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Resistant and Susceptible Hosts to Feeding Spodoptera exigua
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ABSTRACT

The nutritional indices are an important tool in evaluating herbivore responses to
variation in host nutritive properties. The current study was conducted to unveil the
effects of ten canola cultivars (Brassica napus L.) ("Opera’, 'Licord'’, 'Okapi’, 'Talaye',
'Zarfam', "Modena', 'SLMy,', 'Sarigol’, 'RGSy;" and "Hayula,y') on consumption and
utilization indices of the Spodoptera exigua (Hibner) larvae. The results revealed
significant differences in nutritional indices of different larval instars of S. exigua fed on
the mentioned canola cultivars. The highest value of Digestion Ability of food (AD) for the
third and fourth instars was observed on Licord (86.57% and 83.08%, respectively), and
for the fifth instars was on Opera (68.79%). The Relative Growth Rate (RGR) and
Relative Consumption Rate (RCR) in the fifth instar larvae were significantly greater on
Opera, Okapi and Talaye, whereas the lowest values of Conversion Efficiencies (ECI and
ECD) were recorded on these cultivars. The highest ECI was observed in the larvae that
consumed RGSg; (24.27%), Hayulay,g (20.36%), and Sarigol (19.17%). Furthermore, the
larvae reared on Okapi exhibited the highest RGR, which confirms high susceptibility of
this cultivar. Based on the obtained results, Okapi, Talaye and Opera were the cultivars
susceptible to S. exigua.
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INTRODUCTION

The beet armyworm, Spodoptera exigua
(Hubner), is a well-known pest in many
agricultural areas worldwide, attacking field,
vegetable, and flower crops (Mitchell,
1973). It is one of insects known to attack
canola and reduce its yield severely
(Brassica napus L.) (Boyles et al., 2006).
Generally, this insect has caused extensive
damage to the economic crops, therefore,
chemical control is being used to overcome
the outbreak. On the other hand, S. exigua
has developed resistance to many chemical
insecticides used against it, necessitating
efficient non-chemical approaches (Cobb

and Bass, 1975; Brewer and Trumble, 1989;
Van Laecke and Degheele, 1991;
Mascarenhas et al., 1998; Greenberg et al.,
2005). Moreover, most Bacillus
thuringiensis (Berliner) formulations, used
against  Helicoverpa  zea  (HuUbner),
Trichoplusia ni (Hubner), Pieris rapae L.,
Plutella xylostella (L.), and many other
caterpillars, have not been able to suppress
S. exigua damage (de Maagd et al., 2000),
which confirms non-susceptibility of this
species and other species of Spodoptera to
the Bt toxins (Moar et al., 1990). In addition,
some documents unveil that S. exigua has a
tolerance behavior in response to Spinosad,
an insecticide widely used against this pest
(Moulton et al., 2000).
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Because of increasing concerns regarding
extensive applications of chemical pesticides
and development of resistance together with
residue problem with usual insecticides, host
plant resistance can certainly gain a more
important position in management of S.
exigua and be a main component of an
Integrated Pest Management (IPM) system
(Kennedy et al., 1987; Fathipour and
Sedaratian, 2013). There are promising
results regarding resistant plant sources to S.
exigua in various host plant species, which
can be extended by more investigations
(Talaee et al., 2017a; b). Resistant varieties
present many rewards, such as simplicity of
use and low cost for growers, success, and
relative safety to humans and the
environment. Genetic structure of a host
plant affects its defensive attributes against
herbivores organisms (Schultz, 1983). By
increasing genetic variation, the plant
chemical quality may change and enable the
plants to show resistance against insect
herbivores  through  affecting  insects
consumption rate (Meade and Hare, 1993)
and performance (Awmack and Leather,
2002; Naseri et al., 2009). Identification of
plant resistance mechanisms provides a
platform for better understanding the plant-
herbivore interactions (Barrett and Agrawal,
2004). The nutritional indices as a proper
approach that estimate food consumption,
utilization, and growth of insect have been
widely used in study of plant-herbivore
interactions (Scriber and Slansky, 1981).
There are complex relations among
nutritional indices (Scriber and Slansky,
1981; Slansky and Scriber, 1985; Fathipour
and Mirhosseini, 2017); however, they
present a view of nutritional dynamics
(Meade and Hare, 1991; Fathipour et al.,
2019).

Host plant resistance to S. exigua has been
examined in tomato (Juvik and Stevens,
1982; Eigenbrode and Trumble, 1993),
celery (Griswold and Trumble, 1985; Meade
and Hare, 1991; Diawara et al., 1994),
chrysanthemum (Yoshida and Parrella,
1992) and soybean (Talekar et al., 1988;
Mehrkhou et al., 2012). To date, several
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experiments have studied the resistance of
canola varieties to different insect pests
(Aslam et al., 2007; Eickermann and Ulber,
2010; Soufbaf et al., 2010; Fathi, 2011;
Karimi et al., 2012; Goodarzi et al., 2015;
Fathipour et al., 2018).

The present study was conducted to
determine the effect of different canola
cultivars on consumption and utilization of
S. exigua, to unveil the resistant canola
cultivars to this pest. The results obtained
here can provide insights into implementing
better pest management strategies to prevent
damage of S. exigua.

MATERIALS AND METHODS
Plant and Insect Sources

The ten canola (B. napus) -cultivars
examined were Opera, Licord, Okapi,
Talaye, Zarfam, Modena, SLMy,, Sarigol,
RGSg3, and Hayulaso. The seeds were
obtained from the Seed and Plant
Improvement Institute (SPII), Karaj, Iran.
The seeds were sown in the experimental
field of Tarbiat Modares University, Tehran,
and no spraying was done on grown plants
for rearing S. exigua and laboratory studies.
The larvae were collected from beet farms of
Abyek County in Qazvin Province, Iran. In
the laboratory, the larvae were reared for
one generation on the same cultivars on
which the following generation was
evaluated. The insects were maintained at
25+1°C, 60+£5% RH, and 16: 8 (L:D) hours
photoperiod over the experiment.

Nutritional Indices

Standard gravimetric technique
developed by Waldbauer (1968) is the
common technique used to calculate food
consumption and utilization indices. In
order to determine the nutritional indices
for the third, fourth and fifth instars, 30
newly hatched larvae in three replicates
were set up on each cultivar. The larvae
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were transferred to plastic containers
(90x75x40 mm) containing a leaf from
each tested cultivar, and located in a growth
chamber [25+1°C, 60+5% RH, and 16: 8
(L:D) h]. A fresh leaf was provided every
day, if necessary, until the larvae reached to
the third instar. The larvae were then
weighed and placed individually into
containers containing a weighed leaf of the
same cultivar upon which they had fed
previously. The cut ends of the petioles
were wrapped in moist cotton wool to keep
leaf fresh. The amount of larval body
weight, food ingested and feces produced in
each box were daily recorded up to pre-
pupation. The nutritional indices were
determined just for the larvae that finished
the related instars. The pre-pupal and pupal
weights were recorded as well.

Dry weights were used to calculate the
nutritional indices. Sample individuals from
all tested instars feeding on each cultivar
and fresh leaves of the same cultivar were
weighed, oven-dried at 60°C for 48 hours,
and reweighed to obtain conversion factors
for the calculation of dry weight of the
experimental larvae and food intake. The
daily collected feces were also dried under
above-mentioned condition. The obtained
conversion factors were multiplied by the
measured fresh weights in experiment. The
nutritional indices using the formulae
provided by Cohen (2004) quoted from
Waldbauer (1968) were quantified. The
indices calculated are shown in Table 1.
The mean larval weight during the instar
was calculated from addition of initial
weight and final weight divided by two.

Statistical Analyses

All data obtained from the nutritional
indices were analyzed using One-Way
ANOVA (PROC GLM, SAS Institute 2003)
and different means were compared
statistically at the 5% significance level
using the Tukey test.

RESULTS
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The results of the analysis of variance for
the nutritional indices of the third, fourth
and fifth instars of S. exigua are presented in
Tables 2, 3 and 4.

The nutritional efficiency of the third
instar was significantly affected by canola
cultivars (Table 2). The larval growth rate
varied from 0.53 to 2.13 (mg body mass
gained per mg of larval body mass per day)
on different canola cultivars. The highest
value of this index was related to the larvae
reared on Zarfam, while Okapi and Talaye
were in the next rank. The lowest larval
growth rate was on SL M.

Likewise the third instar, significant
differences were found in nutritional indices
of the fourth instars (Table 3). The
approximate digestibility of the larvae reared
on Sarigol, RGSys, and Hayulas, were
significantly lower than those reared on the
other cultivars. The highest relative growth
rate of the fourth instars was observed on
Okapi (Table 3).

There were significant differences in
consumption rates, efficiency of utilization,
and growth rates of the fifth instars of S.
exigua on various canola cultivars tested
(Table 4). The Ability of food Digestion
(AD) for the fifth instars ranged from
32.98% on Sarigol to 68.79% on Opera. The
AD index, Relative Consumption Rate
(RCR), and Relative Growth Rate (RGR) of
the insect were significantly higher when the
larvae reared on Opera compared with those
reared on other cultivars. The larvae reared
on Opera exhibited lowest Efficiency of
Conversion of Ingested (ECl= 13.97%) and
Digested (ECD= 20.32%) food to biomass.
Talaye and Okapi, in addition to Opera,
showed low conversion efficiencies. The
highest ECIs were observed in larvae
feeding on RGSgs (24.27%), Hayulasy
(20.36%), and Sarigol (19.17%).
Furthermore, the highest ECD of the fifth
instars were observed on RGSgyy; (60.14%)
and Sarigol (58.95%). The relative growth
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rate of the fifth instars was in the range of
0.2-0.4 (mg mg™ d") on canola cultivars
examined. Different cultivars exhibited
significant effects on the pre-pupal and
pupal weights (Table 5). The heaviest pupae
were related to the larvae that consumed
Opera.

DISCUSSION

Resistance level of host plants to insect
herbivores can be evaluated by comparing
the nutritional indices of the insects on
different cultivars. In the current study, we
obtained interesting results regarding
nutritional indices of S. exigua on different
canola cultivars, resulting in a clear-cut
grouping of the cultivars. The results
obtained from comparing nutritional indices
of S. exigua exhibited significant differences
in the ECI and ECD on different canola
cultivars. This returns to variation in the
nutritional quality of these cultivars. The
ECI is an index that shows insect's ability to
utilize the food for growth. The ECD
reflects the nutritional value of cultivars
after disposal of non-digestible material.
Among the canola cultivars tested, the
highest values of ECI were observed on
RGSyo3, Hayulasy, and Sarigol, representing

a more efficient conversion of food into
larval body mass on these cultivars. In
contrast, Talaye, Opera, and Okapi allocated
the lowest values of ECI and ECD,
indicating the low nutritional value of these
cultivars for the beet armyworm larvae.
Broadway and Duffy (1986) argued that
allelochemicals produce a reduction in food
conversion efficiency indirectly through
limiting the biological availability of
nutrients and  ultimately affect the
performance of an insect herbivore. Low
ECD values are usually accompanied with
high AD values (Slansky and Scriber, 1985;
Soleimannejad et al., 2010). Increased value
of AD on Opera, Talaye, and Okapi might
be due to compensating the lower value of
ECI and ECD on these host plants. Bauce et
al. (1994) confirmed that the foods with
high digestibility cause low conversion
efficiency in  no-choice  nutritional
conditions.

Among canola cultivars, the highest value
of RCR for the last instar of S. exigua larvae
was estimated on Opera, Okapi, and Talaye.
In response to differences in host
gualification causing a reduction in
conversion efficiencies, the herbivores show
a compensatory feeding behavior (Lavoie
and Oberhauser, 2004). This is due to
homeostatic adjustment of these parameters

Table 5. Mean pre-pupal and pupal weight of Spodoptera exigua on ten canola cultivars.

Cultivar Pre-pupal weight (mg) Pupal weight (mg)
Opera 34+1.21 ab 34.97+0.97 a
Licord 31.13+1.61 bc 27.08+1.09b
Okapi 36.45+2.14 a 27.93£0.90 b
Talaye 33.77£1.02 abc 29.69+0.89 b
Zarfam 28.93t1.22 ¢ 27.14+1.05b
Modena 35.72+1.69 ab 29.80+1.40 b
SLMyse 31.50£1.10 abc 29.27£1.13b
Sarigol 33.35+1.43 abc 28.84+1.13 b
RGSg03 32.30£1.84 abc 29.00£1.67 b
Hayula,yo 33.62+1.65 abc 26.46+1.44 b

F 2.12 3.91

df 9,113 9,113

P 0.0333 0.0002

& Different letters within same columns denote significant differences (P< 0.05, Tukey).
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(relative consumption rate and conversion
efficiencies), so that, even in different food
quality conditions, an insect can achieve its
best growth rate (Lindroth, 1993). Foliage of
Opera, Talaye, and Okapi are poor in
nutritive quality and fed in larger masses.

In parallel with the current study,
regarding low nutritive quality of some
cultivars resulting in more feeding behavior
to compensate the nutritive deficiency,
Fathipour et al. (2018) found the same
results with Helicoverpa armigera (Hubner).
They obtained the lowest values of ECI and
ECD of the last instar on Okapi (6.1 and
7.4%, respectively) and the highest value of
RCR on the same cultivar. Therein, likewise
S. exigua, H. armigera reared on Okapi
could offset less efficient conversion to
biomass by increasing consumption rates
more than those of larvae reared on other
cultivars.

The larvae feeding on Opera and Okapi
had the high RGR, particularly in the last
instar, showing high suitability of these
cultivars in supplying S. exigua larvae to
have better growth rate compared with the
other cultivars. Suitability of Okapi as a
proper host of S. exigua has been shown by
Goodarzi et al. (2015) as well. Effects of the
plant cultivars on larval growth rate can
result in changes in consumption rate and
approximate digestibility and conversion
efficiencies (Lindroth and Peterson, 1988).
High growth rate on Opera and Okapi is due
to enhanced digestibility of the primary
metabolites existing in these cultivars and
lacking or low amounts of secondary
metabolites (Woods, 1999). Although leaves
nitrogen is a main factor in growth rate of
herbivores (Scriber, 1984; Zalucki et al.,
2002), studies on S. exigua larvae have
shown that there are no tendency toward
high nitrogen accumulation in foliage of
some celery cultivars (Apium graveolens L.)
(Griswold and Trumble, 1985; Meade and
Hare, 1991). Lower conversion efficiency
due to lower nitrogen content could be
compensated by more consumption (Meade
and Hare, 1991), which can be also true for
our experiment. Besides, this is supported by
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Yoshida and Parella (1992) who concluded
that some factors apart from nitrogen might
affect the nutritional ecology of S. exigua on
chrysanthemum cultivars.

It is true for insects that the host
nutritional value ranks in the first
importance, but allelochemicals effects on
the biology and feeding behavior of
herbivore could have the same importance in
insect performance (Scriber and Slansky,
1981). Regarding conversion efficiencies on
other cultivars (except Okapi, Talaye, and
Opera), it seems that they are rich in
nutritional quality, but due to high amounts
of secondary metabolites in these cultivars,
the larvae may not succeed to digest enough
food intake and suffer from feeding on these
cultivars (Fathipour and Mirhosseini, 2017).
This cost results in less consumption and,
ultimately, low growth rate of herbivore. On
celery, RGR in final instar of S. exigua
ranged from 0.24 to 0.57 (mg mg* d™),
depending on cultivar (Meade and Hare,
1991). This is slightly higher than what was
obtained on canola cultivars (0.20 to 0.40).

The fifth instars of S. exigua were feeding
less on the canola cultivars (with regard to
body weight) than the fourth and third
instars. In other words, the younger larvae
obtained higher relative consumption rate
compared to the older ones. Furthermore,
the relative growth rate and assimilation
efficiency in the younger larvae were greater
than the older larvae, whereas conversion
efficiencies were reduced from early to late
instars. These results are in agreement with
Scriber and Slansky (1981) who noted that
trend of relative consumption rate, growth
rate, and digestibility generally decreased
during larval stage, while conversion
efficiencies increased.

Allelochemicals variations in different
plant cultivars cause differences in plant
resistance to herbivores. The present study,
most likely consistent with other literatures
(Griswold and Trumble, 1985; Meade and
Hare, 1991; Yoshida and Parella, 1992),
indicated that, in contrast to the general
conception for insects, the larvae of S.
exigua show better growth on less efficient
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host plant. Further works will be needed to
measure nitrogen content of canola cultivars
to clarify if differences in nutritional
efficiencies of S. exigua larvae are due to
nutrient content or allelochemicals effects.

Some of the canola cultivars, known as
susceptible hosts in the current study, have
also shown susceptibility in facing with
other insect pests. For instance, the Opera,
as a susceptible cultivar to S. exigua, has
shown high susceptibility to Brevicoryne
brassicae (L.) (Karami et al., 2018); P.
xylostella (Soufbaf et al., 2010; Nikooei et
al., 2015) and H. armigera (Karimi et al.,
2012). This information confirms high
susceptibility of this cultivar and
necessitates its replacement by other
resistant cultivars. By contrast, there were
some cultivars like Okapi, RGSgs, and
SLMoge that performed different responses in
facing with various pests. While RGSqp3 was
a susceptible cultivar against P. xylostella
(Nikooei et al., 2015), it showed high
resistance to B. brassicae (Karami et al.,
2018). It was also true for Okapi and
SLMo4e. Okapi was susceptible to S. exigua
(present study) and SLMg, Was susceptible
to P. xylostella (Fathipour et al., 2019),
whereas elsewhere, Okapi and SLMgs
showed resistance to B. brassicae (Karami et
al., 2018) and H. armigera (Karimi et al.,
2012), respectively. However, in a
successful integrated pest management
program, attention to the type of prevalent
and destructive insect pest in each region is
necessary. In the case of these cultivars,
their possible consideration in an integrated
pest management program can be based on
the existence of the pest species.

Moreover, in study of pest-resistance
potential of the crop germplasm, one of the
most important factors is extension of the
resistance to different prevalent pest species.
A host plant with broad-spectrum resistance
to different pests can be an appropriate
candidate for exploitation in the integrated
pest management programs. As mentioned
above, the studied canola cultivars have
been included in experiments of other
researchers. A converging point in all of
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these studies has been expressed by
similarity in the obtained results in all cases:
some cultivars like Licord, Zarfam, Modena,
and Sarigol showed high level of resistance
and other cultivars with a little difference
showed a susceptible response against
different pests. However, in some cases,
there was a discrepancy in results of the
above-mentioned  studies,  particularly
among susceptible cultivars. Apart from
some differences mentioned here, with
respect to intra-population variation of pest
species, these findings can be valuable
because they reflect high potential of these
host plants to tolerate different pests without
any significant losses in their yield. This rate
of damage can be mitigated by other non-
chemical approaches.
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