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Abstract The large white butterfly, Pieris brassicae (L.),

is an important pest of Indian mustard, Brassica juncea (L.)

Czern., and inflicts heavy damage to all the above ground

plant parts with strong yield reducing impacts. Farmers

have few practical options other than to spray insecticides

to protect their crop. In this study, an attempt was made

during 2012–2013 and 2013–2014 crop seasons at Ludhi-

ana, India, to evaluate Ethiopian mustard, Brassica cari-

nata A. Braun as a trap crop to manage this pest as an

alternate pest management strategy. B. carinata borders

surrounding B. juncea were compared to chemically pro-

tected B. juncea and control (without B. carinata borders)

plots for their effects on P. brassicae infestation and grain

yield. Oviposition preference of adult butterflies was

studied in a two-choice test in field cages, while the effect

of two host plants on larval performance was studied under

laboratory conditions under no choice conditions. B. juncea

plots bordered with B. carinata harbored significantly

lower larval population compared to control B. juncea plots

during both the seasons. The grain yield in the bordered

plots was also significantly higher than that from control

plots and was statistically non-significant from that

obtained in chemically protected plots. Female butterflies

showed distinct oviposition preference for B. carinata over

B. juncea and the larvae reared on B. carinata completed

development in shorter period and grew bigger and heavier

than those reared on B. juncea. Results indicated that B.

carinata has potential to be used as trap crop to manage

P. brassicae.

Keywords Brassica carinata � Brassica juncea �
Oviposition preference � Pieris brassicae � Push–pull
strategy

Key message

• With the aim to provide environmentally sound ‘‘al-

ternative’’ pest management strategy against Pieris

brassicae, Ethiopian mustard was evaluated as a trap

crop around Indian mustard.

• Ethiopian mustard is highly preferred for egg laying

and feeding by adults and larvae, respectively, com-

pared to Indian mustard and can be used as an effective

trap crop against this pest.

• However, further research is required to optimize trap

cropping system for maximum efficiency under field

conditions.

Introduction

Oilseeds occupy an important position in the agricultural

economy of India. These crops are second only to food

grains in terms of acreage, production, and economic value.

Among the nine oilseed crops cultivated in India, seven are

of edible oils (soybean, groundnut, rapeseed-mustard,

sunflower, sesame, safflower, and niger) and two are of

non-edible oils (castor and linseed). Among the different

edible oilseeds, rapeseed-mustard is the third most impor-

tant oilseed crop in the world after soybean and palm oil. In

the year 2012–2013, rapeseed-mustard contributed 26 % of
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the total oilseeds production from seven edible oilseed

crops (Singh 2014). In India, it is the second most impor-

tant edible oilseed after groundnut sharing 27.8 % in the

India’s oilseeds economy. During the period from

2005–2006 to 2010–2011, the share of rapeseed-mustard to

the total edible rabi (winter season) oilseeds production

was 78.9 % (Kumar 2012). The country holds a premier

position in rapeseed-mustard economy of the world with

2nd and 3rd ranks in area and production, respectively.

However, the average productivity of India (1176 kg/ha) is

still about two-thirds of world’s average yield of 1695 kg/

ha (Singh 2014). There are a number of factors responsible

for this low yield, among which the losses caused by

insect–pests are very important ones. The large white

butterfly, Pieris brassicae (L.) (Lepidoptera: Pieridae), has

emerged as an important pest of oilseed brassicas in

addition to already prevalent turnip aphid, Lipaphis erysimi

(Kaltenbach) (Kumar 2011), and is already a serious pest of

vegetable brassicas. It is a cosmopolitan pest and is found

wherever cruciferous plants are grown (Hill 1987). The

pest has a Palearctic distribution from North Africa across

Europe and Asia to the Himalayan Mountains (Raqib 2004;

Jainulabdeen and Prasad 2004). It has been recorded as a

serious pest of cabbage, cauliflower, broccoli, and Brussels

sprouts in different parts of the world. In India, it is

reported to cause about 40 % damage per annum to dif-

ferent cruciferous crops (Hasan and Ansari 2010a, b),

particularly cabbage and cauliflower which are the two

major vegetables produced and consumed in India partic-

ularly by smallholder farmers. Intensive cultivation of

different cruciferous crops over the years has resulted in

high pest infestation (Chaudhuri et al. 2001; Weinberger

and Srinivasan 2009), and it has started damaging crop

brassicas in serious proportions. The pest is a voracious

feeder and feeds on all the above ground plant parts. In the

event of lack of control measures, all the leaves, flowers,

and developing pods are fed upon with only twigs left

intact.

At present, management of this pest relies on the use of

toxic insecticidal chemicals which have their own adverse

effects such as development of insecticide resistance in

insect-pests, resurgence, pesticide residues in oil, and cake

besides environment pollution. This necessitates the

development of alternate management strategies. The use

of trap crop offers one such option in pest management

since it is an environmentally sound ‘‘alternative’’ pest

management strategy. This approach may enable a reduc-

tion in the amount of insecticide required for pest man-

agement and in some cases may negate the need for

insecticides altogether (Cook et al. 2007a, b). Trap crops

are ‘‘plant stands that are, per se or via manipulation,

deployed to attract, intercept, retain and/or reduce target

insects…in order to reduce damage to the main crop’’

(Shelton and Badenes-Perez 2006). Several of these

strategies exploit the differential host preference by many

insects. In this strategy, the trap crop is planted near to

main crop which results in the reduction in the number of

insect–pests reaching main crop by concentrating them on

the trap crop where they can be economically destroyed

(Hokkanen 1991). Although this concept has received

much research attention in recent years, there are relatively

a few examples of successful trap cropping strategies in

practice (Shelton and Badenes-Perez 2006). Stricter pesti-

cide safety standards in many countries has resulted in

withdrawal of a number of products used previously in pest

management, which acted as a major driver for increased

interest in trap cropping. Such product withdrawals may

severely affect Brassica crops as there are often no alter-

native means of pest management (Wyman 2003). Further,

using the products still available after withdrawals may be

hampered as insect–pests develop resistance to them.

Insecticide resistance to one or more insecticides has been

reported in more than 500 insect–pest species (Altieri et al.

2004). The use of insecticides in trap cropping is either

eliminated or significantly reduced since insect–pests

concentrated on the trap crop can either be controlled with

other control methods, when available such as cultural

methods (Bensen and Temple 2008), biological pesticides

or biocontrol agents (White et al. 1995), or with insecti-

cides (Rea et al. 2002). The trap crop eliminates the need to

spray the entire field and minimizes the negative effects on

natural enemies in the main crop. The concept of trap

cropping has been successfully tested with wheat stem

sawfly (Seamans 1928), grasshoppers (Olfert 1986), wire-

worms (Vernon et al. 2000), and many other insects and

crops around the world (Hokkanen 1991; Shelton and

Badenes-Perez 2006), and has led to substantial reductions

in pesticide use in many cropping systems. For example,

planting alfalfa strips in cotton fields lowered lygus bug

(Lygus spp.) (Hemiptera: Miridae) population levels sig-

nificantly and eliminated the need for insecticide use on

cotton crop in the United States (Stern et al. 1964, 1969;

Godfrey and Leigh 1994). In north China, the use of

mungbean is gradually being adopted as a trap crop for the

control of Apolygus lucorum (Meyer-Dür) (Hemiptera:

Miridae) on cotton crop (Lu et al. 2009). Despite many

advantages, the application of trap cropping at commercial

scale is still limited, partly due to initial cost of setting

aside land for trap cropping, agronomic consideration

associated with implementing trap crop, and potential for

crop yield reductions if the trap crop fails (Hokkanen 1991;

Shelton and Badenes-Perez 2006; Lin et al. 2015). Thus,

there is a need to accelerate the use of trap cropping in

insect–pest management.

The main aim of this study was to test whether Ethio-

pian mustard, Brassica carinata A. Braun can be used as a
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trap crop to attract P. brassicae. For this, the effectiveness

of B. carinata as a trap crop was examined by comparing

larval densities in Indian mustard, Brassica juncea (L.)

Czern., crop bordered and unbordered with trap crop. The

effectiveness of B. carinata in field cages and laboratory

conditions was also examined.

Materials and methods

Insects and plant materials

Pieris brassicae larvae were collected from flowering

turnip rape, B. rapa plants in the field (sown in September)

during November, and brought to the laboratory. These

larvae were reared in glass jars (10 cm length, 5 cm

diameter) on cabbage heads till pupation. Adults emerging

out of the pupae were paired in oviposition cages

(30 9 30 9 30 cm) @ one pair per cage. The floor of the

cage was lined with filter paper, and a few pieces of cab-

bage heads were placed at the bottom to act as oviposition

substrate. Eggs thus obtained were kept in Biological

Oxygen Demand (B.O.D.) incubator at 22 ± 1 �C, and the

adults obtained from this generation were used for study of

oviposition preference.

I used two hosts of P. brassicae, Ethiopian mustard,

Brassica carinata A. Braun (cv. PC 5), and Indian mustard,

Brassica juncea (L.) Czern. (cv. PBR 210), as experimental

plants. B. carinata was assessed as trap crop around B.

juncea main crop to attract P. brassicae. The selected B.

carinata (cv. PC 5) was reported to be preferred by P.

brassicae over B. juncea (Kular and Kumar 2011). The B.

juncea cultivar (PBR 210) was susceptible to P. brassicae

infestations under field conditions (Anonymous 2012).

Oviposition preference under choice conditions

The oviposition preference of Pieris female butterflies was

determined under caged conditions in a two-choice test.

For this, test plants of both the host species were sown in

earthen pots (10 cm diameter). These potted plants were

maintained under natural field conditions since previous

experience with the potted plants under screen house

conditions has shown that these tend to be more succulent

and showed more luxurious growth than those grown under

natural field conditions which may influence the natural

host selection by female butterflies. When the plants were

60 days old, one potted plant of each Brassica species was

placed in a field cage (1 9 1 9 3 m) covered with fine

nylon mesh. Before this, whole plant was visually inspec-

ted for the presence of eggs/larvae which were removed.

Two freshly emerged male and female butterflies were

introduced in each cage and allowed to oviposit for 7 days

which has been reported to be the period of maximum egg

laying (Hasan and Ansari 2011). Data on the number of

eggs laid on each plant were recorded after seven days of

release. There were five biological replicates, and the

experiment was repeated thrice.

Effect of host species on demographic parameters

of larvae under laboratory conditions

The suitability of the two Brassica species as larval hosts

was assessed under laboratory conditions. For this, 10 first

instar larvae per replication were released in plastic Petri

plate (2.5 cm height, 10 cm diameter) with the help of

camel’s hair brush and were provided with fresh leaves of

each of the host species as larval food. The experiment was

set up following completely randomized design with three

biological replicates. The larvae were provided fresh food

every other day till pre-pupation when they stopped feed-

ing. Larval survival was recorded every alternate day, and

the percent larval survival was worked out. The time taken

from release of larvae till pupation was recorded as larval

development time. Development time was recorded from

the five surviving larvae in each replication. In addition,

larval weight of five fully grown fifth instar larvae in each

replication was recorded when they stopped feeding and

aligned on the sides/top of the Petri plate for pupation.

Field experiments

The field experiments were conducted at Oilseeds Research

Farm of Department of Plant Breeding and Genetics,

Punjab Agricultural University, Ludhiana (30.9�N and

75.85�E, 244 m above msl), India during 2012–2013 and

2013–2014 crop seasons (November to April). This part of

the country is characterized by sub-tropical and semi-arid

climate with hot and dry spring–summer from April to

June, and hot and humid summer from July to September.

The crop season generally spans from October–November

to April and is characterized by cold winters where the

maximum temperature rises up to 31 �C and sometimes

even more at the end of the season in March–April, while it

falls to minimum of 1 �C and sometimes even lower than

that during December–January, with RH ranging from 30.0

to more than 90.0 %. The average annual rainfall is about

705 mm, most of which is received during monsoon period

from July to September, while a few showers are received

during winter season from November to March. The

treatments consisted of (1) B. juncea surrounded by rows of

B. carinata, (2) a chemically protected B. juncea stand, and

(3) an unprotected B. juncea stand as control. In total, nine

B. juncea plots were sown in a randomized complete block

design with a plot size of 6 9 5 m. Three plots were bor-

dered by four rows of B. carinata (cv. PC 5), while the
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other three were sprayed with dichlorvos 85 SL @

500 ml ha-1 against P. brassicae at the time of pest

appearance since it is recommended insecticide for its

management in this part of the country (Anonymous 2012).

The remaining three plots were kept as unprotected pure B.

juncea control. The plots and blocks were separated by 1.5

and 3 m of open space, respectively. Sowing was deliber-

ately delayed than normal sowing in October and was done

during November 14 and November 17 in 2012 and 2013,

respectively, to ensure heavy population build up under

natural conditions since late sown crop is attacked more by

the pest (Kular and Kumar 2011; Kumar 2011). The row to

row and plant to plant spacing was maintained at

30 9 15 cm, respectively. At the time of sowing a uniform

dose of nitrogen and phosphorous was applied and about

20 days after sowing, manual weed removal method was

advocated. All the recommended package of practices was

followed for raising a good crop except spray of insecti-

cides (Anonymous 2012).

Natural infestation was allowed to take place, and no

pest control measures were applied except in the case of

chemically protected B. juncea plots. At the time of pest

appearance, 10 plants from middle six rows of each plot

were selected at random, and weekly data on the larval

density were recorded by counting total number of larvae

present on each observed plant. Likewise data from the

border rows of B. carinata were also recorded. At the time

of harvesting, data on the grain yield were recorded from

middle twelve rows of each plot.

Statistical analysis

In the field experiments and effect of host plants on

demographic parameters of larvae under laboratory con-

ditions and oviposition preference in field cages, data on

the larval density, grain yield, larval survival, development

time, larval weight, number of egg batches and number of

eggs per plant were subjected to analysis of variance

(ANOVA) using the statistical software SAS 9.1 (SAS

Institute 2005). For the data on larval density, Hn ? 1

transformation was used to stabilize variances. Whenever

the F test was significant (P\ 0.05), means among treat-

ments were separated by LSD.

Results

Oviposition preference under field cages

Pieris brassicae females preferred to oviposit on B. cari-

nata over B. juncea in a two-choice test. The number of

egg batches (Experiment I: F1,4 = 16.00, P = 0.016;

Experiment II: F1,4 = 16.00, P = 0.016; Experiment III:

F1,4 = 23.14, P = 0.008; Pooled data of three experi-

ments: F1,4 = 123.66, P = 0.00037) and total number of

eggs per plant (Experiment I: F1,4 = 67.83, P = 0.0011,

Experiment II: F1,4 = 67.89, P = 0.0011, Experiment III:

F1,4 = 96.92, P = 0.00059, Pooled data of three experi-

ments F1,4 = 461.62, P = 0.000028) were significantly

higher on B. carinata than that on B. juncea (Table 1).

Effect of host plants on demographic parameters

of larvae under laboratory conditions

The differences in larval survival on B. carinata and B.

juncea were non-significant at all the observation intervals

(F1,4 = 0.25, P = 0.64 one day after release (DAR),

F1,4 = 1.00, P = 0.37 four DAR, F1,4 = 0.50, P = 0.51

seven DAR, F1,4 = 1.50, P = 0.28 ten DAR) (Table 2).

However, significant differences in larval development

time and weight were observed when reared on different

host plants (Table 3). The larval development time when

reared on B. carinata (14.93 days) was significantly lower

than those reared on B. juncea (17.93 days) (F1,4 =

253.12, P = 0.000091). On the other hand, weight of lar-

vae reared on B. carinata was significantly more than those

reared on B. juncea (F1,4 = 6948.18, P = 0.000000).

Field experiments

Variations in the field incidence of P. brassicae larvae

were observed among different treatments across different

sampling intervals during both the seasons (Table 4).

During 2012–2013 crop season, larval density in B. juncea

plots bordered with B. carinata was significantly lower

than unbordered/control B. juncea plots at all the obser-

vation intervals (F3,2 = 58.73, P = 0.000077 for mean

larval density). However, it differed non-significantly from

that in the chemically protected B. juncea plots. Interest-

ingly, larval density on B. carinata border rows sur-

rounding B. juncea plots was exceptionally high and

remained significantly higher than that observed in the

bordered, control, and chemically protected B. juncea plots

throughout the observation period. During 2013–2014

cropping season, similar results were observed with larval

density in B. juncea plots bordered with B. carinata being

significantly lower than control B. juncea plots

(F3,2 = 42.69, P = 0.00019 for mean larval density) and

was non-significant from that recorded in chemically pro-

tected B. juncea plots. Mean larval density on B. carinata

border rows surrounding B. juncea plots was exceptionally

higher than the bordered, control, and chemically protected

B. juncea plots.

Significant differences in grain yield were observed

during both the years. B. juncea plots bordered with B.

carinata and chemically protected B. juncea plots had
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significantly higher grain yield than control plots during

both 2012–2013 (F2,2 = 28.38, P = 0.0043) and

2013–2014 (F2,2 = 26.58, P = 0.0048) crop seasons but

differed non-significantly from each other.

Discussion

In response to visual, tactile, or olfactory cues, insects

often demonstrate preference for a particular plant spe-

cies, cultivar, or crop stage. These preferences can be

exploited for pest management through the use of trap

crops. The optimality theory suggests that ovipositing

females should choose plant species that maximize larval

fitness (Thompson and Pellmyr 1991). In two-choice

oviposition test, P. brassicae females preferred to lay

eggs on B. carinata plants over B. juncea. Compared with

B. juncea, B. carinata was [10 times as attractive for

oviposition in a two-choice test in field cages. The

selection of host plants by female Pieris butterflies is

initially guided by visual cues (Traynier 1979; Kolb and

Scherer 1982; Renwick and Radke 1988); however, the

final decision about acceptance or rejection of a host plant

for oviposition is made after females drum the leaf sur-

face with their tarsi and perceive the contact chemore-

ception (Ma and Schoonhoven 1973; Renwick and Radke

1988). The results from the present study show a distinct

preference of P. brassicae for B. carinata as was reported

in previous studies (Kular and Kumar 2011; Chahil and

Kular 2013) which indicated the increased preference of

P. brassicae for B. carinata over other Brassica hosts.

Further, B. carinata also served as a better host for larvae

compared to B. juncea since larvae reared on B. carinata

completed development in comparatively shorter period

and grew bigger and heavier. In another study at the same

institute, Kaur (2015) has also reported shorter larval

development period and significantly more larval weight

of P. brassicae on B. carinata cv. PC 5 (the same cultivar

used in the present study) over a range of other Brassi-

caceous hosts including brassica wild relatives. The basis

of this differential preference for oviposition and suit-

ability of B. carinata over B. juncea may possibly be

linked to glucosinolates, the main cues used for host

location, and feeding by adults and larvae, respectively.

The concentration of total glucosinolates in leaf tissues

was found to be significantly higher in B. carinata cv. PC

5 over B. juncea cv. PBR 210 (Kaur 2015). Adult females

as well as larvae are known to exploit glucosinolates as

token stimuli during selection of host plants for oviposi-

tion and feeding (David and Gardiner 1966; Renwick

et al. 1992; van Loon et al. 1992; Moyes et al. 2000;

Schoonhoven and van Loon 2002; Kumar and Singh

2015).T
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Brassica juncea plants bordered with B. carinata had

lower larval density than control plots at different sam-

pling intervals during both the seasons, which was sta-

tistically at par with the larval population in chemically

protected plots. The reduction in larval density on bor-

dered B. juncea plots over control plots was around 86

and 93 % in 2012–2013 and 2013–2014 crop seasons,

respectively. Kular and Kumar (2011) has also reported

higher incidence of P. brassicae on B. carinata com-

pared to B. juncea, B. napus, B. rapa, and Eruca sativa.

The differences in grain yield also varied significantly

between B. carinata surrounded B. juncea plots and

control B. juncea plots, and the yield obtained from

bordered plots was statistically at par with that obtained

from chemically protected plots. As per the available

literature, there has been no comprehensive study to

evaluate the effectiveness of B. carinata as trap crop for

P. brassicae and the present study is the first attempt in

India against this important pest of vegetable and oilseed

brassicas.

Table 2 Percent larval survival

of Pieris brassicae on test host

plants at different observation

times

Host plant Larval survival (%)

1 DAR* 4 DAR 7 DAR 10 DAR

Brassica juncea 86.67 ± 3.33 a 70.00 ± 5.77 a 66.67 ± 8.82 a 60.00 ± 5.77 a

B. carinata 90.00 ± 5.77 a 76.67 ± 3.33 a 73.33 ± 3.33 a 70.00 ± 5.77 a

* DAR = days after release

Mean ± SE; means within a column without corresponding letters are significantly different (LSD test;

p B 0.05)

Table 3 Larval development

time and larval weight of Pieris

brassicae on test host plants

Host plant Development time

(days)

Larval weight of fully grown

fifth instar larvae (mg)*

Brassica juncea 17.93 ± 0.06 b 423.10 ± 0.45 a

B. carinata 14.93 ± 0.17 a 461.90 ± 0.13 b

Mean ± SE; means within a column without corresponding letters are significantly different (LSD test;

p B 0.05)

* Larvae were weighed when they were fully grown, i.e., when they stopped feeding and alighted on the

sides or top of the Petri plate for pupation

Table 4 Effect of different treatments on Pieris brassicae infestation and grain yield during the two seasons

Treatment Larval density during different standard meteorological weeks (SMWs)

(No. of larvae/plant)

Yield

(kg/plot)

10th SMW 11th SMW 12th SMW 13th SMW Mean density

2012–2013

B. juncea plots bordered

with B. carinata

0.00 ± 0.00 a 4.50 ± 1.21 a 0.00 ± 0.00 a – 1.50 ± 0.40 a 5.35 ± 0.25 b

B. carinata border rows 33.7 ± 4.51 c 75.60 ± 13.14 c 41.80 ± 1.79 c – 50.40 ± 5.89 c –

Unbordered/control

B. juncea plots

5.10 ± 1.50 b 21.10 ± 0.80 b 6.00 ± 0.52 b – 10.70 ± 0.78 b 3.97 ± 0.12 a

Chemically protected

B. juncea plots

0.00 ± 0.00 a 0.00 ± 0.00 a 0.00 ± 0.00 a – 0.00 ± 0.00 a 5.49 ± 0.19 b

2013–2014

B. juncea plots bordered

with B. carinata

2.60 ± 0.55 a 4.00 ± 0.90 a 1.30 ± 0.63 a 0.00 ± 0.00 a 2.00 ± 0.20 a 5.31 ± 0.20 b

B. carinata border rows 73.80 ± 22.28 b 106.00 ± 4.60 c 44.20 ± 5.35 c 1.60 ± 0.56 b 56.40 ± 7.69 c –

Unbordered/control

B. juncea plots

56.40 ± 11.27 b 42.20 ± 9.06 b 18.40 ± 5.14 b 0.00 ± 0.00 a 29.30 ± 6.32 b 3.86 ± 0.08 a

Chemically protected

B. juncea plots

0.00 ± 0.00 a 0.00 ± 0.00 a 0.00 ± 0.00 a 0.00 ± 0.00 a 0.00 ± 0.00 a 5.53 ± 0.17 b

Means within a column without corresponding letters are significantly different (LSD test; p B 0.05)

No incidence reported due to crop maturity
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Habitat diversification systems are effective integrated

pest management tools for a number of insect–pests. In

addition to reduction in the use of harmful pesticides,

push–pull system is of particular interest to small holder

farmers in a developing country like India, who invest little

or no money to inputs required to control the pests. It is an

appropriate system for resource poor farmers since it uses

locally available plants rather than expensive imported

inputs (Khan et al. 2014). However, trap crop requires land

that would otherwise be used for growing main crop.

Therefore, it requires a thorough economic and agronomic

analysis of benefits and liabilities of using a trap crop. In

field trials of the present study, four rows of B. carinata

plants around B. juncea plots were grown, and there is a

need to optimize this for obtaining maximum efficiency of

trap crop. The economic value of trap crop is an important

factor in its large scale use (Hokkanen 1991; Shelton and

Badenes-Perez 2006; Khan et al. 2008, 2009). It is, there-

fore, important to develop an optimal planting pattern for

B. carinata with strips either comprising the smallest

possible percentage of the total field, or to offset com-

mercial mustard losses by the grain yield obtained from B.

carinata, though not equal to commercial mustard. Under

the present market conditions in India, grains of both

Indian and Ethiopian mustard fetch equal price; hence, the

trap crop can get an economic value in its own right.

However, there is a need of comprehensive study of eco-

nomic value of Ethiopian mustard as a trap crop in Indian

mustard. Further, the spatial and temporal pattern of trap

crop deployment is needed to be worked out to ensure most

effective trap crop system. For this, there is need to

investigate not only the dispersal patterns of P. brassicae as

it moves into the field but also its behavior within the field.

The information generated through these studies about the

movement patterns of P. brassicae will help in designing

an effective trap cropping system for this important pest of

vegetable and oilseed brassicas. Since trap crops are more

attractive to a pest, thereby lowering the pest population

levels in the main crop, they become resource habitats for

the pest. Therefore, additional measures are necessary to

suppress pest population within trap crops (Hokkanen

1991; Shelton and Badenes-Perez 2006). Faster larval

development and increased oviposition preference on B.

carinata suggest its potential of becoming source habitat

for P. brassicae. Therefore, need-based suppression of pest

population in trap crop is required which further requires

regular population monitoring. A number of techniques

such as trap harvesting, trap vacuuming, sticky traps,

pheromones, natural enemies, or pesticides have been used

for pest population suppression in trap crop (Shelton and

Badenes-Perez 2006; Holden et al. 2012; Moreau and

Isman 2012; Tillman and Cottrell 2012). Additional tactics

could improve the effect of trap crop strips and targeted

insecticide on resident pest populations, and bring about

further reductions in pest population levels (Lin et al.

2015). The influence of B. carinata on disease control and

secondary pest problem also requires further research,

though no such problem was reported in the present study.

Another advantage of use of trap crop is conservation of

natural enemies of the pest. However, in the present study,

I did not focus on whether trap crop can augment bio-

control of P. brassicae by its parasitoids, though some

larval parasitization by Cotesia glomerata L. was reported.

Further studies involving greater replications are required

to investigate this question in greater detail.

It was confirmed from the study that trap crop plants

should be highly acceptable to pest insect for oviposition,

feeding, or both to function more effectively. When this

does not happen, i.e., when the trap crop consists of

relatively non-preferred host plants, it results in failure of

pest management system (Rust 1977; Maguire 1984).

Where trap crops have proved successful in managing

insect–pests, they were grown as border rows surrounding

the main crop or as strips running at right angle to the

pests’ entry route into the crop (Srinivasan and Krishna

Moorthy 1991; Luther et al. 1996; Mitchell et al. 2000;

Asman 2002; Rousse et al. 2003; Barari et al. 2005;

Fearson et al. 2005).

Conclusion

It can be concluded from the present study that B. carinata

has the potential to be used as trap crop in limiting the attack

byP. brassicae on Indianmustard (B. juncea) by utilizing the

pest’s preference for these plants.B. carinatamightmake for

attractive trap crop since it is longer duration crop and

flowers very late compared to B. juncea. Further research

will nevertheless be required to confirm these results under

field conditions with large plot sizes representing the farm-

ers’ fields. In addition to crop brassicas, the attractiveness of

B. carinata can also be exploited to serve as a trap crop in

vegetable brassicas against this pest which has wider

implications keeping in view the seriousness of the pest on

brassica vegetables in many countries of the world.
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