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ABSTRACT

This investigation was set to determine responses of S. littoralis through different
developmental stages and generations to secondary metabolic compound presumably
gossypol. Gossypol did not significantly show antifeedant except with high concentration (1.7%
gossypol in the diet) that gave 10.6, 21.9, and 46.8% for three generations, respectively.
Significantly longer larval life-spans were observed in S. littoralis on a high concentration of
gossypol compared with those fed on low concentrations. The larval and pupal weight of the
third generation was significantly lower than that of the previous two generations as latent
effects on survived larvae significantly lower fecundity was found in the second and third
generations. A significantly lower relative growth rate was observed in the three successive
generations. Generally, the efficiency of gossypol was significantly higher in the second and
third generations. Gossypol significantly affected growth and development, suggesting that
diet-gossypol efficiency was different based on concentration and generation. This study will
shed some light on the possibility of controlling S. littoralis by gossypol through the sequence of
alternative spraying programs.
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Introduction

Secondary metabolic compounds of plants are an important biochemical basis for plant
resistance to insects. Using plant resistance to insects is a major method for controlling
insect pests in modern integrated pest management (Cai et al., 2004; Wu et al., 2007).
Cotton plants are one of the most important cash crops that play a key role in the
Egyptian agricultural economy. Cotton plants, especially the seed, are a rich source of
gossypol. Gossypol produced by cottonseed (a by-product) is one of the most important
toxic chemicals to herbivorous insects. It is a major source of modern biological
insecticide, which is considered one of the key insect resistance mechanisms.

Gossypol, a yellow polyphenolic pigment, contains in the pigment glands of some cotton
varieties and exhibits antibiosis against a number of phytophagous insects. In addition
to gossypol, several other toxic terpenoids (generally referred to as terpenoid
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aldehydes) are found, including p-hemigossypolone p-hemigossypolone-6-methyl ether,
heliocide H1, heliocide Hz, heliocide Hs, heliocide H4, heliocide B4, heliocide B2, heliocide
B3, and heliocide B4 (Wu et al.,, 2010).

Cotton leafworm (Spodoptera littoralis Boisduval) is an important pest of numerous
crops, and is considered as one of the most serious and destructive phytophagous pests
of cotton cause economic damage in Egypt, causing more damage on glandless cotton in
the field. Indeed, S. littoralis is known to infest more than 112 plants belonging to 44
families in a broad geographical area of the world (Meng et al., 2018). Intensive
application of broad-spectrum insecticides has given rise to S. littoralis populations
resistant to conventional insecticides, so these insecticides fail to adequately control S.
littoralis. The development of resistance to several insecticides in S. littoralis prompted
an interest in alternative methods of control (Haijing et al., 2017).

Plant secondary metabolic compounds are an important method for insect pest control.
This study focused on the effect of different gossypol levels incorporated in the diet on
the growth and development of S. littoralis was over three consecutive generations.

Experimental

Materials and methods

Stock colony

Insects were obtained from a colony of the cotton leafworm Spodoptera littoralis
Boisduval (Lepidoptera: Noctuidae) was used for toxicity assay. This strain has been
colonized for many years in the Department of Insect Population Toxicology, Central
Agricultural Pesticides Laboratory, Agriculture Research Center, Dokki, Giza, Egypt,
without exposure to any pesticides. The colony was kept at a temperature of 25 * 2 °C,
~70% RH, and a 16: 8 L: D photoperiod.

Terpenoid aldehydes extraction and purification

Terpenoid aldehydes were extracted and purified according to (Boatner, 1948) after
soaking cottonseeds (Giza 89) in tap water for 12 hrs at room temperature. It was done
for softening of seed hull and facilitating its removal. Hull-free kernels were left to dry at
room temperature. Insoluble terpenoid was collected and dried at 80 °C for 8 hrs. The
melting point was determined as a criterion of purity, according to (A.0.A.C., 1984), and
it was found to be 185 °C.

Effect of gossypol on S. littoralis biometrics

Newly molted second larvae of S. littoralis were continuously fed the artificial diet
containing different concentrations of gossypol were tested (Meisner et al., 1978). Five
concentrations of gossypol were tested. Concentrations were prepared and mixed with
the diet during its preparation. The untreated diet was provided to control. Larvae (30
per each concentration) were placed in Petri dishes (9 cm in diameter). The tests were
conducted in triplicate. Larvae mortality was scored; if no movement was observed,
larvae considered dead. Weight gain of larvae was assayed on day 10 of feeding. Growth
inhibition (%) was determined on day 10 of feeding. The percentage of antifeedant
activity was determined after 10 days of feeding by the formula of Abivardi and Benz
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(1984). The effect of gossypol on some physiological and biological aspects of the 2nd
larval instar of S. littoralis were recorded for three consecutive generations.

Statistical analysis

The data were statistically analyzed separately for each experiment. They were
subjected to analysis of variance (ANOVA) using SPSS 12.0 software (Statistical Package
for Social Sciences, USA). Mean values were compared using Duncan's multiple range
test (1955).

Results

Insecticidal activity of gossypol on growth and development of S. littoralis larvae

The direct effects of adding gossypol to the diet on the growth and development of S.
littoralis are presented in Tables 1-3. The results show that gossypol has an adverse
effect on the growth and development of S. littoralis. Larval and pupal weights
dramatically decreased with an increasing concentration of the gossypol in the second
and third generations than in the first generation. The results presented in Table (1)
revealed that the larvae fed on the treated diet with a concentration of 1.7% gossypol in
the diet showed little growth, and the larvae were very small compared to the control.
The weight gain averages on this treatment were 302, 200, and 44 mg/larva for three
generations, respectively (19.89, 40.64, and 79.44% growth inhibition, respectively)
compared to 377, 336.9, and 214 mg/larva in control, respectively. Moreover, the
antifeedant activity indicated that a concentration of 1.7% gossypol in the diet was the
highest in inhibitors of feeding recording 10.6, 21.9, and 46.8% for three generations,
respectively. As shown in Table 2, it was clear that the prolongation in larval duration
was significantly achieved with treatment 1.7% gossypol in the diet where the period of
larval stage recorded in the first-generation (16.5 days), second-generation (19 days)
and third-generation (24.5 days) compared to the control one. On the contrary, pupal
decreased duration without significant differences among them. As shown in Table 2,
the concentration of 1.5% gossypol in the diet significantly affect pupal weight were
295, 269, and 137 mg/pupa, respectively, for three generations compared to the control
(310, 308, and 300 mg/pupa respectively). However, the pupal period did not increase
significantly compared with that of the control one. With respect to the latent effects, the
data in Table 3 indicated that the third generation was the most effective recording
(50.3 and 150%) compared to control (97 and 307%), to percentages of adult
emergence and eggs hatchability, respectively. The results indicated that second and
third generations had noticeably decreased the mean numbers of eggs laid by the adult
female (fecundity). Also, eggs hatchability (fertility) significantly reduced in the
offspring generation after the parent second instar larvae fed on gossypol diet. Lifespan
of the second and third generations was shorter than first-generation (Table 3).
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Table 1. Effect of gossypol in the diet on weight gain, growth inhibition (%) and
antifeedants activity (%) of second-instar larvae of S. littoralis

% Gossypol in the diet Larval mean weight Growth inhibition (%)  Antifeedant (%) = SE
(mg/larvae) + SE

1st generation

Control 3772+1.9 0.0 0.0
0.25 3722+ 3.1 1.332+ 1.7 0.0
0.5 3702+ 2.7 1.862+ 1.4 0.0
1.0 363b+3.2 3.712+ 0.5 2.72+1.9
1.5 335¢+2.4 11.14%+ 0.8 5.92+ 2.4
1.7 3024+ 3.4 19.89b+ 1.5 10.62+ 3.4

2nd generation

Control 336.92+3.7 0.0 0.0
0.25 325.6P+5.2 3.352£3.3 0.0
0.5 319.3¢+ 1.7 5.222+4.7 3.92+5.7
1.0 289.14+ 3.2 14.192+ 1.5 8.52+ 3.4
1.5 250.0¢+ 4.7 25.79¢+ 1.9 13.7°+ 2.9
1.7 200.0f£ 5.4 40.649+ 2.4 21.9¢+3.3

3rd generation

Control 2142+ 5.2 0.0 0.0
0.25 191+ 5.3 10.752+ 4.2 11.62+ 3.6
0.5 175¢+ 2.4 18.222+ 1.8 18.82+ 4.3
1.0 1324+ 3.6 38.32b+3.5 27.6+29
1.5 84.0¢e+2.9 60.75¢+ 2.1 32.5+3.0
1.7 44.0f+ 3.0 79.444+ 2.6 46.8¢+ 5.3

Means in the same column followed by the same letter are not significantly at P<0.05

Table 2. Life history parameters of three successive generations of S. littoralis fed on gossypol in the diet

% Gossypol  Survival rate Larval Pupal mean Pupal duration Pupation (%)
in the diet (%) = SE duration weight (days) £ SE EHSE
(days) + SE (mg/pupa) = SE
1stgeneration

Control 1002+ 0.0 14.3+ 0.8 3102+ 3.1 8.52+ 0.4 1002+ 0.0
0.25 99.02+ 1.7 14.3v+ 1.7 3092+ 2.7 8.42+ 1.6 1002+ 0.0
0.5 97.52+ 1.4 14.3b+ 1.4 3072+ 3.2 8.32+ (0.7 1002+ 0.0
1.0 95.32+ 0.5 14.6+ 0.5 3032+ 1.9 8.02+ 0.5 95.12+ 0.4
1.5 80.0°+ 0.8 15.02+ 0.8 295b+ 2.4 7.5+ 0.5 88.82+ 1.7
1.7 711+ 1.5 16.52+ 1.5 2820+ 3.4 7.0b+£ 0.8 72.5b+1.3
2nd generation
Control 1002+ 0.0 14.0bc+ 1.3 3082+ 4.8 6.32£ 0.3 96.82+ 2.6
0.25 98.12+ 3.3 14.5b+ 1.8 3042+ 3.2 6.02+ 0.5 92.52+2.4
0.5 93.32+4.7 15.00+ 2.3 2992+ 5.7 5.82v+ (.7 90.02+1.3
1.0 88.42+ 1.5 15.5P+1.9 289b+ 3.4 5.2b+ 0.4 87.2a+£2.2
1.5 61.1°+1.9 16.50+ 1.7 269¢+2.9 3.9¢+ 0.5 82.42b + 3.4
1.7 50.0c+ 2.4 19.02+ 1.5 2469+ 3.3 3.3¢20.3 74.3¢+ 29
3rd generation
Control 1002+ 0.0 14.0¢d+ 1.3 3002+ 4.1 6.62+ 0.6 98.12+ 3.5
0.25 96.32+ 4.2 14.5+ 1.4 2822+ 3.6 6.0a+ 0.3 88.72+ 2.1
0.5 91.52+1.8 15.0c+ 1.7 221+ 4.3 5.52+ 0.4 82.13b + 4.2
1.0 80.6"+ 3.5 17.0b+ 1.5 151+ 2.9 4.8+ 0.3 72.5¢+2.6
1.5 53.5¢+2.1 20.52+1.8 1374+ 3.0 4.0v+ 0.4 68.2c+1.8
1.7 3099+ 2.6 24.52+ 1.5 109¢+ 5.3 3.0+ 0.5 62.6c+29

Means in the same column followed by the same letter are not significantly at P<0.05
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Table 3. Effect of gossypol in the diet adult emergence, adult fecundity, fertility and life span of S.
littoralis

% Gossypol in Adult Fecundity (No. eggs Fertility Life span (days)
the diet emergence laid/female) = SE (percentage of egg +SE
(%) £ SE hatch) + SE
1stgeneration
Control 97.02% 0.5 3342+ 1.9 3372+ 0.8 30.02+ 0.4
0.25 95.63+ 1.7 3303+ 3.1 325b+ 1.7 29.0at 1.6
0.5 90.02+ 1.2 3272+ 2.7 313<+ 1.4 28.0a+£ 0.7
1.0 87.22+ 1.2 3173b+ 3.2 300+ 0.5 27.0a£ 0.5
1.5 82.42b+ 1.6 291+ 2.4 257¢+0.8 25.0a£ 0.5
1.7 74.3b+ 1.3 2774+ 3.4 212+ 1.5 23.0b+ 0.8
2nd generation
Control 96.32+1.4 3233+ 3.4 3153+ 2.1 28.0a+ 0.2
0.25 90.42+ 1.5 313b+ 3.1 3010+ 4.2 27.0a+ 2.3
0.5 88.12+ 1.9 305+ 1.8 289¢+29 26.02+ 2.1
1.0 85.72+ 2.7 293d+ 2.1 2744+ 3.5 24.8>+ 1.9
1.5 70.5b+ 3.1 265¢+ 3.5 229¢+2.3 22.0b+ 2.4
1.7 65.3b+2.4 241f+ 2.6 174f+ 1.8 19.0+ 1.5
3rdgeneration
Control 97.02+ 1.5 3162+ 3.2 3072+ 2.7 33.02£ 2.6
0.25 83.62b+ 2.4 302b+ 5.2 287+ 1.9 31.0a+ 1.2
0.5 81.1b+ 2.1 292¢+ 1.9 274¢+3.0 29.0a+ 1.7
1.0 77.2b+ 1.4 2784+ 4.3 25649+ 2.4 26.02b+ 1.8
1.5 61.2<+ 1.6 247+ 29 208¢+3.2 23.0b+ 1.5
1.7 50.34+ 0.7 220f+5.3 150f+ 3.4 18.0°+ 1.4

Means in the same column followed by the same letter are not significantly at P<0.05

Discussion

Most of the published studies have focused on responses of insects to gossypol in short-term
experiments. Combining short and long-term experiment findings can provide a clearer picture
of insect population dynamics in response to gossypol. Based on the results, the direct negative
effects of secondary metabolic plant compounds (presumable gossypol in this study) were
observed on the growth and development of Spodoptera littoralis fed on the high gossypol
concentration, compared with those fed on the low gossypol concentration through three
successive generations. Also, the results reported that the growth and development only
significantly development were only significantly decreased in the second and third
generations compared with the first-generation; it is likely due to the cumulative effects of
gossypol on three successive generations. Generally, there was a high correlation between the
concentration of the gossypol in die and its effects on growth and development. This was a
reflection of the larvae which died before pupation. The effect of diet-gossypol on the third
generation significantly was higher than that of the previous two generations on S. littoralis
stages. Data indicate the gossypol incorporated in a diet, decreased the larval and pupal weights
of S. littoralis. The data showed that the accumulative effect is quite clear and is in a good
agreement with the finding of (Meisner et al, 1978; Kay et al, 1979). They found that the
incorporation of gossypol whether applied topically or into the food media, suppressed the
larval weight. Also, (Du et al., 2004) revealed that high gossypol in host cotton had a negative
effect on A. gossypii. This issue was further studied by (Lukefahr and Houghtaling, 1969;
Stipanovic et al., 2008). They reported that higher gossypol concentrations were required to
reduce survival and pupal weights and increase days-to-pupation for larvae of Heliothis
virescens larvae. On the other hand, both cotton cultivar and generation significantly affected
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the fitness of the whitefly (Guo et al., 2013). Finally, the comparison of the effect gossypol on
different cotton leafworm stages is important for the development of an integrated pest
management program of the S. littoralis by using plant secondary metabolic compounds.

Conclusion

The cotton leafworm, Spodoptera littoralis (Boisduval) (Lepidoptera: Noctuidae) is an
important pest of numerous crops, which causes economic damage in Egypt. The failure of
chemical measures to control this insect has shifted the emphasis toward the effective
implementation of an integrated pest management (IPM) program. So, this study focused on
secondary metabolic plant compounds (e.g., gossypol). The results of this study indicate
that high gossypol could increase direct larval mortality, extend the duration of the larval
stage, and thereby increase the lifespan of subsequent generations with reduced fecundity.
All these factors would enhance the control of S. littoralis.
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