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Abstract: Cotton leafworm, Spodoptera littoralis (Boisd.) is a major
lepidopteran pest of beet types in Egypt. The present investigation was
conducted to determine the effect of three beet types; sugar, table and
fodder beet on feeding S. littoralis in addition to the toxic effects of
three insecticides, Protecto 9.4% WP (Bacillus thuringiensis), Speedo
57 % WG (emamectin benzoate) and winsor 24% SC
(methoxyfenozide) under semi-field conditions. This study was carried
out in 2023 and 2024 seasons, at Sakha Agricultural Research Station.
Results revealed that the lowest area of the leaf consumed by S. littoralis
after 24 h was significantly recorded in both fodder and sugar beet type
treatments; it was 1.10 and 1.29 cn? /larva, respectively. Feeding
percentage rate of 4" instar S. littoralis larvae fed on different beet leaves
treated with Protecto, Winsor and Speedo at 1/2 and 1 field rates was
decreased. At 1/2 recommended rate after 24 h, the lowest area of the
consumed leaf and feeding percentage were significantly recorded in Speedo
treatment on table beet 0.59 cm? larva and 2.99%, respectively. Based on the
nutritional values of testing beet types, results proved that table beet was the
most favorable type for S. littoralis due to the differences in the leaf nutritional
quality and low level of total phenol in the leaves of table beet. This research
aims to determine the most effective and sustainable method for
controlling S. littoralis by comparing the tolerance of different beet
types with the efficacy of various insecticides.

Key words: Spodoptera littoralis, beet types, feeding deterrence,
toxicity, insecticides.

Beet, Beta vulgaris is a globally significant crop cultivated for commercial sugar, forage, natural
dyes, and human food consumption. Also, its extracts are used as natural food colorants and possess
potent antioxidant properties, which have been shown to reduce lipid oxidation in cooked pork
(Mornement, 2002). The vegetable’s high antioxidant capacity is attributed to its phenolic compounds,
which offer nutraceutical benefits by promoting human health and preventing degenerative diseases and
cancer (Yang et al., 2008). More than its nutritional value, sugar beet is a cornerstone of the sugar
industry, agriculture, and various related sectors, supporting economic growth and sustainable farming
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practices (El-Fergani, 2019). Table beet and fodder beet are also valuable crops, with fodder beet
providing a particularly high yield potential for feeding ruminants and pigs (Anonymous, 2006 and
Henry, 2010). Insects represent one of the most significant threats to plant survival due to their
abundance and diversity (Erb and Reymond, 2019). Cotton leafworm, Spodoptera littoralis (Boisd.)
(Lepidoptera: Noctuidae), poses a major threat to beet crops in Egypt. This highly destructive pest infests
crops at all growth stages, from seedlings to harvest, causing significant yield losses (Fergani et al.,
2023). The insect development and reproductive success are closely tied to nutritional factors. The
quantity and quality of food consumed by larvae directly influence their growth rate, development time,
final body weight, and survival (Slansky and Scriber, 1985). Therefore, a reduction in feeding activity
can disrupt normal development, decrease weight gain, and increase mortality (Van Duyn, 1971).
Population performance and growthof herbivorous insects are affected by thenutritional contents/
biochemical attributes of host plants (Ismail, 2020; Hemmati et al., 2022; Shirinbeik Mohajer et al.,
2022). These substances reduce food consumption without immediately killing the insect, allowing
natural enemies to maintain control and preserving ecological balance (Isman, 2002 and Jeyasankar
etal., 2010). Among the entomopathogenic agents used for the biological control of lepidopterous pests,
the bacterium Bacillus thuringiensis (Bt) has gained special attention. Its use represents an effective
control method against insects like cotton leafworm (Gaaboub, 2004 and Gaaboub et al., 2005).
Several studies havebeen carried out to demonstrate theeffects of host plant types on the different life-
history traitsof S. littoralis (Al-Shannaf, 2011; Mohamed et al., 2019; Ismail, 2020; Hemmati et al.,
2022 and Mousavi et al., 2023). Emamectin benzoate, a derivative of avermectins, is a foliar insecticide
isolated from the fermentation of Streptomyces avermitilis, a naturally occurring soil bacterium. It acts
by stimulating the releaseof gamma-aminobutyric acid (GABA), an inhibitory neurotransmitter, which
leads to insect paralysis within hours of ingestion (Tomlin, 2003). This paralysis ultimately results in
death 2—4 days later. It is widely used on various crops, including fruits, vegetables, cereals, tree nuts,
and oilseeds. The purpose of this study was to evaluate the efficacy of three insecticides; Protecto 9.4%
WP, Speedo 5.7 % WG, and Winsor 24% SC on feeding and mortality of S. littoralis.

2. Materials and Methods
2.1. Insect strain

The culture of Spodoptera littoralis (Boisd.) used in the present study originated from eggs
obtained from a laboratory strain established in the Cotton Leaf Worm Department, Plant Protection
Institute, Dokki, Giza. The larval stage was reared and fed on castor bean leaves in the laboratory under
constant conditions of 27 +2° C and 65 +5 R.H according to El Defrawi et al. (1964).

2.2. Insecticide application

The tested compounds included three insecticides, as members of different classes of insecticides
with novel modes of action introduced in recent years. Most of these insecticides belong to reduced risk
insecticides with low mammalian toxicity and a benign profile for non-target organisms:

A- Speedo 5.7 % WG (emamectin benzoate), Daging Jefene Bio-Chemical Co. Ltd,China, applied at
rate of 80g /feddan.

B- Protecto 9.4% W.P (Bacillus thuringiensis var. kurstaki, 3200 IU), manufactured by the Bio-
insecticide Production Unit of the Plant Protection Research Institute, applied at rate of 300 g/feddan.

C- Winsor 24% SC (methoxyfenozide), provided by Agri Sciences Tarim Ve llac Urunlerisan Ve Tic.
Sti., Turkey, and applied at rate of 37.5 cm¥100 liters of water.

2.3. Tested beet types

Seeds of different beet types in this study, which included sugar, table, and fodder beet, were
obtained from the Sugar Beet Research Institute at Sakha Agricultural Research Station.

2.4. Semi-field trial and experimental design

Semi-field trial was carried out in 2023 and 2024 seasons, and the beet type leaves were
offered to Spodoptera littoralis larvae for feeding in the laboratory of Plant Protection Research Institute
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at Sakha Agricultural Research Station, Kafrelsheikh. The experimental area was divided into 84 plots
in a complete randomized block design. Every treatment was replicated 4 times (10 larvae/ replicate) in
addition to controls. The treatments were Protecto, Speedo, and Winsor. Each insecticide was applied
at two rates (1/2 and 1.00 of the recommended field rate) using a CP3 sprayer at a volume of 200 liters
of water per feddan. For the laboratory bioassay, daily treated cotton leaves were randomly selected
from each plot in the field and offered for feeding fourth-instar larvae of S. littoralis. Mortality
percentages were recorded after 1, 3, 5, and 7 days post-treatment according to Abbott's formula (1925)

2.5. Evaluation of nutritional indices

Leaf discs (5 cm diameter) were prepared from beet plants, 60 day- post emergence, using a no-
choice feeding bioassay (Srivastava and Prokesch, 1990, 1991), five newly moulted fourth-instar of
S. littoralis larvae (40-45 mg) were placed in Petri dishes containing a leaf disc. Larvae were initially
fed for 24 h, then new leaf was substituted for existing insects, and feeding percentage was recorded
after 48h. Each treatment was replicated thrice. The consumed leaf area was measured using a graph
sheet method to quantify feeding. The study calculated antifeedant activity (Singh and Pant, 1980),
feeding inhibition (Pande and Srivastava, 2003), and feeding percentage (Purwar and Srivastava,
2003) as follow:

Antifeedant activity (%) = [(% Leaf protection in treated disc - % Leaf protection in control
disc) / (100 - % Leaf protection in control disc)] x 100
Feeding inhibition (%) =[(C-T)/(C + T)] x 100
Where: C = consumption of control disc T = consumption of treated disc
Leaf area protected (%) = (Leaf area left / Total leaf area supplied) x 100

Feeding percentage (%) = [(Initial leaf area provided for feeding) - (Leaf area left after feeding)] / Initial
leaf area provided x 100

Effect of different beet types
Homogenate preparation

Leaves of beet samples were collected randomizely and put in ice box, then transmitted to laboratory,
mixed and chopped to weight 3 gm. One-gram weight of every replicate was grinding by liquid nitrogen
in special grinding; 0.5g was sampled and mixed with 0.7 ml of buffer solution (sodium phosphate,
potassium phosphate with pH 7). Samples were placed on centrifugal force 11000 rpm for 15 minutes,
then supernatants were separated and immediately frozen in biochemical analysis and used for the
following assay:

Protein content was determined by method of Bradford (1976). The method of Singleton et
al., 1965 was adapted to determined total polyphenol content.

2.6. Statistical analysis

Statistical analysis was conducted using one-way and two-way analysis of variance (ANOVA)
with Costat software and compared using the least significant difference (L.S.D.) at 5%. Differences
were considered statistically significant at p <0.05.

3. Results and Discussion
3.1. Effect of tested beet types on feeding of cotton leafworm

From the data summarized in Table (1), it was observed that food of larvae has a noticeable effect
on leaf area consumed by S. littoralis for 24 and 48 h. Table beet treatment proved to be the most
favorable (2.29 cm? / larva) for feeding larvae, while lower consumed leaves resulted from larvae fed
on both fodder and sugar beet type leaves (1.10 and 1.29 cm? /larva) without significant differences
between them, respectively.
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Table (1). Consumed leaf area by Spodoptera littoralis fed on three beet types

Mean area | Mean Mean feeding Mean Mean Mean feeding
of leaf leaf leaf area % area of leaf leaf area %
consumed area protecte leaf area protecte
Beet type cm? left cm? d% consumed left d%
cm? cm?
24h 48h
Sugarbeet | 1.20£0.07 | 1833 | 93.41 60'5395 1.854¢0.07 | 17.77 | 9057 9'43;0'3
Table beet | 2.29+0.20 17.33 88.35 13'(1581 252+0.17 | 17.10 87.14 12.2810.
Fodder | 4 16,005 | 18.52 94.39 561% | 4 664002 | 1796 | o152 | 848200
beet 0.27 9
L.S.D 0.251 1.282 0.508 2.590

After 24 h, the maximum feeding percentage (11.65 %) was recorded in table beet type, compared with
6.59 and 5.61% for sugar and fodder beets, respectively. After 48 h from feeding 4" instar larvae of S.
littoralis, consumed leaf area and feeding percentage were more obvious than feeding for 24 h, as they increased
at all beet types.

Feeding percentage of Spodoptera littoralis reared on different beet types treated with some insecticides, at
1/2 and1 field rates

Feeding percentage of S. littoralis for 24 h at 1/2 and 1 recommended rates of treatment was studied and
results were shown in Tables (2 and 3). At 1/2 recommended rate, based on the consumed leaf area by larva of
the 4™ instar, it was observed that all the treatments caused a significant reduction of feeding larvae (consumed
leaf area) compared to all controls (sugar, table and fodder beets). The lowest consumed leaf area and

feeding percentage were significantly recorded in Speedo treatment on table beet (0.59 cm2/ larva) and 2.99%,
while in the rest treatments, the consumed leaf area and feeding percentage varied from 0.74 cm? /larva
and 3.79% for Winsor on sugar beet to 2.29 cm? / larva and 11.65% for control of table beet with
significant differences between them, respectively. Any substance that reduces food consumption by an insect
can be considered feeding deterrent (Isman, 2002). Also, the maximum antifeedant activity was recorded
in Speedo and Winsor treatments on table beet, as they were 74.35 and 62.50 % without significant differences
between them, respectively, while it was 4.18 % for Protecto treatment on sugar beet. The obtained
results agree with the findings of Gaaboub et al. (2012) who found that protecto gave the lowest
antifeeding activity against the 4™ larval instar of S. littoralis Also, EI-Fergani (2019) showed that
Protecto caused a significant reduction in S. littoralis infestation up to five days post treatment and
theoverall reduction of larvae population after treatment 57.92% .

As for field rate after 24 h, control of table beet significantly gave high value of 2.29 cm? /larva
and 11.65%, for consumed leaf area and feeding percentage of 4™ larval instar of S. littoralis, respectively.
The lowest consumed leaf area and feeding percentage were recorded for Speedo on sugar beet by 0.13 cm?
/larva and 0.65%, respectively. Also, all beet types gave maximum antifeedant activity by 90.17, 92.28 and
97.23% for Speedo treatment on sugar, fodder and table beet, respectively, without significant difference
between them, while the lowest antifeedant of larva (15.42%) resulted from Bt treatment on sugar beet type.
After 48 h of exposure, table beet control was the highest value (2.52 cm? /larva and 12.86%) for consumed
leaf area and feeding percentage of 4" larval instar of S. littoralis, respectively. While Speedo on sugar
beet, table beet and fodder beet in addition to winsor on sugar beet, table beet and fodder beet besides
Protecto on fodder beet were the lowest values without significant difference between them. In addition, the
maximum antifeedant activities were significantly recorded in Speedo on sugar, table and fodder beet types by
100% for them, whereas 12.28% was recorded in Protecto treatment on sugar beet.
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Table (2). Feeding percentage of Spodoptera littoralis larvae fed on beet types treated with some insecticides, at 1/2 field rate

Mean area Mean Mean Anti- Feeding Feeding | Meanarea | Mean Mean Anti- Feeding | Feeding
of leaf leaf area | leaf area | feedant inhibition % of leaf leaf area | leaf area feedant inhibitio %
Treatment consumed | leftcm? | protecte | activity % consumed | leftcm? | protected | activity n %
cm? d% cm? %
24 h 48 h
Sugar beet
Speedo 5.7 % 17.3740.0 539 % 95.32% 0.4+
e 1.06+0072 | 1856 | 9461 : 10.07 e | 008£0008 | 1954 99.58 oo 91.79 ™
W'“SSO{:Z“% 0.74+0023 | 1888 | 96.21 42'?2* 26.86 | 3.79+0.11 | 0.19+0.005 | 19.43 99.03 sg.gi 81.35 0(59073i
0,
Pmte\‘jf/‘l’pg'“’ 1.24+077 | 18.38 93.68 46188; 214 | 6.32+039| 1.75+0.07 | 17.87 91.10 56651; 2.89 80'930;
Control 1294007 | 1833 | 9341 | ccoeeee | e 6.59+ 037 | 1852007 | 17.77 | 9057 | eem | ee 90'433;
Table beet
0,
Spees\‘;éj % | 050+002 | 1903 | 97.01 73'221 5018 | 2.99+0.09 | 0.040.02 | 1958 | 99.79 gg'ggi 96.66 0621111“
Winsor 24% 62.50% 0.49% 80.53% 248+
o 0.86+006 | 18.76 | 95.63 oo 4559 | 437£030 | o0 19.13 97.52 o 67.45 o
Protecto 9.4% 6.42+ 10.91+0.1 3.42+ 12.42+
oo 214+003 | 1748 | 89.09 iy 3.32 : 2444016 | 17.18 87.58 v 1.74 oo
Control 2204002 | 1733 | 8835 | oo | ceee 11'6510'1 2524017 | 17.10 87.14 S 15'28*
Fodder beet
0,
Spee\"/'\‘/’éj % | 089+002 | 1873 | 9545 12'221 1026 | 455:009 | 021%0.05 | 1941 | 98.93 8;.321— 77.80 10'0275i
1 0,
W'“Sgéz“ % | 088+004 | 1874 | 9553 18;? 1124 | 447+019 | 024:003 | 1938 | 9878 Bi"g%i 74.91 10'212;
0,
Pmte\‘j\tlopg“’ 0.98+002 | 1864 | 95.02 12'2? 584 | 498+009 | 087:004 | 1875 | 9557 ‘Zggi 31.40 46423;
Control 110£005 | 1852 | 9439 | e | e 5.61+0.26 | 1.66£002 | 17.96 | 9152 S 80'408;
LS.D 0144 | o | e 1360 |  oeeme 0.736 0121 | e | e 628 | oo 1.288

Leaf disc = 5 cm diameter. Area of leaf disc = 19.62 cm2 SE = Standard error. Means were compared using the least significant difference (L.S.D.) at 5%. Differences were considered statistically
significant at p < 0.05.
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Table (3). Feeding percentage of Spodoptera littoralis larvae fed on beet types treated with some insecticides, at 1.00 field rate

Mean area | Mean leaf | Mean leaf Anti- Feeding | Feeding | Mean areaof | Mean Mean Anti- Feeding | Feeding
of leaf area left area feedant inhibiti % leaf leaf leaf feedant inhibitio %
consumed cm? protected Activity on% consumed area area Activity % n%
Treatment cm? % % cm? leftcm? | protecte
d %
24 h 48 h
Sugar beet
Speedo 90.17+ 100.00+0.0
5706 WG 0.13+0.01 19.49 99.35 0.73 82.12 | 0.65+0.04 0.00+0.00 19.62 100.00 0 100.00 | 0.00+0.00
Winsor 56.46+3.6 2.85+ 0.74+0.08
24% SC 0.56+ 0.04 19.06 97.15 4 39.51 0.18 0.14+0.02 19.48 99.26 92.15+1.09 85.47 6
Protecto 15.42+
9.4% WP 1.09+ 0.06 18.53 94.43 167 8.37 5.57+0.31 1.62+0.08 18.00 91.73 12.28+1.81 6.56 8.27+0.40
Control 1.29+ 0.07 18.33 93.41 - e 66539; 1.85+0.07 17.77 9057 | @ - | - 9.43+0.38
Table beet
Speedo 97.23+ 0.32+ 100.00+0.0
57 % WG 0.06+ 0.01 19.56 99.68 0.43 94.62 005 0.0040.00 19.62 100.00 0 100.00 | 0.00+0.00
Winsor 66.88+ 3.86+
24% SC 0.76+ 0.05 18.86 96.14 557 50.35 0.28 0.26+0.03 19.36 98.66 89.63+0.74 81.22 1.3440.16
Protecto 21.80+ 9.11+ 11.29+
9.4% WP 1.79+ 0.07 17.83 90.89 379 12.33 0.35 2.21+0.14 17.41 88.71 | 11.65+0.65 6.44 0.70
Control 2.29+0.20 17.33 8835 | - | e 11'6810'1 2.52+0.17 17.10 8714 | - | e 12'88i0'8
Fodder beet
Speedo 92.28+ 0.42+ 100.00+0.0
570 WG 0.08+0.02 19.54 99.58 176 85.76 0.08 0.00+0.00 19.62 100.00 0 100.00 0.00+0.00
Winsor 29.24+ 3.94+ 87.24+
24% SC 0.77+0.02 18.85 96.06 512 17.33 012 0.21+0.02 19.41 98.92 094 77.39 1.08+0.70
Protecto 33.32+
9.4% WP 0.72+0.06 18.90 96.31 8.68 20.66 | 3.69+0.32 0.18+0.02 19.44 99.07 | 88.98+0.97 80.18 0.93+0.08
Control 1.10+£ 0.05 18.52 94.39 50'6217i 1.66+0.02 17.96 91.52 U B 8.48+0.09
L.S.D 0.143 12.44 0.720 0.216 7.288 1.108

Leaf disc = 5 cm diameter. Area of leaf disc = 19.62 cm2 SE = Standard error. Means were compared using the least significant difference (L.S.D.) at 5%. Differences were considered

statistically significant at p < 0.05
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Table (4). Efficacy of the tested treatments against Spodoptera littoralis larvae infesting beet plants
under semi- field conditions during 2023 and 2024 seasons at 1/2 field recommended

rate
Mortality percentages of S. littoralis larvae at the indicated days post spray
Treatment 2023 2024
1 3 5 7 '\i"gaé‘ 1 3 5 7 '\i"gaé‘
Sugar beet
S%Zes\‘/’é’j 27.50 42'5 85.71 108 0 i‘rl"_ ég 3250 | 5250 66.96 | 100.00 16229291
Winsg’é 24% | 0,00 2%'5 85.71 108 0 15%256 0.00 20.83 7321 | 100.00 ﬁ%
;&e\f\% 0.00 3%'0 51.79 | 65.83 fg%% 0.00 28.89 4018 | 58.93 1322203
Control -
Table beet
Speedo >l | arso | 00 | gzso | 1000 T2 1 4000 | s639 | 7009 | 20000 | 202
Winsot2#% | 000 | 500 | 7604 | 1000 | 2| 000 250 6027 | 10000 | 9%
oorecto | 000 | Y5 | 3958 | 8s7e | 570 000 | 1ss6 | 2277 | 7604 | 20
Control e
Fodder beet
S%Zes\‘;é’j 30.00 4%0 64.38 108 0 f%g‘; 3250 | 50.27 56.67 | 100.00 ig'_ gg
Winssoé 24% 1 0,00 1%5 69.38 108 0 ;‘51‘178 0.00 10.00 55.83 | 100.00 g'jz
;m;g; 0.00 350'0 46.88 | 92.26 3322% 0.00 26.25 39.17 85.83 37221
Control -
L.S.D 6.145 8.081

Mean was compared using the least significant difference (L.S.D.) at 5%. Differences were considered statistically significant
atp <0.05.
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Table (5). Efficacy of the tested treatments against Spodoptera littoralis larvae infesting beet plants
under semi- field conditions during 2023 and 2024 seasons at 1.00 field recommended

rate
Mortality percentages of S. littoralis larvae at the indicated days post spray
Treatment
2023 2024
Mean Mean
1 3 5 7 + SE 1 3 5 7 + SE
Sugar beet
Speedo 5.7 93.13 92.50
% WG 72.50 100.00 | 100.00 | 100.00 +063 70.00 | 100.00 | 100.00 | 100.00 +1.02
Winsor 65.63 63.13
24% SC 0.00 62.50 100.00 | 100.00 +063 0.00 52,50 | 100.00 | 100.00 +0.84
Protecto 55.83 47.20
9.4% WP 0.00 52.50 70.83 | 100.00 +187 0.00 41.94 62.95 83.93 +148
Control
Table beet
Speedo 5.7 94.38 93.75
% WG 77.50 100.00 | 100.00 | 100.00 +063 75.00 | 100.00 | 100.00 | 100.00 +0.72
Winsor 55.63 57.86
24% SC 0.00 22.50 100.00 | 100.00 +1.20 0.00 31.46 | 100.00 | 100.00 +162
Protecto 48.25 45.12
9.4% WP 0.00 42.50 57.64 92.86 +217 0.00 39.86 50.00 90.63 +2 40
Control
Fodder beet
Speedo 5.7 92.50 90.63
% WG 70.00 100.00 | 100.00 | 100.00 +1.02 62.50 | 100.00 | 100.00 | 100.00 +063
Winsor 61.25 62.52
24% SC 0.00 45.00 100.00 | 100.00 +072 0.00 50.09 | 100.00 | 100.00 +145
Protecto 58.65 51.27
9.4% WP 0.00 50.00 88.75 95.83 +1.40 0.00 45.09 69.17 90.83 +144
Control
L.S.D 3.460 3.882

Mean was compared using the least significant difference (L.S.D.) at 5%. Differences were considered statistically significant
atp < 0.05.

Effect of tested insecticides as foliar spray on feeding percentage of Spodoptera littoralis on beet types
under semi field conditions

The persistence of any insecticide is defined as its capability to resist breaking and to be stable
and effective with the same physical, chemical, and functional characteristics under environmental
conditions (Helfrich, 2009). In the field, many factors affect the persistence of insecticides starting from
their characteristics including stability, volatility, solubility, and formulation through the site and
method of application and the environmental conditions (Beggel et al., 2010). In addition to the
characteristics of the soil and water and their resistance to degradation, the characteristics of the crop,
such as the kind of plant structure, stage, and growth rate, also might have an impact on the persistence
of the insecticides.

Data in tables (4 and 5) summarize toxicity of Protecto, Winsor and Speedo formulations at 1/2
and 1 field recommended rates against S. littoralis during two successive beet seasons; 2023 and 2024.
As for percent mortality at %2 field rate, the obtained results showed that mortality was different from
one treatment to another and the differences were significant. It was highest for Speedo on table and
sugar beet by 71.25 and 65.18%, respectively in 2023 season, while minimum mortality was recorded
in Protecto treatment on table and sugar beet by 36.90 and 35.70%, respectively.
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In 2024 season, the results revealed that Speedo treatment on all beet types significantly
increased mortality of S. littoralis by 66.62, 62.99 and 59.86 % for Speedo on table, sugar and fodder
beet, respectively. Whereas the lowest mortality was 28.59 and 32.00% for Protecto treatment on table
and sugar beet, respectively. The obtained results are in agreement with EI-Naggar (2013) and EI-
Zahi (2013) who mentioned that emamectin benzoate was effective in reducing fecundity and egg
hatchability of S. littoralis.

With regard to the mortality at 1 field rate, it was clear that efficiency of Speedo treatment on
table, sugar and fodder beet caused highest significant mortality in S. littoralis by 94.38, 93.13and
92.50% at 1 field rate, respectively, against 4™ instar of S. littoralis larvae during 2023 beet season
without significant between them. On the other hand, Protecto treatment on table beet decreased the
mortality by of S. littoralis by 48.25%. As for the second season, the same trend of results was observed
as shown in 2023 season. The mortality of S. littoralis was 93.75, 92.50 and 90.63% for Speedo on
table, sugar and fodder beet at 1.00 field rate, respectively. While it was 45.12 and 47.20% for Protecto
treatment on table and sugar beet.

The obtained results agree with thoseof Said et al. (2012) who found that Protecto was the
least efficient compound on S. littoralis which gave 41.76% reduction only as initial kill (after five
daysfrom treatment) on sugar beet plants. Also, Abd El-rahman et al. (2007) tested the direct and latent
effects of thegrowth inhibitor, lefenuron and thecombination of iefenuron/deltanet on the development
of S. littoralis larvae, both compounds proved to be toxic to the test insect larvae. Also, S. littoralis
larvae fed on clover leaves lasted for shorter period by 18.00 days, compared to those fed on sugar beet
leaves by 25.20 days (Mohamed et al., 2019). Soliman et al. (2024) indicated that biological
parameters of S. littoralis on Giza 92, Giza 94 and Giza 96 varieties gave greater developmental rates
and fecundity on Giza 96 and Giza 94, while poorer development was found on Giza 92 variety.
Comparison based on overall mean during the whole experimental period, Rashwan (2013) recorded
significant reduction in consumption index and growth rate in both of LCs (0.061 ppm) and LC:
(0.017ppm) treatments of emamectin benzoate on S. littoralis. The results clearly indicated that
emamectin benzoate was the most effective compound, while Beauveria bassiana was the least effective
one on S. littoralis, (Madkour et al., 2024). Also, Gaaboub et al. (2012) mentioned that the overall larval
mortalities after treatment with lannate and protecto on the 4" larval instar of S. littoralis were 48.3 -
70.0 and 20.0 - 50.0%, respectively.

Table (6). Main chemical composition of Beta vulgaris leaves

aapown [ T e
Sugar beet 3.78+ 0.101 25.02+ 0.434
Table beet 3.54+ 0.043 23.43+0.146
Fodder beet 3.66+0.115 25.01+ 0.066
L.S.D 0.393 1.022

Mean was compared using the least significant difference (L.S.D.) at 5%. Differences were considered statistically significant at
p <0.05. GAE —gallic acid equivalent

Protein content and total polyphenol

Protein Content: The protein value is relatively consistent across all three beet types, It was observed
that all beet types gave non — significance between them, however, sugar beet showed a marginally
higher protein content (3.78%) compared to table beet (3.54%) and fodder beet (3.66%) (Table 6). This
consistency suggests that protein is not the primary distinguishing parameter among these beet types.
These values are in line with general nutritional data for beets, which are not typically considered a high-
protein food source.
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It is generally accepted that lowdietary protein can cause an increase in therate at which larvae
feed (Slansky 1993); conversely, a high protein diet canreduce feeding rates (Mattson, 1980).
According to Cohen and Patana (1984), although there was nodifference in nitrogen content in the
artificial and bean diets, H. zea larvae fed on theartificial diet had amuch higher nitrogen content than
the larvae reared on thebean diet, suggesting that larvae fed artificial diet passed more material through
their systems and accumulated more body nitrogen than those feed beans.

The highest polyphenol value was found in sugar and fodder beet by 25.02 and 25.01 mg GAE.g-
1, respectively. (Table 6) while 23.43 mg GAE.g-1 was the least value for table beet. This is a crucial
observation because polyphenols are important bioactive compounds with recognized antioxidant, anti-
inflammatory, and health-promoting properties. The high polyphenol content in sugar and fodder beets,
particularly in their leaves and pulp, makes them valuable sources of these compounds, which are often
overlooked in favor of the more widely consumed table beet. Analysis of nutritional indices can leadto
understanding of behavioral and physiological basis of insect response to hostplants (Lazarevic and
Peric-Mataruga 2003). Lower fitness of H. armigera on some host plants may be due to thepresence
of some secondary phytochemicals in these plants, or absence of primary nutrients necessary for growth
and development. Carrillo et al. (2019) compared the content of phenolic compounds in organic and
conventionally cultivated beet root; the effect of the production system on the total polyphenol content
was found to depend on the variety. The referenced study was focused on verifying whether or not
nutritional differences can be demonstrated between beet root labelled as bio/organic or
traditional/conventional, and its results regarding higher content of phenolics in organic-labelled
vegetables resemble our findings.

The interaction between herbivorous of insects and plants has always been ahot topic for
researchers (Arimura, 2021; Brbero and maffei 2023). Moreover, other scholars have also studied
theeffects of crop differences on the feeding preferences, growth and development of phytophagous
pests. Liu et al. (2021) found significant differences in thefeeding preferences of Spodoptera
frugiperda larvae for different wheat varieties. The larvae preferred varieties such as HM33 and fed less
on LY502, and feeding different wheat varieties affected thegrowth and development of S.
frugiperda larvae. Yang Yang et al. (2014) found that different rice varieties affected the survival rate
and adult longevity of Sesamia inferens larvae. He et al. (2024) also found that different varieties of
pepper leaves affected the growth and mortality of S. litura larvae. The mentioned studies have
emphasized the key role of cropvarieties in the prevention and control ofphytophagous insects.

In summary, thefeeding preferences of phytophagous insects for different varieties ofcrops is a
common phenomenon, and this preference often has aprofound impact on thegrowth, development, and
reproduction of insects. Feeding percentage rate of 4" instar S. littoralis larvae fed on different beet leaves
treated with Protecto, Winsor and Speedo at 1/2 and 1.00 field rates was decreased.

References
Abbott, M.S. (1925). A method of computing effectiveness of an insecticide. J. Econ. Ento mol., 18: 265-267.

Abd EI-Rahman S.M.; E.M. Hegazy and A.E. Elwey (2007). Direct and latent effects of two chitin
synthesis inhibitors to Spodoptera littoralis larvae (Boisd.). American-Eurasian J. Agric. & Environ.
Sci., 2(4): 457-464.

Al-Shannaf, H.M.H. (2011). Estimated food consumption and feeding effect with different host plants
on the development and repro- ductive capacity of Spodoptera Littoralis (Boisd.) (Lepidoptera:
Noctuidae). Egypt Acad J. Biol. Sci., 4:1-8.

Anonymous (2006). http:// www. Seed 2 grow. Co. UK/acatalogy/Fodder-Beet- seed. himl.
Arimura, G. (2021). Making sense of the way plants sense herbivores. Trends Plant Sci. 26, 288-298.

Future of Biol., 2 (2025) 25-37 34 of 37



Suzan Badr et al., 2025

Barbero, F. and M.E. Maffei (2023), Recent Advances in Plant-Insect Interactions. Int. J. Mol.
Sci. 24,11338.

Beggel, S.; I. Werner; R.E. Connon and J.P.Geist (2010). Sub lethal toxicity of commercial
insecticide formulations and their active ingredients to larval fathead minnow (Pimephales promelas).
Science of the Total Environment, 408(16), pp.3169-3175.

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

Carrillo, C.; D. Wilches-Pérez; E. Hallmann; R. Kazimierczak and E. Rembialkowska (2019).
Organic versus conventional beetroot. Bioactive.

Cohen A.C. and R. Patana (1984). Efficiency of food utilization by Heliothis zea (Lepidoptera,
Noctuidae) fed artificial diets or green beans. Canadian Entomologist 116: 139-146.

El-Defrawi, M.; A. Tippozada; N. Mansour and M. Zeid (1964). Toxicological studies on the Egyptian cotton
leafworn Prodenia litura 1- Susceptibility of different level instars to insecticides, J. Eon. Entomol., 57: 591-593.

El-Fergani, Y. A. (2019). Field evaluation of selected oxadiazine insecticide and bacterial bio-insecticides against
cotton leafworm, Spodoptera littoralis (Boisduval) (Lepidoptera: Noctuidae) infesting sugar beet (Beta vulgaris ).
Egypt. J. Agric. Res., 97(1):137-145.

El-Naggar, J.B. (2013). Sublethal effect of certain insecticides on biological and physiological aspects
of Spodoptera littoralis (Boisd.). Nature and Science, 11(7), pp.19-25.

El-Zahi, E.Z.S. (2013). Field persistence of some novel insecticides residues on cotton plants and their
latent effects against Spodoptera littoralis (Boisduval). Alexandria Science Exchange Journal,
34(January-March), pp.37-43.

Erb, M. and P. Reymond (2019). Molecular interactions between plants and insect herbivores. Annu
Rev Plant Biol. 70:527-57.

Fergani, Y. A.; Refaei, E. S.; Faiz, N. M. and Hamama, H. M. (2023): Evaluation of chlorpyrifos and Beauveria
bassiana as a strategy in the Egyptian sugar beet fields: Impact on Spodoptera littoralis (Boisduval) and its
associated predators populations and the sugar beetroot yield. Egyptian J. Biol. Pest Control, 33: 99.

Gaaboub, I. A, H. A. EI-Kady, E. F. EI-Khayat and A. M. EI--Shewy (2012). Antifeedant and toxic
activity of some plant extracts, chemical and bio insecticides against the cotton leafworm, Spodoptera
littoralis (Boisd.). 1st International Conference On Biotechnology Applications In Agriculture. Benha
University, Moshtohor and Hurghada, 18-22, February Egypt.

Gaaboub, I. A;; A. EI-Aswad; S. Halawaa and E. M. Khamis (2005). Feeding deterrent and growth inhibitory
properties of Neotorularia aculeolata against the cotton leafworm, Spodoptera littoralis (Boisd.). Egypt. J. Agric.
Res. 83 (3): 973-986.

Gaaboub. 1. A. (2004). Cyclic fluctuation of daily acetylcholinesterase activity in Spodoptera littoralis (Boisd).
Moth. J. pest. Cont. Environ. Sci., 12(1/2):55-71.

He, S.S.; Z. Yu; R.Q. Shi; H.N. Zhuang; G. Chen and H. Yu (2024) Effect of insect resistantchili
pepper leaveson physiological and biochemical indicators related to Spodoptera litura larvae. J.
Environ. Entomol., 46, 650-658.

Helfrich, L.A.; D.L.Weigmann; P.A. Hipkins and E.R. Stinson (2009). Pesticides and aquatic
animals: a guide to reducing impacts on aquatic systems.

Hemmati, S.A.; P. Shishehbor and L.L. Stelinski (2022) Life table parameters and digestive enzyme
activity of Spodoptera Littoralis (Boisd) (Lepidoptera: Noctuidae) on selected legume cultivars. Insects,
13:661.

Future of Biol., 2 (2025) 25-37 35 of 37


https://doi.org/10.1016/0003-2697(76)90527-3

Suzan Badr et al., 2025

Henry, K. (2010). Fodder beet In: Tuber and root crops, Handbook of plant breeding 7 (ed. J.E. Bradshaw),
NewY ork:SpringerVerlag 221-243.

Ismail, S.M. (2020). Influences of different host plants on biological and food utilization of the cotton
leafworm, Spodoptera littoralis. Prog Chem Biochem Res 3:229-238.

Isman, M. B. (2002). Insect antifeedants. Pesticide Outlook.

Jeyasankar, A.; N. Raja and S. Ignacimuthu (2010). An-tifedant and growth inhibitory activities of crude
extracts and fractions of Syzygium lienare (Myrtaceae) against Spodoptera litura (Fab.). Current Research Journal
of Biological Sciences, 2:173-177.

Lazarevic J, Peric-Mataruga V. (2003). Nutritive stress effects on growth and digestive physiology of
Lymantria dispar larvae. Yugoslav Medical Biochemistry 22: 53-59.

Liu, H.; Zhang, Y.; Cheng, J.L. (2021). Feeding preference and adaptability of Spodoptera
frugiperda (Lepidoptera: Noctuidae) on different wheat cultivars in relation to leaf biochemical
contents. Acta Entomol. Sin., 64, 230-239.

Madkour, Z. E. M. Madkour, Mostafa A. Taha, Ramadan M. A. EI-Kholy, and Hend H. A. Salem
(2024) . Biochemical and toxicological effects of certain bioinsecticides on the Egyptian cotton
leafworm, Spodoptera littoralis . International Journal of Theoretical and Applied Research, Vol. 3,
No. 1, 363-370.

Mattson Jr. WJ. (1980). Herbivory in relation to plant nitrogen content. Annual Review of Ecology
and Systematics 11: 119-161.

Mohamed, H. A., M. W. Alkordy and A. A. Atta (2019). Effect of host plants on biology of
Spodoptera littoralis (Boisd.), Egypt. Acad. J. Biolog. Sci.,12(6):65-73.

Mornement, J. (2002). Just beet. Fresh Produce Journal, v. 5, p. 24-25.

Mousavi, S.M.H.; S.A. Hematti and A. Rasekh (2023). Feeding responses and digestive function of
Spodoptera Littoralis (Boisd) on various leafy vegetables exhibit possible tolerance traits. Bull Entomol
Res., 11:430-438.

Pande, D. and R.P. Srivastava (2003). Toxicity and antifeedant activity of indoxacarb (Avaunt 14.5 SC)
against tobacco caterpillar, Spodoptera litura (Fab.). Insect Environ., 9 (2): 69-70.

Purwar, J.P. and R.P. Srivastava (2003). Toxicity and antifeedant activity of diflubenzuron (Dimilin
25 WP) against S. litura. Indian J. Appl. Entomol., 17 (1): 28-32.

Rashwan, M.H. (2013). Impact of Certain Novel Insecticides on Food Utilization Ingestion and
Larval Growth of the Cotton Leafworm, Spodoptera littoralis (Boisd.) . New York Science Journal.
6(8).

Said, A. A. A.; F. A. H. Shaheen; E. A. H. Sherief and H. A. M. Fouad (2012). Estimation of certain
compound against cotton leafworm, Spodoptera littoralis (boisd.) on sugar beet plants. J. Plant Prot.
and Path., Mansoura Univ., 3 (12): 1321 — 1330.

Shirinbeik Mohajer, S.; A. Golizadeh; M. Hassanpour; S.A.A. Fathi; A Seda- ratian-Jahromi and
Z. Abedi (2022). Interaction between biological parameters of Panonychus Citri (Acari: Tetranychidae)
and some phytochemical metabolites in different citrus species. Bull Ento- mol Res 112:509-5109.

Singh, R.P. and N.C. Pant (1980). Lycosine -a resistance factor in plants sub family:
Amarylloidiodae(Amaryllidae) against desert locust. Experientia., 36: 552.

Slansky FJ. 1993. Nutritional ecology: The fundamental quest for nutrients. In: Stamp NE, Casey TE,
Editors. Ecological and Evolutionary Constraints on Foraging. pp. 29-91. Chapman and Hall.

Slansky, F.J.R. and J.M. Scriber (1985). Food consumption and utilization in Comperhensive Insect Physiology,
Biochemistry and Pharma- cology, (Eds Kerket, A. and Gilbert, L.1.), Vol. 4, Pergamon Oxford pp, 87-163.

Future of Biol., 2 (2025) 25-37 36 of 37




Suzan Badr et al., 2025

Soliman, H. A. B.; J. B. EI-Naggar and S. K. M. Korish (2024). Biological aspects of Spodoptera
littoralis reared on cotton varieties. J. Plant Protection and Pathology, Mansoura Univ., Vol. 15 (4):115
—118.

Srivastava, R.P. and P. Proksch (1991). Contact toxicity and feeding inhibitory activity of chromenes
from Asteraceae against Spodoptera littoralis (Lepidoptera : Noctuidae). Entomol. Gener., 15 (4): 265-
274,

Srivastava, R.P. and P. Proksch (1990). Testing and feeding deterrence of material chromene and
benzufuron derivatives to Epilachna varivestis. Naturwissen-schaften.,77: 438-439.

Tomlin, C.D.S. (2003). The Pesticide Manual: A World Compendium. 13th Edition, British Crop
Protection Council, Alton Hampshire.

Van Duyn, J.W. (1971). Investigations concerning host plant resistance to the mexicon bean beetle,
Epilachna varivestis in soybean, Ph.D. Disseration, Clemson Univ., Clemson, USA: 210 p.

Yang, J.; J. Guo and Yuan, J. (2008). In vitro antioxidant properties of rutin. Food Science and
Technology, 41, 1060-1066.

Yang, G.Q.; Du, S.G.; Li, L.; Jiang, L.B.; Wu, J.C. (2014). Potential positive effects of pesticides
application on Sesamia inferens (Walker) (Lepidoptera: Insecta). Int. J. Insect Sci., 6, 61-67.

© The Author(s). 2022 Open Access This article is distributed under the terms of the Creative Commons Attribution
THE FUTURE Jouma|5 4.0 International License (http:/creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution,
and reproduction in any medium, provided you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons license, and indicate if changes were made. The Creative Commons Public
Domain Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available
in this article, unless otherwise

Future of Biol., 2 (2025) 25-37 37 of 37


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/

