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Simple Summary: The sugarcane stem borer, Sesamia nonagrioides (Lefebvre), is the most important
pest of sugarcane in Iran and some other regions of the world. Variation in the resistance of six com-
mercial sugarcane cultivars to S. nonagrioides was investigated using the oviposition preference, life
history, and population growth parameters. Moreover, the physical and biochemical properties of
the tested sugarcane cultivars were estimated to understand any possible correlation between the
insect’s parameters and the physiochemical features of the cultivars tested. The physicochemical
properties of sugarcane cultivars significantly affected S. nonagrioides oviposition behavior, life history,
and population parameters. Based on the obtained results, the resistant cultivar, SP70-1143, could
be recommended for cultivation in sugarcane fields where the risk of S. nonagrioides damage is
usually high.

Abstract: The use of resistant cultivars is an efficient management strategy against S. nonagrioides.
The effects of different sugarcane cultivars, CP48-103, CP57-614, CP69-1062, CP73-21, SP70-1143, and
IRC99-02 were evaluated on the oviposition preference (free-choice assay), life history, and life table
parameters of S. nonagrioides at 27 ± 1 ◦C, 60 ± 5% RH and a photoperiod of 16: 8 (L: D) h. The
longest and shortest developmental times were on cultivars SP70-1143 and CP48-103, respectively.
The oviposition preference of S. nonagrioides was the highest on cultivars CP48-103 and CP69-1062,
and negatively correlated with the shoot trichome density and shoot rind hardness of the cultivars.
The highest intrinsic rate of increase of S. nonagrioides was on cultivar CP48-103 and the lowest was
on cultivar SP70-1143. The shortest mean generation time was on CP48-103 and the longest was
on SP70-1143. The results indicate that cultivars CP48-103 and CP69-1062 were susceptible, and
cultivar SP70-1143 was partially resistant against S. nonagrioides. This information could be useful for
developing integrated management programs of S. nonagrioides, such as the use of resistant cultivars
to reduce the damage caused by this pest in sugarcane fields.

Keywords: sugarcane stem borer; life table; sugarcane cultivar; oviposition preference; biochemical
traits

1. Introduction

The need for more food for the world’s growing population has increased the quantity
and quality of agricultural crops and their maintenance. Therefore, in order to optimally
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manage agricultural products, we must have correct information about production facil-
ities, production methods, and monitor the production process until consumption [1–3].
Sugarcane, Saccharum officinarum L. (Poaceae), an industrial multi-usage plant, is a major
source of sugar and raw materials for agro-industries [4]. This plant is extremely vulnerable
to insect pest attacks, including stem borers belonging to Sesamia spp. [4].

The sugarcane stem borer, Sesamia nonagrioides (Lefebvre) (Lepidoptera: Noctuidae) is
one of the most dangerous insect pests on sugarcane, corn, sorghum, millet, rice, grasses,
melon, asparagus, palms, and banana [5,6]. It has a wide distribution in the Khuzestan
and Fars provinces of Iran, southern Europe, North Africa, and the Middle East [7–9]. The
sugarcane stem borer is a devastating pest on all phenological stages of the sugarcane
in Khuzestan province where it has up to five generations per year [9]. The feeding of
S. nonagrioides larvae at the tillering stage of sugarcane results in dead hearts and causes
severe damage, after the formation of internodes, by reduction in stalk weight and sugar
quality [10]. Both the quality and quantity of sugar extracted from sugarcane plants can be
decreased when they are severely attacked by S. nonagrioides [11–13].

Owing to the development of insect pests’ resistance to insecticides and the negative
effects of insecticides on human health and the environment, the use of alternative methods
of insect control is essential [14,15]. Host plant resistance is one of the suitable alternatives to
insecticides in pest management programs both economically and environmentally [16–18].
Based on integrated pest management (IPM) programs, the use of sugarcane cultivars
that are resistant to stem borers could be an efficient method, along with other controlling
methods such as chemical, cultural, and biological control [10,19–21].

The quality of host plants can influence the life history, population growth, oviposi-
tion preference, and feeding performance of insect pests [22,23]. Plant physicochemical
properties including primary and secondary metabolites, as well as trichome density, tissue
hardness, and moisture content can determine the oviposition behavior and population per-
formance of insect pests [24–28]. Therefore, study of these parameters, as resistance indices,
could be useful in the identification of resistant cultivars for use in IPM programs [29–32].

Several studies have been conducted on the resistance mechanisms, biology, and life
table parameters of S. nonagrioides on different host plants. For example, Ranjbar Aghdam
and Kamali [33] studied the rearing of Sesamia cretica Lederer and S. nonagrioides on various
host plants under laboratory conditions and showed that maize and sorghum are suitable
hosts to S. nonagrioides and S. cretica, respectively. The resistance mechanisms of sugarcane
cultivars to Sesamia spp. were investigated by Asgarianzadeh [34], who identified that the
antixenosis and tolerance were more important than antibiosis in providing resistance. The
effects of sugarcane and maize were assessed on the life table parameters of S. nonagrioides,
and sugarcane was reported to be more susceptible than maize to this pest [35].

Due to the importance of sugarcane as a strategic agricultural crop in Iran and many
other countries of the world [4], and the high economic damages of S. nonagrioides on it, the
current study was conducted to estimate the oviposition preference, life history, and life
table parameters of S. nonagrioides on six commercially cultivated cultivars of sugarcane in
Iran. In addition, we assessed the associations between the physical and biochemical traits
of examined cultivars and the pest’s life history and life table parameters. The findings of
this investigation could be helpful in an IPM program of S. nonagrioides, such as the use of
genetically engineered cultivars that are resistant to this pest.

2. Materials and Methods

The experiments were performed in a growth chamber set at 27 ± 1 ◦C, 60 ± 5% RH,
and a photoperiod of 16:8 (L:D) h in the Iranian Research Institute of Plant Protection,
Agricultural Research, Education and Extension Organization (AREEO), Tehran, Iran. We
used a completely randomized design for all the experiments.
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2.1. Host Plant

The cut stems of 6 sugarcane cultivars, CP48-103, CP57-614, CP69-1062, and CP73-21
(Canal Point USA); SP70-1143 (Sao Paulo, Brazil); and IRC99-02 (cross-made in Cuba
and selected in Iran) were collected from the sugarcane cultivars bank of Sugarcane and
Byproduct Development Company, Khuzestan, Iran (48◦46′53.81” E and 31◦50′23.79” N).
These cultivars were selected based on commerciality, cultivated area, and their reaction
to the stem borers under field conditions. Some sugarcane cultivars such as SP70-1143
and CP57-614 were cultivated in Matana Agricultural Research Station, Egypt, showing
the importance of these cultivars around the world [36]. About 100 plants from each
cultivar were cultivated under field conditions. Stems between the elongation phase and
the ripening phase (250–300 days after planting)) were cut every week and kept at 4 ◦C
until their use in the experiments.

2.2. Physical and Biochemical Properties of Sugarcane Cultivars

To examine the relationship between sugarcane cultivars and S. nonagrioides population
parameters and oviposition preference, some physical-biochemical traits of sugarcane
cultivars were evaluated as follows:

2.2.1. Density of the Shoot Trichomes

Sugarcane shoots were selected randomly from 5 plants of each cultivar. The trichome
density of each cultivar was estimated by counting the number of trichomes per cm2 of the
sheath margin (the upper, middle, and lower parts of the shoots) using a stereomicroscope
(SZX16, Olympus) [37].

2.2.2. Moisture Content

The 5-cm cut stems of each cultivar (five replicates) were weighed based on the fresh
weight (FW) using an electronic balance (A & D Co., LTD, Tokyo, Japan, d = 0.01 g), and kept
in an oven set at 70 ◦C for 48 h. After reaching a constant weight, they were re-weighed (dry
weight: DW), and the moisture content (%MC) in the stems of each cultivar was calculated
as the following equation:

MC =
FW − DW

FW
× 100

2.2.3. Rind and Pith Hardness

Using a fruit hardness tester (LutronFR-5120, Taiwan, tip size: 3 mm), the rind hardness
of stems and shoots, and the pith hardness of stems were measured. The stems rind
hardness was measured by piercing the middle part of the third and fourth internodes (as a
target internode for the penetration of the stem borer larvae) at 300 days after planting, and
the penetrating point was registered in Newton (N) as a hardness index. The pith hardness
was determined in the cross-section (5-cm pieces) of the same internodes. The shoot rind
hardness was measured by punching the initial and middle parts of the sugarcane shoots,
as the target site for S. nonagrioides oviposition. Each test was conducted for each cultivar
in five replications.

2.2.4. Determination of Silica

One gram of the pulverized sample of the stems and shoots of different sugarcane
cultivars was mixed with 9 g of lithium tetraborate (weight ratio 1:9) into a platinum
labware, and then the final mixture was melted at 900 ◦C and dissolved in concentrated
nitric acid. Eventually, 2 mL of the solution was placed inside the set ICP-OES (Varian
Vista MPX), and the amount of silica in the sample was measured based on the different
wavelengths (250–288 nm) created on the metal in the raw material [38].
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2.3. Determination of Primary and Secondary Metabolites
2.3.1. Sample Preparation

All experiments were performed in five replicates per cultivar. The biochemical
metabolites of sugarcane cultivars were measured using the extract of sugarcane stems.
After washing the stems in water (five stems from each cultivar), they were dried at room
temperature for 4 h and chopped using an electric grinder.

2.3.2. Determination of Total Protein

The protein content of the sugarcane cultivars was evaluated according to Bradford [39]
using bovine serum albumin (BSA) as a standard. About 0.1 g of the powdered stems was
mixed with 100 mL of 100 mM phosphate buffer and immediately centrifuged (12,000× rpm
at 4 ◦C for 15 min). Then, 100 µL of the resulting supernatant was taken and transferred
to the test tubes containing 5 mL of Bradford reagent. The absorbance was measured at
595 nm.

2.3.3. Determination of Carbohydrate

The carbohydrate content was measured using the Anthrone reagent [40]. A quan-
tity of 0.5 g of the powdered stems was mixed with 5 mL ethanol 80% and centrifuged
(4000× rpm at 4 ◦C for 15 min). Then, 0.1 mL of the obtained supernatant was added to
3 mL of Anthrone reagent, and the absorbance was read at 620 nm.

2.3.4. Determination of Total Phenolics

The total phenolics were assessed according to the Folin–Ciocalteu method [41]. The
mixture of 0.5 g of the powdered stems and 5 mL of methanol 80% was centrifuged
(4000× rpm at 4 ◦C for 15 min). A total of 1 mL of the obtained supernatant was transferred
to a test tube and its volume was increased to 50 mL by distilled water. Then, 0.25 mL
of Folin–Ciocalteu and 1.25 mL of sodium carbonate 20% were added to the mixtures
and mixed completely. The tubes were kept at room temperature in the dark for 40
min. The absorbance of each sample was measured at 725 nm using a spectrophotometer
(Unico, UV/Vis2100, Fairfield, NJ, USA). The result was expressed as mg of gallic acid
equivalent/100 g of fresh weight sample.

2.3.5. Determination of Total Flavonoids

The total flavonoids were determined using the aluminum chloride colorimetric assay
method [42]. A total of 1 mg of powdered stems was mixed with 1 mL of 2% methanolic
solution of aluminum chloride, and stored at room temperature for 15 min. The absorbance
was read at 430 nm. The flavonoid content was expressed as mg of quercetin equivalents
(QE)/g of fresh sample.

2.3.6. Determination of Tannins

The condensed tannin content in the stems was analyzed using the vanillin–HCL
method [43]. About 0.5 mg of the powdered samples was mixed with 3 mL of vanillin
(4%) (w/v, vanillin in methanol). Then, 1.5 mL of HCL was added to this extract, and
after storage at room temperature in the dark for 15 min, the absorbance was measured
at 500 nm. The tannin values of the samples were expressed as mg of catechin equivalent
(CE)/100 g of fresh sample.

2.4. Rearing of Sesamia nonagrioides

The initial population of S. nonagrioides was established using about 10,000 eggs
collected from sugarcane fields of Sugarcane and Byproducts Development Company,
Khouzestan, Iran, in May 2019. The eggs were kept in 9 cm Petri dishes with a piece of wet
cotton ball to prevent the eggs from desiccation. The hatched neonate larvae were reared on
the cut stems of each sugarcane cultivar in transparent plastic containers (19 × 13 × 4 cm)
with a hole covered by a cloth mesh for ventilation and kept in a growth chamber set at
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27 ± 1 ◦C, 60 ± 5% RH, and a photoperiod of 16:8 (L:D) h. Every 2–3 days, the larvae
were transferred to new containers with fresh-cut sugarcane stems. After 7–10 days, the
larvae that were developed to the third instar were reared individually on 20-cm cut stems
until pupation. Each 10 cut stems were placed in cylindrical plexiglass jars (25 × 17 cm,
Venus Co., Tehran, Iran), which were covered at the top by a fine mesh net for ventilation.
After pupation, the sex of individuals was distinguished based on the distance between
the sexual hole and anus, which is longer in females than in males [44], and the pupae
were sterilized using 5% sodium hypochlorite solution [33]. Male and female pupae were
kept separately in disposable containers (7 cm diameter × 3 cm depth with a cap) and
checked daily until adult emergence. After the emergence of the adult moths, 3–7 pairs
of moths (with equal sex ratio) were transferred into cylindrical transparent plexiglass
jars (17 cm diameter × 25 cm depth) for mating and oviposition. Each oviposition jar
contained 3–5 sugarcane shoots to provide natural oviposition substrate and a piece of
cotton ball soaked in 10% honey:water solution as a source of carbohydrate for feeding of
the adult moths [33]. During the oviposition period, the eggs were gathered from the leaf
sheath daily using a fine brush (No. 000), and the sugarcane shoots were replaced with
new ones. The sterilization of the eggs was carried out using the procedure described by
Ranjbar Aghdam and Kamali [33]. In order to nutritionally adapt the S. nonagrioides on
each sugarcane cultivar, the insect was reared for two generations on each cultivar, and the
eggs obtained from the third generation were used in the experiments.

2.5. Oviposition Preference of Sesamia nonagrioides

The oviposition preference (number of eggs laid) of S. nonagrioides was tested on
six sugarcane cultivars according to the free-choice assay. Three detached sugarcane
shoots (length 20 cm) from each cultivar were randomly arranged in wooden cages
(80 × 80 × 60 cm) covered by a white mesh cloth. Five pairs of one-day-old male and
female adults were released in the center of the cage, and after 72 h, the eggs laid under the
leaf sheath were counted separately for each cultivar. This experiment was performed in
five replications.

2.6. Life History and Survival of Sesamia nonagrioides

The life history and survival of S. nonagrioides were investigated using 200 eggs (<24 h
old) as a cohort for each treatment (sugarcane cultivar), which were laid by the females
reared on the same cultivar. All 200 eggs for each cultivar were transferred into sterilized
glass Petri dishes (diameter 9 cm), and the number of hatched eggs and their incubation
periods were recorded daily. Newly emerged larvae (<24 h old) were placed individually
in transparent plastic containers (9 cm diameter × 5 cm depth) containing a piece of the
sugarcane cut stem (3 cm diameter × 7 cm height). The cut stems of each cultivar were
replaced by fresh ones every 3–4 days during the larval development until prepupal stage.
The pre-pupae remained unchanged inside the stems until pupation. After pupation, the
pupae were sexed and weighed using laboratory scales (Sartorius AG Germany GCA803S,
d = 0.001 ct) at 24 h after pupation on each sugarcane cultivar and placed individually in
new containers (7 cm diameter × 3 cm depth with a cap) until adult emergence. Larval and
pupal containers were checked daily, and their duration and survival were recorded. The
emerged adult moths were transferred to oviposition jars (17 cm diameter × 25 cm depth),
and adult longevity and the number of eggs laid by each female (fecundity) were recorded
daily. In order to determine egg hatching (fertility), the egg masses laid at different times
were kept separately. Daily monitoring was continued until the death of the last female
and male moths. The sex ratio was calculated as the following formula:

Sex Ratio =
females

females + males
× 100
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2.7. Life Table Parameters of Sesamia nonagrioides

The life table (population growth) parameters of S. nonagrioides were assessed based
on the age-stage, two-sex life table theory [45,46] using TWOSEX-MSChart software [47].
The age-specific survival rate (lx) was calculated as:

lx = ∑ k
j=1sx j

where k is the number of stages and sxj is the probability that newly laid eggs will survive to
age x and stage j. Age-specific fecundity (mx) was measured using the following formula:

mx =
∑k

j=1 sx j fxj

∑k
j=1 sxj

where fxj (age-stage-specific fecundity) is the number of hatched eggs that were produced
by an adult female at age x. The intrinsic rate of increase (r) was calculated as the follow-
ing formula:

1 =
∞

∑
x=0

e−r(x+1)lxmx

Other population growth parameters including the gross reproductive rate (GRR),
net reproductive rate (R0), finite rate of increase (λ), and mean generation time (T) were
calculated as GRR=∑ ∞

x=0mx, R0=∑ ∞
x=0lxmx, λ=er and T = (ln R0)/r [48,49].

2.8. Statistical Analysis

The physicochemical traits data, the weights of pupae, and the oviposition preference
of S. nonagrioides were examined for normality with a Kolmogorov–Smirnov test using SPSS
version 16.0 [50], and all the data were normally distributed. These data were analyzed by a
one-way analysis of variance (ANOVA), and the statistical differences among the treatments
were compared using Tukey’s HSD test at a 5% probability level. The developmental time,
adult pre-oviposition period (APOP: the time between the emergence of an adult female and
the start of its oviposition), total pre-oviposition period (TPOP: the duration from egg to first
oviposition), oviposition period, fecundity, and life table parameters were analyzed based
on the age-stage, two-sex life table theory [45,46]. Additionally, the bootstrapping with
100,000 replications was used to estimate the variances and standard errors of life history
and population parameters [51,52], and the paired bootstrap test was used to compare
the means [53,54]. The relationship between the physicochemical features of the tested
sugarcane cultivars and S. nonagrioides oviposition preference and population parameters
was evaluated by Pearson correlation test using the average data of variables [55,56]. A
dendrogram by Ward’s method was drawn based on the oviposition preference, life history,
and life table parameters of the insect reared on examined sugarcane cultivars using SPSS
version 22.0 (IBM, Chicago, IL, USA).

3. Results
3.1. Properties of Sugarcane Cultivars

The physical and biochemical features of sugarcane cultivars used for the feeding
of S. nonagrioides are presented in Table 1. The highest trichome density in sugarcane
shoot was observed in cultivar SP70-1143, whereas the lowest density was determined in
cultivars CP48-103, CP69-1062, and IRC99-02 (F = 278.34; df = 5, 29; p < 0.001). The stem of
cultivar SP70-1143 (66.91%) had the lowest moisture content compared with other cultivars
(F = 352.57; df = 5, 29; p < 0.001). The results showed significant differences in the shoot rind
hardness (F = 1176.21; df = 5, 29; p < 0.001) and stem rind hardness (F = 6020.53; df = 5, 29;
p < 0.001) among the various sugarcane cultivars. The stem and shoot rind hardness indices
were the highest in cultivar SP70-1143 and the lowest in cultivar CP48-103. Among the
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tested sugarcane cultivars, the highest value of stem pith hardness was recorded in cultivar
SP70-1143 (F = 977.49; df = 5, 29; p < 0.001).

Table 1. Mean (±SE) physical and biochemical traits (n = 5) in examined sugarcane cultivars.

Parameters
Cultivars

CP48-103 IRC99-02 CP69-1062 CP73-21 CP57-614 SP70-1143

Moisture content (%) 83.27 ± 0.20 b 86.13 ± 0.57 a 87.80 ± 0.16 a 77.92 ± 0.37 c 71.96 ± 0.57 d 66.77 ± 0.58 e
Trichome density (per cm2) 1.40 ± 0.25 d 1.20 ± 0.2 d 1.40 ± 0.25 d 5.80 ± 0.20 c 9.20 ± 0.37 b 12.60 ± 0.40 a
Shoot rind hardness (Newton) 14.80 ± 0.37 f 17.80 ± 0.40 e 22.0 ± 0.32 d 32.60 ± 0.25 c 36.20 ± 0.49 b 46.40 ± 0.25 a
Stem rind hardness (Newton) 56.80 ± 0.58 f 86.80 ± 0.37 e 111.80 ± 0.58 d 120.0 ± 0.45 c 140.0 ± 0.45 b 163.0 ± 0.45 a
Stem pith hardness (Newton) 10.20 ± 0.37 c 9.00 ± 0.32 c 8.80 ± 0.20 c 19.0 ± 0.37 b 32.60 ± 0.25 a 33.20 ± 0.37 a
Total protein (mg/mL) 0.015 ± 0.002 d 0.069 ± 0.004 b 0.014 ± 0.002 d 0.048 ± 0.002 c 0.055 ± 0.004 c 0.096 ± 0.002 a
Carbohydrate content (mg/mL) 396.78 ± 1.30 b 394.36 ± 0.62 b 430.79 ± 1.48 a 394.29 ± 0.93 b 398.19 ± 1.15 b 399.67 ± 0.97 b
Total tannins (mg CE/100 g FW) 23.36 ± 0.32 e 31.664 ± 0.81 c 28.490 ± 0.44 d 30.988 ± 0.52 c 33.882 ± 0.23 b 37.972 ± 0.51 a
Total phenolics (mg GA/100 g FW) 8.374 ± 0.15 e 10.966 ± 0.17 c 9.69 ± 0.03 d 10.833 ± 0.17 c 12.726 ± 0.16 b 13.862 ± 0.12 a
Flavonoids content(mg QE/g FW) 58.57 ± 0.36 e 147.44 ± 3.55 b 108.68 ± 2.36 d 122.75 ± 1.49 c 174.97 ± 1.95 b 256.94 ± 2.64 a

Means in each row followed by different letters are significantly different (p < 0.05, Tukey’s HSD test).

The highest amount of silica was observed in the stem (F = 389.66; df = 5, 17; p < 0.001)
and shoot (F = 13,837.68; df = 5, 17; p < 0.001) of cultivar CP69-1062, while the lowest
amount was observed in the stem and shoot of cultivars CP73-21 and SP70-1143 (Figure 1).
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Figure 1. Mean (±SE) silica concentration (ppm) in the stem and shoot of tested sugarcane cultivars.
Mean values followed by different letters are significantly different according to Tukey’s HSD test
(p < 0.05).

The total protein content (F = 139.18; df = 5, 24; p < 0.001) significantly varied among the
tested sugarcane cultivars; the lowest values were in cultivars CP48-103 and CP69-1062, and
the highest value was in cultivar SP70-1143. The carbohydrate content in cultivar CP69-1062
was significantly higher than in the other cultivars (F = 87.27; df = 5, 29; p < 0.001). The
condensed tannins content was the highest in cultivar SP70-1143, whereas the lowest was
in CP48-103 (F = 94.82; df = 5, 29; p < 0.001). A significant difference in the total phenolics
(F = 197.10; df = 5, 29; p < 0.001) and total flavonoids (F = 872.13; df = 5, 29; p < 0.001) was
detected in different sugarcane cultivars; with higher content in cultivar SP70-1143 and
lower content in cultivar CP48-103.

3.2. Oviposition Preference of Sesamia nonagrioides

The free-choice oviposition preference of S. nonagrioides on the sugarcane cultivars is
displayed in Figure 2. The maximum number of eggs laid was on cultivars CP48-103 and
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CP69-1062, and the minimum number was on cultivar SP70-1143 (F = 1043.05; df = 5, 29;
p < 0.001).
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Figure 2. Mean (±SE) oviposition preference of Sesamia nonagrioides on different sugarcane cultivars.
Mean values followed by different letters are significantly different according to Tukey’s HSD test
(p < 0.05).

3.3. Developmental Time and Survival of Sesamia nonagrioides

The outcomes of the effect of different sugarcane cultivars on the developmental
time and survival (from egg to adult emergence) of S. nonagrioides are shown in Table 2.
The average incubation period of S. nonagrioides on cultivar CP48-103 was significantly
shorter than on the others (p < 0.05). The longest larval period was on cultivar SP70-1143
(50.09 ± 2.12 days), and the shortest was on cultivar CP48-103 (31.63± 1.02 days) (p < 0.05).
No significant differences (p > 0.05) were observed for pre-pupal period among the sug-
arcane cultivars. The longest and shortest pupal period was seen on cultivars SP70-1143
(11.19 ± 0.07 days) and CP69-1062 (10.52 ± 0.05 days) (p < 0.05). The mean developmental
time (from egg to adult emergence) on cultivar CP48-103 was about 25.50 days shorter than
on cultivar SP70-1143 (p < 0.05). The highest immature (egg, larva, prepupa and pupa)
survival was on cultivars CP48-103 (81.25 ± 3.07%) and CP69-1062 (76.25 ± 3.36%), and
the lowest on SP70-1143 (19.34 ± 2.56%).

Table 2. Mean (±SE) developmental time (day) and survival rate (%) of Sesamia nonagrioides immature
stages on examined sugarcane cultivars.

Cultivars Egg Incubation Larval Period Pre-Pupal Period Pupal Period Developmental Time Immature Survival

CP48-103 6.01 ± 0.01 b 31.63 ± 1.02 e 2.03 ± 0.01 a 10.66 ± 0.05 cd 50.33 ± 1.07 e 81.25 ± 3.07 a
IRC99-02 6.04 ± 0.01 ab 33.00 ± 0.73 de 2.04 ± 0.02 a 10.70 ± 0.08 cd 51.68 ± 0.75 de 55.61 ± 3.93 b
CP69-1062 6.06 ± 0.02 a 34.26 ± 0.51 d 2.03 ± 0.01 a 10.52 ± 0.05 d 52.73 ± 0.53 d 76.25 ± 3.36 a
CP73-21 6.06 ± 0.02 a 36.70 ± 0.51 c 2.05 ± 0.02 a 10.73 ± 0.08 bc 55.38 ± 0.55 c 58.13 ± 3.89 b
CP57-614 6.07 ± 0.02 a 40.79 ± 0.88 b 2.09 ± 0.03 a 10.96 ± 0.08 b 60.15 ± 0.99 b 48.13 ± 3.95 b
SP70-1143 6.10 ± 0.03 a 50.09 ± 2.12 a 2.09 ± 0.04 a 11.19 ± 0.07 a 75.81 ± 2.19 a 19.34 ± 2.56 c

Means in each column followed by different letters are significantly different (p < 0.05, paired bootstrap test).

3.4. Weight of Male and Female Pupae

Figure 3 shows the weight of the male and female pupae of S. nonagrioides on the exam-
ined sugarcane cultivars. The mean weight of the female pupae significantly varied from
110.2 mg on cultivar SP70-1143 to 186.4 mg on cultivar CP69-1062 (F = 78.06; df = 5, 164;
p < 0.001). Furthermore, the male pupal weight on cultivar SP70-1143 (100.4 mg) was
significantly lower than the other cultivars (F = 5.37; df = 5, 179; p < 0.001).
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Figure 3. Mean (±SE) weight of pupal stage (mg) of Sesamia nonagrioides on examined sugarcane
cultivars. Mean values followed by different letters are significantly different according to Tukey’s
HSD test (p < 0.05).

3.5. Longevity and Reproductive Variables of Sesamia nonagrioides

Adult longevity showed significant differences on the examined sugarcane cultivars
(p < 0.05). The longevity of both male and female adults of S. nonagrioides was shortest on
cultivar SP70-1143, while the longest female longevity was observed on cultivars CP48-103
and CP69-1062 (Table 3). The pre-oviposition and oviposition periods, fecundity and
fertility of S. nonagrioides on the tested cultivars are presented in Table 3. Various sugarcane
cultivars had a significant influence on the adult pre-oviposition period (APOP) and total
pre-oviposition period (TPOP) of S. nonagrioides. The longest and shortest APOP was on
cultivars SP70-1143 and CP69-1062, respectively (p < 0.05). The longest TPOP was observed
on cultivar SP70-1143 and the shortest was on cultivars CP69-1062 and CP48-103 (p < 0.05).
Moreover, the longest oviposition period was on cultivars CP48-103 and CP69-1062, and the
shortest was on cultivar SP70-1143 (p < 0.05). The fecundity and fertility of S. nonagrioides
were the highest on cultivars CP48-103 and CP69-1062, and the lowest on cultivar SP70-1143
(p < 0.05).

Table 3. Mean (±SE) duration (day) of pre-oviposition and oviposition period, fecundity (eggs),
fertility (percentage of hatched eggs), and adult longevity (day) of Sesamia nonagrioides reared on
examined sugarcane cultivars.

Cultivars APOP TPOP Oviposition
Period

Fecundity
(Eggs/Female) Fertility (%) Male Adult

Longevity
Female Adult

Longevity

CP48-103 0.97 ± 0.02 b 52.69 ± 1.52 d 4.70 ± 0.12 a 228.79 ± 7.12 a 94.71 ± 0.16 a 6.88 ± 0.13 a 6.04 ± 0.12 a
IRC99-02 1.00 ± 0.01 b 54.64 ± 1.15 dc 3.56 ± 0.10 c 188.60 ± 6.81 c 88.25 ± 0.21 c 6.60 ± 0.13 ab 4.84 ± 0.12 b
CP69-1062 0.85 ± 0.04 c 54.00 ± 0.79 d 4.79 ± 0.12 a 228.76 ± 7.17 a 93.50 ± 0.14 a 6.57 ± 0.14 ab 5.86 ± 0.12 a
CP73-21 1.00 ± 0.01 b 57.18 ± 0.71 bc 3.79 ± 0.11 c 213.88 ± 7.72 ab 89.62 ± 0.19 b 6.44 ± 0.14 b 4.93 ± 0.13 b
CP57-614 0.97 ± 0.02 b 60.50 ± 1.54 b 4.14 ± 0.10 b 197.38 ± 11.15 bc 82.89 ± 0.14 d 6.64 ± 0.08 ab 5.05 ± 0.14 b
SP70-1143 1.19 ± 0.08 a 78.89 ± 2.97 a 2.95 ± 0.16 d 67.76 ± 9.09 d 74.75 ± 0.72 e 5.99 ± 0.12 c 4.61 ± 0.10 c

APOP, adult pre-ovipositional period (from the emergence of an adult female to the start of its oviposition); TPOP,
total pre-ovipositional period (from egg to first oviposition). Means in each column followed by different letters
are significantly different (p < 0.05, paired bootstrap test).

3.6. Survival Rate and Fecundity Curves

The age-stage-specific survival rate (sxj) of S. nonagrioides on various sugarcane cul-
tivars is presented in Figure 4. The survival rates of S. nonagrioides at similar ages and
developmental stages on CP48-103 and CP69-1062 were higher than on the other tested cul-
tivars. Furthermore, the survival curves of male and female adults were further outspread
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on these cultivars, indicating an increase in oviposition period and the insect population
on these cultivars.

The age-specific survival rate (lx), age-specific fecundity (mx), and the age-stage-
specific fecundity (fxj) of S. nonagrioides on various cultivars are plotted in Figure 5. The
convexity of the lx curve was highest on cultivars CP48-103 and CP69-103, while the
highest concavity of this curve was seen on cultivar SP70-1143. The mx curve indicated
that the highest number of eggs laid occurred on day 72 (98 eggs per individual per day)
on CP69-1062. However, the reproduction of female moths performed much earlier on
the CP48-103 cultivar (on the thirty-sixth day) than the other cultivars. Moreover, females
lived longer on this cultivar. The highest fxj of S. nonagrioides on CP48-103, CP69-1062,
CP73-21, IRC99-02, CP57-614, and SP70-1143 was122, 123, 85, 110, 83, and 45 eggs per
female per day, respectively. These curves showed that the survival and fecundity rates,
as well as oviposition period, were higher on CP69-1062 and CP48-103 cultivars than the
other cultivars.
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(fxj) of Sesamia nonagrioides on examined sugarcane cultivars.

The sex ratio of S. nonagrioides was also affected by the host plant cultivars. The
results show that the values of sex ratio were 55.74, 51.64, 48.42, 44.21, 46.75, and 42.01% on
cultivars CP48-103, CP69-1062, CP73-21, IRC99-02, CP57-614, and SP70-1143, respectively.

3.7. Life Table Parameters of Sesamia nonagrioides

The population growth parameters of S. nonagrioides reared on different sugarcane
cultivars are given in Table 4. There were significant differences in all computed population
parameters on the examined cultivars. The lowest and highest gross reproductive rate
(GRR) was observed on cultivars SP70-1143 and CP69-1062, respectively (p < 0.05). The
highest net reproductive rate (R0) was observed on cultivars CP48-103 and CP69-1062 and
the lowest on cultivar SP70-1143 (p < 0.05). The intrinsic rate of increase (r) and finite rate
of increase (λ) were the highest when the insect was reared on cultivar CP48-103, and the
lowest when it was reared on cultivar SP70-1143 (p < 0.05). Among sugarcane cultivars, the
mean generation time (T) significantly differed from 47.06 days on cultivar CP48-103 to
82.63 days on cultivar SP70-1143 (p < 0.05).
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Table 4. Age-stage, two-sex life table parameters (mean ± SE) of Sesamia nonagrioides reared on
examined sugarcane cultivars.

Cultivars GRR (offspring) R0 (offspring) r (day−1) λ (day−1) T (day)

CP48-103 388.90 ± 61.86 ab 99.76 ± 9.74 a 0.0977 ± 0.0036 a 1.1027 ± 0.0040 a 47.06 ± 1.17 e
IRC99-02 230.55 ± 40.67 c 45.97 ± 6.62 b 0.0706 ± 0.0034 c 1.0731 ± 0.0037 c 54.11 ± 1.35 d
CP69-1062 478.28 ± 79.19 a 90.10 ± 9.28 a 0.0818 ± 0.0021 b 1.0853 ± 0.0023 b 54.91 ± 0.77 d
CP73-21 209.08 ± 34.27 c 58.81 ± 7.85 ab 0.0697 ± 0.0025 c 1.0722 ± 0.0027 c 58.25 ± 0.79 c
CP57-614 256.23 ± 52.24 bc 44.41 ± 6.97 b 0.0607 ± 0.0028 d 1.0626 ± 0.0030 d 62.21 ± 1.51 b
SP70-1143 83.06 ± 37.00 d 5.98 ± 1.46 c 0.0212 ± 0.0030 e 1.0215 ± 0.0031 e 82.63 ± 3.36 a

Means in each column followed by different letters are significantly different (p < 0.05, paired bootstrap test). GRR,
gross reproductive rate; R0, net reproductive rate; r, intrinsic rate of increase; λ, finite rate of increase; T, mean
generation time.

3.8. Correlation Analysis

Table 5 indicates the values of correlation coefficients between S. nonagrioides life
history, life table parameters, and oviposition preference and different physicochemical
characteristics of the tested sugarcane cultivars. The life history and life table parameters
of S. nonagrioides were not significantly correlated with the carbohydrate content of the
cultivars. Significant positive correlations were found between the developmental time and
condensed tannins, total phenolics, and flavonoids content of the sugarcane cultivars. The
survival rate of immature stages, fecundity, weight of pupae (male and female), oviposition
preference, R0, r, and λ of S. nonagrioides were negatively correlated with the protein content,
tannins content, total phenolics, and flavonoids content of the cultivars. In contrast, the T
values of S. nonagrioides were positively correlated with the protein content, tannins content,
total phenolics, and flavonoids content of the sugarcane cultivars.

Table 5. Pearson correlation coefficients (r) of population parameters and oviposition preference of
Sesamia nonagrioides reared on examined sugarcane cultivars with some biochemical and physical
traits of these cultivars.

Parameters Total
Protein

Carbohydrate
Content

Condensed
Tannins

Total
Phenolics

Flavonoids
Content

Moisture
Content

Trichome
Density

Shoot
Rind

Hardness

Stem
Rind

Hardness

Stem
Silica

Shoot
Silica

Developmental
time 0.776 −0.137 0.841 * 0.870 * 0.920 ** −0.892 * 0.921 ** 0.915 ** 0.852 * −0.117 −0.220

Survival
rate −0.953 ** 0.354 −0.954 ** −0.961 ** −0.978 ** 0.848 * −0.881 * −0.873 * −0.828 * 0.471 0.470

Fecundity −0.872 * 0.233 −0.814 * −0.813 * −0.914 ** 0.754 −0.770 −0.755 −0.690 0.349 0.348
Weight of
female pupa −0.921 ** 0.554 −0.829 * −0.852 * −0.866 * 0.874 * −0.864 * −0.829 * −0.693 0.511 0.629

Weight of
male pupa −0.872 * 0.458 −0.817 * −0.868 * −0.890 * 0.926 ** −0.910 * −0.855 * −0.725 0.358 0.533

Female
longevity −0.941 ** 0.518 −0.890 * −0.854 * −0.821 * 0.628 −0.671 −0.694 −0.670 0.762 0.633

Male
longevity −0.776 0.016 −0.842 * −0.783 −0.867 * 0.667 0.747 −0.831 * −0.825 * 0.242 0.117

Oviposition
preference −0.845 * 0.486 −0.898 * −0.927 ** −0.843 * 0.876 * −0.904 * −0.897 * −0.832 * 0.463 0.554

R0 −0.983 ** 0.405 −0.961 ** −0.945 ** −0.961 ** 0.778 −0.815 * −0.814 * −0.783 0.345 0.534
r −0.902 ** 0.192 −0.954 ** −0.947 ** −0.986 ** 0.826 * −0.880 * −0.899 * −0.880 * 0.594 0.310
λ −0.904 ** 0.193 −0.958 ** −0.950 ** −0.987 ** 0.824 * −0.879 * −0.901 * −0.882 * 0.353 0.312
T 0.815 * −0.094 0.900 * 0.903 * 0.953 ** −0.847 * 0.900 * 0.924 ** 0.895 * −0.180 −0.194

* and ** show significant correlations at p < 0.05 and p < 0.01, respectively. R0, net reproductive rate; r, intrinsic
rate of increase; λ, finite rate of increase; T, mean generation time.

There was a significant negative correlation between R0 values with the trichome
density and shoot hardness index of sugarcane cultivars. The oviposition preference,
immature survival, r and λ values of S. nonagrioides were negatively correlated with shoot
trichome density and the hardness index of the shoot and stem, whereas these variables
were positively correlated with the moisture content of the cultivars. Positive correlations
were discovered between the developmental time and T values of S. nonagrioides with shoot
trichome density and the hardness index of the shoot and stem, while there were negative
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correlations between moisture content and S. nonagrioides developmental time and T values
(Table 5).

Significant correlations were found for the weight of male and female pupae with
the life table variables and fecundity of S. nonagrioides (Table 6). There were positive
correlations between the pupal weight and fecundity, R0, r and λ of S. nonagrioides, whereas
T value was negatively correlated with pupal weight.

Table 6. Pearson correlation coefficients (r) between population parameters and pupal weight of
Sesamia nonagrioides reared on examined sugarcane cultivars.

Parameters

Intrinsic
Rate of

Increase

Net Repro-
ductive

Rate

Finite Rate
of Increase

Mean
Generation

Time
Fecundity Female

Longevity
Male

Longevity

r p r p r p r p r p r p r p

Weight of female pupa 0.910 0.012 0.926 0.008 0.908 0.012 −0.877 0.022 0.901 0.014 0.843 0.035 - -
Weight of male pupa 0.921 0.009 0.897 0.015 0.918 0.01 −0.914 0.011 0.93 0.007 - - 0.788 0.063

3.9. Cluster Analysis

A dendrogram based on the oviposition preference and population growth parameters
of S. nonagrioides on various sugarcane cultivars is shown in Figure 6. The tested sugarcane
cultivars were grouped into three clusters: A (cultivars IRC99-02, CP73-21 and CP57-614);
B (cultivars CP48-103 and CP69-1062); and C (cultivar SP70-1143).
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4. Discussion

The findings of this research revealed significant effects of the sugarcane cultivars on the
oviposition preference, growth, development, survival, and reproduction of S. nonagrioides.
In this study, the plant secondary metabolites, moisture content, shoot trichome density, and
shoot hardness had a notable effect on the oviposition choice of S. nonagrioides because these
variables were significantly correlated with the oviposition preference. Previous investiga-
tions indicated that trichome density [37,57], concentrations of secondary metabolites [32],
and tissue hardness [58,59] significantly affected host selection by ovipositing female insects.
The outcomes of the oviposition preference and population performance of S. nonagrioides
demonstrated the suitability of cultivars CP48-103 and CP69-1062 for the offspring devel-
opment and population increase of the pest. This agrees with the preference–performance
theory proposed by Jaenike [60], who expressed that ovipositing female insects choose the
best-quality host plants for the survival and optimal growth of their progeny.

The population dynamics of herbivorous insects can be influenced by environmental
factors, natural enemies, and insecticides [61–65], as well as host plants [66–69]. The
development of resistant cultivars serves as an effective approach in IPM to reduce losses
due to insect attacks [70,71]. In the present study, S. nonagrioides developed rather quickly
on cultivar CP48-103, demonstrating its better nutritive quality than the other tested
cultivars. Differences in the duration of immature stages of herbivorous insects on various
plant cultivars might be relevant to the nutritional quality and quantity or biochemical
attributes of the host plants [72,73]. Moreover, in this study, associations between the
hardness index and moisture content of the tested cultivars and the developmental time
of S. nonagrioides showed that these physical traits could be important factors responsible
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for the development of immature stages. In some cultivars of sugarcane, thickened stems
prevent the penetration of larvae or slow their penetration into the stem by increasing
the layers of epidermal cells [59]. The shortest larval period of S. nonagrioides on cultivar
CP48-103 may be related to lower concentrations of secondary metabolites such as tannins,
phenolics, and flavonoids in this cultivar. Moreover, it may be due to the lower hardness
index of rind and stem and the higher moisture content of this cultivar, which leads to the
easier penetration and feeding of larvae inside the stem. Positive correlations between the
developmental time of S. nonagrioides and the concentration of condensed tannins, total
phenolics and flavonoids, and hardness index of tested cultivars indicated that, among
physicochemical features, these factors play the most important role in the developmental
rate of S. nonagrioides. Furthermore, developmental time was negatively correlated with
the amount of moisture in the stems of sugarcane cultivars, which revealed its role in the
development of the immature stages of this pest. The slow development of the immature
stages of S. nonagrioides on cultivar SP70-1143 can be attributed to the higher concentrations
of secondary metabolites, lower moisture content, and higher hardness index in this cultivar.
In our study, the larval and pupal periods of S. nonagrioides on the tested cultivars were
longer than those reported by Ranjbar Aghdam [74] and Sedighi [35]. These discrepancies
can be due to the differences in the genetic pattern of plant cultivars and the pest, as well
as the experimental conditions.

Body weight is one of the major biological indices of the insect population, which is
correlated to the type of diet consumed [75]. The high pupal weight of the individuals
reared on cultivar CP69-1062 demonstrated that this cultivar is more favorable than the
others. In this study, negative correlations between pupal weight and the concentration
of tannins, total phenolics, and flavonoids suggested that the larval and pupal growth are
affected by the quality of food consumed or the amount of secondary compounds [29,76].
Moreover, the nutritional effects of unsuitable cultivars are reflected in weight of the
pupae [32,77]. Therefore, the high pupal weight on cultivar CP69-1062 might be related to
the low contents of tannins, total phenolics, and flavonoids in this cultivar. No significant
correlation between pupal weight and the carbohydrate content of sugarcane cultivars
points to the more important effect of secondary compounds than carbohydrate on the
growth of pupae [32,77]. According to the results of this study, the females reared on
cultivars CP69-1062 and CP48-103 had higher longevity and fecundity. Therefore, these
cultivars were suitable hosts for the growth and development of the pest, which led to
the emergence of adults with higher potential reproduction. These results can be related
to the lower concentration of tannins, total phenolics, and flavonoids in these cultivars
than the other cultivars. This is confirmed by the negative correlation observed between
S. nonagrioides female longevity and fecundity and the secondary metabolites content of the
tested cultivars. Furthermore, the lowest female longevity and fecundity of S. nonagrioides
on cultivar SP70-1143 might be attributed to the high contents of tannins, total phenolics,
and flavonoids in this cultivar, which revealed its poor nutritional quality for this pest.
In the other words, the immature survival and development of S. nonagrioides on cultivar
SP70-1143 are negatively influenced by the secondary compounds, leading to reduced
adult longevity and reproductive capacity. The pupal weight is one of the main indices
of fecundity performance (number of eggs laid) in female adults. The high pupal weight
expresses the better nutrition of the insect in the larval stage and consequently increases
adult longevity and reproductive potential. Cultivars CP69-1062 and CP48-103 had suitable
conditions for the growth and nutrition of S. nonagrioides larvae, which led to the increase
in the pupal weight, fecundity, and fertility of this pest. Moreover, no significant correlation
between physical traits and adult longevity and fecundity suggested that these traits have
no significant effect on the adult life history parameters. The longest immature period and
lowest pupal weight of S. nonagrioides on cultivar SP70-1143 can be attributable to the low
amount of moisture, high trichome density, and shoot and stem hardness in this cultivar.
Previously, it has been reported that the quality and quantity of nutrients in the host
plants are major factors influencing the adult longevity and reproduction of herbivorous
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insects [28,32,78]. Therefore, the quality of food and the presence of secondary metabolites
in host plants are key factors affecting the survival and growth rate of herbivorous insects,
which in turn will affect the reproductive potential of the adults [79].

The highest survival rate and shortest developmental time of S. nonagrioides on cultivar
CP48-103 are likely due to its better nutritional quality, which results in increased values of
the growth index [80,81]. Differences in nutrient quality or physicochemical characteristics
among sugarcane cultivars can influence S. nonagrioides larval growth. In this study, cultivar
CP48-103 showed low levels of tannins, total phenolics, and flavonoids, low hardness of
the shoot and stem, low density of trichomes, and high amount of moisture. Hence, it
is a suitable cultivar for the development and survival of this pest. Moreover, the high
mortality of the pest on cultivars SP70-1143, CP73-21, and CP57-614 may be related to the
high shoot hardness, and high amounts of tannins, phenolics, and flavonoids in these culti-
vars. Although no significant correlations were found, in our study, between S. nonagrioides
population parameters and the tested properties of the sugarcane cultivars, previous works
showed that in cultivars with high silica content, the inner surface of the mandibles of
S. nonagrioides larvae could be damaged during the larval feeding process due to the in-
creased hardness of stem tissues, and many of these larvae die due to decreased digestibility
or starvation [82–84]. Sugarcane cultivars can absorb silica and amass it in the plant leaves
and stalks, leading to an increase in plant resistance to pests [84,85].

The intrinsic rate of increase (r) is an important index for expressing the level of plant
resistance to insects, which is greatly affected by the nutritional quality of host plant [86].
The highest and lowest r values were on cultivars CP48-103 and SP70-1143, respectively;
hence, these cultivars were the most susceptible and resistant, respectively. The sugarcane
stem borers reared on cultivar CP48-103 had greater survival, fecundity, and fertility, and
shorter developmental time, which resulted in higher r value. Furthermore, the increase
in the R0 and GRR values of S. nonagrioides fed on cultivars CP48-103 and CP69-1062
may be attributed to the better nutritive quality of these cultivars than the other tested
cultivars (e.g., low tannins content, total phenolics, flavonoids, low shoot and stem stiffness,
and high moisture content in these two cultivars). Furthermore, the lowest values of r,
R0, GRR, and λ of S. nonagrioides on cultivar SP70-1143 can be related to high amounts
of tannins, total phenolics, flavonoids, high shoot and stem stiffness, and low moisture
content in this cultivar. Therefore, the mentioned physicochemical characteristics can be
the important resistance factors of cultivar SP70-1143 to this pest. In our study, there is
a negative correlation between the r, R0, GRR, and λ of S. nonagrioides and secondary
metabolites content, trichome density, and shoot and stem hardness, as well as a positive
correlation with the carbohydrate and moisture content of the tested cultivars. These
results agree with the reports of Abedi [32], who noted that the population parameters
of Ectomyelois ceratoniae Zeller (Lepidoptera: Pyralidae) significantly correlated with the
primary and secondary metabolites of host plants. Our findings regarding the life table
parameters on cultivar CP69-1062 were different from Sedighi’s [35] findings, who reported
that r, R0, GRR, and λ values were high for S. nonagrioides reared on this cultivar. This
discrepancy may be due to either genetic variations in studied populations or differences
in the rearing conditions of the tested insects.

The cluster analysis of the tested sugarcane cultivars indicated that SP70-1143 classified
in cluster C was the most resistant cultivar. Cluster B consisted of cultivars CP48-103 and
CP69-1062 as susceptible cultivars, and other cultivars classified in cluster A were partially
resistant cultivars. The S. nonagrioides reared on cultivars CP48-103 and CP69-1062 showed
higher immature survival and fecundity than that reared on other cultivars, which led to
the significant increase in the values of r, R0, and λ on these cultivars. In addition, the
low values of r, R0, and λ in S. nonagrioides fed on cultivar SP70-1143 indicated that this
cultivar is an unsuitable host for the population increase of this pest. Hence, it could be
recommended for cultivation in sugarcane fields where the risk of S. nonagrioides damage
is high.
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5. Conclusions

The results of this study confirm that the quality of sugarcane cultivars influenced the
developmental rate and population parameters of S. nonagrioides. The S. nonagrioides reared
on cultivars CP48-103 and CP69-1062 showed faster development and higher survival and
fecundity than that reared on the other cultivars, leading to the highest intrinsic rate of
increase. Therefore, these can be considered as the most suitable cultivars for S. nonagrioides,
which would result in higher infestations in the sugarcane field [87]. However, cultivar
SP70-1143 was the least suitable (most resistant) cultivar for S. nonagrioides, which could
be recommended for cultivation in the infested sugarcane farms, where the damage of
S. nonagrioides is usually high. Since CP57-614, CP73-21, and SP70-1143 are reported as
resistant sugarcane cultivars to S. cretica [77], they can be recommended for use in transgenic
expression for resistance to S. nonagrioides and S. cretica. The outcomes obtained in this
research may improve the use of resistant cultivars in the better management of sugarcane
stem borers in IPM programs, which, in turn, lead to the reduction in the loss caused by this
pest in sugarcane fields. Since volatiles and secondary chemicals derived from non-living
plants could be different from those emitted by living plants, to generalize the results of this
study to field conditions, further works about the oviposition preference and population
parameters of S. nonagrioides on living sugarcane cultivars will be necessary.

Author Contributions: Conceptualization, S.A.M.M. and B.N.; methodology, S.A.M.M., B.N. and
H.R.A.; software, S.A.M.M. and B.N.; formal analysis, B.N.; investigation, S.A.M.M. and B.N.; data
curation, S.A.M.M., B.N., H.R.A., J.R. and S.A.A.F.; writing—original draft preparation, S.A.M.M.,
B.N., H.R.A., J.R. and S.A.A.F.; writing—review and editing, S.A.M.M., B.N., A.E. and T.C.; supervi-
sion, B.N.; funding acquisition, T.C. All authors have read and agreed to the published version of
the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: Not applicable.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author.

Acknowledgments: This research received financial and technical support from the University of Mo-
haghegh Ardabili and the Iranian Research Institute of Plant Protection, which is greatly appreciated.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Miao, R.; Xueli, Q.; Guo, M.; Musa, A.; Jiang, D. Accuracy of space-for-time substitution for vegetation state prediction following

shrub restoration. J. Plant Ecol. 2018, 11, 208–217. [CrossRef]
2. Munyasya, A.N.; Koskei, K.; Zhou, R.; Liu, S.; Indoshi, S.N.; Wang, W.; Zhang, X.C.; Cheruiyot, W.K.; Mburu, D.M.; Nyende, A.B.;

et al. Integrated on-site & off-site rainwater-harvesting system boosts rainfed maize production for better adaptation to climate
change. Agric. Water Manag. 2022, 269, 107672. [CrossRef]

3. Yang, Y.; Chen, X.; Liu, L.; Li, T.; Dou, Y.; Qiao, J.; Wang, Y.; An, S.; Chang, S.X. Nitrogen fertilization weakens the linkage between
soil carbon and microbial diversity: A global meta-analysis. Glob. Change Biol. 2022, 28, 6446–6461. [CrossRef]

4. Khalid, Z.R.; Sundaisa, A.B.; Arif, M. Comparative studies on quantity and quality of pests’ incursion sugarcane grown at rahim
Yar khan Pakistan. Agri. Res. Tech. 2020, 24, 556276. [CrossRef]

5. Tsitsipis, J.A. Contribution toward the Development of an Integrated Control Method for the Corn Stalk borer Sesamia nonagrioides (Lef.),
Pesticides and Alternatives; Casida, J.E., Ed.; Elsevier: Amsterdam, The Netherlands, 1990; pp. 217–228.

6. Stamopoulos, D.K. Insects of Stored Products, Crops and Vegetables, 2nd ed.; Ziti Press: Thessaloniki, Greece, 1999.
7. Fantinou, A.A.; Perdikis, D.; Chatzoglou, C.S. Development of immature stages of Sesamia nonagrioides (Lepidoptera: Noctuidae)

under alternating and constant temperatures. Environ. Entomol. 2003, 32, 1337–1342. [CrossRef]
8. Eizaguirre, M.; Fantinou, A.A. Abundance of Sesamia nonagrioides (Lef.) (Lepidoptera: Noctuidae) on the Edges of the Mediter-

ranean Basin. Psyche 2012, 1–7. [CrossRef]
9. Askarianzadeh, A.; Moharramipour, S.; Kamali, K.; Fathipour, Y. Evaluation of damage caused by stalk borers, Sesamia spp.

(Lepidoptera: Noctuidae), on sugarcane quality in Iran. Entomol. Res. 2008, 38, 263–267. [CrossRef]

http://doi.org/10.1093/jpe/rtw133
http://doi.org/10.1016/j.agwat.2022.107672
http://doi.org/10.1111/gcb.16361
http://doi.org/10.19080/ARTOAJ.2020.24.556276
http://doi.org/10.1603/0046-225X-32.6.1337
http://doi.org/10.1155/2012/854045
http://doi.org/10.1111/j.1748-5967.2008.00183.x


Insects 2022, 13, 901 18 of 20

10. Nikpay, A.; Nejadian, E.S.; Goldasteh, S.; Farazmand, H. Efficacy of silicon formulations on sugarcane stalk borers, quality
characteristics and parasitism rate on five commercial varieties. Proc. Natl. Acad. Sci. India Sect. B Biol. Sci. 2017, 87, 289–297.
[CrossRef]

11. Goebel, F.R.; Achadian, E.; Kristini, A.; Sochib, M.; Adi, H. Investigation of crop losses due to moth borers in Indonesia. Proc.
Aust. Soc. Sugar Cane Technol. 2011, 33, 1–9.

12. McGuire, P.J.; Dianpratiwi, T.; Achadian, E.; Goebel, F.R.; Kristini, A. Extension of better control practices for moth borers in the
Indonesian sugar industry. Proc. Aust. Soc. SugarCane Technol. 2012, 34, 1–10.

13. Sattar, M.; Mehmood, S.S.; Khan, M.R.; Ahmad, S. Influence of egg parasitoid Trichogramma chilonis Ishii on sugarcane stem borer
(Chilo infuscatellus Snellen) in Pakistan. Pak. J. Zool. 2016, 48, 989–994.

14. Wright, D.J.; Verkert, R.H.J. Integration of chemical and biological control systems for arthropods; evaluation in a multitrophic
context. Pestic. Sci. 1995, 44, 207–218. [CrossRef]

15. Saeb, H.; Nouri-Ganbalani, G.; Rajabi, G. Comparison of the resistance of some rice genotypes of Guilan province to the striped
stem borer, Chilo suppressalis Walker and investigating the role of silica in resistance. J. Agric. Sci. 2002, 7, 17–25.

16. Tolmay, V.L.; Vander Westhuizen, M.C.; Van Derenter, C.S. A week screening method for mechanism of host plant resistance to
Diglyphus noxia in wheat accessions. Euphytica 1999, 107, 79–89. [CrossRef]

17. Golizadeh, A.; Kamali, K.; Fathipour, Y.; Abbasipour, H. Life table of the diamondback moth, Plutella xylostella (L.) (Lepidoptera:
Plutellidae) on five cultivated brassicaceous host plants. J. Agr. Sci. Technol.-Iran. 2009, 11, 115–124.

18. Soufbaf, M.; Fathipour, Y.; Karimzadeh, J.; Zalucki, M.P. Bottom-up effect of different host plants on Plutella xylostella (Lepidoptera:
Plutellidae): A life-table study on canola. J. Econ. Entomol. 2010, 103, 2019–2027. [CrossRef]

19. Mesbah, H.A.; Fahmy, I.S.; EI-Deeb, A.S.; Gaber, A.A.; Nour, A.H. The susceptibility of ten sugarcane varieties to infestation with
borers and mealy bugs at Alexandria, Egypt. Bull. Entomol. Soc. Egypt 1980, 6, 403–411.

20. Beuzelin, J.; Mészáros, A.; Akbar, W.; Reagan, T. Sugarcane planting date impact on fall and spring sugarcane borer (Lepidoptera:
Crambidae) infestations. Fla. Entomol. 2011, 94, 242–252. [CrossRef]

21. Nikpay, A.; Kord, H.; Goebel, F.-R.; Sharafizadeh, P. Assessment of natural parasitism of sugarcane moth borers Sesamia spp. by
Telenomus busseolae. Sugar Tech. 2014, 16, 325–328. [CrossRef]

22. Scriber, J.M.; Slansky, F. The nutritional ecology of immature insects. Annu. Rev. Entomol. 1981, 26, 183–211. [CrossRef]
23. Sarfraz, M.; Dosdall, L.M.; Keddie, B.A. Diamondback moth-host plant interactions: Implications for pest management. Crop.

Prot. 2006, 25, 625–636. [CrossRef]
24. Adango, E.; Onzo, A.; Hanna, R.; Atachi, P.; James, B. Comparative demography of the spider mite Tetranychus ludeni (Acari:

Tetranychidae) on two host plants in West Africa. J. Insect Sci. 2006, 6, 1–9. [CrossRef]
25. Naseri, B.; Borzoui, E.; Majd, S.; Mansouri, S.M. Influence of different food commodities on life history, feeding efficiency, and

digestive enzymatic activity of Tribolium castaneum (Coleoptera: Tenebrionidae). J. Econ. Entomol. 2017, 110, 2263–2268. [CrossRef]
[PubMed]

26. El-Rodeny, W.M.; Abeer, A.S.; Salwa, M.M.; Amany, M.M. Comparative resistance as function of physical and chemical properties
of selected faba bean promising lines against Callosobruchus maculatus pos harvest. J. Plant Prod. Mansoura Univ. 2018, 9, 609–617.

27. Locatelli, D.P.; Castorina, G.; Sangiorgio, S.; Consonni, G.; Limonta, L. Susceptibility of maize genotypes to Rhyzopertha dominica
(F.). J. Plant Dis. Prot. 2019, 126, 509–515. [CrossRef]

28. Naseri, B.; Majd-Marani, S. Assessment of eight rice cultivars flour for feeding resistance to Tribolium castaneum (Herbst)
(Coleoptera: Tenebrionidae). J. Stored Prod. Res. 2020, 88, 101650. [CrossRef]

29. Borzoui, E.; Naseri, B.; Rahimi Namin, F. Different diets affecting biology and digestive physiology of the Khapra beetle,
Trogoderma granarium Everts (Coleoptera: Dermestidae). J. Stored Prod. Res. 2015, 62, 1–7. [CrossRef]

30. Golizadeh, A.; Abedi, Z. Comparative performance of the Khapra beetle Trogoderma granarium Everts (Coleoptera: Dermestidae)
on various wheat cultivars. J. Stored Prod. Res. 2016, 69, 159–165. [CrossRef]

31. Golizadeh, A.; Abedi, Z.; Borzoui, E.; Golikhajeh, N.; Jafary, M. Susceptibility of five sugar beet cultivars to the black bean aphid,
Aphis fabae Scopoli (Hemiptera: Aphididae). Neotrop. Entomol. 2016, 45, 427–432. [CrossRef]

32. Abedi, Z.; Golizadeh, A.; Soufbaf, M.; Hassanpour, M.; Jafari-Nodoushan, A.; Akhavan, H.R. Relationship between performance
of carob moth, Ectomyelois ceratoniae Zeller (Lepidoptera: Pyralidae) and phytochemical metabolites in various pomegranate
cultivars. Front. Physiol. 2016, 10, 1425. [CrossRef]

33. Ranjbar Aghdam, H.; Kamali, K. In vivo rearing of Sesamia cretica and Sesamia nonagrioides botanephaga. J. Entomol. Soc. Iran.
2002, 22, 63–78.

34. Askarianzadeh, A.R.; Moharamipour, S.; Kamali, K.; Fathipour, Y. Evaluation of resistance to stem borers (Sesamia spp.) in some
sugarcane cultivars at tillering stage. J. Seed Plant. 2006, 22, 117–128.

35. Sedighi, L.; Ranjbar Aghdam, H.; Imani, S.; Shojai, M. Age-stage two-sex life table analysis of Sesamia nonagrioides (Lep.:
Noctuidae) reared on different host plants. Arch. Phytopathol. Plant Prot. 2017, 50, 438–453. [CrossRef]

36. Abo Elenen, F.M.; Eid Mehareb, M.; Ghonema, M.A.; El-Bakry, A. Selection in sugarcane germplasm under the Egyptian
conditions. J. Agri. Res. 2018, 3, 000162.

37. Tabari, M.A.; Fathi, S.A.A.; Nouri-Ganbalani, G.; Moumeni, A.; Razmjou, J. Antixenosis and antibiosis resistance in rice cultivars
against Chilo suppressalis (Walker) (Lepidoptera: Crambidae). Neotrop. Entomol. 2016, 46, 1–9. [CrossRef]

http://doi.org/10.1007/s40011-015-0596-8
http://doi.org/10.1002/ps.2780440302
http://doi.org/10.1023/A:1026475631643
http://doi.org/10.1603/EC10010
http://doi.org/10.1653/024.094.0218
http://doi.org/10.1007/s12355-013-0277-y
http://doi.org/10.1146/annurev.en.26.010181.001151
http://doi.org/10.1016/j.cropro.2005.09.011
http://doi.org/10.1673/031.006.4901
http://doi.org/10.1093/jee/tox236
http://www.ncbi.nlm.nih.gov/pubmed/28962016
http://doi.org/10.1007/s41348-019-00250-8
http://doi.org/10.1016/j.jspr.2020.101650
http://doi.org/10.1016/j.jspr.2015.03.003
http://doi.org/10.1016/j.jspr.2016.08.003
http://doi.org/10.1007/s13744-016-0383-0
http://doi.org/10.3389/fphys.2019.01425
http://doi.org/10.1080/03235408.2017.1323464
http://doi.org/10.1007/s13744-016-0479-6


Insects 2022, 13, 901 19 of 20

38. Jafari Petroudy, S.R.; Resalati, H.; Rasouli Garmaroudi, E. The effect of type pulping process on the desilication of rice straw black
liquor. J. Wood Forest Sci. Technol. 2015, 22, 45–60.

39. Bradford, M.M. A rapid and sensitive method for the quantitation of microgram quantities of protein utilizing the principle of
protein-dye binding. Anal. Biochem. 1976, 72, 248–254. [CrossRef]

40. Haghighi, R.; Mirmohammady Maibody, S.A.M.; Sayed Tabatabaei, B.E. Evaluation of enzymatic and non-enzymatic changes in
flowering process of saffron (Crocus sativus L.). J. Plant Proc. Funct. 2020, 9, 297–308.

41. Galvão, M.A.M.; de Arruda, A.O.; Bezerra, I.C.F.; Ferreira, M.R.A.; Soares, L.A.L. Evaluation of the Folin-Ciocalteu method and
quantification of total tannins in stem barks and pods from Libidibia ferrea (Mart. ex Tul) L. P. Queiroz. Braz. Arch. Biol. Technol.
2018, 61, e18170586. [CrossRef]

42. Huang, D.J.; Chun-Der, L.; Hsien-Jung, C.; Yaw-Huei, L. Antioxidant and antiproliferative activities of sweet potato
(Ipomoeabatatas [L.] Lam Tainong 57’) constituents. Bot. Bull. Acad. Sin. 2004, 45, 179–186.

43. Broadhurst, R.B.; Jones, W.T. Analysis of condensed tannins using acidified vanillin. J. Sci. Food Agric. 1978, 29, 788–794.
[CrossRef]

44. Sreng, I. La pheromonesexuelle de Sesamia spp. Lepidoptera- Noctuidae. Ph.D. Thesis, Universite de Dijon, Dijon, France, 1984.
45. Chi, H.; Liu, H. Two new methods for the study of insect population ecology. Bull. Inst. Zool. Academia Sin. 1985, 24, 225–240.
46. Chi, H. Life-table analysis incorporating both sexes and variable development rates among individuals. Environ. Entomol. 1988,

17, 26–34. [CrossRef]
47. Chi, H. TWOSEX-MS Chart: A Computer Program for the Age-Stage, Two-Sex Life Table Analysis. 2020. Available online:

http://140.120.197.173/Ecology/ (accessed on 13 January 2020).
48. Carey, J.R. Applied Demography for Biologists with Special Emphasis on Insects; Oxford University Press, Inc.: New York, NY,

USA, 1993.
49. Huang, Y.B.; Chi, H. Life tables of Bactrocera cucurbitae (Diptera: Tephritidae): With an invalidation of the jackknife technique.

J. Appl. Entomol. 2013, 137, 327–339. [CrossRef]
50. Efron, B.; Tibshirani, R.J. An Introduction to the Bootstrap; Chapman and Hall: New York, NY, USA, 1993.
51. Yu, J.Z.; Chi, H.; Chen, B.H. Comparison of the life tables and predation rate of Harmonia dimidiate (F.) (Coleoptera: Coccinellidae)

fed on Aphis gossypii Glover (Hemiptera: Aphididae) at different temperatures. Biol. Control 2013, 64, 1–9. [CrossRef]
52. Reddy, G.V.; Chi, H. Demographic comparison of sweet potato weevil reared on a major host, Ipomoea batatas, and an alternative

host, I. triloba. Sci. Rep. 2015, 5, 11871. [CrossRef]
53. Bahari, F.; Fathipour, Y.; Talebi, A.A.; Alipour, Z. Long-term feeding on greenhouse cucumber affects life table parameters of

two-spotted spider mite and its predator Phytoseiulus persimilis. Syst. Appl. Acarol. 2018, 23, 2304–2317. [CrossRef]
54. Kitch, L.W.; Shade, R.E.; Murdock, L.L. Resistance to the cowpea weevil (Callosobruchus maculatus) larva in pods of cowpea

(Vigna unguiculata). Entomol. Exp. Appl. 1991, 60, 183–192. [CrossRef]
55. Naseri, B.; Majd-Marani, S. Different cereal grains affect demographic traits and digestive enzyme activity of Rhyzopertha dominica

(F.) (Coleoptera: Bostrichidae). J. Stored Prod. Res. 2022, 95, 101898. [CrossRef]
56. Majd-Marani, S.; Naseri, B.; Nouri-Ganbalani, G.; Borzoui, E. Maize hybrids affected nutritional physiology of the Khapra beetle,

Trogoderma granarium Everts (Coleoptera: Dermestidae). J. Stored Prod. Res. 2018, 77, 20–25. [CrossRef]
57. Smith, C.M. Plant Resistance to Arthropods: Molecular and Conventional Approaches; Springer Press: Dordrecht, The Netherlands,

2005; p. 413. [CrossRef]
58. Chang, H.; Shih, C.Y. A study on the leaf mid-rib structure of sugarcane as related with resistance to the top borer

(Scirpophaganivella F.). Taiwan Sugar Exp. Sta. Rep. 1959, 19, 53–56.
59. Martin, G.A.; Richard, C.A.; Hensley, S.D. Host resistance to Diatraea saccharalis (F.): Relationship of sugarcane node hardness to

larval damage. Environ. Entomol. 1975, 4, 687–688. [CrossRef]
60. Jaenike, J. On optimal oviposition behavior in phytophagous insects. Theor. Popul. Biol. 1978, 14, 350–356. [CrossRef]
61. Greenberg, S.M.; Sétamou, M.; Sappington, T.W.; Liu, T.X.; Coleman, R.J.; Armstrong, J.S. Temperature-dependent development

and reproduction of the boll weevil (Coleoptera: Curculionidae). Insect Sci. 2005, 12, 449–459. [CrossRef]
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