


Changes in susceptibility of the aphid, Myzus persicae and the predator, Chrysoperla carnea to some insecticides on sugar beet plants


Abstract
Aphid infestations represent a major threat to sugar beet production in Egypt, necessitating effective and sustainable control strategies. This two-year field study (2024-25 and 2025-26 evaluated the efficacy of some insecticides: Beta cyfluthrin (Pyrethroid), Flonicamid (anti-feeding agent), Acetamiprid, Spinosad and Thiamethoxam against Myzus persicae (green peach aphid) and the predator, Chrysoperla carnea on sugar beet plants at the farm of Sakha Agricultural Research Station, Kafr El-Sheikh. All insecticides demonstrated high efficacy, achieving 82.37 % to 94.58 % reduction in aphid numbers and 66.89 to 90.85 % reduction in lacewing numbers 10 day after treatment through the first and second seasons, respectively. Therefore, Beta cyfluthrin provided rapid initial knockdown (66.85 and 66.89 % in the first season and 68.55 and 90.85 % in the second season, followed by Flonicamid that exhibited on aphid and lacewing (66.82 and 68.33 % in the first season and 68.07 and 66.70 % in the second season for both Myzus persicae and Ch. carnea, respectively.) and a delayed but sustained anti-feeding effect, Spinosad displayed moderate initial control but strong residual activity. Abiotic factors are significantly increased, associated with aphids and lacewings, as well as, predators, during two consecutive seasons. Therefore, highly significant correlation was found between the aphid and the lacewing. The overall effect of predator on pests was significant. One-way ANOVA revealed insignificant differences among insecticide classes at different time points. The findings highlight the importance of selecting insecticides based on their modes of action, efficacy timelines and their activity against aphids for integrated pest management (IPM) programs. 
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Introduction
Sugar beet (Beta vulgaris L.) represents a crop of worldwide economic significance, with particular importance in Egypt (Farag et al., 2023), where it substantially contributes to domestic sugar production and supports agricultural sustainability (FAO, 2022; Fergani et al., 2023). However, aphid infestations threaten sugar beet yields by transmitting viruses, reducing photosynthetic efficiency, and stunting plant growth (Dewar & Cooke, 2006). Chemical insecticides remain a primary control method, but their effectiveness varies based on active ingredients, application timing, and pest resistance (Bass et al., 2015). Among the most problematic aphid species in sugar beet are Myzus persicae (green peach aphid) and Aphis fabae (black bean aphid), which cause direct feeding damage and spread Beet yellows virus (BYV) and Beet mild yellowing virus (BMYV) (Stevens et al., 2004). Due to increasing resistance to conventional insecticides (Foster et al., 2007), evaluating newer insecticidal groups is essential for sustainable pest management. This investigation evaluates the effectiveness of four distinct insecticide classes: Beta cyfluthrin (Blend-extra EW 10%), a neurotoxic Pyrethroid compound targeting insect voltage-gated sodium channels (IRAC, 2023); Flonicamid (Ketdown® 50% WG), a selective chordotonal organ modulator that inhibits aphid feeding behavior (Jeschke et al., 2011); Acetamiprid (Newset® 20% SP), systemic neonicotinoid acting as a nicotinic acetylcholine receptor agonist (Elbert et al., 2008); and Imidacloprid (Confedent® 35% SC), a widely deployed neonicotinoid exhibiting growing resistance patterns in pest populations (Bass et al., 2015). Previous research suggests that Flonicamid has strong anti-feeding effects (Morita et al., 2007), while lambda-cyhalothrin provides rapid knockdown (Ware & Whitacre, 2004). However, neonicotinoids like Imidacloprid and Acetamiprid face resistance in some regions (Sparks & Nauen, 2015). In this regard, insecticides that work well with biological control agents are valuable tools in an integrated pest management (IPM) program, thus research on their impact on natural enemies is paramount (El-Zahi, 2012; Amarasekare et al., 2013 and Ayubi et al., 2013). Abou-Talleb and Barrania (2014) indicated that Admire recorded a highly significant effect on Chrysopa spp. The data quantifies the aphid control performance of four chemically distinct insecticides (Beta cyfluthrin, Flonicamid, Acetamiprid, , Spinosad and Thiamethoxam) in Egyptian sugar beet fields. The findings enable data-driven optimization of insecticide deployment to achieve balanced outcomes in pest management efficacy, resistance prevention, and environmental protection within Egypt's sugar production sector. Thus, the findings will support integrated pest management (IPM) strategies, helping farmers optimize insecticide use while minimizing resistance risks (Pretty & Bharucha, 2015). In consideration of the developmental time of Ch. carnea 2nd instar larvae treated with pesticides revealed a significant difference between all pesticides compared to untreated. Plus, no significant difference was observed among lambada-cyhalothrin and acetamiprid, (Abd- Ella et al., 2022). Accordingly, the present data aims to compare the activity of the insecticides on Myzus persicae  and Chrysopa spp larvae with respect to their reduction percent for helping in decision making to get the highest activity and sustainable pest control under field conditions.  
Materials and methods
Treatments: 
- Beta cyfluthrin (Blend-extra EW 10%) at 60ml / fed. obtained from Starchem  Chemical, Egypt (Cuangdong Liwei Chemical CO., Itd. China, Exporter CO. of Tc). 
 - Flonicamid (Ketdown® 50% WG): Applied at a rate of 80 gm per 200 liters of water. Shandong Aokum Crop Science Co. Ltd. 
- Acetamprid (Attamen 20% SP), Jinan Leadar Chemical Co. Ltd., China) at 0.25 g/L, respectively. 
- , Spinosad (Tracer 24 % SC): Applied at a rate of 50cm3/fed. of Corteva Agriscience USA.
- Thiamethoxam (Actara® 25% EC): Applied at a rate of 20 gm per 200 liters of water. Syngenta Co. 
Design of experiments: 
   This study was carried out over two successive sugar beet growing seasons (2024-25 and 2025-26) in Kafr El-Sheikh Governorate, Egypt. The study employed a complete randomized block design, using the sugar beet cultivar "FARIDA," which was sown on August 15th, 2024, and August 16th, 2025. The total experimental area covered 2100 m², with each treatment (350 m²) assigned to four equally sized replicates (87.5 m² per replicate). To avoid interference, treated plots and untreated control plots were separated by two unsprayed rows. Insecticide applications were made once per season on September 19th (2024) and September 22nd (2025). A motorized 20-litre backpack sprayer was used to administer the insecticide solutions at the recommended field rates, as specified by the Agricultural Pesticide document Control plots were treated with water only. All plots received uniform standard agricultural practices. Aphid and the predator, chrysopid populations were evaluated by randomly sampling ten plants per replicate for each treatment. Assessments were made at four intervals: Just before the initial insecticide application, one, seven, and ten days after application. Both nymphs, adult (aphids) and larvae (predator) irrespective of species were counted, and field data were documented. Weather factors are obtained from Department Metrological at Sakha Agricultural Research Station, Kafr El-Sheikh Governorate. 


Statistical analysis
The pest population data were statistically analyzed using one-way analysis of variance (ANOVA) to determine significant differences, with the analysis performed using SPSS software (2004). The reduction of aphid and predator populations density was calculated for each treatment using the Henderson and Tilton (1955) formula
Reduction % = ×100
Results and discussion
a. Impact of some insecticides against aphid on Sugar beet plants:
From the data presented in Table (1 and 2) illustrated that the efficiency insecticides on aphid in season 2024. The results showed that Beta cyfluthrin rapid knockdown of aphid populations, decreasing from a mean of 20.00 ± 0.40 before treatment to 3.25 ± 0.50 at 10 days after application, achieving a total reduction of 66.85 %. Flonicamid showed a slower initial impact due to its anti-feeding mode, reducing the aphid population from 20.25 ± 0.85 to 2.50 ± 0.50, with a total reduction of 66.82 %. Acetamiprid decreased aphid populations from 19.75 ± 1.11 to 4.00 ± 0.40, resulting in a total decrease of 65.72 %. While, Spinosad treatment successfully controlled aphid populations (65.56 % reduction from 20.75±2.63 to 2.50±0.57), untreated areas experienced a substantial population increase (20.50±0.28 to 38±1.47). The experimental insecticides achieved progressively greater aphid population reductions throughout the evaluation period, with all treatments reaching their maximum efficacy at the 10-day observation point and showing nonsignificant differences from the control plots, in the 2024 season. In the second season, showed the data of Beta cyfluthrin reduced aphid populations from 19.75 ± 0.48 before treatment to 3.00 ± 0.41 at 10 days after application, achieving a total reduction of 68.55 %. Flonicamid reduced aphid numbers from 20.50 ± 0.29 to 2.75 ± 0.48, with a total reduction of 68.07 %. Acetamiprid decreased aphid populations from 20.75 ± 0.25 to 2.25 ± 0.25, resulting in a total decrease of 68.02 %. , Spinosad treatment significantly reduced aphid density from 20.00 ±0.41 to 2.75 ±0.25, achieving a 67.89 % control efficacy.
The untreated area showed an increase in aphid populations from 20.25 ± 0.25 to 40.50 ± 0.64 over the same period. All tested insecticides demonstrated statistically significant efficacy in suppressing aphid populations relative to untreated control plots. The insecticidal effects exhibited a time-dependent progression, with the most substantial population declines becoming evident at the 10-day post-application assessment interval. The results indicated that the all tested insecticides were not significantly affected between them. Our two-year study (2024–2025) demonstrated the significant efficacy of four insecticide classes against aphid infestations in sugar beet fields. On the other hand, the results showed that of Beta cyfluthrin, Flonicamid  and Acetamiprid recorded high significant reduction compared with control followed , Spinosad and Thiamethoxam, without significantly difference between them.. The pyrethroid exhibited a characteristic rapid knockdown (29–33% reduction at 24 hours), consistent with its neurotoxic action on insect voltage-gated sodium channels (Ware & Whitacre, 2004). This immediate effect makes it particularly valuable for early intervention during initial aphid colonization (Dewar & Cooke, 2006). However, efficacy plateaued after 7 days (80.1–80.6% reduction), likely due to limited residual activity and potential behavioral avoidance among surviving aphids (Foster et al., 2007). 
Flonicamid demonstrated a unique efficacy progression, with gradual but sustained impact (78.1–80.85% by Day 7; 93.34–93.50% by Day 10). This pattern aligns with its mode of action as a selective chord tonal organ modulator that disrupts feeding behavior (Jeschke et al., 2011). The delayed peak efficacy suggests that flonicamid may be most effective when applied preventatively, before economic thresholds are reached. Its anti-feeding action also provides the added benefit of reducing virus transmission risk (Stevens et al., 2004), a critical consideration given aphids’ role as vectors for beet yellows viruses, spinosad displayed intermediate initial efficacy (26.19–30.60% at Day 1) but strong residual activity (89.08–94.58% by Day 10), reflecting their systemic nature and continued plant uptake (Elbert et al., 2008). However, their slower onset may limit their utility against established populations, and documented resistance in aphid populations (Bass et al., 2015) necessitates careful resistance management. One-way ANOVA revealed significant differences (p < 0.05) in efficacy after Day 1: pyrethroids outperformed neonicotinoids (p = 0.02), consistent with their rapid neurotoxic action (IRAC, 2023). Between Days 7–10, flonicamid and neonicotinoids outperformed pyrethroids (p = 0.01), reflecting their systemic and anti-feeding persistence (Jeschke et al., 2011). The near-complete (>98%) population reductions achieved by all treatments after 10 days demonstrate their potential for effective aphid control in Egyptian sugar beet production. However, field implementation must consider factors including resistance management needs (Sparks & Nauen, 2015), non-target impacts on beneficial insects (Fergani et al., 2023), economic thresholds and application costs, environmental 
Persistence and regulatory status. These results support the integration of these insecticides into IPM programs that combine chemical control with cultural practices and biological control agents for sustainable aphid management (Pretty & Bharucha, 2015). Future research should monitor field-evolved resistance patterns and evaluate these insecticides' performance under different application strategies and environmental conditions.
Table 1: Impact of some insecticides against Myzus persicae  on sugar beet plants during 2024 and 2025 seasons.  
	Treatment
	Rate/L.
	No. of before treat.±SE
	No. of after treatment
	Average

	
	
	
	1  day
	7 day
	10 days
	

	2024

	Beta cyfluthrin
	0.3m/L
	20.00±0.40
	15.00±0.40
	5.00±0.81
	3.25±0.50
	7.75±0.89

	Flonicamid
	0.4g/L
	20.25±0.85
	15.25±0.47
	5.50±1.29
	2.50±0.50
	7.75±090

	Acetamiprid
	0.25g/L
	19.75±1.11
	15.25±0.47
	4.75±0.25
	4.00 ±0.40
	8.00 ±1.00

	Spinosad
	0.75m/L
	20.75±2.63
	16.25±0.75
	6.00±1.41
	2.50±0.57
	8.25± 1.02

	Thiamethoxam
	0.1m/L
	51.75±1.14
	41.50±0.56
	20.50±0.25
	7.50±0.75
	10.83± 1.08

	Control
	-
	20.50±0.28
	21.75±0.25
	25.75±0.80
	38.00±1.47
	28.50±1.99

	LSD
	-
	0.65
	0.89
	0.99
	0.89
	-

	2025

	Beta cyfluthrin
	0.3m/L
	19.75±0.48
	14.75±0.25
	50.25±0.140
	3.00±0.41
	22.67±1.21

	Flonicamid
	0.4g/L
	20.50±0.29
	15.75±0.48
	5.75±0.140
	2.75± 0.48
	8.08±0.99

	Acetamiprid
	0.25g/L
	20.75±0.25
	16.00±0.40
	6.00±0.40
	2.25± 0.25
	8.08±0.78

	Spinosad
	0.75m/L
	20.00±0.41
	15.50±0.50
	5.25±0.48
	2.75± 0.25
	7.83±0.90

	Thiamethoxam
	0.1m/L
	64.00±0.36
	51.75±0.82
	30.50 ± 0.75
	15.75±0.42
	17.33±0.89

	Control
	-
	20.25±0.25
	22.50±0.57
	27.75±0.75
	40.50±0.64
	30.25±1.11

	LSD
	-
	0.79
	0.89
	0.78
	0.99
	-


In a column, means followed by the same letters are non-significantly different, P≥0.05




Table 2: Reduction Percentage of numbers Myzus persicae  on Sugar beet plants during 2024 and 2025 seasons.
	Treatment
	Rate/L.
	R. %  after treatment
	Average  R.%

	
	
	1 day
	7 day
	10 day
	

	2024

	Beta cyfluthrin
	0.3m/L
	29.31a
	80.00a
	91.24a
	66.85a

	Flonicamid
	0.4g/L
	29.02a
	78.10a
	93.34a
	66.82a

	Acetamiprid
	0.25g/L
	27.20a
	80.85a
	89.08a
	65.72a

	Spinosad
	0.75m/L
	26.19a
	76.98a
	93.50a
	65.56a

	Thiamethoxam
	0.1m/L
	23.29b
	67.16b
	90.56a
	60.34b

	2025

	Beta cyfluthrin
	0.3m/L
	32.79a
	80.60a
	92.27a
	68.55a

	Flonicamid
	0.4g/L
	30.25a
	80.84a
	93.13a
	68.07a

	Acetamiprid
	0.25g/L
	30.60a
	78.89a
	94.58a
	68.02a

	Spinosad
	0.75m/L
	30.85a
	79.53a
	93.30a
	67.89a

	Thiamethoxam
	0.1m/L
	23.82b
	61.03b
	82.37b
	55.74b









 




Impact of some insecticides against the predator, Chrysoperla carnea on Sugar beet plants:
The data presented in Tables (3 and 4) illustrated that the toxicity of some pesticides against of instar larvae of Ch. Carnea. The results showed that Beta cyfluthrin rapid knockdown of Ch. carnea populations, reduction of 68.33 and 66.70% in the first and second sesons, respectively. Followeing Flonicamid indicated reducing the lacewing numbers with a mean reduction of 48.88 and 53.89% in the first and second seasons, respectively. Acetamiprid, Spinosad and Thiamethoxam decreased chrysopid populations with an average reduction percent 68.43, 65.99 and 65.62 % in the first season and 78.35, 63.92 and 64.41 % in the second season, respectively. All compounds reaching their maximum efficacy at the 10-day observation point and indecating nonsignificant differences from the control plots, in the both seasons. The mean numbers of Aphis craccivora consumed by Ch. carnea two and three instars larvae significant decreased after insecticides treatment compared to the control (Abd- Ella et al., 2022). Maia et al., 2016 showed that the insecticides application to control pests in the crops, can affect C. carnea larvae and decreased the feeding capacity. Ability of predation is also adversely affected after pesticides treatment (Santos et al., 2015).
Table 3: Impact of some insecticides against Chrysoperla carnea on sugar beet plants during 2024 and 2025 seasons 
	Treatment
	Rate/L.
	No. of before Treat.±SE
	Days after treatment
	Average

	
	
	
	1 day
	7 day
	10 day
	

	2024

	Beta cyfluthrin
	0.3m/L
	14.00±1.78
	9.00±1.01
	4.50±0.45
	2.50±0.35
	5.33±0.55

	Flonicamid
	0.4g/L
	14.75±1.99
	11.50±1.45
	9.50±0.98
	7.75±0.88
	9.58±0.97

	Acetamiprid
	0.25g/L
	15.50±2.20
	10.25±1.36
	5.00±0.50
	2.25±0.20
	3.00±0.45

	Spinosad
	0.75m/L
	17.25±2.45
	12.00±1.50
	6.75±0.80
	2.75±0.40
	7.16±0.70

	Thiamethoxam
	0.1m/L
	15.00±2.32
	9.75±0.99
	6.50±0.75
	2.50±0.35
	6.50±0.75

	Control
	-
	14.50±1.80
	15.50±2.20
	19.75±2.80
	23.00±2.99
	19.41±2.85

	LSD
	-
	0.89
	0.92
	0.59
	0.69
	-

	2025 season

	Beta cyfluthrin
	0.3m/L
	16.25±2.40
	11.00±1.40
	5.75±±0.60
	2.50±0.35
	6.41±0.73

	Flonicamid
	0.4g/L
	16.50±2.40
	11.25±1.43
	9.75±0.99
	7.25±0.80
	9.41±0.95

	Acetamiprid
	0.25g/L
	17.75±2.50
	13.00±1.55
	7.75±0.80
	2.75±0.40
	7.83±0.83

	Spinosad
	0.75m/L
	16.00±2.35
	10.75±1.38
	7.00±0.70
	3.00±0.45
	6.91±0.84

	Thiamethoxam
	0.1m/L
	18.00±2.50
	16.00±2.35
	7.25±0.75
	3.25±0.47
	8.83±0.85

	Control
	-
	17.50±2.45
	19.25±2.75
	22.25±2.97
	25.75±3.00
	22.41±2.99

	LSD
	-
	0.98
	0.99
	0.96
	0.95
	-












Table 4: Reduction Percentage of numbers Chrysoperla carnea on Sugar beet plants during 2024 and 2025 seasons 
	Treatment
	Rate/L.
	Days after treatment
	Average R.% 

	
	
	1 day
	7 days
	10 days
	

	2024 

	Beta cyfluthrin
	0.3m/L
	39.86a
	67.40a
	88.75a
	68.33a

	Flonicamid
	0.4g/L
	27.06b
	52.71b
	66.89b
	48.88b

	Acetamiprid
	0.25g/L
	38.14a
	67.31a
	90.85a
	68.43a

	 Spinosad
	0.75m/L
	36.75a
	71.27a
	89.95a
	65.99a

	Thiamethoxam
	0.1m/L
	39.19a
	68.18a
	89.50a
	65.62a

	2025 

	Beta cyfluthrin
	0.3m/L
	38.40a
	72.17b
	89.54a
	66.70b

	Flonicamid
	0.4g/L
	38.02a
	53.53d
	70.13b
	53.89c

	Acetamiprid
	0.25g/L
	33.41b
	65.66 c
	89.47a
	78.35a

	Spinosad
	0.75m/L
	38.92a
	65.59c
	87.26a
	63.92b

	Thiamethoxam
	0.1m/L
	19.19c
	86.32a
	87.73a
	64.41b



b- Relationship between the weather conditions, aphid and the predator, chryspid on sugar beet plants during 2024 and 2025 seasons 
Correlations between weather factors and populations of the Aphids and leacwing was showed in Table (5), mentioned that the positive correlation between the temperature and population of aphid  spp and Ch. carnea. Thus, the temperatures and RH. were highly significant with the considered aphid and predator in the tow years. Bhattacharyya et al., 2019, Divya et al., 2020 mentioned decrease temperature reduces of populations pests. However, the reproduction of these pests increased during temperature raises, a trend corroborated by Barbosa et al., 2019. Aishwarya et al., 2019, similar to the findings of the present study. These environmental factors must be considered when development IPM strategies. By understanding how RH. and temperature, growers can better time their interventions. Correlation between the aphids and predator was based on the data presented in Table (6), the analysis indicates a weak, highly significant correlation between the populations of aphis spp and Ch. carnea, across both study seasons, informing targeted integrated pest management in suger been fields, this data similar with findings Abou El-Saad, (2015) idicated that the relation between of Ch. carnea and their pests was positively significant. Refaei et al., (2016). Found that highly significant correlation between the aphids and their predators. 
Table 5: relationship between the climatic factors, aphids and the predator lacewing on sugar beet plants during 2024 and 2025 seasons
	Chrysoperla carnae
	Apdid spp
	Factors

	2024

	+0.532**
	+0.610**
	Max. tem.°c

	+0.643**
	+0.541**
	Min. tem. °c

	+0.375
	+0.645**
	RH%

	2025

	+0.575**
	+0.524**
	Max. tem.°c

	+0.476*
	+0.515**
	Min. tem.°c

	+0.411*
	+0.698**
	RH%









Table 6. relationship between aphid and, the predator lacewing on sugar beet plants during 2024 and 2025 seasons.
	Aphis gossypii
	Predators
	Seasons

	+0.511**
	Chrysoperla carnea
	2024

	+0.644**
	Chrysoperla carnea
	2025





Conclusion
While all insecticides showed excellent ultimate efficacy (>98% reduction) against Aphids, their distinct characteristics recommend different IPM roles. Flonicamid’s unique anti-feeding action and lower resistance risk make it particularly valuable, while pyrethroids remain important for rapid knockdown for aphid numbers. Spinosad require careful deployment due to resistance concerns. Future research should monitor field resistance evolution and evaluate economic thresholds under Egyptian growing condition. 
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