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Introduction

Abstract

The diamondback moth Plutella xylostella (Linnaeus, 1758) (Lepidoptera:
Plutellidae) is an herbivorous specialist on Brassicaceae species. Brassicas
spp. plants developed a range of defenses (chemical, physical, and mor-
phological) to prevent herbivores attack. In this study, we reported the
antixenotic and antibiotic effects of outermost layer of two species of
epicuticular wax of Brassicaceae, Brassica oleracea L. var. “Santo
Antonio,” and Hybrid Kope F1 100MX, on larvae and adult of
P. xylostella. In the choice experiment, P. xylostella adults showed an
oviposition preference for collard cultivars Santo Anténio (control) and
Hybrid Kope F1 100MX with wax removal. In the no-choice experiment,
oviposition was 6.4 times higher in the Hybrid Kope F1 100MX with wax
removal than without wax removal. There were significant differences
among larvae feeding on leaf disks of Hybrid Kope F1100MX in the treat-
ments with (65.3 mg) and without wax removal (23.5 mg). The net repro-
duction rate (R,), and intrinsic (rm) and finite rates of increase (M) of
P. xylostella in the cv. Santo Ant6nio were bigger in the treatment without
wax removal (R, = 50.4, rm = 0.23 and A = 1.26) than treatment with wax
removal (R, = 28.5, rm = 0.20 and A = 1.22). However, only the R, value
was affected by mechanical wax removal in the Hybrid Kope F1 100MX
(with wax removal R, = 43.3 and without wax removal R, = 30.8). In
conclusion, the results indicate that collard’s wax is important to accessi-
bility and development of P. xylostella, and its removal changes the resis-
tance of collard’s varieties to P. xylostella.

potential host plants by insects represents, one, the first step to
develop new control strategies of this insect.

The diamondback moth Plutella xylostella (Linnaeus, 1758)
(Lepidoptera: Plutellidae) is an oligophagous pest that special-
izes in consumption of cultivated and uncultivated plants of the
family Brassicaceae (Baek et al 2005, Asghari et al 2009,
Rondelli et al 201). P. xylostella has developed resistance to
chemical and microbial insecticides (Schuler et al 1998, Baek
et al 2005, Ferré et al 1991, Wang et al 2015), and alternative
strategies to control this insect are required. The knowledge of
plant chemicals that plays a role in acceptance or rejection of
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Plant surface attributes are expected to be important fac-
tors influencing host selection by phytophagous insects
(Chapman 1977). Several studies show that P. xylostella lo-
cate the sites of feeding and oviposition through olfactory,
gustatory, and tactile senses triggered by compounds pro-
duced in host plants (Bukovinszky et al 2005, Hopkins et al
2009, Fathi et al 2011, Badenes-Perez et al 2014). On the
other hand, some components of plants’ defense system
have a direct action on development, fecundity, survival,

@ Springer


http://crossmark.crossref.org/dialog/?doi=10.1007/s13744-017-0493-3&domain=pdf

Silva et al

and behavior of phytophagous insects (Awmack &
Leather 2002, Hasan & Ansari 2011). This defense com-
pounds may reduce the viability and the resource loca-
tion for eggs, prolong the development time of larvae,
reduce weight and viability of pupa, and reduce fecundi-
ty and fertility of adults (Miller et al 2010).

Glucosinolates are secondary metabolites found in
Brassicaceae and related families with defensive functions
against the attack of phytophagous insects (Halkier &
Gershenzon 2006, Hopkins et al 2009). Glucosinolates are
biosynthesized from several amino acids and different metabol-
ic processes (Kliebenstein et al 2005, Grubb & Steffen, 2006,
Ishida et al 2014). Glucosinolates are activated by myrosinases;
however, these compounds are stored in different compart-
ments of plant tissue (Koroleva et al 2000, Husebye et al
2002). When the plants are damaged by phytophagous insects,
these compounds are converted by plants into toxic forms to
insects (Stadler 2002, Sun et al 2009). However, P. xylostella
uses the glucosinolates as cues for the location and recognition
of Brassica species. Furthermore, previous studies have shown
that application of glucosinolates in substrates and on non-host
plants stimulates oviposition of P. xylostella (Spencer et al 1999,
Renwick et al 2006).

The glucosinolates, alkenes, paraffin, and saponins are the
main constituents of waxes from the leaves of Brassica spe-
cies (Spencer et al 1999, Renwick et al 2006, Badenes-Perez
et al 2014). The composition and quantity of wax vary
between cultivars, and they can influence the resistance of
Brassica species and cultivars against phytophagous insects.
Ulmer et al (2002) and Fathi et al (2011) showed that cultivars
of Brassica oleraceae with high wax content affected nega-
tively the developmental time and survival of larvae and fe-
cundity and choice of oviposition site of females of
P. xylostella. In addition, mechanical remotion of leaf waxes
of their host plant affected the oviposition preference of
insects (Miller & Hilker 2001). These evidences suggest that
epicuticular waxes contain crucial information for host plant
choice. However, details about the nature of such com-
pounds and their importance to oviposition and fitness of
P. xylostella should be better elucidated.

In this study, we aim to examine the influence of epicu-
ticular wax on oviposition choice and fitness of P. xylostella
on collard cultivars.

Material and Methods

Insect colony

Adults and larvae of P. xylostella used in the bioassays were
obtained from an insect colony maintained in the Laboratory

of Pest Management at the Federal University of Vigosa
(UFV). The original population was collected from cabbage
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crops in the field experimental station of the University of
Vigosa. The colony was maintained at 27 + 0.5°C, relative air
humidity of 75 + 5%, and a photoperiod of 12 h in four wood-
en cages (40 x 40 x 40 cm) covered with organza: one cage
for oviposition, one with first instar larvae, one with larger
larvae (second, third, and fourth instar), and one for pupa-
tion and adult emergence (Bacci et al 2009, Silva et al 2011).
The larvae were fed with collard leaves of cv. Manteiga
Hibrida grown in greenhouse without insecticide residues.

Plants of collards

The two cultivars of collards (Brassica oleracea var. acephala)
used in the experiment were the cvs. Santo Antonio (SA) and
Hybrid Kobe F1 1000MX (Hy). The cv. Santo Antonio has
glossy leaves that are indicative of low wax production. The
variety Hybrid Kobe F1 1000MX has non-glossy leaves. The
variety cv. Santo Ant6énio was obtained from stem cuttings of
plants from a germplasm bank of the Horticulture
Department of UFV. The cv. Hybrid Kobe F1 1000MX was
obtained through the sowing of seeds in styrofoam trays of
200 cell. The plants used in the bioassays were transplanted
to pots of 5 L. Pots were filled with substrate in the propor-
tion of two-thirds of clay and one third of cattle dung. The
fertilization and the cultural practices were as recommended
to collards (Filgueira 2008). The plants were maintained
without application of insecticides.

Methods

The oviposition preference of P. xylostella was verified
through two experiments (choice and no-choice). In the ex-
periments with choice, four treatments were set as follows:
(1) leaves of cv. Santo Antonio used as control (SA), (2) leaves
of cv. Hybrid Kobe F1 1000MX (Hy), (3) leaves of cv. Hybrid
Kobe F11000MX with wax removal (HyWR), and (4) leaves of
cv. Hybrid Kobe F11000MX with pin holes (HyD) to simulate
the injury caused by wax removal of treatment 3. Hydrophilic
cotton was moistened with chloroform to remove the wax
on both sides of leaves in the treatment number 3.

In the experiment without choice, just leaves of cv. Hybrid
Kobe F11000MX were used. The collards leaves were divided
into two slices (left and right). On one half of the leaf, the
wax was removed (HySWR) in the adaxial and abaxial faces,
and the other half the wax was not removed (HySW).

The experimental design was in randomized blocks with
five replication of each treatment; each replication consisted
of a wooden cage with 100 x 100 x 80 cm dimensions cov-
ered with organza. In each cage, 25 couples of adult
P. xylostella (of 2 days old) were released and the number
of eggs was counted after 24 h.

The effect of wax removal on foliar consumption by larvae
was assessed by running four treatments. The first treatment
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consisted of a disk (8 cm diameter) of collards leaves cv.
Santo Antbnio without the wax removal (SA), the second
treatment consisted of disks of collards leaves cv. Santo
Antonio with wax removal (SAWR), the third treatment
consisted of the leaf disks of collards leaves cv. Hybrid Kobe
F1 1000MX without wax removal (HyWR), and the fourth
treatment was a disk of collards leaves of cv. Hybrid Kobe
F11000MX with wax (Hy). The wax was removed using cot-
ton moistened in chloroform. The disks were kept in plastic
pots of 500-ml capacity, and then 10 larvae of P. xylostella of
the third instar were placed in each pot which was kept in a
rearing chamber at 27 £ 0.5°C, 75 * 5% relative humidity, and
12-h photoperiod. The larval instar was determined by obser-
vation of cephalic capsule width (Agerbirk et al 2003).

After 24 h, the larvae were removed and the leaf disks
masses were measured in an analytical scale (precision of
0.0001 g, Sartorius BP 210D, Gotingen, Alemanha). The leaf
disks were then packed in paper bags and dried in an oven
with forced air circulation (Marconi, model MA037) at 60°C
for 48 h. After drying, the disk masses of leaves were again
measured for consumption estimation.

The moisture content calculated for infested disks (Eg. 1)
was used to calculate the mass of disk leafs dry matter before
the infestation. The calculation was done using Eq. 2:

Moisture content (%); MC = [ X100 (1)

W x Mc i
Dry mass consumed (mg); DM{ {W—( 100 )]—W/d}

(2)

where Wi = weight of infested disks before drying,
Wid = weight of disks after drying, W = weight of the disks
before the infestation.

Wi- Wid]

Biological life table

Life tables were constructed to verify the effect of wax re-
moval in collards on the survival of P. xylostella larvae. The
life table was built according to Southwood (1978) and
Golizadeh et al (2009). Neonate larvae (age < 4 h old) were
transferred to plastic pots of 500 ml containing a leaf disk of
collards of one of four treatments: (1) leaves of collards cv.
Santo Anténio (SA), (2) leaves of collards cv. Santo Ant6nio
with wax removal (SAWR), (3) leaves of collards cv. Hybrid
Kobe F1 1000MX (Hy), and (4) leaves of collards cv. Hybrid
Kobe F1 1000MX with wax removal (HyWR). Each pot re-
ceived 10 larvae.

The experimental design was completely randomized with 12
repetitions of each treatment. The pots were placed into a
rearing chamber at 27 + 0.5°C, 75 * 5% relative humidity, and

12-h photoperiod. When the disks began to change color, they
were replaced by others of the same treatment. Larvae mortal-
ity was evaluated daily until they become pupae.

The pupae were weighed and sexed and those not giving
rise to adults were considered dead by physiological disor-
ders. Adults that emerged were transferred to cages
(40 x 40 x 40 cm) to evaluate fecundity and were offered
collard leaves of the same treatment as during the larval
development.

Statistical analysis

The results of experiments where the larvae had a choice of
leaves were subjected to analysis of variance (one-way
ANOVA; PROC ANOVA; SAS System 2002), and averages
were compared by Tukey’s HSD test (p < 0.05). The con-
sumption of leaf area, the weight of pupae, and the oviposi-
tion of adults were compared by paired t test (p < 0.05). The
data fit the homogeneity of variance and normality of the
errors; therefore, there was no need for the transformation
of data. The emergence of adults and the parameters of life
table were compared by paired Student’s t test by two
means (SAS System 2002). The program SigmaPlot 12.5
(Systat SoftWare®) was used to build up out the figures.

The life table parameters were calculated by the following
formulas:

Net reproductive rate (R,); Ro = Ylm,

Time of generation (7); & = (5/,m, x)/Ro

Intrinsic rate of growth (r,.); rm = In(Ro)/T

Finite rate of growth (A) in day™; A=e™

where x is the age of adults in days, Ix is the survival to age
x, and mx is the number of eggs produced in the age x.

Results

In the choice test, there was a difference in oviposition pref-
erence of adults of P. xylostella by collards leaves of the
different treatments (F = 7.34, df = 12, p < 0.001). SA treat-
ment leaves were most preferred for oviposition followed by
HyWR treatment and the Hy and HyD treatments were
equally preferred (Fig 1a). In the no choice test, adults of
P. xylostella had a higher preference for oviposition on the
side of the collard leaf in which the wax was removed
(t =10.72, df =18, p < 0.001) than on the side in which the
wax was not removed (Fig 1b).

There was no difference between the foliar mass con-
sumption by P. xylostella larvae on the collard cv. Santo
Antonio of both treatments, i.e., with and without wax re-
motion (t = 1.37, df = 38, p = 0.178). However, in the com-
parison between the disks of cv. Hybrid Kope F1 100MX,
there were significantly higher consumption on the disks
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Fig1 Oviposition of Plutella xylostella in collard leaves (27 + 0.5; 75 + 5%). a Choice Test. b No-choice Test no. “Means followed by the same letter are
not significantly different (Tukey’s test, p < 0.05). *Significant t test (p < 0.05). SA cv. Santo Antonio, Hy cv. Hybrid Kobe F11000MX with wax, HyD cv.
Hybrid Kobe F11000MX with epicuticular wax and damaged by pin, HyWR cv. Hybrid Kobe F1 1000MX with epicuticular wax removed, HySW leaf slice
cv. Hybrid Kobe F11000MX with epicuticular wax, HySWR leaf slide cv. Hybrid Kobe F1 1000MX with epicuticular wax removed.

with wax removal (HyWR) when compared with disk without
wax removal (Hy) (t = 13.23, df = 38, p < 0.001) (Fig 2).

The weight of the resulting pupae in the treatments with and
without wax removal in collards leaves cv. Santo Anténio did
not differ among themselves (t = 0.55, df = 172, P = 0.58); the
same occurred in cv. Hybrid Kope F1 100MX in treatments with
and without wax removal (t = 1.34, df =157, p = 0.18) (Fig 3).

The average number of adult P. xylostella emerged from
larvae feeding with collards leaves cv. Santo Ant6nio without
removing wax (65.4 + 3.0) was the same to those with wax

removal (66.4 + 2.9) (t = 0.22, df = 22, p = 0.86). The same
occurred in cv. Hybrid Kope F1 100MX; there was no difference
between the emergence of adults from larvae developed in
treatment without wax removal (65.4 * 5.8) and with wax re-
moval (59.3 + 7.5) (t = 0.66, df = 22, p = 0.51) (Fig 4 and Table 1).

The fecundity of adults of P. xylostella emerged in both va-
rieties was affected, with statistical differences among leaves
with and without wax removal cv. Santo Antonio (t = 10.05,
df =10, p < 0.001) and cv. Hybrid Kope F1 100MX (t = 6.94,
df =10, p < 0.001). Greatest fertility was observed in the cv.
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Fig 2 Matter consumed by larvae of Plutella xylostella on collard leaf
disks (27 £ 0.5; 75 + 5%). a Larvae developed on leaf disks of collards cv.
Santo Antonio. b Larvae developed on leaf disks of collard cv. Hybrid
Kobe F11000MX. *Significant t test (p < 0.05). SA cv. Santo Antonio with
epicuticular wax, SAWR cv. Santo Antonio with epicuticular wax
removed, Hy cv. Hybrid Kobe F1 1000MX with epicuticular wax, HYWR
cv. Hybrid Kobe F11000MX with epicuticular wax removed.
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Fig 3 Weight of Plutella xylostella pupae (27 + 0.5; 75 + 5%). a Larvae
developed on leaf disks of collards cv. Santo Anténio. b Larvae
developed in leaf disk cv. Hybrid Kobe F1 1000MX. *Significant t test
(p < 0.05). SA cv. Santo Antonio with epicuticular wax, SAWR cv. Santo
Antonio with epicuticular wax removed, Hy cv. Hybrid Kobe F1 1000MX
with epicuticular wax, HyWR cv. Hybrid Kobe F1 1000MX with
epicuticular wax removed.
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Fig 4 Total number of adult eggs of Plutella xylostella originated from
larvae developed on collards. a Larvae developed on leaf disks of
collards cv. Santo Antonio. b Larvae developed on leaf disks cv. Hybrid
Kobe F11000MX. *Significant t test (p < 0.05). SA cv. Santo Antdonio with
epicuticular wax, SAWR cv. Santo Antonio with epicuticular wax
removed, Hy cv. Hybrid Kobe F1 1000MX with epicuticular wax, HyWR
cv. Hybrid Kobe F11000MX with epicuticular wax removed.

Santo Ant6nio without the wax removal and cv. Hybrid Kope F1
100MX when the wax was removed (Fig 4).

The life table parameters in the collards leaves cv. Santo
Antonio showed significant differences between treatments in
the values of the net reproductive rate (t = 8.92, df = 22,
p < 0.001), intrinsic rate of increase (t = 7.37, df = 22,
p < 0.001), and finite rate of increase (t = 7.39, df = 22,
p < 0.001); however, there was no difference between the
generation time (t = 1.17, df = 22, p = 0.254) (Table 2). For the
cv. Hybrid Kope F1 100MX, there was significant difference be-
tween average net reproductive rate (t = 3.0, df = 22, p = 0.006)
of treatment with and without wax removal, but there was no
difference between intrinsic growth rate (t = 1.03, df = 22,
p = 0.314), finite growth rate (t = 0.01, df = 22, p = 0.99), and
the generation time (t = 1.17, df = 22, p = 0.254) (Table 2).

Discussion

In this study, we observed that the wax removal affected the
oviposition preference of adults and foliar consumption rate
of P. xylostella larvae. The wax of leaves of Brassica spp. is
rich in compounds such as alkenes, paraffin, saponins, and
glucosinolates (Spencer et al 1999, Renwick et al 2006,
Badenes-Perez et al 2014). The glucosinolates and the sapo-
nins are metabolites used in defense against phytophagous
insects. These compounds are considered the first and sec-
ond line of defense used by Brassica species to prevent ovi-
position and feeding of insects (Sarosh et al 2010, Fathi et al
2011). As P. xylostella is an insect specialized in consumption
of brassicas, it uses the glucosinolates as host recognition
cues (Sun et al 2009, Chagas Filho et al 2010). In addition,
these compounds possess action stimulants of feeding in
larvae and oviposition in females of P. xylostella (Spencer
et al 1999, Gigolashvili et al 2007, Thuler et al 2007,
Badenes-Perez et al 2014). On the other hand, the saponins
have contrary action; they act as repellents to adults and
feeding inhibitors to larvae of P. xylostella (Badenes-Perez
et al 2014).

In this study, we did not assess the chemical constitution
and the proportion of these compounds in the wax of col-
lards cultivars evaluated. Results showed deterrent effect in
female oviposition and an increased leaf feeding rate in the
P. xylostella larvae of the cv. Kobe F11000MX when the wax
was removed suggesting a possible higher saponins level. On
the other hand, the wax removal on the cv. Santo Antonio
did not show the same result, suggesting that this plant has
low saponins level. Future studies should be performed with
both cultivars, cv. Kobe F11000MX and cv. Santo Antoénio, to
evaluate the amount and composition of their surface waxes.

Epicuticular waxes that cover leaf surfaces have an impor-
tant function in plant defense against phytophagous insects,
impairing mobility, preference, and adhesion of insects and eggs

Table1  Survival of Plutella xylostella developed on leaf disks of collards cvs. Santo Ant6nio and Hybrid Kobe F1 1000MX variety (27 + 0.5; 75 + 5%).
Stadium SA SAWR Hy HyWR

Lx Deads Lx Deads Lx Deads Lx Deads
Larvae 1° 100.0 + 0.00 7.5 *3.50™ 100.0 + 0.00 5.0 +1.89 100.0 + 0.00 4.2 *1.90 100.0 + 0.00  12.5 * 5.70™
Larvae 2°  92.5 + 3.50 3.3 +1.90 95.0 + 1.90 4.2 +1.87™ 95.8 +1.85 3.3 £ 2.60 87.5+5.72 5.8 + 2.89™
Larvae 3°  89.2 * 4.20 3.8 £ 1.40 90.8 + 3.14 6.5 +1.79™ 92.5 + 2.82 1.6 £1.10 81.7 £ 7.31 3.3 £1.38™
Larvae 4°  85.4 * 4.50 3.0 £ 1.72 84.3 + 2.60 9.8 £2.67" 90.9 275 6.5 + 2.20™ 78.3 £ 8.33 5.8 +2.30
Pupae 82.4 + 4.70 17.0 £ 4.04™  74.5 + 2.90 8.1+ 230 84.4 t3.04 18.8 £4.54™  72.+8.94 13.2 £ 2.82
Adults 65.4 * 3.00 66.4 + 2.9 65.6 +58"™ 59.4 + 7.5

ns no significant t test (p > 0.05), SA cv. Santo Antdnio with epicuticular wax, SAWR cv. Santo Ant6nio with epicuticular wax removed, Hy cv. Hybrid
Kobe F11000MX with epicuticular wax, HyWR cv. Hybrid Kobe F1 1000MX with epicuticular wax removed, Lx Survival to age x.
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Table 2 Life table parameters of
Plutella xylostella developed on

leaf disks of collards cvs. Santo
Antonio and Hybrid Kobe F1
1000MX variety (27 £ 0.5;

75 £ 5%).

Parameters SA SAWR Hy HyWR

Net reproductive rate (R,) 50.39 + 2.29* 28.54 +1.23 30.83 £ 2.74 43.30 + 5.45*
Generation time (7) 16.67 + 0.09 16.85 + 0.12"™ 17.29 + 0.27 17.30 + 0.31™
Intrinsic rate of growth (r,,) 0.23 + 0.003* 0.20 * 0.003 0.20 * 0.007 0.21 £ 0.013™
Finite rate of growth (A) 1.26 £ 0.004* 1.22 + 0.004 1.22 + 0.009 1.24 * 0.016™

ns No significant t test (p < 0.05), SA cv. Santo Antonio with epicuticular wax, SAWR cv. Santo Antonio with
epicuticular wax removed, Hy cv. Hybrid Kobe F1 1000MX with epicuticular wax, HyWR cv. Hybrid Kobe F1
1000MX with epicuticular wax removed.

*Significant t test (p < 0.05).

on the leaf surface (Eigenbrode et al 1999, Charleston & Kfir
2000). Thus, the wax removal can change physical properties of
cv. Kobe F11000MX leaf surface leaving it more attractive and
vulnerable to P. xylostella (Fathi et al 2011). Ulmer et al (2002)
and Fathi et al (2011) demonstrated that oviposition of P.
xylostella was higher in brassica leaves with brightening; a sim-
ilar effect may have occurred in this work, we observed that the
leaves became brighter after removing the wax.

The fertility rate of P. xylostella was higher in adults orig-
inated from larvae that fed on collards leaf disks of cv. Santo
Anténio without wax removal and cv. Hybrid Kope F1100MX
with wax removal (Fig 4). However, there was no difference
between the weight of pupae on the comparison of treat-
ments with and without wax removal (Fig 3). Syed & Abro
(2003) found a positive relationship between the weight of
pupa and fertility of P. xylostella. Previously, Hasan & Ansari
(2011) did not find any relationship between these variables,
corroborating with our result. We expected that the weight
of the pupae was influenced by foliar consumption rate
(Figs 2 and 3) so that the weight of the pupae was higher
in treatments where there was higher leaf consumption.

Some insect specialists have developed mechanisms that
enable them to sequester plant’s defense compounds and
use them for their defense against natural enemies or use
these compounds in its biology (Schoonhoven et al 2005).
Wax removal of cv. Santo Antonio leaves may have eliminat-
ed fertility essences compounds to P. xylostella, reducing its
reproductive potential. The opposite effect occurred with cv.
Hybrid Kope F1100MX, and wax removal may have eliminat-
ed toxic compounds on leaf surfaces, with positive effects in
the fertility of P. xylostella.

The net reproductive rate (R,), intrinsic rate of increase
(r,,,), and finite rate of increase (A) in the collards leaves of cv.
Santo Antdnio were higher in the treatment without wax
removal. Already in the cv. Hybrid Kope F1 100MX, there
was a difference only in the comparison between the R, of
treatment with and without wax removal. In both varieties,
the generation time (T) was not affected by the treatments
(Table 2). The Ry, r,,, and A are parameters used to describe
the population growth, as the larger their values, the faster
the population increases (Gotelli 2009).
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The rm is considered the most robust life table parameter
to measure antibiosis effects of host plants in insects (Smith
2005); it indicates that a small delay in the organism repro-
duction can reduce net reproduction more than proportion-
ally (Lewontin 1965). When rm is low, fecundity becomes a
critical factor in altering the rate of population growth
(Gotelli 2009). In this context, the P. xylostella adults fecun-
dity was the main responsible for difference in the rm value
of treatments with and without wax removal. In general,
research shows that adults of moths and butterflies originat-
ed from larvae feeding on different Brassica species showed
variation in the fecundity rate (Fathi et al 2011, Hasan &
Ansari 2011), corroborating with our result.

In conclusion, the resistance of cv. Hybrid F1 Kope 100MX to
P. xylostella is overcome by wax removal. Thus, cultural prac-
tices that promote direct contact of farmers or tools with the
cabbage plants should be minimized in the growing area.
Varieties with high content of wax can be grown in strips or
mosaic with susceptible brassicas varieties, interfering in the
host plant location by P. xylostella, or dispersing the infestation.
The variety more attractive to oviposition may be used as trap
crop; these crops would be planted close to the main crop in
order to attract adults and oviposition of P. xylostella.
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