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Life Table Studies of Leaf Roller, Diaphania pulverulentalis (Hampson)
(Lepidoptera: Pyralidae) - A Major Pest of Mulberry
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Mulberry leaf roller, Diaphania pulverulentalis (Ham-
pson), is a major pest of mulberry, Morus alba. The life
table construction from present investigation reveals the
age specific survival (/,) and the age specific fecundity
(m,) of the pest. The female contributed the highest egg
production (m, = 12.75) in the life cycle on the 27" day
and the lowest (m, = 0.8) on the 37" day of the pivotal
age. The female progeny production was observed to be
intensive for the first six days after the preoviposition
period, beyond which it declines steadily. The fecundity
of D. pulverulentalis varies between 60 — 140. The first
female mortality within the cohort occurred 4 days after
the adult emergence and mortality increased thereafter.
One generation is completed in 33.08 days. The female
dominated sex ratio (1: 7.18 days) was recorded.
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Introduction

Like other agricultural crops, mulberry (the sole food
plant of silkworm, Bombyx mori) is also prone to attack of
many insect pests, which cause quantitative and qualita-
tive damage resulting in decrease of sericultural produc-
tivity. About 300 insects and non-insect pests are known
to inflict damage to mulberry in different parts of the
world (Kotikal and Devaiah, 1987).

Since 1995, a new pest called the leaf roller, Diaphania
pulverulentalis, has been recorded to infest mulberry pre-
dominantly in the southern silk producing states of India
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viz., Karnataka, Andhra Pradesh and Tamil Nadu (Geetha
Bai et al., 1997; Rajadurai ez al., 1999; Siddegowda er al.,
1995). Leaf roller is an important pest of mulberry in
China (Veeranna, 1998), in Kashmir valley and Jammu
(Dar, 1987; Sharma and Tara, 1985), Formosa (Maki,
1920), Burma (Ghosh, 1924), Malaysia (Sengupta et al.,
1990) and Japan (Rangaswamy et al., 1976).

Generally, the appearance of leaf roller in mulberry gar-
den coincides the onset of monsoon (June - July) in the
southern silk producing states of Karnataka, Andhra
Pradesh and Tamil Nadu. Its infestation continues till Feb-
ruary, with peak infestation during September - November.
The disappearance of this pest from March to May as
larva and moth exhibits the possible pupal diapause. The
average incidence of leaf roller was 27.85% in Karnataka,
20.98% in Andhra Pradesh and 16.48% in Tamil Nadu. It
causes considerable loss of leaf yield (24.18% in field
condition and 34.83% in glass house) and during the peak
period of incidence (September fi November) the leaf
roller infestation has even reached the economic injury
level (Rajadurai et al., 1999).

The objective of the present study is to gather appropriate
information for the construction of the life table under lab-
oratory condition, to assess the biotic potential of the pest,
to understand population dynamics of the pest, to estimate
the age specific survival, fecundity, intrinsic rate of natural
increase and optimal sex allocation of the species.

Materials and Methods

The leaf roller rearing was conducted in the laboratory
following the method of Anonymous (1998). The larvae
were reared under the leaves of K2 mulberry variety in
transparent plastic container (1.5 liter capacity) with the
lids fitted with wire mesh for ventilation. The adult moths
were maintained by confining them to the wooden ovi-
position cages. The present study was initiated in the
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month of August 2000 and continued till Feb. 2001. The
temperature and relative humidity under laboratory con-
dition were maintained for 26 —28°C and 70— 80%
respectively throughout the period of experiment.

Laboratory culture of D. pulverulentalis, which was
reared on mulberry leaves (K2 and V1 varieties) for at
least two generations was used for the present study. The
adults were paired with a member of opposite sex and
placed in wooden cages (45 cm width x 45 cm length x 60
cm height), with mulberry twigs for oviposition. Five per-
cent of sucrose solution dipped on cotton wad was kept on
a petri dish. Date of laying of each batch of eggs was
recorded for each female. Males dying first were replaced
with stock males. For each experimental population, 25
pairs were monitored in this manner.

To determine the time of development from egg to
mature adult, a subsample of 25 eggs from each test pop-
ulation was monitored separately. Time of hatching and
duration from eclosion to adult emergence were recorded
and the records were summed up to yield the average
interval from egg laying to hatching. This value was added
to the maturation time (eclosion to 1st oviposition inter-
val) for each female to give value of absolute age used in
life table parameter estimation. The proportion of moth
surviving to adult eclosion was also recorded from these
subsamples. The experiment was terminated with a nat-
ural death of the female.

The life table was constructed with columns X, ,, m,,
[m, and later the intrinsic rates of increase of population
of insects were calculated by using Birch (1948) formula
as elaborated by Watson (1964):

e m X [, m=1, where e is the base of natural loga-
rithms, X is the age of the individual in days. /. is the num-
ber of individuals alive at age X in proportion of one and
m, is the number of female offspring produced per female
in the interval X, while R, is the sum of products of [, m,.
The rate of multiplication of population for each gener-
ation measured as the female offspring produced.

The approximate value of cohort generation time 7c was
calculated as follows:

Te=l, m,. X/ I, m,

The arbitrary value of innate capacity for increase (r,,)
was calculated from the formula r=log . R,/ T.

The value of r, was taken as possible value of r,, and
then two trial values were arbitrarily selected on either
side of it, differing in the second decimal place. A table
was constructed (with the aid of columns of X, [,, m, and
1, m,) for each trial r,, columns.

1. r,; X. The trial r,, multiplied by the pivotal age

2.7 = r,, X 7 minus column (1)

3. ¢’ ~r,, X found from tables by looking up the expo-
nential function of column (2)

4. ¢ ~r, X I, m, column (3) multiplied by the entry in
the /, m, column.

Column (4) was then summed and this gave a value of
e’ 'm X I, m, which departed from 1096.6 by an extent
depending on how close the trial 7,,is to the true value.
The true r, was formed graphically by plotting the two
trial r,,,’s against their sum of column (4) The precise gen-
eration time 7 was then calculated from the formula:

T=log R,/ 1,

The finite rate of increase (A) and hypothetical F,
female were calculated as , r,, and (R,)* respectively.

Results

The life table showing age specific survival (I,) and the
age specific fecundity (m,) of D. pulverulentalis is pre-
sented in Table 1. The duration of the immature stages of
this insect is recorded as 24 days. The first female mor-
tality within the cohort occurred 4 days after the adult
emergence and mortality increased thereafter. The female
contributed the highest egg production (m,=12.75) in the
life cycle on the 27" day and the lowest (7,=0.8) on the
37™ day of the pivotal age. Reproduction ceased on the
13™ day after oviposition commencement. The female
progeny production was observed to be intensive for the
first six days after the preoviposition period, beyond
which it declined steadily (Fig. 1). The population mui-

Table 1. Life table and age specific fecundity analysis of D.
pulverulentalis

. Proportion No. of female
Pivotal age

. alive at rogeny per lom, I, m,

ndays X oe (1) If)en;galey(rzx) ' (20

1-24 days  Developmental period
25 Pre-oviposition period
26 1.000 10.850 10.850  282.100
27 1.000 12.750 12.750 344250
28 1.000 11.900 11.900  333.200
29 0.933 10.400 9.703  281.387
30 0.933 9.940 9.274  278.220
31 0.866 8.100 7.014  217.434
32 0.800 7.380 5904  188.928
33 0.800 6.100 4.880  161.040
34 0.733 4.140 3.034  103.156
35 0.533 3.500 1.865 65.275
36 0.400 2.700 1.080 38.880
37 0.300 0.800 0.240 8.880

m,=88.56 R,=78.494 2302.750
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Fig. 1. Age specific survival and fecundity of leaf roller.

Table 2. Life table statistics of D. pulverulentalis

SL Life table Parameters Values
No.
1 Developmental time 24 days
2 Maturation time 1 day
3 Age at 1% reproduction (o) 26 days
4 Net reproductive rate (R,) 78.494
5 Mean generation time (7) 33.08 days
6 Innate capacity for increase 0.1487
(r.)
7 Intrinsic rate of natural 0.1319 females/female/
increase (r,,,) day

8 Cohort generation time (7,)  29.34 days

9  Finite rate of increase (1) 1.14 females/female/day
Hypothetical F, females
(R,

11 Sexratio (&: %)

10 6161.3

1: 7.18

tiplication rate is 78.494 (I, m,) at the end of each gen-
eration.

The data on intrinsic rate of increase (7,,) and finite rate
of natural increase in numbers (A1) are summarized in
Table 2. The population increased with an intrinsic rate
(r) of 0.1319 females per female per day with a finite rate
of increase (A) of 1.14 per female per day. One generation
is completed in 33.08 days (7). The sex ratio is 1: 7.18.
The fecundity of D. pulverulentalis varies between 60-
140. The estimate of R, for the female is 78.494. The
hypothetical F2 female number is (R,)?=6161.3.

Discussion

Life table study of an insect pest is essential to utilization

in developing its effective integrated pest management,
Even with the most extensive investigation to obtain good
quantitative information on the number and fate of various
life stages of insects, an accurate projection of insect pop-
ulation are difficult. This is particularly true for highly
mobile multivoltine population of pest, having a wide
spectrum of hosts, especially because the number of for-
aging adults is difficult to estimate precisely. Thus, a life
table data of this pest can be the best to depict the general
magnitude of its potential of multiplication when given
the chance of an ideal ecosystem with all factors being
favorable.

The life table is a concise summary of certain vital sta-
tistics of insect population and is a useful technique in the
study of population dynamics, providing format for
recording the accounting for all population changes in the
life cycle of an insect. The construction of fertility tables
to calculate certain vital statistics is an important com-
ponent in the basic understanding of population dynamics
of a species (Southwood, 1978). The commonly accepted
use of r,, as a biological characteristic describes the rapid-
ity with which the numbers of a population will increase
when occupying an environment unlimiting in space and
food, containing no natural enemies, unvarying in phys-
ical conditions and with the relative proportions of the dif-
ferent ages present in terms of particular and fixed values
(Messenger, 1964).

The increasing and decreasing pattern of /. and [, in
D. pulverulentalis was also noticed in many pests such as
Pediculus humanus (Evans and Smith, 1952) and Crea-
tonotus gangis and Spilosoma obliqua (Chowdhary and
Bhattacharya, 1986). It was observed that the method of
rearing could influence the sex ratio and the reproductive
rate (Ballal and Ramani, 1999). The sex ratio is more
female biased with the number of female progeny being
seven times more than the number of male progeny. In the
present study the leaf roller sex ratio was estimated as 1:
7.18. The age of the insect determines the oviposition
capacity and sex ratio of the progeny (Hernandez and
Diaz, 1995, 1996). In the present study the oviposition
capacity was found more abundantly in the initial six
days, but it declined afterwards.

The higher proportion of females generally leads to an
accelerated growth rate. The actual number of eggs laid
depends upon factors including the host species, the host
density, the temperature, functional and numerical response
and nutrition during larval development. The intrinsic rate
of increase (7,,) has been useful as predictive and com-
parative measures of population growth potential. R, and
r., are generally lower in less fecund species and provides
an index to insect fitness. In this study, the leaf roller
showed R, being 78. 494 and r,, 0.1319 which was com-
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paratively lesser than other lepidopteran pests like Spo-
doptera littura (R, —479.15; r,,— 0.152) (Dandapani ez al.,
1985) and Heliothis armigera (R, — 489.23; r,, — 0.1396)
in other agricultural crops (Patel and Koshiya, 1998). The
relation between r,, and is illustrated and discussed by
Birch (1953) and Howe (1953) provides an example of a
way in which can be used in study of the physical ecology
of an insect.

The life table constructed on leaf roller is clearly
describing the reproductive potential of the species in
terms of reproductive rate and female progeny production.
The information gathered in this study can be utilized for
the development of management strategies as it is exhib-
iting the true age specific longevity and fecundity of the
pest besides the derived knowledge of its intrinsic rate of
natural increase and hypothetical F2 female level.
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