  A
hundred adults were released at the lower leaves and the
physical characters of an infested plant were compared
with those of an uninfested one (Fig. 3).  From 1 week
after infestation, the plant height was significantly shorter
than that of an uninfested one and the difference became
larger as the A. lycopersici population increased.  The
total number of leaves and the thickness of the main stem
on infested plants were significantly smaller at 1 to 3
weeks after release and again at 6 to 8 weeks after
release.  Browning and drying of leaves were observed
from 4 and 5 weeks after release, respectively (Fig. 4).
At 7 and 8 weeks after release, 58 and 79% of the leaves
were dried up in infested plants, respectively.  However
in the uninfested plants, only 3 and 4% of leaves turned
brown and dried up due to aging in the same time frame.
At 8 weeks after release, infested plants had only 4.8

Fig. 1. Population fluctuations of adult A. lycopersici on
tomato plants6

―●― : with predator, H. anconai. 
…△… : without predator.

Fig. 2. Vertical distribution of adult A. lycopersici on
infested leaves (A) and stems (B)6  

Arrows indicate the leaves of initial release.
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healthy leaves, while uninfested ones had 34.8 healthy
leaves.

A heavy infestation just after transplanting severely
affects plant growth of small plants.  As tomato plants
grow, the effect of infestation on plant growth becomes
smaller.  From 6 weeks after infestation, since A. lycoper-
sici reproduces on upper leaves and the number of
healthy leaves becomes fewer, the growth of the plant is
again suppressed by the injury.

Natural enemy

Several species were already reported as natural
enemies of A. lycopersici (Table 4), but the control effect
of these natural enemies is not clear.  

In an experiment on population growth of A. lyco-
persici on tomato (Fig. 1), the predator, Homeopronema-
tus anconai (Baker) naturally appeared on several plants
from 7 weeks after the release of A. lycopersici11.  H.
anconai rarely moved between plants and it reproduced
on the plant where it first appeared.  More than 2,000
individuals were found on the leaf with the highest num-
ber in the eighth week.  The population of A. lycopersici
decreased rapidly in the plants where predators appeared.
At 1 and 2 weeks after the appearance of the predator, the
densities of A. lycopersici were 5.3% and 1.7% of that
without predators, respectively.  H. anconai was thought
to regulate the population of A. lycopersici.  

H
e

ig
h

t 
(c

m
)

N
o

. 
o

f 
le

a
v
e

s
D

ia
m

e
te

r 
o

f 
s
te

m
 (

c
m

)
D

ia
m

e
te

r 
o

f 
s
te

m
 (

c
m

)

Weeks after release

D
ia

m
e
te

r 
o
f 
s
te

m
 (

c
m

)

Weeks after release

N
o

. 
o

f 
le

a
v
e

s
N

o
. 

o
f 

le
a

v
e

s

 : dried leaves,  : brown leaves, 
 : healthy leaves.

Fig. 3. Comparison of physical characteristics between
infested and uninfested plants6

● : infested plants, ○ : uninfested plants.  
(A) plant height, (B) total number of leaves, and
diameter of the main stem at the (C) fifth inter-
node, (D) tenth inter-node, (E) 15th inter-node.
*: significant difference at the 5% level by t test.

**: significant difference at the 1% level by t test.

Fig. 4. Number of dried, brown and healthy leaves on 
infested (A) and uninfested (B) plants6
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The population density of A. lycopersici on potted
tomato plants was depressed by the release of H.
anconai8.  On the contrary, Brodeur et al.4 stated that H.
anconai consumed 3–4 individuals of A. lycopersici per
day and failed to develop to the adult stage when solely
present with this prey.  However, an adult H. anconai
consumed an average of 69.3 A. lycopersici deutonymphs
during a 24 h experimental period in the laboratory11.
Adults and nymphs of H. anconai predated all stages of
A. lycopersici, and when a small number of H. anconai
were released on tomato plants in a greenhouse with a
high density of A. lycopersici, the population of A. lyco-
persici was suppressed to a low density (Kawai et al.,
unpublished).  H. anconai would be an effective control
agent of A. lycopersici.

Prospect for IPM

Rapid reproduction of A. lycopersici and severe
injury of tomato plant were quantitatively revealed.  Sev-
eral chemicals are effective to control A. lycopersici.
However, in considering an IPM system for tomato, con-
trol methods other than chemicals are required.  

Breeding of resistant varieties would be one of the
effective methods.  H. anconai is thought to be the other
prospective control agent.  In order to use this biological
control agent, a mass production system should be estab-
lished.  Since Knop and Hoy12 showed that H. anconai
can be reared on pollen, a mass production system for H.
anconai using pollen as food should be established.
Moreover, packing and transportation methods for H.
anconai and a simple forecasting method for A. lycoper-
sici should be also established.
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