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Abstract

The European grapevine moth, Lobesia botrana (Denis & Schiffermuller) (Lepidoptera:
Tortricidae), is an economically important pest of grapevines worldwide, causing severe
damage in vineyards. In the present study, the effect of four grapevine cultivars (Askari,
Yaghooti, Keshmeshi, and Fakhri) was evaluated on larval weight and enzymatic activity of L.
botrana. In addition, three major secondary metabolites, including phenolics, flavonoids, and
anthocyanins were determined in ripe berries of cultivars, and their correlation with the
digestive physiology of L. botrana was investigated. Our findings indicated that the fifth-instar
larvae of L. botrana collected from the Askari cultivar had the highest weight. The enzymatic
activities of L. botrana were significantly affected by feeding on different grapevine cultivars.
The highest amylolytic and proteolytic activity levels were documented in larvae fed on the
Fakhri cultivar, while the lowest activities were achieved on the Yaghooti cultivar.
Furthermore, the highest catalase and peroxidase activity was observed in the larvae fed on the
Yaghooti cultivar. A significant difference in secondary metabolites was quantified among
different grapevine cultivars. The highest biochemical compounds of grapevine were detected
in the Yaghooti cultivar. Moreover, the larval weight, amylolytic, and proteolytic activity
showed a negative correlation with the cultivars' phenols, flavonoids, and anthocyanins
contents. Conversely, the antioxidant enzymatic activity (catalase and peroxidase) of the larvae
positively correlated with the secondary grapes metabolites. Results revealed that the Yaghooti
cultivar, a rich source of biochemical compounds, is not a suitable host plant for larval growth
and development of L. botrana.
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Introduction

Grapevine (Vitis vinifera L.) is a species
of flowering plant and is considered to be
one of the major fruit crops in the world. The
grape product has different uses; it is used as
fresh fruit, dried fruit, wine, and fruit juice
(Torregrosa et al., 2015). Iran is the 11™
grape producing country in the world, and
has around 316,000 hectares of grape
orchards, which yielded about 1945930 tons
of fruit in 2019 (Bazgeer et al., 2022).

The European grapevine moth, Lobesia
botrana  (Denis &  Schiffermiller)
(Lepidoptera: Tortricidae), causes severe
economic damage in vineyards. Neonate
larvae of the first-generation feed on unripe
berries and cover them with silks. The larvae
penetrate  berries and continue their
development boring into the grape pulps,
and piercing several berries. The infected
berries turn purple, and then dark brown with
the larval frass, rendering them susceptible
to fungi species including Aspergillus spp.,
and especially the grey rot fungus Botrytis
cinerea (Persoon: Fries) (Teleomorph:
Botryotinia. fuckeliana Whetzel). The larval
infestation leads to severe qualitative and
quantitative losses (Benelli et al., 2023).

Plants respond defensively against insect
pests' damage through various mechanisms,
direct and indirect. Plants' secondary
metabolites, such as phenols, are -either
directly toxic to insects or induce the
production of plant toxins. They act as
feeding inhibitors or anti-digestives and can
cause plant resistance to herbivore pests (War
etal., 2012). Plants' resistance traits can delay
the growth and development of insects, affect
oviposition and feeding, and consequently
reduce insect survival (Naseri et al., 2022;
Shishehbor & Hemmati, 2021; War et al.,
2012). Conversely, herbivore insects can
overcome the plant's defense by producing
digestive enzymes and metabolizing plant

defense compounds. Having information
about the digestive enzyme activities of L.
botrana fed on different grape cultivars can
lead to finding the relationship between
insects' physiology and the biochemical
properties of the host plant, thereby achieving
plant tolerance traits (Slansky, 1982). The
most important antioxidant enzymes in
insects are catalase, peroxidases, and
superoxide dismutase (Felton & Summers,
1995). Catalase was the first discovered
antioxidant enzyme that decomposes
hydrogen peroxide into innocuous products
such as oxygen and water (Nandi et al., 2019).
Superoxide dismutase is an antioxidant
enzyme that catalyzes dismutation of
superoxide radicals into HxO> and O
(Shankarganesh et al., 2021).

Although grapevine is a globally recognized
host to L. botrana, there is no published
research about the effect of various grape
cultivars on the physiological characteristics
of this pest. Given the importance of L.
botrana, the current study was done to
evaluate the larval weight, protein content,
and digestive enzyme activities in response to
secondary metabolites (total phenolic,
flavonoid, and anthocyanin content) of
different grapevine cultivars. In addition, the
correlation  between the physiological
characteristics of L. botrana larvae and
grape's secondary metabolites was examined.
Our findings may help identify the most
resistant cultivar to L. botrana damage.

Materials and Methods
Vineyards
The sampling was conducted in 2022 at
four vineyards with cultivars commonly
cultivated in the Saifabad village, Kamalvand
district, Khorramabad, Iran, including Askari,
Keshmeshi, Fakhri, and Yaghooti. The
geographical characteristics of the selected
vineyards are presented in Table 1.

Table 1. Experimental area, with indication of selected vineyards position

Vineyard Longitude Latitude Altitude (m)
Askari 39S 0276219 3696820 1604
Yaghooti 39S 0276234 3696709 1598
Keshmeshi 39S 0276072 3696776 1597
Fakhri 39S 0276125 3696796 1599
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Larval sampling from vineyards

The sampling was conducted during the
activity period of L. botrana third-generation,
which occurs in the mid-August when berries
are ripe. Fourth and fifth instar larvae are able
to build nests, and each larvae is present and
active in one nest (Moreau et al., 2008;
Moreau et al.,, 2009). Five days after
observing the larval nests, they were sampled
and considered as the fifth instar larvae. For
each cultivar, 20 fifth instar larvae were
collected. The larvae were transported to the
laboratory, and their weight was measured
individually. Then, these larvae were used to
evaluate the enzymatic activity fed on
different grape cultivars.
Buffer preparation

The buffer used in amylolytic activity is a
combination of 2-succinate-glycine and
morpholinoethanesulfonic acid (10 mM). The
universal buffer used in enzyme tests related
to proteolytic activity consists of 50 mM
sodium phosphate-borate (Jafari et al., 2023).
Preparation larval midgut extract

Twenty larvae for each cultivar were
anesthetized on ice and dissected under
binoculars in cold distilled water. The larval
midgut was homogenized on ice. The
homogenate was then centrifuged at
15000xg for 10 min at 4 °C. The
supernatant was stored at -20 °C. Each of
the experiments related to digestive enzyme
activities was replicated four times.
Protein content measurement

Bradford (1976) method was used to
measure total protein content. Bovine serum
albumin was used as a standard. The
homogenized samples were centrifuged for 5
min at 10000xg at 4 °C. Then, 10 pl of the
supernatant was dissolved in 90 pl distilled
water, and 2.5 ml of Coomassie Blue color
mixture (10 mg of Coomassie Brilliant Blue
powder (G250) in 5 ml ethanol 96%- and 10-
ml phosphoric acid 85%) was diluted to a total
volume of 100 ml by adding distilled water.
The absorbance was measured at 595 nm.
Amylolytic activity assay

The amylolytic activity of L. botrana
larvae fed on different grapes was evaluated
using starch 1% (Sigma Chemical Co., St

Louis, USA) as a substance in the buffer
containing 10 mM succinate-glycine-2,
morpholinoethanesulfonic acid at pH = 10
(Bernfeld, 1955). The solution was
incubated at 37 °C for 30 min. Then, 50 pl
of DNSA reagent (3,5 dinitrosalicylic acid)
was added and heated in a water bath at 100
°C for 15 min. The absorbance was
measured at 540 nm. The amount of enzyme
required for generating one mg of maltose
in 30 min at 37 °C was considered a unit of
amylase activity under the assay conditions.
Proteolytic activity assay

The proteolytic activity of L. botrana
larvae fed on different grapes was evaluated
using azocasein protein (1.5%) as a
substance in the buffer containing 50 mM
sodium phosphate-borate at pH = 11
(Elpidina et al.,, 2001). The solution
containing 50 pl larval extract, and 80 pl
substrate in 50 mM universal buffer was
incubated at 37 °C for 50 min. Proteolysis
was stopped by adding 100 pl
trichloroacetic acid (TCA) 30%, then
cooled at 4 °C for 30 min. The solution was
centrifuged at 14000xg for 10 min. The
absorbance was measured at 440 nm. One
unit of proteolytic activity was considered
as the quantity of enzyme (mg) that
produces an increase in the optical density
by 0.1 per minute in 1 mL of the reaction
mixture under the assay conditions.
Catalase activity assay

Catalase enzyme activity of L. botrana
larvae was evaluated using H202 1% as a
substrate (Wang et al., 2001). The solution
containing 50 pl larval extract and 500 pl
H202 1% substrate was incubated at 28 °C
for 10 min. The absorbance was measured
at 240 nm.
Peroxidase activity assay

Peroxidase enzyme activity of L.
botrana larvae was evaluated using
pyrogallol (0.05 M pyrogallol in 0.1 M
phosphate buffer (pH = 7) as a substrate
(Addy & Goodman, 1972). The solution
was prepared by adding 50 ul larval extract,
250 pL of buffered pyrogallol, and 250 pl
H>0, 1%. The absorbance was measured
every 30s for two min at 430 nm.
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Superoxide dismutase activity assay

The superoxide dismutase activity of L.
botrana larvae was evaluated by adding 50
ul larval extract to 500 pl of the superoxide
dismutase  mixture. The superoxide
dismutase solution was 70 UM nitroblue
tetrazolium (NBT), 125 pM xanthine-
diluted phosphate-buffered saline (PBS),
100 pl 5.87 U/ml xanthine oxidase solution,
and 10 mg bovine serum albumin. Then, the
superoxide dismutase solution and 2 mL
PBS were added to the mixture and
incubated at 28 °C for 20 min in continuous
darkness. The absorbance was measured at
560 nm (Talepout et al., 2021).
Analysis of secondary metabolites in
different grape cultivars
Preparation of grape extract

Grape samples (1 g) from each cultivar
were homogenized in 10 ml methanol 80%.
The contents were passed through the
Whatman No.1 filter paper. The sample was
extracted using a centrifuge at 15000xg for
5 min. Biochemical properties of grapes of
different cultivars were performed in four
replications.
Total phenolic content measurement

The total phenolic content in the grapes
extract was evaluated using Folin Ciocalteu
reagent (Slinkard & Singleton, 1977). For
this purpose, 250 pl grape extract was
poured into the tube, and mixed with 2.5 ml
Folin Ciocalteu reagent. The dilution was
kept at room temperature for 15 min, and
then 2 ml Na>COs solution (1 M) was
added. After 30 min, the optical density was
measured at 765 nm.
Total flavonoid and anthocyanin content
measurement

The total flavonoid and anthocyanin
content in the grapes was evaluated as
described by (Kim et al., 2003). For this
purpose, 2 g grape samples of each cultivar
were homogenized in acidified ethanol (1
acid acetic: 100 ethanol w: w). The samples
were centrifuged at 12000xg for 15 min,
and the contents were filtered through the
Whatman No.1 filter paper. The extract was
heated in a water bath at 80 °C for 5 min,
then kept at room temperature for 1 h.

Subsequently, the absorbance  was
measured at 415 nm for total flavonoid and
520 nm for total anthocyanin. The standard
curve was made utilizing quercetin standard
solution for flavonoid, and cyanidin
standard solutions for anthocyanin.
Brix percentage measurement

The grapes were crushed in a mortar and
passed through the Whatman filter paper
No. 1. The total soluble solids
(refractometer) were attained on a glass
prism and the soluble solid content was
determined in the juice using a digital
refractometer (Atago, RX-50000, Japan)
(Hoehn et al., 2003).
Statistical analysis

The normality of the data was checked
using the Shapiro-Wilk test. The data of L.
botrana larval weight, enzymatic activity,
and secondary metabolites of grape
cultivars were analyzed using one-way
analysis of variance. Means were compared
using the Tukey—Kramer (HSD) test at P <
0.05. The correlation between secondary
metabolites of different grape cultivars with
physiological characteristics of L. botrana
was  evaluated  through  Pearson’s
correlation test. All analyses were
performed using SPSS software version
16.0

Results

Larval weight

The weight of L. botrana larvae differed
significantly among the cultivars (Fs 12 =
275.150; P < 0.001). The highest weight
was obtained in the larvae fed on Askari
cultivar (9.984 mg), while the lowest
weight was related to the larvae fed on
Yaghooti cultivar (6.044 mg) (Figure 1a).
The protein content and enzymatic
activities

Regarding the protein content of L.
botrana larvae fed on different grape
cultivars, there was a significant
difference between the cultivars (Fs312 =
24.396; P < 0.001), and the protein
content ranged from 0.4338 to 0.4908
ug/g (Figure 1b). Significant differences
in amylolytic enzyme activity were
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observed among the larvae reared on
different grape cultivars (Fz12=10.143; P
< 0.001), and the highest activity was
related to the larvae reared on Fakhri
cultivar (1.420 pg/g). The lowest level of
amylolytic enzyme activities was reported
in the larvae fed on Yaghooti (1.137 ug/g)
and Askari (1.172 pg/g) cultivars (Figure
1c). The activity of proteolytic enzymes in
L. botrana larvae was significantly
differed among the cultivars (Fz 12 =
36.762; P < 0.001). The larvae reared on
Fakhri cultivar (0.336 pg/g) exhibited the
highest proteolytic enzyme activity, while
the lowest activity level was related to
larvae fed on Yaghooti cultivar (0.173
pa/g) (Figure 1d).

Catalase enzyme activity in L. botrana
larvae showed significant difference
among the grape cultivars (Fz12=9.288; P
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< 0.001). The highest catalase enzyme
activity was reported in the larvae reared
on Yaghooti cultivar (0.00649 U/mg
protein), while the lowest activity level
was related to the larvae fed on Askari
cultivar (0.00284 U/mg protein) (Figure
2a). Concerning the peroxidase enzyme
activity of L. botrana larvae, there was a
significant difference among different
grape cultivars (Fs12 = 4.094; P = 0.032).
The highest peroxidase enzyme activity
was reported in Yaghooti cultivar (0.0265
U/mg protein), while the lowest activity
level occurred on Fakhri cultivar (0.00696
U/mg protein) (Figure 2b). Concerning the
superoxide dismutase enzyme activity of
L. botrana larvae fed on different grape
cultivars, there was no significant
difference between different cultivars
(F3,12=0.101; P = 0.958) (Figure 2c).
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Figure 1. Mean (£xSE) of (a) larval weight, and (b) protein content, (c) amylolytic, and (d) proteolytic activity
of midgut extracts from Lobesia botrana larvae fed on different grape cultivars. Means followed by the same
letter are not significantly different using Tukey-Kramer (HSD) test at P = 0.05.
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Secondary metabolites of different grape
cultivars

Significant differences were observed in
the contents of secondary metabolites among
the grape cultivars (P < 0.001). The highest
phenol content was observed in the Yaghooti
cultivar (0.503 pg/g), while the lowest was
found in the Fakhri cultivar (0.116 ug/g).
Moreover, the highest flavonoid content was
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observed in the Yaghooti cultivar (0.970
Hg/g), while the lowest one was related to the
Fakhri cultivar (0.498 pg/g). The highest
anthocyanin content was determined in the
Yaghooti cultivar (3.252 pmol/g). The
highest Brix percentage was observed in the
Fakhri cultivar (25.972%), while the lowest
Brix was related to the Askari cultivar
(13.352%) (Table 2).
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Figure 2. Mean (xSE) of antioxidant enzymes; (a) catalase, (b) peroxidase and (c) superoxide dismutase
activity of midgut extracts from Lobesia botrana larvae fed on different grape cultivars. Means followed by
the same letter are not significantly different using Tukey-Kramer (HSD) test at P = 0.05.

Table 2. Mean (xSE) of phenols, flavonoids, and anthocyanins total contents of different grape cultivars

Cultivars Total phenols Total flavonoids Total anthocyanin Brix

(Lg/g) (H9/g) (pmol/g) (%)
Askari 0.180 + 0.006b 0.6917+0.036b 0.048 + 0.003c 13.352 + 0.062d
Yaghooti 0.503 + 0.017a 0.970+0.042a 3.252 + 0.258a 20.852 + 0.002c
Keshmeshi 0.165 + 0.015bc 0.771+0.014b 0.597 + 0.033b 25.232 £ 0.097b
Fakhri 0.116 + 0.003c 0.498+0.038c 0.046 + 0.002c 25.972 +0.241a
Fs12 220.958 31.798 137.835 187.100
P <0.001 <0.001 <0.001 <0.001

Means followed by the same letter are not significantly different using Tukey-Kramer (HSD) test at P < 0.05.
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Correlation between secondary metabolites
of grape cultivars with physiological
characteristics of L. botrana larvae

The correlation analysis of L. botrana
larval weight and digestive enzymatic
activities with secondary metabolites of
different grapevine cultivars is presented in
Table 3. Larval weight showed a negative
correlation with grapevine phenolic content (r
=-0.924; P =0.001), flavonoids (r =—-0.737;
P =0.001), and anthocyanin contents (r =
—0.967; P =0.001). There was no significant
correlation between larval weight with the
Brix of grapevines (P > 0.05). The protein
content of L. botrana larvae was negatively
correlated with grapevine phenolic content (r
=—0.567; P =0.022), and flavonoid contents
(r=-0.755; P=0.001). However, the protein
content of larvae was positively correlated
with grapevine Brix value. In addition, both
amylolytic and proteolytic activity of larvae
were negatively correlated with grapevine
phenol, flavonoids, and anthocyanin contents.
While, amylolytic (r =0.587; P =0.017), and
proteolytic activity (r = 0.608; P = 0.012) of
the larvae were positively correlated with
grapevine Brix value. Catalase and
peroxidase were positively correlated with
grapevine  phenol,  flavonoids, and
anthocyanin contents. In contrast, there was
no significant correlation between catalase
and peroxidase with grapevine Brix value (P
> 0.05). There was no significant correlation
between superoxide dismutase enzymatic
activity and the secondary metabolites of
grapes (P > 0.05) (Table 3).

Discussion

In the current study, the digestive
physiology of L. botrana in response to
feeding on different grape cultivars was
evaluated. The insect body weight is
considered one of the leading biological
indices of population dynamics, indicating
the suitability of a plant host. The larval
weight increases by feeding on more
nutritious food (Hemati et al., 2012). In this
study, the highest larval weight was
reported in the larvae fed with the Askari
cultivar. In addition, the food consumed
affects the activity of digestive enzymes
and consequently the insect growth and
development (Hosseininejad et al., 2015).
The types and levels of digestive enzyme
activities in insects can be related to the
nutritional quality of host plants and their
biochemical composition, which ultimately
affects the life cycle of the insects (Borzoui
& Naseri, 2016). Amylase metabolizes
carbohydrates, including starch and
glycogen, in the insects gut to regulate
larval energy metabolism (Dastranj et al.,
2018). Our findings revealed that the
larvae's amylase activity differed among the
tested cultivars. The high Brix percentage
was observed in the Fakhri cultivar,
indicating that an increase in amylase
activity in the larvae fed on this cultivar
may be due to its high sucrose level. The
digestive performance of insects fed on
suitable food diets leads to survival and
more significant growth and development
of the individual (Debnath et al., 2020).

Table 3. Correlation coefficients between grapes secondary metabolites with physiological characteristics

of Lobesia botrana larvae fed on different grape cultivars

Parameter Total phenols Total flavonoids  Total anthocyanin  Brix
Larval weight -0.924 (0.001) **  -0.737 (0.001) **  -0.967 (0.001) ** -0.175 (0.516)
Protein -0.567 (0.022) * -0.755 (0.001) **  -0.469 (0.067) 0.695 (0.003) **

Amylolytic activity
Proteolytic activity

-0.561 (0.024) *
-0.781 (0.001) **

-0.661 (0.005) **
-0.779 (0.001) **

-0.498 (0.050) *
-0.674 (0.004) **

0.587 (0.017) *
0.608 (0.012) *

Catalase 0.676 (0.004) ** 0562 (0.023)*  0.790 (0.001) ** 0.312 (0.240)
Peroxidase 0.705 (0.002) **  0.606 (0.013)*  0.749 (0.001) ** -0.095 (0.726)
Superoxide dismutase  0.185 (0.493) 0.034 (0.901) 0.073 (0.789) -0.009 (0.974)

Correlations were evaluated based on Pearson’s correlation test at P < 0.05. The number in parenthesis is P value. *, **:

Correlation is significant at the 0.05 and 0.01 level (2-tailed).
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High amylase activity in
Callosobruchus maculatus F. (Coleoptera:
Chrysomelidae: Bruchinae) fed on Acaua
and Tapaihum cultivars of cowpea led to
higher population growth and development
(Silvaetal., 2017).According to our results,
the amylase effectiveness in breaking down
and digesting food increases with the rise in
the sugar content of the host plant. In
addition, the highest level of protein content
was observed in the larvae fed on the Fakhri
cultivar. This result is in agreement with
Borzoui et al. (2017), who found that the
lowest protein content in pupae from larvae
of Sitotroga cerealella Olivier that had fed
on sorghum, could be attributed to the
lowest amylolytic activity.

On the other hand, the decrease in energy
sources in the insects’ bodies can be achieved
by reducing protease enzyme activity. The
high level of proteolytic activity in
Helicoverpa armigera (Hubner) larvae fed on
chickpeas compared to the other host plants
can be due to the high protein content in this
plant or the larval response to protease
inhibitors secreted from plants to inhibit
protease activity (Hemati et al., 2012). Naseri
et al. (2010) reported that the larvae of H.
armigera that have fed on some soybean
cultivars (L17, M4, and Sahar) begin to
hyper-produce proteases in the midgut cells,
in contrast to the synthesis of protease
inhibitors. Insects synthesize and secrete
more proteases in the defense response of the
plants and the secretion of protease inhibitors
(Hosseininejad et al., 2015). In our study,
high proteolytic activity was reported in the
Fakhri cultivar which could be attributed to
the high protein content and the presence of
protease inhibitors within this cultivar.
Proteases can break down proteins into amino
acids essential for insects’ growth and
development (Jafari et al., 2023).

Secondary metabolites of plants are
defense mechanisms of the host plant that
can inhibit the digestive enzymes of insect
pests and turn the plant into an unsuitable
host for the insect. In contrast, insects store
energy reserves such as protein, lipid, and
sugar content for growth and development

(Borzoui et al., 2017). Therefore, the lowest
proteolytic activity was observed in the
Yaghooti cultivar which may be as a result
of the high secondary metabolites including
phenols, flavonoids, and anthocyanin, found
in this cultivar. Shishehbor & Hemmati
(2021) reported that the high phenols content
in the Mashhad bean cultivar, among 11
tested cultivars, significantly decreased the
nutritional performance of Spodoptera
littoralis (Boisd) larvae. The growth rate and
larval weight decreased in cultivars with
higher phenolic compounds. According to
our results the larvae that fed on the
Yaghooti cultivar had the lowest weight,
which could be due to the presence of the
highest levels of secondary metabolites such
as phenols, flavonoids and anthocyanins in
this cultivar. Borzoui et al. (2017) found a
positive correlation between amylolytic
activity and the survival rate, fecundity, and
fertility of S. cerealella, suggesting that
larvae feeding on suitable grains have a high
level of amylase enzymes and more growth
and development. In the other research,
Babamir-Satehi et al. (2022) revealed that
the total phenol content of sugarcane
cultivars was negatively correlated to
amylolytic activity. They showed that
increasing the phenol concentration in the
sugarcane cultivars caused a reduction in the
nutritional performance and digestive
enzyme secretion of Sesamia cretica Lederer
larvae. According to our findings,
amylolytic and proteolytic activity of the
larvae negatively correlated with secondary
metabolism in grapevines.

Feeding a diet containing PPA
(Polygonum persicaria L. lectin) increased
catalase activity in Sitophilus oryzae L.
adults, leading to oxidative stress in this pest.
The absorption of PPA increases
concentrations of superoxide and hydrogen
peroxide radicals, which activates these
enzymes (Khoobdel et al., 2022). Biotic and
abiotic stresses may increase antioxidant
enzymes level in insects’ body. The
superoxide dismutase activity increased in
Acerophagus papayae (Noyes and Schauff)
(Encyrtidae: Hymenoptera) when
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temperature increased from 25 to 34 °C
(Shankarganesh et al., 2021). Antioxidants
in date palm plants induced after the
infestation of Rhynchophorus ferrugineus
(Oliver), and resulted in elevated anti-
oxidase activities in this herbivorous insects
(Manzoor et al., 2022). In the current study,
the highest levels of antioxidant enzymes
were observed in the larvae fed on the
Yaghooti cultivar, indicating that the
secondary metabolites of this cultivar induce
oxidative stress in L. botrana larvae.
Therefore, catalase, and peroxidase plays an
influential role in preventing and reducing
the suffering of the larvae due to oxidative
damage caused by feeding on plant
secondary metabolites.

Conclusion
The physiochemical properties of insect
pests are affected by the nutritional quality

of host plants. Our results found evidence
of reduced fitness and higher oxidative
stress in larvae fed on the Yaghooti
cultivar. Yaghooti, as an unsuitable host,
contains some inhibitory compounds
caused adverse effects on L. botrana and
reduced larval weight. Knowing about the
secondary metabolites of plants and insect
digestive enzymes can be used as a
strategy for insect pest control using plant
inhibitors. Moreover, further experiments
on food and oviposition preference as well
as life history of L. botrana on different
grapevine cultivars are required, which
could help in development of cultivars
resistance to this pest.

Acknowledgments:
This research was supported by Shahid
Chamran University of Ahvaz (Grant
numbers [SCU.AP1400.104].

References

Addy, S. K., & Goodman, R. N. (1972). Polyphenol oxidase and peroxidase in apple leaves
inoculated with a virulent or an avirulent strain for Ervinia amylovora. Indian Phytopathology,
25, 575-579.

Babamir-Satehi, A., Habibpour, B., Aghdam, H. R., & Hemmati, S. A. (2022). Interaction
between feeding efficiency and digestive physiology of the pink stem borer, Sesamia cretica
Lederer (Lepidoptera: Noctuidae), and biochemical compounds of different sugarcane
cultivars. Arthropod-Plant Interactions, 16, 309-316. https://doi.org/10.1007/s11829-022-
09898-w

Bazgeer, S., Behrouzi, M., Nouri, H., Nejatian, M. A., & Akhzari, D. (2022). Effect of dust on
growth and reproductive characteristics of grapevine (Vitis vinifera). International Journal of
Horticultural Science and Technology, 9(3), 301-313.

Benelli, G., Lucchi, A., Anfora, G., Bagnoli, B., Botton, M., Campos-Herrera, R., Carlos, C.,
Daugherty, M. P., Gemeno, C., Harari, A. R., Hoffmann, C., loriatti, C., Lépez Plantey, R. J.,
Reineke, A., Ricciardi, R., Roditakis, E., Simmons, G. S., Tay, W. T., Torres-Vila, L. M.,
Vontas, J., & Thiéry, D. (2023). European grapevine moth, Lobesia botrana Part I: Biology and
ecology. Entomologia Generalis, 43(2), 1-20.

Bernfeld, P. (1955). [17] Amylases, o and  Methods in Enzymology (Vol. 1, pp. 149-158):
Academic Press.

Borzoui, E., & Naseri, B. (2016). Wheat cultivars affecting life history and digestive amylolytic
activity of Sitotroga cerealella Olivier (Lepidoptera: Gelechiidae). Bulletin of entomological
research, 106(4), 464-473. 10.1017/S000748531600016X

84



85 Plant Protection (Scientific Journal of Agriculture) 47(2), Summer, 2024

Borzoui, E., Naseri, B., & Nouri-Ganbalani, G. (2017). Effects of food quality on biology and
physiological traits of Sitotroga cerealella (Lepidoptera: Gelechiidae). Journal of Economic
Entomology, 110(1), 266-273. https://doi.org/10.1093/jee/tow284

Bradford, M. M. (1976). A rapid and sensitive method for the quantitation of microgram
quantities of protein utilizing the principle of protein-dye binding. Analytical Biochemistry,
72(1), 248-254. https://doi.org/10.1016/0003-2697(76)90527-3

Dastranj, M., Borzoui, E., Bandani, A. R., & Franco, O. L. (2018). Inhibitory effects of an
extract from non-host plants on physiological characteristics of two major cabbage pests.
Bulletin of entomological research, 108(3), 370-379. 10.1017/s0007485317000864

Debnath, R., Mobarak, S. H., Mitra, P., & Barik, A. (2020). Comparative performance and
digestive physiology of Diaphania indica (Lepidoptera: Crambidae) on Trichosanthes anguina
(Cucurbitaceae) cultivars. Bulletin of entomological research, 110(6), 756-766.
10.1017/s0007485320000255

Elpidina, E. N., Vinokurov, K. S., Gromenko, V. A., Rudenskaya, Y. A., Dunaevsky, Y. E., &
Zhuzhikov, D. P. (2001). Compartmentalization of proteinases and amylases in Nauphoeta
cinerea midgut. Archives of Insect Biochemistry and Physiology, 48(4), 206-216.
https://doi.org/10.1002/arch.10000

Felton, G. W., & Summers, C. B. (1995). Antioxidant systems in insects. Archives of Insect
Biochemistry and Physiology, 29(2), 187-197. 10.1002/arch.940290208

Hemati, S. A., Naseri, B., Ganbalani, G. N., Dastjerdi, H. R., & Golizadeh, A. (2012). Digestive
proteolytic and amylolytic activities and feeding responses of Helicoverpa armigera
(Lepidoptera: Noctuidae) on different host plants. Journal of Economic Entomology, 105(4),
1439-1446. 10.1603/ec11345

Hoehn, E., Gasser, F., Guggenbihl, B., & Kunsch, U. (2003). Efficacy of instrumental
measurements for determination of minimum requirements of firmness, soluble solids, and
acidity of several apple varieties in comparison to consumer expectations. Postharvest Biology
and Technology, 27(1), 27-37. https://doi.org/10.1016/S0925-5214(02)00190-4

Hosseininejad, A. S., Naseri, B., & Razmjou, J. (2015). Comparative feeding performance and
digestive physiology of Helicoverpa armigera (Lepidoptera: Noctuidae) larvae-fed 11 corn
hybrids. Journal of Insect Science, 15(1), 1-6. 10.1093/jisesa/ieul79

Jafari, H., Hemmati, S. A., & Habibpour, B. (2023). Evaluation of artificial diets based on
different legume seeds on the nutritional physiology and digestive function of Helicoverpa
armigera  (Hubner).  Bulletin  of entomological research, 113(1), 133-143.
https://doi.org/10.1017/S0007485322000402

Khoobdel, M., Rahimi, V., Ebadollahi, A., & Krutmuang, P. (2022). Evaluation of the potential
of a lectin extracted from polygonumpersicaria I. As a biorational agent against Sitophilus
oryzae L. Molecules, 27(3), 793.

Kim, D.-O., Chun, O. K., Kim, Y. J., Moon, H.-Y., & Lee, C. Y. (2003). Quantification of
polyphenolics and their antioxidant capacity in fresh plums. Journal of agricultural and food
chemistry, 51(22), 6509-6515. 10.1021/jf0343074

Manzoor, M., Yang, L., Wu, S., EI-Shafie, H., Haider, M. S., & Ahmad, J. N. (2022). Feeding
preference of Rhynchophorus ferrugineus (Oliver)(Coleoptera: Curculionidae) on different date



Sepahvand et al.: The effects of biochemical compounds of different grape cultivars on the...

palm cultivars and host biochemical responses to its infestation. Bulletin of entomological
research, 112(4), 494-501.

Moreau, J., Rahme, J., Benrey, B., & Thiery, D. (2008). Larval host plant origin modifies the
adult oviposition preference of the female European grapevine moth Lobesia botrana.
Naturwissenschaften, 95(4), 317-324. 10.1007/s00114-007-0332-1

Moreau, J., Richard, A., Benrey, B., & Thiéry, D. (2009). Host plant cultivar of the grapevine
moth Lobesia botrana affects the life history traits of an egg parasitoid. Biological Control,
50(2), 117-122. https://doi.org/10.1016/j.biocontrol.2009.03.017

Nandi, A., Yan, L.-J,, Jana, C. K., & Das, N. (2019). Role of catalase in oxidative stress-and
age-associated degenerative diseases. Oxid Med Cell Longev, 2019, 9613090.

Naseri, B., Ebadollahi, A., & Hamzavi, F. (2022). Oviposition preference and life-history
parameters of Callosobruchus maculatus (Coleoptera: Chrysomelidae) on different soybean
(Glycine max) cultivars. Pest Management Science, 78(11), 4882-4891.
https://doi.org/10.1002/ps.7109

Naseri, B., Fathipour, Y., Moharramipour, S., Hosseininaveh, V., & Gatehouse, A. M. (2010).
Digestive proteolytic and amylolytic activities of Helicoverpa armigera in response to feeding
on different soybean cultivars. Pest Management Science, 66(12), 1316-1323. 10.1002/ps.2017

Shankarganesh, K., Selvi, C., & Karpagam, C. (2021). Effects of thermal stress on the
antioxidant defenses in Paracoccus marginatus Williams and Granara de Willink parasitized
by Acerophagus papayae Noyes & Schauff. International Journal of Tropical Insect Science,
41(1), 433-438. 10.1007/s42690-020-00222-8

Shishehbor, P., & Hemmati, S. A. (2021). Investigation of secondary metabolites in bean
cultivars and their impact on the nutritional performance of Spodoptera littoralis (Lep.:
Noctuidae). Bulletin of entomological research, 112(3), 378-388.
https://doi.org/10.1017/S0007485321000948

Silva, L. B., Torres E, B., Nobrega, R. A. S., Lopes, G. N., Vogado, R. F., Pavan, B. E., &
Fernandes-Junior, P. I. (2017). Biochemical studies of amylase, lipase and protease in
Callosobruchus maculatus (Coleoptera: Chrysomelidae) populations fed with Vigna
unguiculata grain cultivated with diazotrophic bacteria strains. Bulletin of entomological
research, 107(6), 820-827. 10.1017/s0007485317000463

Slansky, F. (1982). Insect nutrition: an adaptationist's perspective. The Florida Entomologist,
65(1), 45-71. https://doi.org/10.2307/3494145

Slinkard, K., & Singleton, V. L. (1977). Total phenol analysis: automation and comparison with
manual methods. American journal of enology and viticulture, 28(1), 49-55.
https://doi.org/10.5344/ajev.1977.28.1.49

Talepout, F., Zibaee, A., Askari Seyahooei, M., & Jalali Sendi, J. (2021). Effects of diallyl
sulfide and diallyl disulfide on the antioxidant system and energy allocation of Tomato
leafminer larvae, Tuta absoluta Meyrick. Plant Protection (Scientific Journal of Agriculture),
44(4), 147-163. 10.22055/ppr.2021.17222

Torregrosa, L., Vialet, S., Adivéze, A., locco-Corena, P., & Thomas, M. R. (2015). Grapevine
(Vitis vinifera L.). Methods in Molecular Biology, 1224, 177-194. 10.1007/978-1-4939-1658-
0_15

86



87 Plant Protection (Scientific Journal of Agriculture) 47(2), Summer, 2024

Wang, Y., Oberley, L. W., & Murhammer, D. W. (2001). Evidence of oxidative stress following
the viral infection of two lepidopteran insect cell lines. Free Radical Biology and Medicine,
31(11), 1448-1455. https://doi.org/10.1016/S0891-5849(01)00728-6

War, A. R., Paulraj, M. G., Ahmad, T., Buhroo, A. A., Hussain, B., Ignacimuthu, S., & Sharma,
H. C. (2012). Mechanisms of plant defense against insect herbivores. Plant Signal Behav, 7(10),
1306-1320. 10.4161/psb.21663

S

O © 2024 by the authors. Licensee SCU, Ahvaz, Iran. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution-
NonCommercial 4.0 International (CC BY-NC 4.0 license)
(http://creativecommons.org/licenses/by-nc/4.0/.



http://creativecommons.org/licenses/by-nc/4.0/

