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The diamondback moth is known globally by many as the most destructive and
economically important insect pest of cruciferous crops. It is also known to have
developed resistance to numerous synthetic insecticides including those with newer active
ingredients (Shelton et al., 2008); and this has triggered the development of alternative
measures, including botanical insecticides (Oyedokun et al., 2011). Experiments were
conducted under laboratory conditions to study the anti-insect activities of locally available
plants against diamondback moth, Plutella xylostella (L.) (Lepidoptera: Plutellidae). In the
preliminary screening of 45 plants, higher per cent mortality was recorded on 5 DAT in the
aqueous leaf extract (10 %) of Prosopis juliflora (96.67 %), Andrographis paniculata
(80.00 %), Sesbhania grandiflora (73.33 %), Annona squamosa (66.67 %), Jatropha curcas
(66.67 %), Abutilon indicum (60.00 %), Curcuma longa (56.67 %) and Azadirachta indica
(53.33 %). The highest pupal mortality was recorded in Cymbopogon schoenanthus (60.00
%), Gliricidia sepium (50.00 %), Cyperus rotundus (53.33 %), Azadirachta indica (46.67
%) and Tagetes tenuifolia (30.00 %). No adult emergence was observed in P. juliflora, A.
paniculata and A. indica. The effect of the selected five plants viz., P. juliflora, A.
paniculata, S. grandiflora, J. curcas and C. longa on the growth and development of P.
xylostella was confirmed in the confirmative experiment. The highest anti- feedant activity
against P. xylostella was observed in P. juliflora (58.41 %). The oviposition deterrence
percentage by free choice test was found to be the highest in S. grandiflora (85.95 %) and
by no choice test was found to be the highest in P. juliflora (61.26 %).

Introduction

Cruciferous vegetables are the

important

million ha in the world and 0.331 million ha

dietary source of vitamins (A, B1 and C) and
minerals like phosphorus, potassium, sodium,
calcium and iron which are essentially needed
as supplement in human diet. The varied
agro-climatic conditions prevailing in India
are able to produce variety of vegetables
throughout the year. India is the second
largest producer of cruciferous vegetables in
the world. It is grown over an area of 3.12
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in India. However, the average productivity of
cabbage in India is about 22.0 metric
tonnes/ha  which is less than World’s
productivity of 22.3 million tonnes/ha (NHB,
2017). Many species of insects attack the
commonly growing cruciferous vegetables
like cabbage (Brassica oleracea L. var.
capitata), cauliflower (Brassica oleracea L.
var. botrytis), turnip (Brassica rapa L.), carrot
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(Daccus carota L.) and mustard (Brassica
campestris L. var. toria and Brassica
campestris L. var. sarson). The crop is prone
for infestation by a number of insect pests
consisting of sucking and defoliating insects
starting from germination to harvesting stage
of the crop.

Among  several species of insects,
diamondback  moth  (DBM), Plutella
xylostella (L.), Lepidoptera: Plutellidae is the
most revenging pest identified by Fletcher on
cruciferous vegetables (Fletcher, 1914). In
India, a total of 37 insect pests have been
reported to feed on cabbage, of which the
DBM causes the loss of about 35 per cent
with intensive control measures (Mohan and
Guijar, 2003).

Estimated total costs associated with damage
and management of DBM worldwide was 4-5
billion US dollers per annum (Zalucki et al.,
2012) and in India, the estimated cost for the
control of DBM is about 16 million US$ per
annum (Sharma and Singh, 2014).

Utilization ~ of  conventional  synthetic
insecticides posed certain problems such as
adverse effects on natural enemies,

development of resistance in target pests and
pest resurgence. Hazardous implications of
these pesticides and their residue at various
trophic levels have also caused incalculable
damage to every aspect of environment,
globally.

In India, the first report of P. xylostella
resistance to insecticides (DDT and parathion)
was made by Verma and Sandhu (1968) in
Ludhiana (Punjab). Subsequently this was
confirmed by Deshmukh and Saramma
(1973), to fenitrothion and malathion (Chawla
and Kalra, 1976); cypermethrin, decamethrin
and quinalphos (Saxena et al., 1989) and
quinalphos (Chawla and Joia, 1991). Some
population of P. xylostella developed
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resistance to new generation insecticides such
as spinosad, avermectins, indoxacarb,
emamectin benzoate and Bacillus
thuringiensis, B.t. Cry toxins in the field
(Sayyed and Wright, 2006; Zhao et al., 2006;
Lietal., 2007 and Pu et al., 2010).

Currently, eco-friendly agriculture and
demand for organic foods are gaining
worldwide attention due to drawbacks

associated with the agricultural chemicals.
Plant products have been suggested as
alternative sources for insect control products
because some are selective, biodegrade to
nontoxic products, and have few effects on
non-target organisms and the environment
(Singh et al., 2006; Isman, 2008).

Materials and Methods

Studies were carried out to evaluate the anti-
insect effects of different plant extracts on the
diamondback moth, Plutella xylostella (L.) at
the Department of Agricultural Entomology,
Agricultural College and Research Institute,
Coimbatore during 2016 - 2017.

The different plant parts from 45 plants viz.,
leaves, flowers, fruit and roots were collected,
weighed and shade dried for a week again dry
weight was recorded and then powdered. The
powdered plant products were again fine
powdered by pulveriser and sieved to a size of
0.5 mm.

Bioassay

The leaf dipping bioassay method described
by Tabashnik and Cushing (1987) was
adopted to evaluate the insecticidal action of
45 Dotanicals against P. xylostella larvae.
Cabbage leaves were washed with distilled
water and dried for about 10 minutes.
Agueous extract of different botanicals were
tested at 10 per cent concentration along with
NSKE 5 per cent as standard check.
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Completely untreated leaves were used as
control.

Fresh cabbage leaf discs (7.5 cm diameter)
were cut from fully expanded cabbage leaves.
The discs were dipped for 60 seconds in the
test solutions.

These treated and air dried leaves were placed
in a petriplates lined with moist filter paper.
In each petriplate 10 third instar larvae was
released using a camel hair brush and allowed
to feed for 48 hours. After 48 hours, treated
leaves were removed and fresh untreated
leaves were given.

Three replications of each of the treatment
with 10 larvae per replicate were maintained.
Readings were taken at 24 hours intervals up
to adult emergence for larval mortality, pupal

mortality and adult emergence. Any
malformation in the treatments was also
observed.

Number of insects died

Mortality (%) = x 100
Total number of insects released

From the 45 botanicals tested, the best 5
botanicals were selected, tested for Anti-
feedant and Oviposition deterrent activity.

Assessment of anti-feedant activity of
selected botanicals on P. xylostella

Progressive consumption of leaf area was
measured both in control and in treatments 24
and 48 hours after release of larvae using
graphical method. Three replications of each
of the treatments with 10 larvae per replicate
were maintained.

Leaf area consumed in control —

Leaf area consumed in treatment

Anti- feedant activity (%) = -------------- X100
Leaf area consumed in control
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Evaluation of oviposition deterrent action
of selected botanicals on P. xylostella

Free choice test

In choice test, mustard seedlings, were
sprayed with selected aqueous extracts of
botanicals at 10 per cent concentration using a
hand atomizer. Once treated, plants were
transferred immediately to oviposition cages
and placed in a random order such that each
cage consisted of a set of plants with different
treatments arranged in different placement
including the control. Three replications were
maintained and 14 pairs of adults were
released into each cage at the rate of 2 pairs
per plant. Sugar solution (10 %) was provided
for adult moth feeding. The number of eggs
laid was recorded after 48 hours and
oviposition deterrence was calculated with the
formula of Villalobos and Robledo, (1998).

Oviposition deterrence (%) = 100 X (1 -
NEt/NEc)

Where, NEt is the number of eggs in
treatment and NEc is the number of eggs in
control.

No-choice test

For each treatment a separate cage was used.
Untreated mustard seedlings kept in a
separate cage were treated as control. The
experiment was replicated thrice. Two pairs
of one day old adults of P. xylostella were
released inside the cage for oviposition.

Results and Discussion

Effect on larval mortality, pupal mortality
and adult emergence

Among the thirteen aqueous extract (10 %) of
plants belonging to the families, Acanthaceae,
Acoraceae, Amaranthaceae, Anacardiaceae,



Int.J.Curr.Microbiol.App.Sci (2017) 6(12): 28-39

Annonaceae, Apiaceae, Apocynaceae,
Araceae and Asteraceae, Andrographis
paniculata recorded the maximum larval
mortality (46.67%), followed by Artemisia
pallens (20.00 %), Achyranthes aspera (16.67
%), Annona squamosa (13.33 %) and no
mortality was observed in Colocasia
esculenta, Tagetes tenuifolia flower and
Tridax procumbens one day after treatment
(DAT).

Highest per cent mortality was recorded on 5
DAT in A. paniculata (80.00 %) followed by
Annona squamosa (66.67 %) which were
significantly higher than all other plant
products tested including the check, neem
seed kernel extract (NSKE) at 5 per cent.

The highest pupal mortality was recorded in
Tagetes tenuifolia leaf (30.00 %) followed by
Achyranthes aspera, Acorus calamus and T.
tenuifolia flower (26.67%). None of the
larvae  reached the adult stage in
Andrographis paniculata. Malformed adults
(Plate 5) emergence was observed in Centella
asiatica (6.67 %) followed by Allamanda
catharitica,  Catharanthus  roseus, T.
tenuifolia and A. calamus (3.33 %) (Table 1).

Among the nine aqueous extract (10 %) of
plants belonging to the family Fabaceae, on 1
DAT highest larval mortality was recorded on
Prosopis juliflora (53.33 %) and no mortality
was observed in Cassia alata, Cassia fistula,
Delonix regia, Gliricidia sepium and Senna
auriculata.

On 2 DAT, Sesbania grandiflora was on
statistically par with P. juliflora. Highest
mortality recorded on 5 DAT was in P.
juliflora (96.67 %) which was significantly
higher and was followed by S. grandiflora
(73.33 %).The check NSKE (5 %) recorded
33.33 per cent mortality. The highest pupal
mortality was recorded in G. sepium
(50.00%). No adult emergence was recorded
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in P. juliflora. The malformed adult was
observed in D. regia (10.00 %) and Cassia
fistula (3.33 %) (Table 2).

Among the twelve aqueous extract (10 %) of

plants  belonging to the  families,
Bignoniaceae, Cyperaceae, Euphorbiaceae,
Lamiaceae, Malvaceae, Meliaceae,

Myrtaceae, Pedaliaceae, Phyllanthaceae and
Piperaceae, maximum larval mortality of
40.00 per cent was recorded in Abutilon
indicum and Phylanthus niruri and no
mortality was observed in Cyperus rotundus,
Pedalium murex and NSKE (5 %) at 1 DAT.
Highest mortality recorded on 5 DAT was in
Jatropha curcas (66.67 %) which was
significantly higher followed by Abutilon
indicum (60.00 %) and Azadirachta indica
(53.33 %).The pupal mortality was highest in
C. rotundus (53.33 %) which was statistically
on par with A. indica (46.67 %). The
malformed adult was observed in M.
azedarach (10.00 %), S. campanulata
(6.67%) and O. tenuiflorum (3.33%) (Table
3).

Among the eleven aqueous extract (10 %) of
plants belonging to the families, Poaceae,
Polygonaceae, Rutaceae, Sapindaceae,
Solanaceae, Sterculiaceae, Verbenaceae and
Zingiberaceae, on 1 DAT maximum larval
mortality was recorded on Murraya koenigii
(20.00 %). On 3 DAT, mortality was highest
in M. koenigii and Solanum virginianum of
(26.67 and 20.00 %) which is statistically on
par with the check, NSKE at 5 per cent (20.00
%). Significantly higher mortality was
recorded in Curcuma longa (56.67 %) on 5
DAT. The pupal mortality was highest in C.
schoenanthus (60.00 %). The lowest adult
emergence was recorded in C. longa (13.33
%) and the highest in Cardiospermum
halicacabum (80.00 %). The malformed adult
was observed in A. muricatus, C.
schoenanthus and A. leptopus (6.67 %) (Table
4).
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Table.1 Effect of aqueous plant extracts (10%) belonging to the Family, Acanthaceae,
Acoraceae, Amaranthaceae, Anacardiaceae, Annonaceae, Apiaceae, Apocynaceae, Araceae and
Asteraceae on the growth and development of the diamondback moth, P. xylostella

Larval mortality (%) Pupal Adult emergence (%)
Mortali
Treatments 1DAT | 2DAT 3DAT 4ADAT 5DAT (%) y Normal | Malformed
Andrographis 46.67 | 73.33 73.33 80.00 80.00 20.00 0.00 0.00
paniculata(leaf) (43.07)* | (58.89)* | (59.21)* | (63.77)* | (63.77)° | (26.55)° | (4.05)° (4.05)°
Acorus calamus 3.33 16.67 20.00 30.00 30.00 26.67 40.00 3.33
(rhizome) (10.52)° | (24.09)° | (26.91)° | (33.51)° | (33.51)° | (31.40)*° | (39.51)° (11.29)°
Achyranthes aspera 16.67 | 23.33 26.67 33.33 33.33 26.67 40.00 0.00
(leaf) (24.09)° | (28.87)" | (31.40) | (35.55)" | (35.55)° | (31.40)* | (39.51)° (4.05)°
Anacardium occidentale 6.67 6.67 6.67 13.33 13.33 20.00 66.67 0.00
(leaf) (14.96)" | (14.96)° | (15.52)" | (21.83)" | (21.83)° | (26.91)" | (55.02) (4.05)°
Annona squamos 13.33 | 26.67 40.00 20.00 66.70 0.00 46.66 0.00
d

(leaf) (21.41)" | (31.08)° | (39.51)° | (26.91)° | (47.18)" | (4.05) | (43.36) (4.05)°
Centella asiatica 3.33 3.33 3.33 3.33 3.33 16.67 73.33 6.67
(leaf) (10.52)° | (10.52)" | (11.29)" | (11.29)° | (11.29)" | (24.47)° | (59.21)° (15.52)°
Allamanda catharitica 10.00 | 16.67 16.67 20.00 20.00 13.33 63.33 3.33
(leaf) (18.43)° | (24.09)° | (24.47)" | (26.91)° | (26.91)" | (21.83)° | (53.01)" (11.29)°
Catharanthus roseus 3.33 10.00 13.33 13.33 13.33 6.67 76.67 3.33
(leaf) (10.52)° | (18.43)° | (21.83)% | (21.83)" | (21.83)° | (15.52)° | (61.43)° (11.29)°
Colocasia esculenta 0.00 13.33 13.33 40.00 53.33 20.00 26.67 0.00
(leaf) (4.05)" | (21.41)° | (21.83)" | (39.51)° | (47.18)" | (26.91)° | (31.40) (4.05)°
Artemisia pallens 20.00 | 10.00 26.67 26.67 30.00 10.00 60.00 0.00
(leaf) (26.55)" | (18.43)" | (31.40)" | (31.40)* | (33.51)° | (18.90)" | (51.04)° (4.05)°
Tagetes tenuifolia 0.00 6.67 3.33 20.00 20.00 30.00 46.67 3.33
(leaf) (4.05)" | (14.96)° | (11.29)' | (26.91)° | (26.91)" | (33.51)* | (43.36)° (11.29)°
Tridax procumbens 0.00 3.33 3.33 6.67 6.67 16.67 76.67 0.00
(leaf) (4.05)" | (10.52)" | (11.29)' | (15.52)° | (1552)" | (24.47)° | (61.43)" (4.05)°
Tagetes tenuifolia 3.33 3.33 10.00 13.33 13.33 26.67 60.00 0.00
(Flower) (10.52)° | (10.52)" | (18.90)"" | (21.83)" | (21.83)° | (31.40)* | (51.04)" (4.05)°
NSKE (5%) 0.00 26.67 40.00 46.67 53.33 0.00 46.67 0.00

(4.05)" | (31.08)" | (39.51)° | (43.36)" | (47.18)" (4.05)" (43.36)° (4.05)°
Untreated check 0.00 0.00 0.00 0.00 0.00 0.00 100.00 0.00

(4.05)" | (4.05)0° | (4.05) (4.05)" | (4.05)° (4.05)" (89.96)° (4.05)°
SE 1.04 1.67 1.84 2.22 2.25 1.34 3.37 0.39
CD(0.05) 2.13 3.41 3.76 4.54 4.59 2.75 6.90 0.81

32




Int.J.Curr.Microbiol. App.Sci (2017) 6(12): 28-39

Table.2 Effect of aqueous plant extracts (10%) belonging to the Family, Fabaceae on the growth
and development of the diamondback moth, P. xylostella

Larval mortality

Pupal mortality

Adult emergence (%)

Treatments 1DAT 2DAT 3DAT 4DAT 5DAT (%) Normal Malformed

Cassia alata(leaf) 0.00 6.67 13.33 13.33 13.33 20.00 66.67 0.00
(4.05)° (15.52)° (21.8)° (21.41)° (21.4)° (26.83)" (54.71)° (4.05)°

Cassia fistula 0.00 0.00 6.67 6.67 6.67 10.00 80.00 3.33
(leaf) (4.05)° (4.05) (15.5)° (14.96)° (15.0)° (18.90)° (63.41)° (11.29)°
Delonix regia 0.00 333 6.67 6.67 6.67 16.67 66.67 10.00
(leaf) (4.05)° (11.29)° (15.5)° (14.96)° (15.0)° (24.47)* (54.71)° (18.43)

Gliricidia sepium 0.00 333 6.67 6.67 10.00 50.00 40.00 0.00
(leaf) (4.05)° (11.29)° (15.5)° (14.96)° (18.43)° (45.27) (39.22)¢ (4.05)°

Leucaena leucocephala(leaf) 3.33 13.33 20.00 20.00 33.33 26.67 40.00 0.00
(11.29)° (21.83)° (26.9)° (26.55)° (35.3)° (31.40)° (39.22)¢ (4.05)°

Prosopis juliflora 5333 76.67 80.00 9333 96.67 3.33 0.00 0.00
(leaf) (47.18) (61.43)° (63.8)° (75.01)% (79.5)° (11.29)° (4.05) (4.05)°

Senna auriculata 0.00 3.33 3.33 6.67 . 6.67 . 23.33b 70.00 0.00
(leaf) (4.05)° (11.29)° (11.3)° (14.96) (15.0) (29.21)™ (56.77)° (4.05)°

Sesbania grandiflora 16.67 7333 7333 7333 7333 13.33 13.33 0.00
(leaf) (24.47)° (59.21) (59.2) (58.89)° (58.9)° (21.83)°f (21.41)° (4.05)°

Tephrosia purpurea 6.67 6.67 6.67 6.67 6.67 20.00 73.33 0.00
(leaf) (15.52)° (15.52)° (15.5)° (14.96)° (15.0)° (26.91)" (58.89)° (4.05)°

NSKE (5%) 333 13.33 20.00 20.00 333 0.00 66.67 0.00
(11.29)° (21.83)° (26.9)° (20.00)° (35.3)° (4.05)" (54.71)° (4.05)°

Untreated check 0.00 0.00 0.00 0.00 0.00 0.00 100 0.00
(4.05)° (4.05)" (4.05)" (4.05)° (4.05)f (4.05)" (89.96)° (4.05)°

SE 1.02 2.24 2.75 3.45 3.26 155 357 1.07

CD(0.05) 2.13 4.65 5.70 7.16 6.77 3.22 7.42 2.22

Table.3 Effect of aqueous plant extracts(10 %) belonging to the Family, Bignoniaceae,
Cyperaceae, Euphorbiaceae, Lamiaceae, Malvaceae, Meliaceae, Myrtaceae, Pedaliaceae,
Phyllanthaceae and Piperaceaeson the growth and development of the diamondbackmoth, P.

xylostella
Larval mortality (%) Pupal mortality Adult emergence (%)
Treatments 1DAT 2DAT 3DAT ADAT 5DAT (%) Normal Malformed
Spathodea campanulata (flower) 6.67 13.33 13.33 13.33 16.67 16.67 60.00 6.67
(15.52)° (21.83)° (21.83)¢ (21.83)° (24.47)¢ (24.47)¢ (51.04)° (15.52)°
Cyperus rotundus 0.00 0.00 6.67 6.67 6.67 53.33 40.00 0.00
(leaf) (4.05)f (4.05)° (15.52)° (15.52)f (15.52)f (47.18) (39.51)° (4.05)°
Jatropha curcas 13.33 13.33 30.00 56.67 66.67 23.33 10.00 0.00
(leaf) (21.83)° (21.83)° (33.51)° (49.10) (55.02)° (29.21)° (18.90)° (4.05)°
Ricinus communis 6.67 13.33 16.67 36.67 36.67 30.00 26.67 6.67
(leaf) (15.52)° (21.83)° (24.47)° (37.55)° (37.55)° (33.51)° (31.40) (15.52)°
Ocimum tenuiflorum 6.67 10.00 10.00 13.33 13.33 6.67 76.67 3.33
(leaf) (15.52)° (18.90)¢ (18.90) (21.83)° (21.83)° (15.52)f (61.43)° (11.29)°
Abutilon indicum 40.00 46.67 46.67 53.33 60.00 6.67 33.33 0.00
(leaf) (39.51) (43.36) (43.36) (47.18)° (51.04)° (15.52)f (35.55)f (4.05)°
Azadirachta indica 6.67 13.33 13.33 53.33 53.33 46.67 0.00 0.00
(leaf) (15.52)° (21.83)° (21.83)° (47.18)° (47.18)* (43.36) (4.05)" (4.05)°
Melia azedarach 6.67 6.67 6.67 6.67 13.33 36.67 40.00 10.00
(leaf) (15.52)° (15.52)" (15.52)% (15.52)f (21.83)° (37.54)° (39.50)° (18.9)°
Eucalyptus deglupta 23.33 26.67 23.33 26.67 36.67 30.00 33.33 0.00
(leaf) (29.21)° (31.40)° (29.21)° (31.40)° (37.55)° (33.50)° (35.55)° (4.05)
Pedalium murex 0.00 0.00 6.67 6.67 6.67 6.67 86.67 0.00
(leaf) (4.05) (4.05)° (15.52)¢ (15.52)f (15.52)f (15.52)f (68.98)° (4.05)
Phylanthus niruri 40.00 40.00 46.67 46.67 46.67 13.33 40.00 0.00
(leaf) (39.51) (39.51)° (43.36)° (43.35)° (43.36)° (21.82)¢ (39.50)° (4.05)
Piper nigrum 3.33 6.67 6.67 6.67 13.33 26.67 60.00 0.00
(Ieaf) (11.29)° (15.52) (15.52)° (15.52)f (21.83)° (31.40)° (51.04)° (4.05)
NSKE 0.00 10.00 36.67 46.67 46.67 13.33 40.00 0.00
(5%) (4.05)" (18.90)° (37.55)° (43.35)° (43.36)° (21.82)° (39.50)° (4.05)°
Untreated check 0.00 0.00 0.00 0.00 0.00 0.00 100 0.00
(4.05)" (4.05)° (4.05)" (4.05)° (4.05)" (4.05)° (89.96)° (4.05)°
SE 1.02 1.18 1.36 2.39 1.97 1.89 3.22 0.50
CD(0.05) 2.10 2.42 2.79 4.89 4.03 3.87 6.61 1.03
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Table.4 Effect of agueous extracts (10%) belonging to the Family, Poaceae, Polygonaceae,
Rutaceae, Sapindaceae, Solanaceae, Sterculiaceae, Verbenaceae and Zingiberaceae on the
growth and development of the diamondback moth, P. xylostella

Larval mortality (%) Pupal Adult emergence (%)
Treatments 1DAT | 2DAT | 3DAT | 4DAT | SDAT mo(f,f)"ty Normal | Malformed
Andropogan muricatus 10.00 6.67 6.67 13.33 13.33 13.33 66.67 6.67
(leaf) (18.43)" | (15.52)° | (14.96)" | (21.83)" | (21.41)° | (21.41)° | (55.02)® | (15.52)
Cymbopogon 0.00 0.00 0.00 0.00 3.33 60.00 30.00 6.67
schoenanthus (leaf) (4.05)° | (4.05)° | (4.05° | (4059 | (10.52) | (50.75)° | (3351)" | (15.52)f°
Cynodon dactylon 0.00 6.67 6.67 6.67 6.67 26.67 66.67 0.00
(leaf) (4.05)° | (15.52)" | (14.96) | (15.52)" | (14.96)° | (31.08)™ | (55.02)* (4.05)°
Antigonon leptopus 0.00 3.33 3.33 6.67 6.67 13.33 73.33 6.67
(leaf) (4.05)° | (11.29)° | (10.52)? | (15.52)" | (14.96)° | (21.41)° | (59.21)™ (15.52)
Murraya koenigii 20.00 | 20.00 | 26.67 | 26.67 | 33.33 13.33 53.33 0.00
(leaf) (26.55)* | (26.91)" | (31.08)° | (31.40)° | (35.55)° | (21.41)° | (46.89) (4.05)°
Cardiospermum 0.00 0.00 3.33 6.67 6.67 13.33 80.00 0.00
halicacabum (leaf) 4.05)° | (4.05)° | (10.52)° | (1552) | (14.96)° | (21.41)° | (63.77)° (4.05)°
Datura metal 0.00 3.33 6.67 | 10.00 | 10.00 26.67 63.33 0.00
(leaf) (4.05)° | (11.29)° | (14.96)" | (18.90)° | (18.43)° | (31.08)* | (53.01)% (4.05)°
Solanum virginianum 13.33 | 20.00 | 20.00 | 30.00 | 30.00 20.00 50.00 0.00
(Fruit) (21.41)° | (26.91)* | (26.55)" | (33.51)" | (33.20)" | (26.55)" | (45.27)° (4.05)°
Helictres isora 0.00 0.00 | 16.67 | 1667 | 16.67 23.33 56.67 3.33
(Fruit) (4.05)° | (4.05)° | (24.09)° | (24.47)° | (24.09)° | (28.87)° | (49.10)*™ | (11.29)"
Lantana camara 0.00 0.00 3.33 6.67 6.67 13.33 76.67 3.33
(leaf) (4.05)° | (4.05)° | (10.52)% | (15.52)" | (14.96)° | (21.41)° | (61.43)™ (11.29)"
Curcuma longa 16.67 | 23.33 | 30.00 | 53.33 | 56.67 30.00 13.33 0.00
(rhizome) (24.09)° | (29.21)* | (33.20)* | (47.18)* | (48.81)* | (33.20)" | (21.83)' (4.05)°
NSKE 0.00 | 20.00 | 20.00 | 26.67 | 33.33 13.33 53.33 0.00
(5%) (4.05)° | (26.91)* | (26.55)" | (31.40)" | (35.55)° | (21.41)° | (46.89)" (4.05)°
Untreated check 0.00 0.00 0.00 0.00 0.00 0.00 100.00 0.00
(4.05)° | (4.05)° | (4.05)" | (4.05)" | (4.05" | (4.05)" | (89.96) (4.05)°
SE 0.65 1.40 2.77 1.25 1.30 1.81 3.65 0.53
CD(0.05) 1.34 2.88 5.70 2.58 2.67 3.72 7.52 1.10
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Table.5 Effect of selected aqueous plant extracts (10%) on the growth and development of the
diamondback moth, P. xylostella

Larval mortality (%) Pupal Adult emergence (%)
Treatments :

1DAT | 2DAT 3DAT | 4DAT | 5DAT | mortality (%) | Normal | Malformed
Andrographis 40.00 66.67 66.67 73.33 73.33 26.67 0.00 0.00
paniculata (leaf) (39.51)" | (55.02)* | (55.02)* | (59.21)° | (59.21)" (31.40) (4.05)° (4.05)
Jatropha curcas 10.00 10.00 26.67 53.33 63.33 23.33 10.00 3.33
(leaf) (18.90)° | (18.90)° | (31.40)° | (47.18)° | (53.01)° (29.21) (18.90)" (7.03)
Curcuma longa 13.33 20.00 26.67 50.00 53.33 26.67 20.00 0.00
(leaf) (21.83)° | (26.91)° | (31.40)° | (45.27)° | (47.18)° (31.40)? (26.91)° (4.05)°
Prosopis juliflora 46.67 70.00 73.33 86.67 90.00 10.00 0.00 0.00
(leaf) (43.36)* | (57.08)* | (59.21)* | (68.98)* | (72.02)* (18.90)° (4.05)° (4.05)°
Sesbania grandiflora 6.67 66.67 66.67 66.67 66.67 20.00 13.33 0.00
(leaf) (15.52)" | (55.02)% | (55.02)° | (55.02)° | (55.02)° (26.91)° (21.83)° (4.05)°
NSKE (5%) 13.33 20.00 26.67 50.00 53.33 0.00 46.66 0.00

(21.83)° | (26.91)° | (31.40)° | (45.27)° | (47.18)° (4.05)° (43.36)" (4.05)°
Untreated check 0.00 0.00 0.00 0.00 0.00 0.00 100.00 0.00

(4.05)0° | (4.05)" | (4.05)¢ | (4.05)° | (4.05)° (4.05)° (89.96)° (4.05)°
SE 3.60 2.83 3.17 4.87 5.70 1.32 0.67 0.24
CD(0.05) 1.68 6.07 6.80 10.44 12.23 2.84 1.44 0.52

Table.6 Anti-feedant activity of selected aqueous plant extracts (10%) on the diamondback

moth, P. xylostella

Leaf area fed (cm?) Antifeedant
Treatments activity (%)
1 DAT 2DAT 1DAT | 2DAT
Andrographis paniculata 3.82 5.32 46.64 50.83
(leaf) (11.27)° (13.33)°
Jatropha curcas 5.66 7.16 20.94 33.82
(leaf) (13.76)" (15.51)°
Curcuma longa 6.16 8.32 13.96 23.10
(leaf) (14.36)" (16.76)°
Prosopis juliflora 4.00 4.50 44.13 58.41
(leaf) (11.53)° (12.24)°
Sesbania grandiflora 4.00 5.16 44.13 52.31
(leaf) (11.53)° (13.12)°
NSKE (5%) 3.94 5.34 44.97 50.64
(11.44)° (13.36)°
Untreated check 7.16 10.82 0.00 0.00
(15.51)? (19.20)
SE 0.65 0.76
CD(0.05) 1.41 1.64 - -
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Table.7 Oviposition deterrent action of aqueous plant extracts (10%) on the diamondback moth,
P. xylostella by free choice test

Treatments No. of eggs laid Oviposition deterrence (%)
Andrographis paniculata 15.00 62.81
(leaf) (3.87)° '
Jatropha curcas 15.00
(Ieaf) (3.87)° 6281
Curcuma longa 10.00
(Ieaf) (3.16) 7521
Prosopis juliflora 10.33
(leaf) (3.21)° 74.38
Sesbania grandiflora 5.67
(leaf) (2.38)° 85.95
NSKE (5%) 23.67

(4.86)° 41.32
Untreated check 40.33 -
(6.35)°
SE 0.1266
CD (0.05) 0.2717

P. xylostella by no choice test

Table.8 Oviposition deterrent action of aqueous plant extract (10%) on the diamondback moth,

Treatments No. of eggs laid Oviposition deterrence (%)
Andrographis paniculata 25.67 30.63
(leaf) (5.06)° '
Jatropha curcas 22.00
(leaf) (4.69)° 40.54
Curcuma longa 16.67
(Ieaf) (4.08)" 54.95
Prosopis juliflora 14.33
(Ieaf) (3.78)" 61.26
Sesbania grandiflora 16.00
(Ieaf) (4.00)" 56.76
NSKE (5% 22.33

(5%) (472 39.64
Untreated check 37.00 -
(6.08)"
SE 0.1472
CD (0.05) 0.3158

Effect of selected plant products on the
larval mortality, pupal mortality and adult
emergence

Among the five botanical extracts tested at 10
per cent, maximum larval mortality was
recorded on Andrographis paniculata (40.00
%) on 1 DAT. Highest mortality recorded on
5 DAT was in P. juliflora (90.00 %) followed
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by A. paniculata (73.33 %), S. grandiflora
(66.67 %), J. curcas (63.33 %) and C. longa
(53.33 %). The pupal mortality was highest in
A. paniculata (26.67 %) which was
statistically on par with C. longa (26.66 %), J.
curcas (23.33%). No adult emergence was
recorded in P. juliflora and A. paniculata. The
malformed adult was observed in J. curcas
(3.33 %) (Table 5).
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Torres et al., (2001) also reported that P.
juliflora leaf extract was promising with 66.7
per cent larval mortality of P. xylostella. P.
juliflora was also found to cause 13.33 per
cent larval mortality of Spodoptera litura
(Nelson and Venugopal, 2006).
Chandrashekharaiah et al., (2015) also
reported that the aqueous leaf extract of
A.squamosa @ 10 per cent caused 66.70 per
cent larval mortality in P. xylostella.

Dadang et al., (2001) also recorded 16.7 per
cent pupal mortality of P. xylostella. The
higher pupal mortality caused by C. rotundus
might be due to the presence of a-Cyperone
that interfered with the adult emergence due
to their growth regulating effects in insects
which was documented in P. xylostella (Koul,
2009). The toxicity of T. tenuifolia and A.
calamus to Spodoptera litura pupa was
already reported by Nelson and Venugopal
(2006).

Death in the pupal stage is ascribed to the
slow action of plant products on growth
stages of insect or due to the enhanced
activity of plant constituents when assimilated
in insect tissues.

Similar effects were documented by
Senthamizhselvan and Muthukrishnan (1992)
against Spodoptera exigua and Valler and
Capinera (1993) against S. eridania.

Malformation of adults was observed in S.
litura  with  extracts of Trianthema
portulacastrum (3.33 %), Agave americana
(6.67 %), Ipomoea carnea (6.67 %),
Curcumis trigonus leaf (3.33 %), C. trigonus
stem (6.67 %), C. trigonus fruit (16.67 %),
Allium sativum (6.67 %), Anamirta cocculus
(10.00 %), Anethum graveolans (3.33 %),
Vitex negundo (10.00 %), C. longa (3.33 %),
Tribulus terrestris leaf (6.67 %) and T.
terrestris fruit (10.00 %) (Nelson and
Venugopal, 2006).
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Anti-feedant activity of plant extracts on P.
xylostella

The leaf area fed by larvae was recorded to
assess the anti-feedant activity of different
plant extracts. On 1 DAT the leaf area fed
was lowest in A. paniculata (3.82 cm2) which
was on par with P. juliflora (4.00 cm2), S.
grandiflora (4.00 cm2) and NSKE (5%) (3.94
cm2). On 2 DAT the leaf area fed was lowest
on P. juliflora (4.56 cm2). On 1 DAT, anti-
feedant activity was highest in A. paniculata
(46.64 %) followed by P. juliflora and S.
grandiflora (44.13 %). On 2 DAT, maximum
anti- feedant activity was observed in P.
juliflora (58.41 %) followed by S. grandiflora
(52.31 %) and A. paniculata (50.83 %) (Table
6). Hermawan et al., (1994) who recorded
lower leaf area consumed in leaves treated
with A. paniculata (4.32 cm2).

Oviposition deterrent activity of plant
extracts on P. xylostella

Free choice test

In free choice test, the number of eggs laid
ranged from 5.67 to 15.00 in the plant extract
sprayed plants as against 40.33 in the
untreated control (Table 7). The oviposition
deterrence was highest in S. grandiflora
(85.95 %) which was significantly higher than
all other plant extracts for P. xylostella. It was
followed by C. longa (75.21 %) and P.
juliflora (74.38 6%). The susceptible check,
NSKE (5 %) recorded an oviposition
deterrent of 41.32 per cent.

No choice test

The number of eggs laid by P. xylostella in no
choice test is presented in Table 8. Less
number of eggs was laid in P. juliflora extract
treated plants (14.33) followed by S.
grandiflora (16.00) and C. longa (16.67)
which were statistically on par. The
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oviposition deterrence percentage was found
to be the highest in P. juliflora (61.26 %)
followed by S. grandiflora (56.76 %) and C.
longa (54.95 %).

Strong ovipositional deterrence by melon fruit
fly has been observed when 5% neem oil and
5% alcohol extract of rambans were used.
(Tomar et al., 2001). Hermawan et al., (1994)
observed the anti-oviposition activities of the
fractions of extract from a tropical plant, A.
paniculata against Diamondback moth, P.
xylostella.
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