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ABSTRACT To obtain basic information needed to develop an efficient rearing procedure
for the rice thrips, Stenchaetothrips hi/armis (Bagnall), its life history was studied. The
effects of plant age, adult density, and temperature on fecundity and population growth
were determined. Adult females had a longevity of 13 days; during that time they laid 27
eggs, primarily in the youngest leaf of the rice plant. An average of 17 days was required
to complete the life cycle from egg to preovipositing adult. Fecundity and population growth
were influenced by plant age and adult density. A rearing procedure providing between
400 and 500 thrips daily was developed.

diameter clay pots in the greenhouse before they
were transferred to the insectary where the exper-
iments were conducted. Plants were fertilized with
urea as a basal and as a top dressing at the total
rate of 120 kg N/ha.

Except for the experiment on the effect of tem-
perature on population development, all experi-
ments were conducted on potted plants contained
in a water-filled galvanized iron tray in an insec-
tary at a constant temperature of 24 ± 2°C, 70 ±
10% RH, and a L12:D12 photoperiod. A camel's
hair brush (size 0) was used in handling the thrips.
Mylar film cylinders (5 or 10 em in diam by 30
cm high) with nylon mesh tops and windows for
ventilation were used to cage test plants and in-
sects.

Life History of S. biJormis

The life history of S. biformis was studied using
3-week-old TNI plants (fifth-leaf stage) planted in
5-cm-diameter clay pots at the rate of one plant
per pot. For oviposition, plants were infested with
adult thrips collected in the field, one pair (5/9)
per plant. Adult thrips were removed after 24 h
and plants were observed daily for emerging lar-
vae.

When first instars were observed, all except one
were removed from each plant. Observations were
made on the development of the remaining larva
until it became an adult. The number of instars
and length of each stadium were recorded and the
developmental period determined for each larva.
This experiment was conducted twice using 30 lar-
vae each time.

Materials and Methods

A RICE THRIPS, Stenchaetothrips biformis (Bag-
nall) is known to occur in many parts of the world
including Europe, South America, and Asia (Com-
monwealth Institute of Entomology 1978). It is
considered a major pest of young rice plants in
Bangladesh, China, India, Indonesia, Japan, and
Sri Lanka. Infested leaves curl inward along the
margins. Scorching, wilting, and stunting are typ-
ical symptoms of thrips damage. Heavy infesta-
tions may kill the seedlings, resulting in a low
number of plants per unit area.

Aspects of the biology, life history, habits, and
damage caused by S. biformis have been studied
by various authors (Tanaka 1951, Calora and Fe-
rino 1968, Anon. 1976a, b, 1978, Ananthakrishnan
and Kandasamy 1977, Takahashi 1979, Chu 1980).
Mass rearing of thrips, however, is complicated by
their small size, sensitivity to changes in temper-
ature, and their ability to pass through impercep-
tible openings in rearing cages (Lewis 1973).

Because of the damage caused by S. biformis,
scientists at the International Rice Research Insti-
tute are developing a control strategy with varietal
resistance as the major tactic. In order to screen
rice germ plasm for resistance to S. biformis, it was
first necessary to develop a rearing method. Our
study was conducted to understand the life history
of S. biformis and factors affecting oviposition and
survival. Information gathered from this study was
used to develop a rearing technique.

Experiments were conducted to study the life
history, and to evaluate the effects of plant age (up
to the sixth leaf stage), adult density, and temper-
ature on the population growth of S. biformis un-
der controlled conditions. Effect of Plant Age on Adult

Longevity and Fecundity'Taichung Native l' (TNl), a susceptible rice
variety, was used as the host plant for all experi- Pregerminated TNI seed was sown in 12-cm-
ments. Plants were grown in 5-cm- and 12-cm- diameter clay pots with five plants per pot. Sowing
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Table I. Duration in days or growth stages or s. bifor-
mi8 reared on TN 1 seedlings

Table 3. Population growth or S. biformi8 on TN 1 as
affected by adult dcnsity whcn exposed ror a 14-day ovi-
position period"

and the differences among treatment means were
tested for significance at the P = 0.05 level with
Duncan's multiple range test (Duncan 1951).

Means (±SE) within a column followed by the same letter are
not significantly different (P < 0.05; Duncan's [1951] multiple
range test).

" Average of 10 replications with four subsamples each.

Life stage Range Mean ± SD

Egg"
Incubation 4-9 6.43 ± 0.12

Larva"
First instar 2-5 3.41 ± 0.1I
Second instar 3-7 5.29 ± 0.09
Total larval period 6-1I 7.72 ± 0.16

Pupa"
Prepupa 2-4 2.62 ± 0.1I
Pupa 2-5 3.73 ± 0.84
Total pupal period 5-8 6.72 ± !).06

Egg to adult" 14-21 17.27 ± 0.24

Adultb

Female 3-20 12.74 ± 1.06
Male 3-12 6.69 ± 0.46

" Based on 60 observations.
b Based on 90 observations (computed from data in Table 2).

Adult density
(pairs per

plant)

1
2
3
4
5

Progeny
(no. per plant)

10.2 ± 0.86c
15.3 ± 1.28b
20.8 ± 1.63a
13.1 ± 1.09b
13.1 ± 1.03b

Progeny
(no. per female)

10.20 ± 0.86a
7.65 ± 0.64b
6.93 ± 0.54c
3.27 ± 0.28c
2.64 ± 0.21c

was done every 3 days to obtain simultaneously
plants in the first- through sixth-leaf stages. Leaves
collected in the field and containing thrip pupae
were placed in petri dishes for adult emergence.
When adults emerged, each plant was infested with
one pair and the pots covered with mylar film
cylinders. Three days after infestation, adults were
removed and placed on another set of plants which
were at the same growth stage as those used for
the initial infestation. This procedure was contin-
ued until the female died. Dead males were re-
placed to maintain the male/female ratio on each
plant. Each treatment was replicated three times.

Egg-infested plants were observed for emerging
larvae. Ten days after each infestation, the larvae
and unhatched eggs on each seedling were count-
ed under a binocular microscope. Fecundity was
computed by summing the number of larvae and
unhatched eggs produced by each female. Per-
centage of hatchable eggs was also computed.
Longevity of each male and female was recorded.
Data in this and the following experiments were
analyzed with an analysis of variance (ANOV A)

Effect of Adult Density on
Population Growth

A range of adult densities was tested to deter-
mine the optimum number of adults required to
obtain maximum progeny per female per plant.

Experiment 1. Four-week-old TNI plants,
planted in 12-cm-diameter clay pots with four
plants per pot, were infested with I, 2, 3, 4, or 5
pairs of newly emerged males and females per
plant and caged with mylar film cylinders. Each
treatment was replicated 10 times, with one pot
of four plants representing a replication. Fourteen
days after infestation, eggs, larvae, prepupae, pu-
pae and adults present on each plant were count-
ed. Mean differences between treatments were
tested for significance.

Experiment 2. The procedure in the aforemen-
tioned experiment was basically repeated, except
that the test plants were exposed to the adults for
only a 3-day oviposition period, after which the
adults were removed and reinfested on another set
of plants (missing adults were replaced by newly
emerged adults). This procedure was continued for

Table 2. Fecundity, percentage or hatchable eggs, and longevity or S. biformi8 on TNI seedlings at different growth
stages, 1982"

Character
Seedling age (leaf stage)

2 3 4 5 6

Fecundity
Eggs per female 17.13c 27.93ab 29.47ab 30.4Oab 32.93a 23.60bc
Eggs per female

per day 1.54b 1.79b 2.29a 2.37a 2.54a 1.48b
Eggs hatching (ra) 85.53a 88.67a 90.70a 88.ooa 91.87a 88.60a

Longevity (days)
..

Male 6.80ab 5.80b 6.67ab 6.20ab 7.ooab 7.70a
Female 11.13a 13.93a 12.60a 12.80a 13.07a 12.93a

Means, within a row, followed by the same letter are not significantly different (P < 0.05; Duncan's [1951] multiple range test).
" Based on three replications with five subsamples each.
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3.76 ± 0.56a
3.18 ± 0.35b
3.50 ± 0.300
3.60 ± 0.31a
3.90 ± 0.31a

Progeny
(no. per female)

Progeny
(no. per
plant)

3.76 ± 0.56d
6.36 ± 0.74c

10.50 ± l.08b
14.40 ± 1.23ab
19.50 ± 1.54a

Adult density
(pairs per

plant)

1
2
3
4
5

Means (±SE) within a column followed by the same letter are
not significantly different (P < 0.05; Duncan's [1951] multiple
range test).

a Average of nine replications spread over time with four sub-
samples each .

Table 4. Population growth of S. biJormi. on TN1 ~s
afFected by adult density when exposed for a 3-day OVI-

position period"

blade. Eggs were seen as translucent swellings when
viewed against light under magnification. Actively
feeding first and second instars, and nonfeeding
prepupae and pupae, were hidden inside the
youngest leaf, which had not yet completely
opened, or within leaves rolled by thrip adults.
Adults, although mobile, also confined themselves
to the rolled leaves most of the time.

Under insectary conditions, developmental pe-
riod from egg to preovipositing adult ranged from
14 to 21 days with a mean of 17.3 days (Table 1).
Durations of the egg, larval, and pupal stages were
similar, being 6, 8, and 7 days, respectively.
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Fig. 1. Papulatian grawth af S. hifarmis an TNl as
affectedby adult densityduring a 3-day avipasitian pe-
riod.

three consecutive transfers. All treatments were
replicated over time and three pots (representing
the three transfers) served as a replication. Eggs,
larvae, prepupae, pupae and adults present on each
plant were counted 14 days after infestation. The
progeny produced under different density levels
were compared and differences among treatment
means were tested.

EfFect of Temperature on Population Growth.
Three-week-old TNI plants planted in 12-cm-di-
ameter clay pots with six plants per pot were in-
fested with newly emerged adults, one pair per
plant. Each treatment consisted of five pots. After
infestation, plants were covered with mylar film
cylinders and pots placed in growth c~ambers
(model: Koitotron KG-106 SHI-D) With pro-
grammed temperatures at 23, 26, 29, ~nd 32°C.
Relative humidity (70%) and photopenod (LI2:
D12) remained constant for all treatments. At 14
days after infestation, each plant was examined
and numbers of eggs, larvae, pupae, and adult
thrips determined.

Results and Discussion

Life History

S. bif01'mis laid eggs singly in incisions made
over the entire abaxial surface of the youngest leaf

EfFect of the Plant Age on Adult
Longevity and Fecundity

The life span of males and females ranged from
3 to 12 (mean, 6.7) and 3 to 20 (mean, 12.7) days
respectively (Table 1). Plant age did not influence
female longevity. However, male longevity was
significantly less on the two-leaf-stage plants than
on the six-leaf-stage plants (Table 2).

Fecundity (eggs per female) varied from 5 to
47 with a mean of 26.9 eggs per female. S. bifor-
mis laid significantly (P < 0.05; ANOVA) more
eggs on the fifth-leaf-stage plants than on those in
the first- or sixth-leaf stage (Table 2). Total fecun-
dity and the leaf stage had a nonlinear relation-
ship. Daily mean fecundity (eggs per female per
day) was significantly higher on the seedlings at
the third-, fourth-, and fifth-leaf stages than on
seedlings at the first-, second-, or sixth-leaf stages
(Table 2). Percentage of eggs hatching, however,
ranged from 85.5 to 91.9% and was not signifi-
cantly (P < 0.05; ANDVA) influenced by plant age.

EfFect of Adult Density on
Population Growth

Experiment 1. A negative linear correlation
(r = 0.98, P < 0.01) was obtained between the
number of progeny produced by a female on a
plant during 14 days of its early reproductive pe-
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riod and adult density levels. Females on plants
with low population density levels produced sig-
nificantly (P < 0.05; ANOV A) more progeny.
When plants were infested at the rate of one pair
per plant, the mean number of progeny obtained
in 14 days was 10.2 (Table 3). Number of progeny
per female with one pair per plant was signifi-
cantly (P < 0.05; ANOV A) higher than progeny
number produced by a female in higher popula-
tion densities. Furthermore, the comparison be-
tween trends in adult density and the number of
progeny per plant showed a quadratic relationship
with a maximum population growth (20.8/plant)
on plants infested with three adult pairs (Table 3).

Experiment 2. The adult density levels did not
significantly influence the mean number of prog-
eny of a female (average, 3.8 per female per 3
days) when adults were exposed to plants for 3-
day oviposition periods (Table 4). Thus, signifi-
cantly (P < 0.05; ANOV A) higher numbers of
progeny were obtained (19.5 per 3 days) on plants
infested with five pairs for 3 days and the linear
regression obtained (Fig. 1) for population growth
per plant and adult density was highly significant
(T = 0.99, P < 0.01). In addition, the progeny con-
sisted of thrips with more or less similar growth
stages. This facilitated the handling of thrips for
reinfestation and for use in varietal screening.

Effect of Temperature on Population Growth

The total progeny produced by a female over
14 days of its early reproductive period was not
affected by the temperature range tested in this
experiment. A female produced an average of 11.6
progeny in 14 days over the temperature range
from 23 to 32°C.

Mass Rearing Procedure

Stenchaetothrips bifoTmis possessed some in-
herent characters that restrict successful mass col-
onization under insectary or greenhouse condi-
tions. Their minute size and habit of living inside
rolled leaves necessitated time-consuming, careful
handling. Furthermore, fecundity and population
growth were significantly influenced by adult den-
sity and the host plant's age. Therefore, selection
of host plants of a suitable developmental stage
and their infestation with an optimum number of
adults were important to obtain maximum num-
bers of progeny per plant and per female. The
youngest leaf provided food and protection to the
adult thrips as well as to their progeny. Therefore,
population growth depends on the availability of
food and space provided by the youngest leaf.

Utilizing the above experimental data, we de-
veloped a rearing procedure as illustrated in Fig.
2. Thrips were mass reared in the insectary on 3-
to 4-week-old TN1 plants. Five adult pairs (5/9)
were placed on five plants in a pot and the females
were allowed to oviposit for 3 days. These adults

OVlPOSmQN CAGE

NylDn ••• .n
Mylar 111m

REARING

Nylon mKh SCREENING

-'''''

Fig. 2. Procedure for rearing and greenhouse
screening of S. hi/ormis for varietal resistance studies.

were than removed to reinfest another set (pot) of
plants. Since females lived about 13 days, they
were used to oviposit in at least four sets of plants.
About 20 adults were reared on each set of potted
plants by 17 days after infestation. Since the adult
had to be removed very carefully from egg-in-
fested plants, about 2 h was required to infest 25
plants per day. Therefore, between 400 and 500
adult thrips were reared daily. Fifteen percent of
these individuals were used to maintain the cul-
ture and the remainder was used for experimental
purposes.
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