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ABSTRACT

The diamondback moth, Plutella xylostella (L.) (Lepidoptera: Plutellidae) is the most destructive and

cosmopolitan pest on brassicaceous crops. In this study, the development and reproduction of diamondback

moth were evaluated at 25 ± 1<C, 60 ± 5% RH and a photoperiod of 16L: 8D hours on five commonly

growing rapeseed cultivars: Licord, Modena, Okapi, RGsoo3 and REGXkobra. The development times from

egg to adult ranged from 15.05±0.26 days on Licord to 16.87±0.40 days on Modena and showed significant

differences on various rapeseed cultivars.  The shortest and longest adult longevity of P. xylostella were

estimated to be 5.00 ± 0.31 and 10.02 ± 0.69 days on Modena and RGsoo3 cultivars, respectively. On average,

there were 92.27 ± 16.40, 129.00 ± 16.46, 158.84 ± 17.48, 173.75 ± 20.25 and 242.73 ± 25.64 eggs produced

per female on Okapi, Licord, Modena, REGXkobra and RGsoo3, respectively. The oviposition periods of P.

xylostella were significantly different on various rapeseed cultivars and the highest oviposition period was

obtained on RGsoo3. There were significant differences among mean number of deposited eggs on five

rapeseed cultivars after 24, 48 and 72 hours in no-choice condition. While, in free-choice condition, the

oviposition of diamondback moth were not significantly different among the rapeseed cultivars and during

different times. Therefore several mechanisms could explain the difference in attractiveness of surfaces with

varying wax content as oviposition sites for P. xylostella, including visual, chemical and tactile difference

between substrates. These mechanisms are discussed.
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Introduction

The diamondback moth, Plutella xylostella (L.),

is a serious pest of crucifer crop throughout the

world [25]. The diamondback moth has become

recognized worldwide because of its expanding

distribution and capacity to rapidly evolve resistance

to insecticides[20]. The diamondback moth occurs

throughout the year wherever its host plants are

grown. Diamondback moth larvae feed on all plants

in the crucifer family (canola, Brassica campestris L.

and Brassica napus L., mustard, Brassica juncea L.),

cole crops (cabbage, Brassica oleracea L. subsp.

capitata, cauliflower Brassica oleracea L. subsp.

botrytis, and kohlrabi Brassica oleracea L. subsp

gongylodes) and on several green house plants.

Several studies have been conducted on many species

of moth herbivores to explore the relationship

between preferences of ovipositing female moths for

certain host plants and the subsequent performance of

their larvae on those hosts[12,18]. It was documented

as early as the 1950s that adult female moths show

preferences for various host species and for modules
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within one host species [12]. Because of the

widespread use of insecticides to control of P.

xylostella, it has developed resistance to numerous

insecticides, including several Bacillus thuringiensis

(BT) products[24,23,25]. The emergence of

insecticide resistance population has driven many

studies and researches the development towards the

development of alternative methods for its control

[22]. This has led to a renewed interest in developing

alternatives to the use of insecticides, such as

biological control and development of resistant plants

[26]. Plutella xylostella is likely attracted to its

b r a s s i c a c e o u s  h o s t  p l a n t s  b y  c h e m i c a l

(olfactory/gustatory) and physical (tactile/visual)

stimuli[10,1,15,3]. Behaviors associated with host

plant acceptance and oviposition comprises antennal

rotation, antennation and ovipositor sweep[10].

Several mechanisms could explain the differences in

attractiveness of surfaces with varying wax content as

oviposition sites for P. xylostella, including visual,

chemical, and tactile differences between substrates

[11]. Brassica vegetable specially cabbage, B.

oleracea subsp. capitata and cauliflower B. oleracea

subsp. botrytis are important vegetable crops and

cultivated in most parts of Tehran province of Iran.

Plutella xylostella occurs annually throughout this

province wherever brassicaceous crops are grown and

causes substantial crop losses during outbreak years.

It has been well documented that Lepidopteran

females demonstra te  significan t oviposition

preferences between plant species and between

cultivars of the same species[12,18,27]. However,

when this work was conducted it was not known

which cultivar of rapeseed preferred for oviposition

under artificial rearing conditions. Consequently, the

main objective of this study was to determine the

effect of five rapeseed, Brassica napus L., cultivars

(Licord, Modena, Okapi, RGsoo3 and REGXkobra)

on the development and reproduction of P. xylostella.

Understanding these information will help in the

development of a comprehensive IPM program for

rapeseed.

Material and Methods

Plants rearing

This study was carried out during 2006 in the

Department of Entomology, College of Agriculture,

Tarbiat Modarres University, Iran. Five rapeseed

cultivars were used in this study, including Licord,

Modena, Okapi, RGsoo3 and REGXkobra. Seeds

from the rapeseed cultivars were obtained from the

Karaj Seed and Plant Research Institute and were

sown in 20-cm plastic pots filled with fertilized field

soil and compost mixture. The plants were planted in

the greenhouse and then transferred at approximately

10-12 leaf   growth stage to the growth chambers at

25 ± 1<C, 60 ± 5% RH and a photoperiod of 16:8

(L: D) hours.

Diamondback moth colony

A stock culture of P. xylostella originally
collected from Brassica fields of Horticultural
Investigation center of Tehran University in the Karaj
adjacent to Tehran, during September 2006 was used
in this study. Laboratory rearing of P. xylostella was
separately conducted on different potted rapeseed
cultivars and maintained in growth chamber at
temperature of 25 ± 1<C, 60 ± 5 RH and a
photoperiod of 16:8 (L: D) hours. Wild collected
diamondback moths were added regularly to these
colonies to reduce effects of inbreeding. P. xylostella
was reared individually on five rapeseed cultivars in
laboratory for 2-3 generations before being used in
experiments.

Development and reproduction

Developmental time of P. xylostella was studied
on five rapeseed cultivars (Licord, Modena, Okapi,
RGsoo3 and REGXkobra) in a growth chamber at
temperature of 25 ± 1°C, relative humidity of 60 ±
5% and a photoperiod of 16:8 (D:L) hours. The
newly deposited eggs of P. xylostella were taken
from the surface of the host plant leaves using a fine
camel’s hair brush and were individually transferred
into excised rapeseed leaf discs placed on wet cotton
wool in Petri dishes (0.8 cm in diameter by 1.5 cm
in height) and then transferred to growth chambers.
To facilitate ventilation, lids of Petri dishes were
covered with fine nylon mesh. At least 70 eggs were
monitored on each rapeseed cultivar. All eggs were
checked daily, and the number of emerged larvae in
each day was recorded. The development of newly
hatched larvae was monitored on fresh host plant
cultivars foliages, which renewed every day until
they dead or reached the prepupal stage. Head
capsule width or exuviae from moulting were used to
discriminate the larval instars. When larvae became
short and c-shaped, they were recorded as having
entered the prepupal stage. The emerged pupae
continued to be observed daily until all adults
emerged or pupae died. The survival rate and
development time were recorded for all immature
stages. The newly emerged adult females (n=20
replications) were transferred to separate cages and
one male added to each cage for mating. These cages
were translucent and cubic Plexiglas containers (15
×8 ×5 cm) where the top and two sides of them were
covered with micromesh screen for ventilation. There
was an opening at one side of the each container for
inserting and removing plant foliage. Honey solution
(10%) was supplied in a thin layer was placed in
cages as hydrocarbon source for adult moths. The
host plant leaves were replaced with new ones and
the numbers of eggs laid per each female were
recorded daily. For this purpose the male and female
moths were transferred in new cage, then all
deposited eggs on host plant foliage and inner walls 
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of cages were counted and recorded. Adult’s
fecundity was determined daily until all females were
dead.

Ovipositional preference study

This study was carried out on five different
rapeseed cultivars (Licord, Modena, Okapi, RGsoo3,
REGXkobra) using no- choice and free choice tests.
The main effect investigated was the ovipositional
preference of the diamondback moth, as determined
by counting the number of eggs laid on each
rapeseed cultivar.

No-choice preference test

In this experiment, rapeseed leaves of each
cultivar were tested in separated oviposition cages, as
previously described, so that the diamondback moths
were not given a choice among rapeseed cultivars.
Each cage contained 10 live intact leaf of each
cultivar and was infested with one pair newly
emerged adult moth of P. xylostella. All experiments
were conducted with 10 replications. The leaves were
removed daily and the number of eggs laid on each
exposed leaf was counted and these procedures were
continued for three days. 

Choice preference test

For the choice experiment, the diamond back
moths were simultaneously released on various
rapeseed cultivars in an oviposition cage. Each
replication consisted of two live intact leaves of the
five rapeseed cultivars and was infested with one pair
adult diamondback moth. After 24 h, the leaves were
removed and the number of eggs laid on each
cultivar was counted. The experiments were
continued with 10 replications for three days.

Statistical analysis

Effect of various rapeseed cultivars on biological
parameters of diamondback moth were analyzed
using one-way ANOVA. If significant differences
were detected, multiple comparisons were made using
the Student-Newman-Keuls (SNK) (P<0.05).
Statistical analysis was performed using SPSS
statistical software[19]. Data were checked for
normality prior to analysis.

Results and Discussions

Development and reproduction

xThe age-specific survival rate (l ) at age of adult
emergence of P. xylostella on Licord, Modena,
Okapi, RGsoo3, REGXkobra were 67, 65, 67, 54 and
67 percentage, respectively. The effect of various
rapeseed cultivars on the development of P. xylostella
is presented in Table 1. There was significant effect 

of five rapeseed cultivars on incubation period of P.
xylostella (F=7.16; df=4, 206; P <0.01). The shortest
and longest incubation periods of 2.69 ± 0.08 and
3.04 ± 0.04 days were observed on Modena and
Okapi cultivars, respectively. The developmental
times of larvae did not differ significantly among the
five rapeseed cultivars (F=1.97; df=4, 206; P= 0.09).
The pupal development time differed significantly
among various cultivars (F=21.88; df=4, 206; P
<0.01) which the longest time of 5.61 ± 0.18 were
observed on Modena.  The mean total preimaginal
developmental time of diamondback moth was
significantly different among rapeseed cultivars
(F=7.83; df=4, 206; P <0.01) (Table 1) and ranking
according to shortest longevity was Licord,
REGXkobra, Okapi, RGsoo3< Modena. The mean
oviposition period of P. xylostella on the different
rapeseed cultivars differed significantly (F=18.5;
df=4, 91; P <0.01) (Table 2). The shortest and
longest oviposition periods were estimated to be 4.45
± 0.26 and 11.8 ± 0.84 days on Licord and RGsoo3,
respectively. The total fecundity per female indicated
significant differences (F=7.70; df=4, 91; P  <0.01)
(Table 2) on the five rapeseed cultivars. Means for
the total fecundity per female were 242.73 ± 25.64,
173.75 ± 20.25 and 158.84 ± 17.48 eggs on RGsoo3,
REGXkobra and Modena, followed by 129 ± 16.46
and 92.27 ± 16.40 eggs on Licord and Okapi,
respectively (Table 2).  

Ovipositional preference

Patterns of relative preference under no-choice
condition after 24 h, there were significant
differences in females fecundity among various
rapeseed cultivars (F =15.26; df =42; P <0.01) (Fig.
1). During the first 24 h oviposition period, mean
total eggs laid per female were 33.88 ± 8.21, 34 ±
7.82, 6.25±3.87, 1.37±0.53 and 1.5±0.37 on Licord,
M odena, O kapi, RGsoo3  and REGXkobra,
respectively. Significant main effects of cultivars
were detected for oviposition preference of
diamondback   moth  on   different  cultivars after
48 (F =37.81; df = 42; P <0.01) and 72 h (F  = 3.95;
df =42; P <0.01). In no-choice test, after 72 h, P.
xylostella showed a greater preference for oviposition
on Licord and Modena than other cultivars (Fig 1). 
Totally, mean total fecundity of diamondback moth
during 72 h oviposition period was significantly
different among various cultivars (F = 41.22; df =42;
P <0.00) (Fig 2), and Licord and Modena were
significantly preferred over Okapi, RGsoo3 and
REGXkobra. On the contrary, under free-choice
condition no statistically differences were observed
for oviposition preference of diamondback moth after
24 (F =0.77; df =44; P >0.05), 48 (F =2.49; df=49;
P >0.05) and 72 h (F =0.77; df =44; P >0.05) among
different cultivars (Fig 3). Differences in mean total
fecundity of diamondback moth during 72 h
oviposition period were not statistically significant (F
= 0.67; df =44; P >0. 05) on the five rapeseed
cultivars (Fig 4). 
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Table 1: Developmental time (M ean ± SE) of Plutella xylostella reared on five rapeseed cultivars under laboratory conditions

Variety Egg Larva Pupa Total

10.56 ± 0.19 4.48 ± 0.48 15.05±0.26Licord 2.90 ± 0.06 a b b
a

11.25 ± 0.28 5.61 ± 0.18 16.87±0.40  M odena 2.69 ± 0.08 a a a
b

11.26 ± 0.11 4.21 ± 0.09 15.48±0.18Okapi 3.04 ± 0.04 a b b
a

11.20 ± 0.28 4.50 ± 0.11 15.71±0.30RGsoo3 2.94 ± 0.05 a b b
a

10.89 ± 0.14 4.19 ± 0.06REGXkobra 3.02 ± 0.02 a b 15.09±0.15a b

*M ean values followed by the same letter in the same column are not significantly different (P<0.05, SNK after one-way ANOVA).

Table 2: Oviposition period and fecundity (M ean ± SE) of Plutella xylostella reared on different rapeseed cultivars under laboratory
condition.

Variety Total fecundity per female (eggs) Oviposition period (days)

4.45 ± 0.26Licord 129.00 ± 16.46 d
bc

9.68 ± 1.09M odena 158.84 ± 17.48 b
b

7.33 ± 0.66Okapi 92.27 ± 16.40 c
c

11.80 ± 0.84RGsoo3 242.73 ± 25.64 a
a

5.60 ± 0.44REGXkobra 173.75 ± 20.25 cd
b

*M eans (± SEM ) followed by the same letter within a same column are not significantly different (P<0.05, SNK after one-way ANOVA).

Fig. 1: Oviposition preference of Plutella xylostella on five rapeseed cultivars in no-choice test after 24, 48
and 72 hours.

Fig. 2: Mean total number of eggs laid by Plutella xylostella on five rapeseed cultivars in no-choice test during
72 hours oviposition period.

Fig. 3: Oviposition preference of Plutella xylostella on five rapeseed cultivars in free-choice test after 24, 48
and 72 hours.



112Adv. Environ. Biol., 2(3): 108-114, 2008

Fig. 4: Mean total number of eggs laid by Plutella xylostella on five rapeseed cultivars in free-choice test

during 72 hours oviposition period.

Discussions

Results obtained in this study revealed the

obvious effects of various rapeseed cultivars on

development and fecundity of P. xylostella. Variation

in development of P. xylostella on different cultivars

could be due to differences in plant quality, either

reflected in differences in nutrients required by P.

xylostella  or differences in the levels of

phagostimulant compounds. These findings are in

agreement with previous studies, which demonstrated

that the host plant quality significantly affects the

development and reproduction of P. xylostella

[28,14,2,9,7,17,16,13]. The preimaginal developmental

of P. xylostella was completed significantly slower

on the Modena than on the Licord, Okapi, RGsoo3

and REGXkobra rapeseed cultivars. These data

suggest that Modena is a fairly poor host for

development of diamondback moth. However, no

significant differences were observed among larval

performance reared on various rapeseed cultivars. The

development times of diamondback moth on various

rapeseed cultivars were slightly higher than 14.12 and

14.52 d reported by[8]. at the same temperature

(25°C) on cauliflower and cabbage, respectively.

These differences show that cauliflower and cabbage

are relatively more favored for development of P.

xylostella.[4]. noted that diamondback moth attacks

all the cruciferous plants; however, it exhibited a

marked preference for cauliflower and cabbage. They

argued that these two plant species possess fleshy

succulent leaves that provide both olfactory and

gustatory stimuli[21]. studied the effects of Brassica

vegetable host plants on biology and life table

parameters of P. xylostella under laboratory

conditions. They revealed that the larval and pupal

periods of P. xylostella were significantly shorter on

B. chinesis var. pekinesis and B. oleracea var.

capitata, respectively. The significant variations in

mean total fecundity of P. xylostella among rapeseed

cultivars show that different cultivars have not the

same nutritional cost for diamondback moth

reproduction. The mean total fecundity observed in

this study ranged from 92.27 to 242.73 eggs per

female on Okapi and RGsoo3, respectively, which

was considerably higher than the 82 eggs reported by

[21]. on B. napus. These differences may have been

due variations in host plant cultivars, temperature,

rearing techniques, and diamondback moth

populations. The female moths of P. xylostella after

24, 48 and 72h demonstrated significant ovipositional

preferences among various rapeseed cultivars under

no choice conditions. The SNK analysis showed that

P. xylostella preferred Licord and Modena for

oviposition over three other rapeseed cultivars under

no choice condition. So, we reject the preference-

performance linkage hypothesis because larvae did

not necessarily establish better on Licord or Modena

than other cultivars. In the contrary under free choice

test, there were no significant differences in the

average number of eggs laid on different cultivars.

This results support the preference-performance

linkage hypothesis[12,18]. as both the larval

performance and female oviposition were not

significantly different among various rapeseed

cultivars. Host plant acceptance by an ovipositing

female is mediated by a balance of sensory inputs

from both positive and negative stimuli produced

from potential host plants[6]. Therefore, the lacks of

significant differences in female oviposition

preference following exposure to various rapeseed

cultivars in free choice test suggest that different

cultivars contain similar stimuli for P. xylostella

oviposition. Also, it would be likely that ovipositional

preference of P. xylostella is affected by host plant

abundance, prior experience, presence of conspecifics,

genetic and environmental factors such as

temperature, relative humidity, and light-dark cycles

[27]. It has been shown that Helicoverpa armigera

moths laid more eggs on the most abundance hosts

in field due to increased encounters[5].
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This study has taken into account only the

effects of prior larval feeding experience upon

subsequent oviposition behavior of the adult moths

under laboratory conditions. It would be interesting

to know how larval feeding experience would affect

the choice of an ovipositing female in the natural

environment where there can be an interaction of a

number of factors. Therefore, field tests will be

needed to confirm this with an emphasis on a longer

period of behavioral observation for the test insect

species than the 72 hour bioassay period in the

laboratory.
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