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Abstract

The pink stem stalk borer, Sesamia cretica Lederer, is the main insect pest of sugarcane, Saccharum officinarum L., in Iran
and worldwide. This paper assesses the effects of six sugarcane cultivars on the feeding performance and enzymatic activity
of S. cretica under controlled conditions. It also investigates the biochemical traits of sugarcane cultivars (total phenolic,
flavonoids, and anthocyanins contents) and explores their relationship with the nutritional physiology of S. cretica. The study
findings indicated remarkable differences in the nutritional properties and digestive function of S. cretica on various sugarcane
cultivars. The S. cretica larvae reared on cultivar CP,g ;3 were indicated to have the highest ECI, RGR, and ECD values.
In addition, the larvae fed on cultivar CP,; ,; showed the lowest values of RCR and RGR. The S. cretica larvae induced the
highest proteolytic activity during feeding with CP,g 03, CP57.6,4, and CP-5 ,; cultivars. The fifth instar larvae demonstrated
the highest and lowest amylolytic activity when fed with cultivars IRCy_; and CPs; ¢4, respectively. Moreover, significant
variations in the phytochemical metabolites were detected among the sugarcane cultivars. Significant negative or positive
correlations were found between the tested parameters of S. cretica and the biochemical characteristics of sugarcane cultivars.
The cluster analysis results showed that cultivar CP,; ,, was relatively unsuitable for S. cretica feeding: it was a suggested
candidate to grow in regions with typically high pest infestation.
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Introduction and Khuzestan, and many parts of the world (Ezzeldin et al.

2009; Sedighi et al. 2016; Arbabtafti et al. 2021). Maize, Zea

Sugarcane is an established source of sugar and a highly
effective crop with excellent photosynthetic performance
and good applicability to biomass manufacturing (Arce-
naux 1965; Soltani Orang et al. 2014). The pink stem borer,
Sesamia cretica Lederer, is well known and broadly dis-
tributed and one of the main pests of sugarcane and maize
fields, especially in southern provinces in Iran, such as Fars
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mays L., and sugarcane, Saccharum officinarum L., are the
main hosts that are seriously damaged by the stem borers of
the genus Sesamia (Ranjbar Aghdam and Kamali 2002). The
feeding of S. cretica larvae mitigates qualitative and quanti-
tative attributes of sugarcane and damages the stalks during
the cropping season which is inappropriate for consumption
(Temerak and Negm 1979; Sadeghi et al. 2019).

Chemical pesticides have long been a solution to control-
ling the S. cretica population. The routine application of
pesticides is associated with multiple dangerous implications
to human health, significant nontarget mortality in natural
enemies, and intensification of insect resistance to chemi-
cals (Wright and Verkert 1995; Tomberlin et al. 2002). Most
recently, S. cretica pest control has changed rapidly from an
insecticide approach to integrated management.
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Developing resistance in host plants can be an effective
ecological factor in integrated pest management strategies
for dealing with S. cretica in sugarcane fields. Assessing
the resistance of different cultivars to insect pests can pro-
vide relevant data about their suitability or unsuitability for
the target insect pests (Tsai and Wang 2001; Hemati et al.
2012a; Shishehbor and Hemmati 2021). Appropriate incor-
poration of resistant cultivars into pest management tech-
niques requires knowledge of pest species’ nutritional per-
formances and life history characteristics (Gvozdenac et al.
2018; Abedi et al. 2019).

Therefore, nutritional properties and digestive physiol-
ogy are important variables in evaluating the interactions
between plant with insects and the susceptibility or resist-
ance of various host plants to pests (Hemati et al. 2012b;
Shishehbor and Hemmati 2021). Although sugarcane is a
globally recognized host to S. cretica, published research
lacks information on this pest’s nutritional traits and the
function of its digestive enzymes on different cultivars.
Accordingly, this research evaluated the reaction of S. cre-
tica to feeding on six sugarcane cultivars. Moreover, differ-
ent defense characteristics of host plants affect the suitability
of herbivorous insects. Plant secondary metabolites are key
compounds that act as nutritional inhibitors and antidiges-
tive, inhibitory, and repellent compounds, reducing pest
growth and survival rate (Price et al. 1980; War et al. 2011).

Sugarcane stems are potential source of secondary metab-
olites, such as anthocyanins, flavonoids, and phenolic con-
tents (Arcenaux 1965). Phenolic compounds are the most
significant secondary plant metabolites produced through
the shikimic acid pathway from primary metabolites (War
et al. 2012). Anthocyanins are polyphenolic compounds
(flavonoids) responsible for the blue, red, and purple colors
of most fruits and flowers (Turfan et al. 2011). Hence, this
research also evaluated the major phytochemical metabolites
such as flavonoids, total phenolic, and anthocyanins content
in various sugarcane cultivars and examined the possible
relationship between these compounds and the physiologi-
cal responses of the S. cretica. No research data were avail-
able regarding the correlation between tested parameters
of S. cretica and the biochemical compounds of sugarcane.
The findings of this study will be useful for developing new
approaches to pink stem borer management, including the
use of resistant sugarcane cultivars to reduce insect pests’
damage in the farm system.

Materials and methods
Sources of sugarcane cultivars

The stalks of six sugarcane (S. officinarum) cultivars
(IRCyg.91> SP70.1143: CPyg 103, CPs7.614> CPgo.1062> and CPy3.5))
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were obtained from the Khuzestan Institute of Sugarcane
Research and By-products Development, Ahvaz, Iran. These
cultivars are widely cultivated commercially in southern Iran
in Khuzestan. All cultivars grow in the same geographical
area using the same agricultural techniques.

Rearing of S. cretica

Originally, the larvae of S. cretica were collected from
sugarcane fields of Ahvaz, Iran. They were reared on each
sugarcane cultivar under controlled conditions: 27 +2 °C,
65+ 5% RH, and a photoperiod of 16:8 (L:D) h according to
the method of Sedighi (2016). The larvae were reared on cut
stems of sugarcane cultivars in plastic containers (1.5 Liter,
22 cm diameter, and 8 cm depth) for two generations, and
the third-generation larvae were used in the experiments.

Nutritional responses and body weight of S. cretica

Feeding performances (larval weight, food consumed, feces
produced, and weight gain) of the third instar larvae until
pre-pupation of S. cretica on each sugarcane cultivar were
evaluated based on the Waldbauer (1968) (40 replicates for
each cultivar). The weights of the third instar larvae were
measured before and after feeding on stems of various sug-
arcane cultivars until pre-pupation. The weight of each
sugarcane cultivar was measured and then the cultivar was
transferred to plastic plates to feed the larvae. These larvae
were fed with the stem of each cultivar and the final weight
was recorded.

Larval weight, the remaining food, and feces at the end of
each experiment were recorded until the feeding stopped and
reached the pre-pupal stage. The weight of the eaten stem
was determined by subtracting the stem residue at the end of
each experiment from the total weight of the given stem. To
obtain the dry weight percentage of the food and larvae, 20
specimens of food and larvae for each cultivar were weighed,
oven-dried at 60 °C for 48 h, and then weighed again. The
nutritional performances of S. cretica larvae are evaluated
by Waldbauer (1968) formulae:

Consumption index (CI)=[(E/A)]; Approximate digesti-
bility (AD) = [(E-F)/E]; Efficiency of conversion of ingested
food (ECI)=[(P/E) x 100]; Efficiency of conversion of
digestion food (ECD) = [(P/E-F) x 100]; Relative consump-
tion rates (RCR)=[(E/W;x T)]; and Relative growth rates
(RGR)=[P/ W, x T].

where A =average of larval dry weight over time (mg),
E =dry weight of the food consumed (mg), F=dry weight
of feces produced (mg), P=dry weight gain of larvae (mg),
T =the feeding duration (day), and W,=primary weight of
larvae (mg).
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Furthermore, the fifth instar larvae and pupal weight of
S. cretica were measured 24 h after their emergence and
pupation on each sugarcane cultivar.

Digestive enzymatic activity

Under a stereomicroscope, the fifth instar larvae of S. cre-
tica feeding on each sugarcane cultivar were dissected in
pre-cooled distilled water. The midguts of 50 larvae of S.
cretica were homogenized on ice and prepared described
by Hosseininaveh (2007). Homogenates were centrifuged at
15,000 g at 4 °C for 10 min. Then, supernatant was collected
and frozen (-20 °C) for enzymatic assays. All assays were
done in three replications with a blank without enzymatic
extract.

Amylase activity of S. cretica

The amylase activity of S. cretica larvae fed with different
sugarcane cultivars was determined by the dinitrosalicylic
acid (DNSA) method using 1% soluble starch and 50 mM
acetate buffer at the optimal pH (Bernfeld 1955). Twenty
microliters of the enzyme extract were incubated with 40 mL
of soluble starch at 37 °C for 30 min. The enzymatic reaction
was stopped by adding 100 ml of DNSA reagent, and the
adsorption was read at 540 nm. A standard curve of absorb-
ance against the amount of maltose released was created to
facilitate the calculation of the amount of maltose released
during the a-amylase assays. A series of dilutions of maltose
in the universal buffer were prepared to obtain the following
concentrations: 2, 1, 0.5, 0.25, and 0.125 mg mL~!,

Protease activity of S. cretica

The proteolytic activity was examined using azocasein
(1.5%) as a substrate by Elpidina (2001). The reaction mix-
ture contained 50 ml substrate solution in 50 mM acetate
buffer and 15 ml enzyme extract. The mixture was incubated
at 37 °C for 50 min for hydrolysis of azocasein. After incu-
bation for 50 min, 100 mL of 30% trichloroacetic acid (TCA)
was added to the reaction mixture, kept at 4 °C, and centri-
fuged at 15,000 g for 10 min. One hundred microliters of the
supernatant were mixed with 100 mL of 2 M NaOH, and the
adsorption rate was determined at 440 nm. The blank solu-
tion contained all of the listed reagents except for the enzyme
solution. Appropriate blanks, to which TCA had been added
before the substrate, were prepared for each treatment. A
tyrosine standard curve was made with 1-15 pg mL~" tyros-
ine solution. One unit of protease activity was defined as the
increase in optical density per milligram of tissue protein per
minute due to proteolysis of azocasein. Moreover, protein
concentrations were calculated using the Bradford (1976)
protein assay, and known amounts of bovine serum albumin

(BSA) (2, 1.5,1,0.5,0.25,0.125, and 0.063 mg mL~") were
utilized to create a standard curve.

Biochemical properties of sugarcane cultivars

Biochemical characteristics of various sugarcane cultivars
were investigated to detect their relationship with feeding
indices and enzymatic activity of S. cretica. Sliced sugar-
cane stems were used to measure all phytochemicals of the
tested sugarcane cultivars. The experiments were carried out
in three replications.

Total phenol, anthocyanins, and flavonoids contents
determination

The method of Slinkard and Singleton (1977) was used to
assay the total phenol content in the stems of various sugar-
cane cultivars. Briefly, the powdered cut stems extracts were
homogenized in methanol. After centrifugation, the super-
natants were transferred to 1.5 mL Folin—Ciocalteu reagent
10% and sodium carbonate solution 7% were added to the
mixture and the absorbance was measured at 765 nm. Gallic
acid was utilized as standard compound for the quantifica-
tion of total phenol content.

Also, total anthocyanins and flavonoid contents in vari-
ous sugarcane cultivars were measured by the method given
by Kim et al. (2003). Briefly, 2 g of powdered cut stems of
sugarcane cultivars was homogenized in acidified ethanol
(1 acid acetic:100 ethanol), and the absorbance was meas-
ured at 520 nm for total anthocyanins and 415 nm for total
flavonoids. Also, the standard curve for total anthocyanins
and flavonoids was made utilizing cyanidin and quercetin
standard solutions, respectively.

Data analysis

Before statistical analysis, all data were validated using the
Shapiro—Wilk test in the SPSS v. 22.0 environment. Moreo-
ver, the effect of various sugarcane cultivars on the feeding
performance and enzymatic activity of S. cretica and sec-
ondary metabolites of sugarcane were analyzed by one-way
ANOVA. Statistical differences of means were compared
with the Tukey test at a 5% significance level. Correlation
between some main physiology properties of S. cretica,
including relative growth rate, relative consumption rate,
efficiency of conversion of ingested food, pupal weight,
amylolytic, and proteolytic activities parameters, with bio-
chemical characteristics of various sugarcane cultivars was
investigated through Pearson’s correlation test. A dendro-
gram of sugarcane cultivars was created based on all the
parameters of S. cretica in the tested sugarcane cultivars by
Ward’s method (SPSS Inc. 2007).
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Results
Nutritional responses

Table 1 shows the values for the feeding performance of the
third instar larvae until pre-pupation of S. cretica. Nutritional
indices were significantly different between larvae that fed
on various cultivars of sugarcane. Higher consumption index
was observed during feeding of larvae with cultivars CPs; ¢4
and SP- ;43 and a lower value was seen during feeding on
cultivar CPyg 193 (F=4.32; df =5, 234; P=0.002). Larvae
fed with cultivars CPs; 4,4, and IRCyg 5, showed the lowest
approximate digestibility (AD) value compared to other cul-
tivars (F=6.92; df =5, 234; P<0.001). The highest value
of the efficiency of conversion of ingested food (ECI) of
the larvae was on cultivar CP,q ;03 (F=7.45; df =5, 234;
P <0.0001). Also, larvae-fed cultivar CP,q_ ;o3 showed the
highest values of efficiency of conversion of digested food
(ECD) (F=4.72; df=5, 234; P=0.001). Larvae reared on
cultivars CPs; ¢4, SPg.1143, and IRCyg_; showed the highest
value of relative consumption rate, while the lowest value
was in cultivar CP,3 5, (F=6.92; df =5, 234; P <0.001). The
highest value of relative growth rate was in cultivar CP,g 13,
and the lowest value was in cultivars SP;, ;43 and IRCgyg ;
(F=2.86; df=5,234; P=0.02).

Table 2 indicates the food consumption and body mass
of S. cretica larvae on various sugarcane cultivars. No sig-
nificant differences were observed in food consumed and
weight of fifth instar larvae among the sugarcane cultivars
(F=0.46; df =5, 234; P=0.81). The highest weight gain
of larvae was observed when larvae were fed on cultivars
CPg 103 and CPgyq o6 (F=18.26; df=5, 234; P <0.001).
Also, the heaviest pupal mass was measured on cultivar
CPgq.16, and the lightest on cultivars CPs; ¢4, CP3,, and
SPg 1143 (F=25.17; df =5, 234; P <0.001).

Enzymatic activity of larvae

Table 3 shows the amylolytic and total proteolytic activ-
ity of the fifth instar S. cretica larvae fed with the tested
sugarcane cultivars. Digestive enzymes of S. cretica reared
on sugarcane cultivars showed significant differences. The
highest and lowest levels of amylase activity were recorded
on cultivars IRCyg o, and CPy; 4,4 (F=2839.54; df =5, 12;
P <0.001). Furthermore, the larvae reared on cultivars
CPs 103 CP57.614, and CP43 ,; showed higher protease activ-
ity, while lower one detected in the larvae was reared on
cultivars CPgg_1062- SP70.1143> and IRCyg o, (F=27.24; df =5,
12; P<0.001).

Table 1 The mean (+SE)

o o . Cultivar CI AD (%) ECI (%) ECD (%) RCR (g/g/d)  RGR (g/g/d)

nutritional indices of Sesamia

cretica reared on various IRCy95; 11.91+0.81ab 0.74+0.02c  0.04+0.00bc 0.05+0.00abc 2.04+0.16a  0.08 +0.00b

sugarcane cultivars
SP;o.1143 15.39+£0.80a  0.83+0.017a 0.03+0.00c  0.03+0.00c 3.08+0.16a 0.08+0.00b
CPys193 1037+£0.09b 0.84+0.02a 0.06+0.0la 0.07+0.01a 2.07+0.18ab 0.11+0.00a
CPs; 614 1537x1.02a 0.73+£0.02c  0.03+£0.00c  0.04+0.00bc  3.07+0.20a  0.09 +0.00ab
CPgo.10s2 11.07x1.13ab 0.85+0.01a 0.05+0.0lab 0.06+0.00ab  2.21+0.23ab 0.09 +0.00ab
CP53.5, 1449+1.62ab 0.82+0.03b 0.04+0.00bc 0.05+0.00abc 1.28+0.47b  0.07+0.01c

The means followed by different letters in the same column are significantly different (Tukey test, P <0.05)

Number of sample size is 40 specimens for each parameter

CI consumption index, AD approximate digestibility, ECI efficiency of conversion of ingested food, ECD
efficiency of conversion of digested food, RCR relative consumption rate, RGR relative growth rate

Table2 The mean (+ SE) food

. Cultivar Food consumed (g/larvae)  Larval weight gain (g)  Fifth instar lar- ~ Pupal weight (g)

consun.lptlon.and body mass of vae weight (g)

Sesamia cretica larvae reared on

various sugarcane cultivars IRCyy  0.275+0.015a 0.009+0.001b 0.027+0.001a  0.059+0.003b
SPo.1143 0.275+0.012a 0.007+£0.001b 0.018+0.001a  0.045+0.002¢
CPygs 103 0.283+0.018a 0.015+0.001a 0.027+0.001a  0.066+0.003b
CPs;.614 0.270+£0.016a 0.008 £0.001b 0.017+0.001a  0.044+0.002¢
CPgo1062  0.295+0.024a 0.012+0.001a 0.028+£0.001a  0.078 +0.003a
CP555, 0.260+0.016a 0.009+0.001b 0.025+0.137a  0.048+0.001c
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The means followed by different letters in the same column are significantly different (Tukey test, P <0.05)

Number of sample size is 40 specimens for each parameter
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Table3 The mean (+SE) amylolytic and proteolytic activities of
midgut extracts from fifth instar larvae of Sesamia cretica reared on
various sugarcane cultivars

Cultivar Amylolytic activity (mU/ Proteolytic
mg) activity (U/
mg)
IRCyg ¢, 1.108 +£0.005a 0.40+0.01b
SPoo.1143 1.04 +0.006b 0.39+0.01b
CPyg 103 0.87+0.006d 0.55+0.015a
CPs7614 0.59+0.005¢ 0.52+0.02a
CPyo.1062 1.045+0.002b 0.36+£0.025b
CP;3.5, 1.004 +0.001c 0.53+0.01a

The means followed by different letters in the same column are sig-
nificantly different (Tukey test, P<0.05). Number of sample size is
three specimens for each parameter

Table 4 Some biochemical characteristics (mean + SE) of tested vari-
ous sugarcane cultivars

Cultivar  Total phenolic ~ Flavonoids (mg/ Total anthocyanin
content (mg/ mL) content (mg/mL)
mL)
IRCyg; 4.27+0.06c 8.77+0.07a 8.453+0.04d
SP;o.1143  5.90+0.04b 1.20+0.06d 19.09 +£0.070a
CP 103 6.11+£0.07b 7.46+0.13b 9.09+0.05¢
CPs; 64 7.19+0.01a 5.69+0.10c 7.27+0.07f
CPgo.1062 4.29+0.07d 1.01+0.01d 8.18 £0.05¢
CP;;,;  5.93+0.01b 8.77+0.06a 13.34+0.07b

The means followed by different letters in the same column are sig-
nificantly different (Tukey test, P<0.05). Number of sample size is
three specimens for each parameter

Biochemical traits of various sugarcane cultivars

Table 4 lists the plant secondary metabolites attributes of
sugarcane cultivars. There were significant differences in
the biochemical content of various sugarcane cultivars. The
highest total phenolic content was measured in CPs; ¢4
(F=197.71; df =5, 12; P<0.001). The lowest amount of

flavonoids was detected in CPgq 106, and SP;( 43, while
the highest amount was observed in CP;5,, and IRCgq g,
(F=1981.69; df =5, 12; P<0.001). Moreover, the highest
amount of total anthocyanin was obtained for the cultivar
SP5¢.1143, While the lowest amount was measured for CPs; 4,4
(F=6644.31; df =5, 12; P <0.001).

Correlation analysis

Table 5 shows the analysis of correlation coefficients of
nutritional performances and enzymatic activity of S. cretica
with biochemical characteristics of the tested cultivars. Sig-
nificant correlations were detected between S. cretica and the
sugarcane cultivar’s phenolic, flavonoids, and anthocyanins
contents. The proteolytic activity of S. cretica showed signif-
icant positive correlations with phenolic content (r=0.724)
and flavonoids (r=0.672). A significant negative correlation
was observed between the total phenolic content of different
sugarcane cultivars and S. cretica pupal mass (r= —0.544)
and amylolytic activity (r= —0.836). Moreover, the pupal
weight of S. cretica showed positive correlations (r=0.491)
with anthocyanins content. In contrast, the proteolytic activ-
ity of larvae negatively correlated (r= —0.682) with this
biochemical parameter of sugarcane. The phenolic content
of cultivars highly correlated with the relative consumption
rate of larvae (r=0.292).

The relative consumption rate, pupal weight, and amylo-
lytic activity of S. cretica (Table 5) did not significantly cor-
relate with the flavonoids content of the sugarcane cultivars.
Furthermore, there was no significant correlation among
RGR and ECI of S. cretica with the tested all biochemical
characteristics content of sugarcane cultivars.

Cluster analysis

Figure 1 presents the dendrogram based on the tested param-
eters of S. cretica in different sugarcane cultivars. Various
sugarcane cultivars were grouped in two clusters A and B.
Sub-cluster A1 includes cultivars CPs; 4,4 and SP 1,43, and

Table 5 Correlation coefficients

. . Parameter
(r) of some physiological

Total phenolic Flavonoids Anthocyanins

characteristics of Sesamia
cretica fed on different
sugarcane cultivars with
biochemical traits of various
sugarcane cultivars

Relative growth rate
Relative consumption rate

Efficiency of conversion of
ingested food

Pupal weight
Amylolytic activity
Proteolytic activity

0.095 (0.406)
0.292 (0.010)
—0.178 (0.119)

0.075 (0.515)
—0.051 (0.661)
0.049 (0.673)

—0.015 (0.899)
—0.122 (0.286)
0.145 (0.205)

—0.544 (0.000) —0.180 (0.115) 0.491 (0.000)
—0.836 (0.000) —0.117 (0.645) 0.438 (0.069)
0.724 (0.001) 0.672 (0.002) —0.682 (0.002)

Correlations were evaluated based on Pearson’s correlation test (P <0.05)

The number in parenthesis is P value
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Fig. 1 Dendrogram of different
cultivars based on nutritional
indices and enzymatic activity
of Sesamia cretica reared on
various sugarcane cultivars

CP57
(Ward’s method) SP70

Ccp73

CP69

IRC99
Cp48

Sugarcanes

sub-cluster A2 includes cultivar CP;5 ;. Cluster B consists
of cultivars CPgq_;g62. IRCgg.¢, and CPyg_1¢3-

Discussion

For ideal growth, survival, and reproduction, insects must
obtain enough necessary nutrients from host plants (Hem-
mati et al. 2021). Our results showed that S. cretica larvae
reared on various sugarcane cultivars were able to develop
and complete their life cycle on all the tested sugarcane
cultivars. However, the amount of nutrition varied among
the cultivars tested. The nutritional performance of insects
depends on the quality and quantity of diet consumed by the
host plants (Karasov et al. 2011). Nutritional indicators of an
insect indicate a potential for nutrition and increase in body
mass in insect pests (Nathan et al. 2005; Lee 2007).

The present research findings show that although S.
cretica can complete development in all tested sugarcane
cultivars. It shows that these cultivars are a good source
of nutrition. Reciprocally, the feeding rate was the lowest
in cultivars CPs; ¢4, SP7g 1143, and CP4;,;, probably due
to low nutritional level, biochemical properties, and high
concentration of protein inhibitors. The results showed that
the high quality of food, especially biochemical attributes
of sugarcane, affects the digestive enzymes activity and
nutritional indicators of S. cretica. Furthermore, the study
shows an interaction between the biochemical characteristics
of sugarcane and the nutritional physiology of this pest. So
far, no effective step and comprehensive studies have been
performed to evaluate the nutritional physiology of S. cretica
on sugarcane cultivars.

Quantitative research has studied the effect of phytochem-
ical metabolites on the efficiency and performance of her-
bivores. Phenolic compounds are one of the most important
secondary metabolites that prevent feeding by herbivores
(Haukioja et al. 2002). Sharma et al. (2009) investigated the
high levels of polyphenols and tannins as plant resistance
factors against Helicoverpa armigera (Hubner). Mardani-
Talaee et al. (2016) reported that total phenolic contents
in host plants could reduce reproductive performance and
decrease insect pests’ growth rate. Moreover, Zahedi et al.
(2019) showed that interactions between cucumber cultivar
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and Aphis gossypii Glover were affected by biochemical
attributes of tested cultivars. Abedi et al. (2019) evaluated
that secondary compounds negatively affect pests’ nutri-
tional performances and growth. According to Naseri and
Majd-Marani (2020), the activity of digestive enzymes and
the feeding efficiency of Tribolium castaneum (Herbst) when
fed with different rice cultivars were affected. These findings
are consistent with the findings of the current study.

Bodyweight has been reported to be related to the food
consumed and is one of the key biological indicators of the
pest population (Liu et al. 2004). Also, nutritional conse-
quences of inappropriate cultivars are reflected in pupal
weight. The lowest pupal weight of S. cretica on cultivars
CPs;.614. CP73.5,, and SP5 ;43 showed that the larvae fed on
these cultivars were less suitable than other sugarcane culti-
vars. Here, it has been seen that changes in nutrient quality
or secondary composition between sugarcane cultivars can
affect larval growth and can be reflected in the weight of S.
cretica pupal. Bodyweight loss in cultivars CPs; 4,4, CP73 55,
and SP,_;,4; might be attributed to the higher contents of
biochemical characteristics in these cultivars.

According to cluster analysis in this study, larvae reared
on the cultivars CPgg_jp62, IRCyg g1, and CP,g_ (3 presented
higher nutritional physiology, indicating that these cultivars
are suitable for growth and nutrition of S. cretica. In addi-
tion, the results of cluster analysis showed that CPgg_60>
IRCyg ¢, and CP,q (5 are relatively susceptible cultivars, and
cultivars CPs;_ ¢4, CP73.5;, and SP5 43, especially CPy3 5,
are relatively unsuitable cultivars for S. cretica larvae.

In this study, the feeding properties of S. cretica fed on
sugarcane were negatively correlated with the levels of the
phytochemical metabolites. It was shown that secondary
compounds play a negative role in the growth of S. cret-
ica. Moreover, the results showed that cultivar CP;; 5, as
an unsuitable host for S. cretica could be considered in the
IPM programs of S. cretica in sugarcane fields. Besides, the
lowest feeding indices, such as RCR and RGR by S. cre-
tica in cultivar CP-5,;, are most likely related to the poor
nutritional quality of this cultivar. Larvae reared on cultivar
CP;5.,, had the lowest values of RCR and RGR, indicat-
ing that larvae feeding on this cultivar were less effective
in converting ingested and digested food to biomass. Also,
a significant correlation between relative consumption rate
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and biochemical attributes indicated less ability to convert
ingested feed into biomass, leading to reduced food intake
and larval weight and can be due to higher levels of second-
ary compounds in cultivars CPs; ¢4, CP75.5;, and SP ;43

In parallel, S. cretica enzymatic levels were adjusted
based on the number of biochemical traits, such as the total
phenol, flavonoids, and anthocyanins contents. The S. cre-
tica larvae fed on cultivar IRCyq ; had the highest amylo-
lytic activity. The lowest amylolytic activity of S. cretica,
reported in cultivar CPs; ¢4, can be related to the presence
of amylase inhibitors. The total phenol content of sugarcane
cultivars was negatively correlated to the amylolytic activ-
ity of larvae, suggesting that there was low feeding activ-
ity due to a higher concentration of phenol content in the
tested cultivars. The enzymatic activity of S. cretica was
affected by the food consumed, which has been reported in
many studies on pests (Hemati et al. 2012a; Jalaeian et al.
2021). Moreover, the lowest proteolytic activity on cultivars
IRCyg.¢1, SP7g.1 143, and CPgy 06, can be attributed to some
enzyme inhibitors that can inhibit digestive enzymes. Here,
it was observed that the proteolytic activity of S. cretica
positively correlated with the total phenol and flavonoids
contents and negatively correlated with anthocyanins of
sugarcane. Accordingly, different levels of the enzymatic
activity in S. cretica larvae can be related to the biochemi-
cal differences of sugarcane cultivars. It has been reported
that the physical and chemical characteristics of host plants
can adversely affect the feeding and digestion processes of
insects (Scriber and Slansky 1981).

Conclusion

Our results expand the knowledge on developing a new man-
agement procedure for S. cretica, including resistant culti-
vars in farm systems. The results indicated that cultivars
CPgy_1962- IRCyg_¢, and CP,q_;(3 were the most suitable and
CP,;_,; was the least unsuitable for S. cretica feeding, with
a potential application against this pest. It is recommended
to investigate the effect of sugarcane cultivars on life his-
tory variables of S. cretica for the future. Furthermore, to
achieve more practical knowledge for controlling this pest,
the response of S. cretica toward other growth inhibitors
should be studied to select suitable inhibitors to improve
plant resistance against S. cretica.
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