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ABSTRACT

Experiments were carried out at El-Riad district, Kafr El-Sheikh Governorate, seasons 2008/0% and 2009/10 to study
the population fluctuation of Plutella xylostella (L.) and its natural enemies in cabbage plantations, as influenced by
some weather factors, biopesticids and insecticides. Population density of P. xylostella peaked in January, Febrvary,
March and April. Surveyed spider species were found belong to nine families; Araneidae, Dictynidae, Lycosidae,
Linyphiidae, Miturigidae, Philodromidae, Salticidae, Theridiidae and Thomisidae. Maximum number of insect
predators (Paederus alfierii, Chrysoperia carnea and coccinellids) + spiders occurred in April. Six primary parasitoid
spectes; Trichogramma sp., Trichogrammatoidea sp., Cotesia plutellae Kurdjumov, Diadegma semiclausum (Hellén).
Brachymeria sp. and Oomyzus sokolowskii (Kurdjumov) and three hyperparasitoids; Tefrastichus sp., Gelis agilis
(Fabricius) and Trichomalopsis sp., were also recovered from P. xylostella. Spiders in 2008/09 and temperature in
2009/10 had highly significant negative effect on P. xylostella population. In the laboratory, Neomyl was the most toxic
compound to P. xplostella 2™ instar larvae, followed by Bermectine, while Bermectine was the most toxic compound to
4™ instar larvac, followed by Neomyl. The results showed that BioGuard was highly toxic, while Biofly was moderate.
Also, Neomyl and Bermectine were effective on egg hatchability, followed by Biofly (moderate), while BioGuard had
slight effect. All tested compounds under field conditions caused reduction in infestation of P. xylostella larvae.
Regarding the side effect of the tested compounds on predators, Neomyl was the highest while biopesticides were
slightly harmful. -
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INTRODUCTION

The diamondback moth (DBM), Plutella xylostella (L.) (Lepidoptera: Plutellidae) is a cosmopolitan pest
and is considered the most destructive insect pest on crucifers worldwide (Vandenberg ef al., 1998 and Goh
et al, 2005). In Indonesia, this pest has been reported as a primary factor in limiting the production of
cabbage (Brassica oleracea L.) (Ahmed et al., 1998). It causes a considerable damage to cabbage plants,
resulting in many losses particularly leaf quality.

Parasitoids are of great importance to regulate the population density of many of their hosts (Monnerat et
al., 2002 and Kassem er al, 2008). The hymenopterans parasitoids can play an important role in the
population regulation of P. xplostella (Talakar and Shelton 1993). The parasitoid species; Cotesia plutellae,
Diadegma insulare and Trichogramma spp. are important factors in controlling diamondback moth
populations (Fitton and Walker, 1992 and Azidah et al, 2000). The solitary larval endoparasitoid,
C. plutellae (Kurdjumov) was found as one of the major parasitoid of P. xylostella (Schuler et al., 2004). In
brassica growing areas of Southeast Asia, where the strategy of parasitoid release is likely to be most
successful, two species of hymenopteran endo-larval parasitods, the ichnewmnonid, Diadegma semiclausum
and the braconid C. plutellae, have established (Azidah ef al., 2000),

Disadvantages of chemical insecticides serve as a strong impetus for the development of alternative insect
control measures. Particular atfention, in recent years has been focused on biological control agents;
including certain fungi and bacteria (Salem ef al., 2007 and Oke ef al., 2010).

The present work aimed to study seasonal abundance of diamondback moth attacking cabbage plants and its
associated natural enemies under certain climatic factors, and the efficiency of some compounds on eggs and
larvae of P. xylostella under laboratory conditions.

MATERIALS AND METHODS

The present study was conducted at El-Riad district, Kafr El-Sheikh Governorate, Egypt for two seasons
2008/09 and 2009/10.

Population fluctuation of diamoendback moth and natural enemies in cabbage

Cabbage seedlings (Berassica oleracea var. capitata Linneu) were transplanted in three plantation dates;
on 15 August, 20" November and 26" February in both seasons. An area of about a half feddan was divided
into four equal plots and considered as four replicates. The cabbage plants were weekly examined, one
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month after transplanting, till the end of the crop season. At each inspection, 40 cabbage plants were
inspected and number of P. xylostella (eggs, larvae and pupae) and associated natural encmies were counted
on ten plants/ replicate in the field. Samples from diamondback moth larvae and pupae were collected,
counted, kept and reared in the laboratory.

Spider catches were transferred to the laboratory. Individuals of spiders were classificd for identification
and counting.

The collected larvae were introduced individually into Petri dishes and provided with sections of cabbage
leaves for feeding. The leaves were replaced every other day, until P, xylostelia pupae or parasitoid cocoons
~ formed. Also, the diamondback moth pupae were introduced into glass tubes. Egg, larvae and pupae of the

pest were daily observed till the emergence of parasitoids, or diamondback moth adults. Emerged parasitoids
were identified and their seasonal abundance was monitored. The pest larvae that escaped or died for
unknown reasons and pupae that failed to emerge were excluded from the calculation of parasitism.

Climatic factors
Daily mean temperature and relative humidity were obtained from the Meteorological Station at Rice
Research and Training Center at Sakha Agricultural Research Station, Sakha, Egypt.

Efficacy of the tested compounds against diamondback moth and predators

Tested chemicals and biocontrol agents

A- Pesticide: methomyl (neomyl) 90% Sp at 150 g /100L water.

B- Biopesticides: 1- abamectin (Bermectine) 1.8% EC at 40 ml /100L water.

C- Biofly (Beauveria bessiana) (Balsamo) (fungus) 3 X10’ conidia/ml, at 150 ml/100 L water.
D- BioGuard (Bacillus thuringiensis) (bacteria} 30 million [U/g) at 250g/100L water.

Laboratory assessments

Toxicity tests of compounds were estimated by leaf disc dip technique, according to Siegler (1947).
Formulated compounds were diluted to certain concentrations (ppm) and Biofly (conidia/ ml). Four discs
from cabbage leaves were dipped in each concentration for 5 seconds and left to dry. Then, 10 larvae of
diamondback moth were transferred to each disc. In case of eggs of diamondback moth, the discs containing
the eggs were dipped in different concentrations of each treatment for 5 seconds. The discs were placed on
moist filter paper, rested on moist cotton wool pad mounted in Petri dishes. Mortality counts were estimated
24, 48 and 72 hours after application. Mortality was corrected according to Abbotts Formula (1925).

Field assessments

Toxicological studies were carried out at a private field of cabbage (a half feddan) at El-Riad district, Kafr
El-Sheikh Governorate during 2008/09 and 2009/10 seasons. The tested compounds were applied at
recommended doses using a knapsack sprayer with one nozzle, Each treatment was replicated four times, in
addition to an untreated area (check). The compounds were sprayed on 26® and 5" March in both seasons,
respectively. The experiment was designed in a complete randomized block design.

Counts of P. xylostella larvae, eggs and predators were recorded before spraying on 40 cabbage plants/
treatment. Counts were also recorded 1, 3, 5, 7, 10 and 14 days after application for P. xylostella larvae. Laid
P. xylostella eggs were marked and counted on cabbage leaves. Again, these eggs were counted to calculate
their hatchability, when the hatchability of eggs in control treatments reached 95%. Percentage of reduction
was calculated according to Henderson and Tilton (1955) equation.

RESULTS AND DISCUSSION

Population fluctuation of Plutella xylostella

Data illustrated in figs. (1&2) show the population density of P. xylostella eggs, larvae and pupae on
cabbage plants in 2008 /09 and 2009 /10 seasons. In both seasons, infestation reached its peak on
1t December, st . 26" March and 9% April, for eggs, 25" December, 5* February, 26" March and 9% April
for larvae and 29™ January and 9™ April for pupae in 2008/ 09 (Fig. 1). It peaked on 5™ March and 16™ April
for eggs, 25" December, 5™ February, 19® March and 2 April for larvae and 29* January, 19" February and
2*0 April for pupae, respectively in 2009/10 ( Fig. 2). Mitchell ef al.,, (1997) found that numbers of DBM
larvae per collared were inconsequential until mid-March and then increased rapidly to peak in late April.
Densities of DBM larvae on collared plants in each collection date were greater than that on cabbage plants
in the field. Maxwell and Fadamiro (2006) showed that infestation levels of the DBM varied with growing
season. Generally, relatively higher population of the P. xylostella was recorded in spring season compared
to the fall season.
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Fig. (1): Population fluctuation of Plutella xylostella on cabbage plants at El-Riad district, Kafr El—SEkh
Governorate in 2008/09 season.
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Fig. (2): Population fluctuations of Plutella xylostella on cabbage plants at El-Riad district, Kafr El-Shetkh
Governorate in 2009/10 season.
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Fig. (3): Population fluctuations of predators on cabbage plants at El-Riad district, Kafr El-Sheikh
Governorate in 2008/09 season.
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Survey of parasitoids and hyperparasitoids

The survey of parasitoid species revealed the presence of two egg-parasitoid species:
Trichogrammatoidea sp. and Trichogramma sp. (Fam.: Trichogrammatidae) recovered from the collected
eggs of P. xylostella, two larval parasitoid species; Cotesia plutellae Kurdjumov (Fam.: Braconidae) and
Diadegma semiclausum (Hellén) (Fam.: Ichneumonidac) emerged from the larvae and Brachymeria sp.
(Fam.: Chacididae emerged from the pupae. In addition, Oomyzus sokolowskii (Kurdjumov) (Fam.:
Eulophidae) attacked the pest larvae, but emerged from the pupal stage. Three hyperparasitoid species;
Tetrastichus sp. (Fam.: Eulophidae), Gelis agilis (Fabricius) (Fam.: Ichneumonidae) and Trichomalopsis sp.
(Fam.: Pteromalidae) recovered from the primary parasitoid; C. plutelice.

Abbas and El-Dakroury (1985) reported two larval parasitoids on P. xylostella, they were Diadegma
semiclausum Hellen and Apanteles sp., and one larval-pupal parasitoid; Tetrastichus sokolowskii Kur. Also,
Hassanein (1958) recorded Micropiitis plutellae, Apanteles sp., Meteorus sp. and Brachymeria femorata as
parasitoids of diamondback moth larvae or pupae in Egypt.

3- Survey and population fluctuation of predators

The study revealed the occurrence of Paederus alfierii and Chrysoperia carnea as well as the
Coccinellids; Coccinella. undecimpunctata and Scymnus spp. Also, nine families of spiders were surveyed,
Araneidae, Dictynidae, Lycosidae, Linyphiidae, Miturigidae, Philodromidae, Salticidae, Theridiidae and
Thomisidae.

Population densities of the predators are presented in figs. (3 and 4). In 2008/09 and 2009/10 seasons,
C. carnea was the most dominant predator and P. alifierii population was the least one. The highest
population density of P. alfierii was recorded on 4™ and 25® December, 15™ January and 9" April in 2008/09
and 4" December, 5 March and 23" April in 2009/10 (Fig. 3 and 4). Highest population of C. carnea was
recorded on 6™ November, 29™ January and 9® April in the first season, and on 18" December, 15 January,
5" 19" March and 16" April in the second season (Figs. 3 and 4). Coccinellids were recorded on 9" and 23"
April in the first season and on 19™ March and 23™ April. Highest population of spiders was recorded on 6"
November, 11 December, gt January and 30" April in 2008/ 09 and gt December, 15" January, 5" March
and 30™ April in 2009/10, respectively (Fig. 5).

Effect of climatic factors and predators on diamondback moth

Data in table (1) show that the temperature induced significant negative effect in 2008/09 and highly
significant negative effect in 2009/10 on the population of DBM. Relative humidity had insignificant
positive effect in 2008/09 and insignificant negative effect in 2009/10. The predators; P. alfierii, C. carnea
and coccinellids had significant positive effects in 2008/09 and insignificant positive effects in 2009/10.
Wakisaka et al., (1992) found that temperature higher than 30° delayed the development of diamondback
moth and reduced the survival of immature stages and fecundity of females.

Spiders had highly significant negative effect in 2008/09 and insignificant positive effect in 2009/10.
Henry (2008) reported that spiders feed on DBM eggs, larvae and pupae and further contribute to their
mortality. Cordero (2009) found that a high percentage of DBM are killed during periods of heavy
precipitation from disease and dislodging from the plants. Predators, entomopathogens and parasitoids attack
all stage of DBM.

Combined effect of temperature, relative humidity and predators on Plutella xylostella

In general, combined effect (percentage of explained variance, Table 1) of the three factors on DBM was
higher in the first season than in the second one. These interactions induced the greatest effect against the
pest (50.80 and 40.20 %) in 2008/09 and 2009/10 seasons, respectively.

Laboratory studies
Toxicity of tested compounds to diamondback moth larvae and eggs

Results in table (2) indicated that Neomyl was the most toxic compound to P. xylostella 2" jnstar larvae,
followed by Bermectine, with LCso values of 1.35 and 22.34 ppm after 24 hours, respectively. Bermectine
was the most toxic compound to P. xylostella 4™ instar larvae, followed by Neomyl, with LCs, values of
33.24 and 183.78 ppm after 24 hours, respectively.

Neomyl and Bermectine, with the recommended rate, half or quarter dose, are the most effective
compounds on P. xylostella eggs. Biofly was moderate at the recommended rate, except half and quarter
doses, which were less effective. BioGuard had slight effects on P. xylostella eggs at recommended rate
(Table, 3).
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Fig. (4): Population fluctuations of predators on cabbage plants at El-Riad district, Kafr El-Sheikh

Governorate in 2009/10 season.
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Fig. (5): Population fluctuations of spiders on cabbage plants at El-Riad district, Kafr El-Sheikh

Govermnorate.

Table (1): Partial correlation (r) and regression coefficient (B) between each of climatic factors, predators
and the population of Plutella xylostella on cabbage at El-Riad district, Kafr El-Sheikh Govemorate

seasons 2008/0 and 2009/10

Season Variables Plutella xylostella
r B E.V%
Mean temperature (c®) -0.3501° -0.741"
2008/09 Mean R.H (%) 0.1196 0.216 50.80
Predators 0.6130° 3.871"
Spiders -0.5746" -0.635"
Mean temperature (c°) -0.6053" -1.414"
2009/10 Mean R.H (%) -0.2552 -0.412 40.20
Predators 0.1145 0.361
Spiders 0.2254 0.363
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Table (2): Efficacy of tested compounds against Plutella xylostella larvae under laboratory conditions

Second instar

ComC]l)oun Unit LCs Confidence limits for LCsp  Slope LCoq Confidence limits for LCqq
Lower Upper Lower Upper
Neomyl ppm 1.35 0.071 3s1 0.56 266.37 184.71 82934.99
Bermectine ppin 22.34 18.39 26.39 1.46 169.82 117.71 288.11
Biofly conidia‘'ml 36861.83 31894.79 4232202  2.23 138840.00 107920 200640
BioGuard ppm 47.70 39.10 58.01 1.40 395.00 265.60 706.64
Fourth instar
Neomy! ppm 183.78 153.00 217.55 1.65 1104.31 824.66 1653.45
Bermectine ppm 33.24 27.73 40.52 1.51 235.47 159.16 414.06
Biofly conidia/ml 30341.90 25617.81 35153.37 209 124790.00 96663.73 182350.00
BioGuard ppm 36.14 28.96 44,05 1.37 313.66 214.62 548.20

Table (3): Potency of tested compounds in reducing Plutella xylostella eggs hatchability under laboratory

conditions
Rate /100 liter of No. of treated eggs 0
Compound water Hatchability Unhatchability ~ ° "atched eggs
Pesticide 150 g 00.00 40.00 00.00
Neomul 75 g 00.00 40.00 00.00
Y 375¢g 1.00 39.00 2.50
Biopesticides
40 mt 00.00 40.00 00.00
Bermectine 20 ml 00.00 40.00 00.00
10 ml 2.00 38.00 5.00
150 ml 20.00 20.00 50.00
Biofly 75 ml 34.00 6.00 85.00
37.5 ml 38.00 2.00 95.00
. 250 g 34.00 6.00 85.00
~ BioGuard 125g 40.00 00.00 100.00
62.5¢g 40.00 00.00 100.00
Untreated* _ 40.00 00.00 100.00

Table (4): Potency of tested compounds in reducing Plutella xylostella larvae populations on cabbage plants
at El- Riad district, Kafr El-Sheikh Governorate, seasons 2008/09 and 2009/10

% Reduction

Number
Rat‘.:/ g pre- — - —
Compound 100 liter 8  reatment Initial Residual effect after indicated days Residual - o
of water @ /10 ol effect effect
piants o 3 5 7 10 14 average
o average
Pesticide
Neomyl 150 g 52.25 99.13 98.34 98.06 9654 9477 86.12 94 77 95.49
Biopesticides S_

Bermectine 40ml X 47.50 97.11 9676 9693 9551 B88.88 75.89 90.79 91.85
Biofly 150ml & 42.75 54.08 9098 9543 9463 8143 71.35 86.76 81.32
BieGuard 250 g 40.00 73.78 86.10 65.33 6238 40.88 35.67 58.07 60.69

Untreated* - 56.25 58.75 61.00 64.25 67.50 71.25 7550 - -

Pesticide
Neomyl 150 g 52.75 100,00 99.62 99.33 98.67 9575 85.56 95.79 96.49
Biopesticides =

Bermectine 40 ml § 43.00 98890 99.56 9880 97.61 93.55 73.58 92.62 93.67
Biofly 150ml & 46.50 5547 9196 9698 96.81 8455 74.56 88.97 83.39
BioGuard 250 g 43.50 7249 86.74 6528 6344 3897 3397 57.68 60.15

Untreated* - 58.75 60.00 66.50 76.00 8025 7425 78.75 - -

* Numbers
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Table (5): Potency of tested compounds in reducing Plutelia xylostella egg hatchability on cabbage plants at
El-Riad district, Kafr EI-Sheikh Governorate seasons 2008/09 and 2009/10

Compound Rate /100 liter of season Av. Number of eggs  Av. Of hatched % Reduction in egg
waler pre- treatment eges hatchability

Pesticide
Neomyl 150 ¢ 48.50 1.25 : 97.42
Biopesticides

Bermectine 40 ml 2008/ 40.25 1.25 97.22
Biofly 150 ml] 09 31.00 18.75 3933
BioGuard 250 g 31.50 30.50 3.26
Untreated®* - 46.00 45.00 -
Pesticide

Neomyl 150 g 47.75 2.00 96.19
Biopesticides

Bermectine 40 ml 2009/10 43.25 2.00 95.82
Biofly 150 ml 34.25 24.50 28.49
BioGuard 250 g 3525 33.50 4.84
Unftreated* - 43.75 43.75 -

* Numbers

Table (6): Potency of tested compounds in reducing predator’ populations on cabbage plants at El-Riad
district, Kafr El-Sheikh Governorate seasons 2008/09 and 2009/10

Number % Reduction
Rate/liter § P& [nitial . . Residual Grand
Compound of water § treatment o ffct Residual effect after indicated days effect  averag
/10 plants 9 3 5 7 10 14 average e
Pesticide
Neomyl 150 g 26.25 37.09 3178 24.05 17.55 10.24 3.80 1748 2075
Biopesticides o
Bermectine 40 ml %‘ 25.75 5.73 2.25 00.00 00.00 00.00 00.00 045 1.33
Biofly- - 150ml § 25.25 5.27 2,01 00.00 00.00 -00.00 -60.000 - 0.40 1.21
BioGuard 250 g 27.00 .70 0.09 0000 00.00 00.00 00.00 0.02 0.13
Untreated* - 28.50 30.50 32.00 33.75 35.00 36.50 38.25 - -
Pesticide
Neomyl 150 g 26.75 33.19 2747 2231 1523 745 212 14.92 17.96
Biopesticides <
Bermectine 40 ml § 25.75 4.51 171 00.00 00.00 00.00 00.00 0.34 1.04
Biofly 150ml & 25.50 4.87 1.40  00.00 00.00 00.00 00.00 0.28 1.05
BioGuard 250¢ 28.50 00.00 00,00 0000 00.00 00,00 00,00 00.00 ©00.00
Untreated* - 29.00 30.75 3225 3550 37.00 3925 40.00 - -
* Numbers

Toxicity of Biofly and BioGuard are presented in table (2). Results showed that the LCs to P. xylostella
2" and 4™ instar larvae after 72 hours were 36861.83 and 30341.90 conidia/ ml for Biofly and 47.70 and
36.14 ppm for BioGuard, respectively. Success and Kryocide generally maintained larger-sized DBM Jarval
numbers below or similar to the untreated check at most rating dates. The current data agree with those of
Ahmad (1999) and Goh et a/. (2005).

Follow—up the potency of compounds

Effect of the tested compounds on P. xylostella larvae is presented in table (4). Data revealed that Neomyl
was the most potent compound in reducing the population density of DBM in 2008/09 and 2009/10 seasons,
with reduction rate of 95.49 and 96.49 %, respectively. Neomyl was followed by Bermectine and Biofly.
Biofly showed suitable residual effect, since it reduced the population with > 80 %, BioGuard was the least
effective compound.

Chalfant (1992) showed that the pyrethroid insecticides tested including permethrin and esfenvalerate
were generally incapable of controlling the DBM, although the high rates produced more than 95%
marketable heads in some tests. Microbial pesticide (B. thuringiensis Berlliner) products; Dipel, Javelin,
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Cutlass and MVP were moderately effective against the pest. Soares and Quick (1992) showed that B.
thuringiensis variety kurstaki was highly active against DBM. Yasudomi ef af, (1992) found that
benfuracarb was effective up to 28 day after application against DBM. Over 90 % control was observed up to
28 days after application. Umeda et al. (1997) stated that cabbage treated by Xentari, Alert, Confirm and
Proclaim exhibited larger-sized DBM larvae as compared to the check. Maxwell and Fadamiro (2006),
Salem ez al., (2007) and Oke er al.,, (2010) reported that microbial pesticides gave satisfactory results against
diamondback moth.

Of the three tested insecticides to control DBM P. xylostella in cabbage, Teflubenzuron was found to be
the most effective, followed by Lufenuron, while the least effective insecticide was B. thuringiensis
{Oke, 20083).

Neomyl and Bermectine were the most effective compounds in reducing DBM eggs. While Biofly was
the least effective compound. BioGuard had slight effects in this in respect (Table, 3).

Predators

Side toxic effects of tested compounds on the predators are summarized in table (6). Data revealed
that Neomyl was the highest harmful compound against predators. The other tested compounds had slight
affects. Yasudomi et af,, (1992) studied the effect of benfuracarb 5 arthropods was investigated when 2g of
the granules were applied to broccoli in the field, no adverse effect was observed on the population
of spiders, important predators of diamondback moth. Maxwell and Fadamiro (2006) recorded that
no significant effects of bioinsecticide treatments on numbers of spiders and lady beetles found per plant
in cole crop in Alabama.

In conclusion, P. xylostella population peak was in January, February, March and April. Spiders were the
most dominant predators. Natural enemies, especially predatory spiders and parasitoids, can be important
against the pest on cabbage plants. A combined effect of predators and weather factors on the population
density of P. xylostella was higher in the first season than in the second one. Neomyl was the most toxic
compounds on P. xylostella (eggs and larvae) and predators. The biopesticides proved to be promising and
could be used as alternative insecticides in the future for controlling P. xylostella and be safe at the same
time for natural enemies.
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