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ABSTRACT
The intensive application of pesticides has multiple negative effects on soil health and plants quality and production. Many crops such as Cucumber, is an economically important crop which have many health benefits, is suffering from harmful infestation with variant phytophagous insect pests such as Aphis gossypii, Bemisia tabaci and Liriomyza trifolii. Thus, the objective of this study is to investigate the impact of two types of insecticide application on plant and soil properties. Therefore, thepopulation densities of aphid, whitefly and leafminer infesting cucumber and two associated predators (lady beetle and green lacewing) were investigated under seed and foliar treatments of imidacloprid and thiamethoxam. Results indicated that the three studied insect pests reduced in each of foliar or seed treatments compared to control in almost sampling dates in the two seasons. Seed treatment delayed the appearance of the previous insect pests by 2 to 3 weeks by insignificant difference with foliar treatment in the two seasons. The use of imidacloprid and thiamethoxam as seed treatment with very low application rate will provide the farmers with an additional tool of IPM for control aphid, whitefly and leafminer on cucumber plants with less environmental effect and increased applicator and consumer safety compared to foliar application. In addition, seed treatment was less dangerous on predators than foliar one. As well as, it is concluded that the first insecticidal spray can replace by seed treatment to control the infestation in early plant stage. Moreover, the foliar application caused negative impact on soil properties. Consequently, the seed application was friendlier environment and more economics than foliar application on cucumber pest infection and soil health.
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INTRODUCTION
Pesticide usage has a number of detrimental consequences on plants and soil. Excessive or careless application of these pesticides not only eliminates pests but also harms important soil microorganisms like fungus and bacteria that are essential for soil fertility and organic matter breakdown. As a result, the soil's physical and chemical qualities deteriorate and the biological balance is upset. Additionally, pesticide residues can build up in the soil, impeding the absorption of nutrients by plants and therefore affecting their development and well-being. These consequences may eventually result in decreased agricultural output and the overall deterioration of the agro-ecosystem (Zhou et al., 2024 and Sahoo et al., 2025).
Many crops are severely affected by insect infestations, which impact their production. These infestations are treated using pesticides, which can be excessive and have a negative impact on the environment.
Cucumber plants Cucumis sativus L. (family Cucurbitaceae) is an economically important crop which have many health benefits. In Egypt, cucumber cultivated area increased especially in new reclaimed regions in open and greenhouse plantations during the last two decades. Cucumber production throughout the growing season is affected primarily by the occurrence of many insect pests. This plant is suffering from harmful infestation with variant phytophagous insect pests such as Aphis gossypii (Glover.), Bemisia tabaci (Genn.) and Liriomyza trifolii (Burgess) (Abdallah et al., 2020 and Ezzat et al., 2020). 
Current management strategies usually used by farmers for cucumber pests depend largely on foliar spray of chemical control as effective traditional tools. Although, foliar treatment have many disadvantages such toxicity to applicators, environmental hazards, impact on non-target organisms, pest resistance and other effects on the agro-ecosystems. Seed treatment has been defined as the application of physical, biological or chemical agents to seed before sowing for repel, control or suppress insect pests, plant diseases or other pests of seeds and seedlings (Sharma et al., 2015). The use of systemic insecticides as seed treatment is considered an integral part of tactics of Integrated Pest Management which is comparatively selective, cost effective, less pollutant and found to maintain natural equilibrium (Naultet al., 2004). Depending on the systemic activity of the neonicotinoids, it can be applied to seeds with small rates and show extended protection to plants against pests during their vulnerable early growth stages, this lead to reduce the number of foliar pesticide applications required (Sekulic and Rempel, 2016). Many studies have been conducted on the effect of neonicotinoids, imidacloprid and thiamethoxam as seed treatment on aphid, whitefly and leafminer (Abbassy et al., 2008; Zhang et al., 2011; Huang et al., 2019 and El-Fakharany and Samy, 2023). They suggested that seed treatment gave good protection up to 35 days from sowing date for the studied pests. Natural enemies were less affect by insecticide as seed dressing than foliar application (Seagraves and Lundgren, 2012; Zhang et al., 2016 and Khamis et al., 2020). To the best of our knowledge, few papers have been reported regarding cucumber seed treatments and its effect on population of insect pests and its side effect on the associated insect predators. 
Consequently, the present work aimed to investigate the treatment technique of pesticide application on population densities of aphid, whitefly and leafminer infesting cucumber and two associated predators (lady beetle and green lacewing) and soil properties to provide some information on seed treatments as one of Integrated Pest Management strategies compared with foliar application.
MATERIALSANDMETHODS
1. - Experimental design:
The present work was conducted during the two successive seasons of 2021 and 2022 at The Experimental Farm of Agricultural Research Station of Shndaweel, Sohag Governorate, Egyptlocated at 31°42´E, 26°33´N and 61 m above sea level. The aim of the study is to investigate the population densities of three insect pests, A. gossypii, B. tabaci and L. trifolii on cucumber plants in relation to foliar and seed treatments by imidacloprid and thiamethoxam as well as their impact on soil properties. In addition, the effect of previous insecticides on two main predators (Coccinella undecimpunctata and Chrysoperla carnae) and soil properties were determined. An area of 350 m2 was divided to 15 equal plots, each plot was 20 m2 and considered as a replicate. Cucumber hybrid Almaz was chosen and was sown in 10th August during the two years of experiment.Irrigation, fertilization, weeding and other conventional agricultural practices were carried out according to the cucumber production recommendations of the Ministry of Agriculture and land reclamation, Egypt.
2. - Treatments:
At the time of planting, seed treatment was done, cucumber seeds were spread on clean plastic sheets and mixed thoroughly with imidacloprid (Gaucho 70% WS at rate of 6 g/ kg seed) and thiamethoxam (Actara 25% WG at rate of 3 g/ kg seed), then the treated seeds and control directly planted in the field.In case of foliar treatment, a single spray was performed at 10 days old crop of each insecticide which given to provide early protection to cucumber plants from the three studied insect pests. Afeno 70% WG was used at rate of 60 g/ 100 liter water for imidacloprid and Renova 25% WG was used at rate of 40 g/ 100 liter water forthiamethoxam. The spray was done by a hydraulic sprayer, while, control plots applied only with water.
3. - The observations 
The sampling started after 15 days from sowing date in 25thAugust and continued to 10th November at weekly intervals to the end of the two seasons. In early morning, ten cucumber leaves were chosen randomly per plot and the numbers of whitefly adults, Coccinella undecimpunctata and Chrysoperla carnae were recorded, then the inspected leaves were picked and kept in plastic bags, then transferred to the laboratory and the numbers of mines, aphids and whitefly nymphs were counted in the same day using stereo-binocular microscope. 
4. Soil analysis
For physical and chemical characteristics, soil samples were collected at the experimental site (0–30 cm depth) following soil preparation and before to fertilization. Soil samples representing all treatments were collected after harvest time, and soil sample analysis was performed as detailed below in order to ascertain the impact of applying seed treatment and foliar application on soil physical and chemical parameters under various experimental settings. After being allowed to air dry, the materials were run through 2 mm sieve holes. The Walkey and Black process (Nelson and Somners, 1982) was used to assess organic carbon (OC%), whereas the pipette method (Gee and Orr, 1994) was used to quantify particle size. Jackson (1973) calculated the pH in a soil/water extract (1:2.5). The soil peasthas been used to determine the EC, main cations, and anions.Jackson (1973) calculated the pH in a soil/water extract (1:2.5). The soil peasant was used to measure the EC, main cations, and anions, and the calcimeter technique, as described by Black (1965), was used to calculate the CaCO3. As explained by Hesse (1971), the following parameters were measured: saturation percentage (SP), field capacity (FC), wilting point (WP), and accessible water (AW).
5. - Statistical analysis:
The mean of soil and insect data were subjected to statistical analysis following the analysis of variance technique according to Gomez and Gomez (1984) and means were compared using new L.S.D at 5%.
RESULTS AND DISCUSSION
1. Population density of main insect pests infesting cucumber:
1.1. A. gossypii:
Data in Table (1) show the population density of A. gossypii infesting cucumber plants during 2021 and 2022 growing seasons. It is clear that the infestation was observed after 10 and 17 days from sowing (25th August and 1st September) in control in the two seasons, respectively, while, it delayed by 3 and 2 weeks in all insecticide treatments in the two seasons, respectively, to be found after 31 days from sowing (15th September). The numbers increased rapidly in control to form peak after 45 and 38 days from sowing (29th and 22nd September) with 215.3 and 200.3 aphids 10 leaves-1, respectively in 2021 and 2022 growing seasons, respectively, meanwhile, in 2022 season, another peak was recorded after 59 days from sowing (13th October) with 140.0 aphids 10 leaves-1. In the two seasons, the mean numbers of aphids showed slowly level of increase in all insecticide treatments compared to untreated, formed 2 and 1 peaks in the two seasons, respectively. In 2021 season, the first peak was recorded in 6th October (after 52 days from sowing) with range of 57.0 to 60.3 aphids / 10 leaves, and the second one was detected after 66 days (20th October) with range of 85.3 to 91.3 aphids / 10 leaves. In 2022 season, the peak was recorded after 66 days from sowing (20th October) with range of 84.0 to 91.0 aphids / 10 leaves. After that the numbers decreased gradually to end of the two seasons. For all treatments the highest aphid activity was observed during October in both seasons.
These results are in agreement with Ibrahim et al., (2017) who showed that A. gossypii started to attack cucumber after 15 from sowing date, then increased and its maximum level recorded after 50 days from sowing. Similar results were obtained by Awadalla et al. (2020) who found that the highest activity of A. gossypii abundance was observed during October; also, they reported that two peaks were found on the 4th week of September and the 4th week of October. In addition, Saad and Heikal (2023) indicated that A. gossypii recorded the highest mean number during September and October on cucumber plants.
From data in Table (1), it is clear that from 10 to 24 days from treatment (25th August to 8th September), no aphids were found in insecticides treatment. A. gossypii population was reduced significantly in the four insecticidal treatments comparing to control plots from 31 to 59 days after sowing in the first season and from 31 to 66 days after sowing in the second season. However, no effect was recorded for all insecticide treatments from 66 and 73 days after sowing in the first and second seasons, respectively, to the harvesting time in the two seasons. No significant differences were observed between seed and foliar treatments in case of imidacloprid and thiamethoxam in all sampling dates. This means that the seed treatment gave protection about 24 days from sowing. Depending on the general mean of aphid was reduced significantly imidacloprid and thiamethoxam as seed or foliar treatment compared to control, by insignificant differences between them in the two seasons.
The previous studies indicated that foliar spray of imidacloprid reduced significantly aphid infesting cucumber compared to untreated (Mohamed and Homam, 2012). The use of neonicotinoids as seed treatment was found to be a good method to control many aphid species in early plant stage such Brevicoryne brassicae L. infesting canola (Mahmoud and Osman, 2015 and Huang et al., 2019). Abdu-Allah and Mohamed (2017) reported that the use of imidacloprid and thiamethoxam as seed treatment gave a significantly protected against Aphis craccivora (Koch.) on faba bean plants for about 48 days after planting. Also, Kumar and Kumar (2023) reported that spinosad and imidacloprid were the most effective insecticides in case of Brevicoryne brassicae control on mustard.
Table 1. The population density of A. gossypii infesting cucumber under seed and foliar treatments of imidacloprid and thiamethoxam during 2021 and 2022 growing seasons.
	Sampling date
	DAS
	Mean No. of aphid 10 leaves-1 during season

	
	
	2021 
	2022 

	
	
	Seed treatment
	Foliar spray
	Control
	Seed treatment
	Foliar spray
	Control

	
	
	Imida.
	Thiam.
	Imida.
	Thiam.
	
	Imida.
	Thiam.
	Imida.
	Thiam.
	

	Aug.
	25
	10
	0.0
	0.0
	0.0
	0.0
	0.7
	0.0
	0.0
	0.0
	0.0
	0.0

	Sept.
	1
	17
	0.0
	0.0
	0.0
	0.0
	3.7
	0.0
	0.0
	0.0
	0.0
	4.7

	
	8
	24
	0.0
	0.0
	0.0
	0.0
	31.7
	0.0
	0.0
	0.0
	0.0
	27.3

	
	15
	31
	2.7 b
	3.0 b
	3.0 b
	3.7 b
	96.7 a
	3.0 b
	3.3 b
	3.7 b
	4.7 b
	123.0 a

	
	22
	38
	14.0 b
	17.7 b
	10.3 b
	12.7 b
	151.3 a
	17.3 b
	15.7 b
	21.7 b
	24.3 b
	200.3 a

	
	29
	45
	43.7 b
	40.3 b
	38.0 b
	39.3 b
	215.3 a
	44.0 b
	43.7 b
	48.7 b
	45.0 b
	164.7 a

	Oct.
	6
	52
	58.3 b
	57.0 b
	60.3 b
	59.3 b
	122.0 a
	55.7 b
	60.7 b
	57.0 b
	56.7 b
	128.7 a

	
	13
	59
	45.3 b
	53.0 b
	43.0 b
	53.3 b
	109.7 a
	67.3 b
	65.7 b
	69.3 b
	66.0 b
	140.0 a

	
	20
	66
	90.7 a
	88.0 a
	85.3 a
	91.3 a
	94.7 a
	91.0 b
	84.0 b
	89.7 b
	88.7 b
	103.7 a

	
	27
	73
	84.7 a
	85.7 a
	84.0 a
	84.0 a
	86.7 a
	75.3 a
	76.0 a
	71.0 a
	74.3 a
	77.3 a

	Nov.
	3
	80
	50.3 a
	51.7 a
	50.0 a
	49.3 a
	52.3 a
	29.3 a
	32.3 a
	29.0 a
	30.0 a
	32.0 a

	
	10
	87
	21.3 a
	18.7 a
	18.0 a
	18.7 a
	19.3 a
	13.3 a
	14.0 a
	14.7 a
	15.3 a
	13.7 a

	Mean
	34.25 b
	34.58 b
	32.67 b
	34.31 b
	82.00 a
	33.03 b
	32.94 b
	33.72 b
	33.75 b
	84.61 a


DAS: Days after sowing, Imida: Imidacloprid and Thiam: Thiamethoxam. The same row in the same seasons with similar letter indicated insignificant different from each other at 5 % probability level, LSD test.
1.2. B. tabaci:
Data in Table (2) explored that the population density of adults of B. tabaci infesting cucumber plants during 2021 and 2022 seasons. Cucumber plants were subjected to attack by whitefly adults from the first inspection date after 10 days from sowing (25th August) in control in the two seasons. In all insecticide treatments, adult detection was delayed by 2 weeks, it was observed after 24 days from sowing (8th September) in the two seasons. The insect pest started with a low number, but increased sharply to form two peaks of activity in control, the first peak was detected after 38 days from sowing (22ndSeptember) with 72.7 and 81.3 whiteflies/ 10 leaves in 2021 and 2022 seasons, respectively, meanwhile, the second and the highest peak was recorded after 59 and 66 days from sowing (13th and 20th October) with 150.7 and 159.7 whiteflies 10 leaves-1, respectively, in the two seasons, respectively. In all insecticide treatments, the mean numbers of whitefly fluctuated in low numbers compared to control, formed 3 and 2 peaks in the two seasons, respectively. In 2021 season, the peaks were recorded in 6 and 20th October and 3rd November, after 52, 66 and 80 days from sowing, respectively, with ranges of 59.3-63.7, 56.3-58.7 and 42.3-47.0 whiteflies 10 leaves-1, respectively. In 2022 season, the peaks were recorded in 29th September and 27th October, after 45 and 73 days from sowing, respectively, with ranges of 49.0-55.7 and 42.3-47.3 whiteflies10 leaves-1, respectively. After that the numbers decreased gradually to end of the two seasons. For all treatments the highest whitefly adult activity was observed during October in both seasons. 
From data in Table (2), it is clear that cucumber plants were infestation-free completely for 17 days from sowing. Control plots showed a significantly higher infestation comparing to all other treatments from 24 to 73 days after sowing in the two seasons. No significant differences were observed between imidacloprid and thiamethoxam as seed or foliar treatments and untreated control at 80 and 87 days after sowing. This means that the seed treatment gave protection about 17 days from sowing.
Data in Table (3) show the population density of nymphs of B. tabaci infesting cucumber plants during 2021 and 2022 growing seasons. Cucumber plants were subjected to attack by whitefly nymphs from the third and the second inspection dates after 24 and 17 days from sowing (8th and 1st Sept) in control in the two seasons, respectively. The first appearance of nymphs was delayed by 2 and 3weeks in the two seasons, respectively, in all insecticide treatments compared to control in 22nd September (after 38 days from sowing). In control, nymphs started with a low number, but increased gradually to form two peaks of activity, the first peak was detected after 45 days from sowing (29th September) with 118.7 and 111.3 nymphs 10 leaves-1 in 2021 and 2022 growing seasons, respectively, meanwhile, the second peak was recorded after 66 days from sowing (20th October) with 111.3 and 98.0 nymphs 10 leaves-1, respectively, in the two seasons, respectively. The mean numbers of nymphs fluctuated in low numbers compared to control and reached their maximum number between 6th to 13th October (after 52 to 59 days from sowing) with ranges of 43.0-58.0 and 62.3-65.3 nymphs 10 leaves-1 in 2021 and 2022 growing seasons, respectively. After that the numbers decreased gradually to end of the two seasons. The numbers automatically reduced when cucumber plants reach near to maturity. For all treatments the highest whitefly nymph activity was observed during October in both seasons. 
The previous results agreed with those obtained by Ghongade et al. (2021) reported that adult populations of B. tabaci was first noticed which followed by nymph. The numbers were low during August, and then increased to show their maximum during October. In the same line, Saad and Heikal (2023) indicated that Bemisia tabaci has one peak during October on cucumber plants. Wahsh et al. (2023) found that the highest peak of abundance of B. tabaci was detected in the 2nd and 3rd weeks of October during 2018 and 2019 growing seasons, respectively.
From data in Table (3), it is clear that cucumber plants were infestation-free completely for 31 days from sowing in all insecticide treatments. Control plots showed a significantly higher infestation comparing to all other treatments from 38 to 66 days after sowing in the two seasons. No significant differences were observed between imidacloprid and thiamethoxam as seed or foliar treatments and untreated control at 73 and 80 days after sowing. This means that the seed treatment gave protection about 31 days from sowing.
In the same line, Abdelatef et al. (2022) showed that B. tabaci on cucumber reduced by 93-96% after 14 days from thiamethoxam as foliar spray. Also, Sadek et al. (2024) revealed that imidacloprid and thiamethoxam as foliar spray can reduce B. tabaci infestation on cucumber between 80% to 85% after 10 days from treatment. Similar results were obtained by Zhang et al. (2011) who found that both imidacloprid and thiamethoxam were effective in suppressing Bemisia tabaci population in cotton fields up to 56 days after planting date. 
Table 2. The population density of B. tabaci adults infesting cucumber under seed and foliar treatments of imidacloprid and thiamethoxam during 2021 and 2022 growing seasons.
	Sampling date
	DAS
	Mean No. of aphid 10 leaves-1 during season 

	
	
	2021 
	2022 

	
	
	Seed treatment
	Foliar spray
	Control
	Seed treatment
	Foliar spray
	Control

	
	
	Imida.
	Thiam.
	Imida.
	Thiam.
	
	Imida.
	Thiam.
	Imida.
	Thiam.
	

	Aug.
	25
	10
	0.0
	0.0
	0.0
	0.0
	4.3
	0.0
	0.0
	0.0
	0.0
	2.7

	Sept.
	1
	17
	0.0
	0.0
	0.0
	0.0
	9.3
	0.0
	0.0
	0.0
	0.0
	18.7

	
	8
	24
	4.3 b
	4.7 b
	6.0 b
	5.0 b
	27.3 a
	3.7 b
	4.0 b
	5.0 b
	3.7 b
	40.3 a

	
	15
	31
	11.3 b
	11.0 b
	10.3 b
	10.0 b
	40.0 a
	12.7 b
	12.0 b
	10.7 b
	11.3 b
	51.7 a

	
	22
	38
	22.3 b
	23.0 b
	24.0 b
	21.7 b
	72.7 a
	26.3 b
	32.3 b
	32.7 b
	32.7 b
	81.3 a

	
	29
	45
	33.3 b
	36.7 b
	45.7 b
	37.0 b
	66.3 a
	49.0 b
	51.7 b
	55.7 b
	53.3 b
	70.3 a

	Oct.
	6
	52
	60.0 b
	59.3 b
	62.3 b
	63.7 b
	129.7 a
	31.0 b
	33.0 b
	29.3 b
	32.7 b
	104.0 a

	
	13
	59
	52.0 b
	54.0 b
	54.7 b
	49.7 b
	150.7 a
	28.3 b
	29.7 b
	32.0 b
	31.0 b
	124.0 a

	
	20
	66
	57.3 b
	56.3 b
	56.7 b
	58.7 b
	132.7 a
	34.0 b
	33.0 b
	34.7 b
	37.7 b
	159.7 a

	
	27
	73
	31.0 b
	23.0 b
	26.0 b
	43.3 b
	110.0 a
	45.3 b
	42.7 b
	49.7 b
	47.3 b
	122.7 a

	Nov.
	3
	80
	45.0 a
	42.3 a
	43.3 a
	47.0 a
	51.7 a
	36.3 a
	30.0 a
	35.0 a
	34.7 a
	37.0 a

	
	10
	87
	30.7 a
	32.7 a
	36.3 a
	35.0 a
	36.3 a
	32.7 a
	30.7 a
	33.0 a
	30.0 a
	35.0 a

	Mean
	28.94 b
	28.58 b
	30.44 b
	30.92 b
	69.25 a
	24.94 b
	24.92 b
	26.47 b
	26.19 b
	70.61 a


DAS: Days after sowing, Imida: Imidacloprid and Thiam: Thiamethoxam.The same row in the same seasons with similar letter indicated  insignificant different from each other at 5 % probability level, LSD test.
Table 3. The population density of B. tabaci nymphs infesting cucumber under seed and foliar treatments of imidacloprid and thiamethoxam during 2021 and 2022 growing seasons.
	Sampling date
	DAS
	Mean No. of aphid  10 leaves-1 during season

	
	
	2021 
	2022

	
	
	Seed treatment
	Foliar spray
	Control
	Seed treatment
	Foliar spray
	Control

	
	
	Imida.
	Thiam.
	Imida.
	Thiam.
	
	Imida.
	Thiam.
	Imida.
	Thiam.
	

	Aug.
	25
	10
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0

	Sept.
	1
	17
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	6.7

	
	8
	24
	0.0
	0.0
	0.0
	0.0
	5.3
	0.0
	0.0
	0.0
	0.0
	13.7

	
	15
	31
	0.0
	0.0
	0.0
	0.0
	60.7
	0.0
	0.0
	0.0
	0.0
	52.0

	
	22
	38
	5.0 b
	5.7 b
	5.3 b
	4.0 b
	74.3 a
	5.0 b
	4.0 b
	5.0 b
	5.3 b
	78.0 a

	
	29
	45
	30.3 b
	31.3 b
	36.0 b
	29.3 b
	118.7 a
	34.0 b
	34.0 b
	32.3 b
	27.3 b
	111.3 a

	Oct.
	6
	52
	46.0 b
	43.3 b
	46.3 b
	43.0 b
	102.7 a
	65.3 b
	62.3 b
	60.7 b
	62.3 b
	88.7 a

	
	13
	59
	58.0 b
	51.0 b
	49.7 b
	41.0 b
	94.7 a
	61.7 b
	60.7 b
	64.3 b
	60.0 b
	79.3 a

	
	20
	66
	44.0 b
	35.0 b
	35.0 b
	33.7 b
	111.3 a
	51.7 b
	49.3 b
	52.3 b
	54.0 b
	98.0 a

	
	27
	73
	24.7 a
	22.3 a
	26.3 a
	26.0 a
	27.0 a
	20.7 a
	19.0 a
	20.0 a
	21.7 a
	28.0 a

	Nov.
	3
	80
	17.3 a
	15.0 a
	17.3 a
	15.3 a
	16.3 a
	11.7 a
	12.3 a
	12.7 a
	12.3 a
	17.0 a

	
	10
	87
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0

	Mean
	18.78 b
	16.97 b
	18.00 b
	16.03 b
	50.92 a
	20.83 b
	20.14 b
	20.61 b
	20.25 b
	47.72 a


DAS: Days after sowing, Imida: Imidacloprid and Thiam: Thiamethoxam. The same row in the same seasons with similar letter indicated insignificant different from each other at 5 % probability level, LSD test.
1.3. L. trifolii:
Data in Table (4) show that the population density of mines due to L. trifolii infesting cucumber plants during 2021 and 2022 growing seasons. It is clear that the infestation was observed from the first sampling date, 25thAugust after 10 days from sowing in control in the two seasons. In the four insecticide treatments, leafminer appearance was delayed by 21 days in the two seasons. The number of mines increased rapidly to form one peak after 38 days from sowing (22nd September) with 39.3 and 26.0 mines 10 leaves-1 in 2021 and 2022 growing seasons, respectively. For insecticide treatments, one peak was observed after 45 days from sowing (29th September) with ranges of 20.0 to 22.7 and 12.7 to 16.3 mines 10 leaves-1 in the two seasons, respectively. In the second season, an additional and small peak was detected between 73 to 80 days after sowing with range of 3.0 to 4.7 mines 10 leaves-1. After that the numbers decreased gradually to the end of the two seasons. For control the highest leafminer activity was observed during September, while, it was found during October in insecticide treatments in both seasons. 
Similar finding was reported by Ammar et al. (2021) who indicated that leafminer population was observed from the first inspection week on cucumber and showed the highest activity during October. 
From data in Table (4), it is clear that no mines were detected in cucumber leaves from treatment up to 24 days from treatment (8th September). Control plots showed a significantly higher leafminer infestation comparing to all other treatments from 31 to 45 days after sowing in the first season and from 31 to 52 days after sowing in the second season, however, no significant differences were observed between imidacloprid and thiamethoxam as seed or foliar treatments and untreated control from 52 and 59 days after sowing in the first and second seasons, respectively, to the harvesting time in the two seasons. 
According to Sadek et al. (2024), foliar spraying cucumbers with imidacloprid and thiamethoxam can reduce B. tabaci infestation by 76 to 81% within 10 days of treatment. Abbassy et al. (2008) revealed that the use of imidacloprid as seed dressing on common bean significantly reduced the number of Liriomyza trifolii larvae and gave good protection up to 35 days from sowing date. El-Fakharany and Samy (2023) indicated that the effect of some insecticides including as thiamethoxam as active ingredient significantly reduced L. trifolii infestation on tomato, they added that their impact gradually decreased to 0% reduction after 5 weeks from sowing. 
Table 4. The population density of L. trifolii (mines) infesting cucumber under seed and foliar treatments of imidacloprid and thiamethoxam during 2021 and 2022 growing seasons.
	Sampling date
	DAS
	Mean No. of aphid 10 leaves-1during season of 

	
	
	2021 
	2022 

	
	
	Seed treatment
	Foliar spray
	Control
	Seed treatment
	Foliar spray
	Control

	
	
	Imida.
	Thiam.
	Imida.
	Thiam.
	
	Imida.
	Thiam.
	Imida.
	Thiam.
	

	Aug.
	25
	10
	0.0
	0.0
	0.0
	0.0
	1.7
	0.0
	0.0
	0.0
	0.0
	2.0

	Sept.
	1
	17
	0.0
	0.0
	0.0
	0.0
	3.7
	0.0
	0.0
	0.0
	0.0
	4.7

	
	8
	24
	0.0
	0.0
	0.0
	0.0
	15.7
	0.0
	0.0
	0.0
	0.0
	7.3

	
	15
	31
	1.3 b
	1.7 b
	1.3 b
	1.7 b
	11.7 a
	4.0 b
	4.3 b
	5.3 b
	5.3 b
	14.0 a

	
	22
	38
	5.3 b
	4.7 b
	5.0 b
	4.0 b
	39.3 a
	5.0 b
	6.0 b
	5.0 b
	4.7 b
	26.0 a

	
	29
	45
	22.0 b
	20.3 b
	22.7 b
	20.0 b
	31.7 a
	12.7 b
	16.3 b
	13.0 b
	13.7 b
	21.3 a

	Oct.
	6
	52
	15.3 a
	14.0 a
	16.7 a
	17.7 a
	17.3 a
	10.0 b
	9.3 b
	9.7 b
	9.3 b
	13.0 a

	
	13
	59
	7.7 a
	9.3 a
	8.7 a
	7.7 a
	8.0 a
	7.0 a
	7.3 a
	8.0 a
	7.7 a
	7.0 a

	
	20
	66
	6.0 a
	6.7 a
	7.7 a
	6.0 a
	6.3 a
	2.7 a
	3.0 a
	1.7 a
	3.3 a
	2.7 a

	
	27
	73
	4.3 a
	4.0 a
	4.0 a
	4.7 a
	4.0 a
	1.3 a
	1.7 a
	4.7 a
	3.0 a
	8.3 a

	Nov.
	3
	80
	3.7 a
	3.0 a
	3.3 a
	3.0 a
	3.0 a
	3.3 a
	3.0 a
	4.0 a
	3.3 a
	4.7 a

	
	10
	87
	2.0 a
	3.0 a
	2.3 a
	3.0 a
	1.0 a
	0.0
	0.0
	0.0
	0.0
	0.0

	Mean
	5.64 b
	5.56 b
	5.97 b
	5.64 b
	11.94 a
	3.83 b
	4.25 b
	4.28 b
	4.19 b
	9.25 a


DAS: Days after sowing, Imida: Imidacloprid and Thiam: Thiamethoxam. The same row in the same seasons with similar letter indicated  insignificant different from each other at 5 % probability level, LSD test.
2. Population densities of main insect predators associated inhabiting cucumber:
The population density of C. undecimpunctata inhabiting cucumber plants during 2021 and 2022 seasons is shown in Table (5). The previous insect predator started to appear in 8th September after 24 days from sowing in control in the two seasons. The number increased to reach maximum number after 52 days from sowing (6th October) with 6.3 and 7.3 predators 10 plants-1 in 2021 and 2022 growing seasons, respectively. After that the numbers decreased gradually to the end of the two seasons. 
In the four insecticide treatments, C. undecimpunctata appearance was observed in 15th September after 31 days from sowing in the two seasons. Similar to control, one peak was observed after 52 days from sowing (6th October) with range of 2.7 to 4.3 and 3.3 to 5.0 predators 10 plants -1in the two seasons, respectively. After that the numbers decreased gradually to the end of the two seasons. For all treatments the highest coccinellid activity was observed during October in both seasons.
The use of two insecticides reduced significantly the mean number of C. undecimpunctata during the whole activity period in both seasons. Population of coccinellid was high in cucumber which was grown with seed treated with imidacloprid and thiamethoxam compared to their foliar treatment during 31-66 and 31-59 days after sowing in the two seasons, respectively. After that no significant differences were found between the two methods of treatment to the end of the two seasons.
The population density of C. carnae inhabiting cucumber plants during 2021 and 2022 growing seasons is shown in Table (6). The previous insect predator started to appear in 15th September after 31 days from sowing in control in the two seasons. The number increased to reach maximum number after 59 days from sowing (13th October) with 5.7 and 6.7 predators 10 plants-1 in 2021 and 2022 growing seasons, respectively. After that the numbers decreased gradually to the end of the two seasons. 
Similar to control, the chrysopid predator appearance was observed in 15th September. Also, one peak was observed after 52 to 59 days from sowing (6 and 13th October) with range of 2.0 to 2.7 and 1.7 to 3.0 predators10 plants-1 in the two seasons, respectively. After that the numbers decreased gradually to the end of the two seasons. For all treatments the highest chrysopid activity was observed during October in both seasons.
The use of two insecticides reduced significantly the mean number of C. carnae during 31 to 66 days after sowing in both seasons. Population of chrysopid was high in cucumber which was grown with seed treated with imidacloprid and thiamethoxam compared to their foliar treatment during 38-52 days after sowing in the two seasons, respectively. After that no significant differences were found between the two methods of treatment to the end of the two seasons.
From the data in Tables (5 and 6), it clear that the mean number of the two insect predators affected by imidacloprid and thiamethoxam as foliar or seed treatments. However, seed treatment was safer than foliar treatment in case of the two predators in both seasons.
In agreement with the previous results, Khamis et al. (2020) showed that C. carnae and C. undecimpunctata disappeared completely after 14 days from foliar application of imidacloprid and thiamethoxam, however, their numbers started to appear after that.
Our results indicated that seed treatment of the two insecticides reduced communities of natural enemy but appeared in about 40-50% relative to control. The same results were obtained by Seagraves and Lundgren (2012) for thiamethoxam on Chrysoperla sp. inhabiting soybean and imidacloprid or thiamethoxam on coccinellids inhabiting wheat. In contrast, Zhang et al. (2016) found that imidacloprid had insignificant effect on coccinellids compared to control in wheat.
Table 5. The population density of C. undecimpunctata inhabiting cucumber under seed and foliar treatments of imidacloprid and thiamethoxam during 2021 and 2022 seasons.
	Sampling date
	DAS
	Mean No. of aphid/ 10 plants-1 during season

	
	
	2021 
	2022 

	
	
	Seed treatment
	Foliar spray
	Control
	Seed treatment
	Foliar spray
	Control

	
	
	Imida.
	Thiam.
	Imida.
	Thiam.
	
	Imida.
	Thiam.
	Imida.
	Thiam.
	

	Aug.
	25
	10
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0

	Sept.
	1
	17
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0

	
	8
	24
	0.0
	0.0
	0.0
	0.0
	0.3
	0.0
	0.0
	0.0
	0.0
	1.3

	
	15
	31
	1.3 b
	1.3 b
	0.3 c
	0.3 c
	2.7 a
	1.3 b
	1.7 b
	0.3 c
	0.3 c
	2.3 a

	
	22
	38
	2.3 b
	2.3 b
	1.0 c
	1.0 c
	3.3 a
	3.3 b
	3.3 b
	1.7 c
	1.7 c
	4.7 a

	
	29
	45
	2.7 b
	2.7 b
	1.3 c
	1.3 c
	4.7 a
	4.0 b
	4.3 b
	2.7 c
	3.0 c
	6.0 a

	Oct.
	6
	52
	4.3 b
	4.3 b
	2.7 c
	3.0 c
	6.3 a
	5.0 b
	4.7 b
	3.3 c
	3.3 c
	7.3 a

	
	13
	59
	3.3 b
	3.3 b
	1.7 c
	2.0 c
	4.3 a
	3.3 b
	3.7 b
	3.0 b
	3.0 b
	5.3 a

	
	20
	66
	2.3 b
	2.3 b
	1.3 c
	1.0 c
	3.3 a
	3.3 b
	3.3 b
	3.0 b
	2.7 b
	4.7 a

	
	27
	73
	1.0 a
	1.3 a
	1.0 a
	1.0 a
	1.7 a
	1.7 b
	1.3 b
	1.3 b
	1.7 b
	3.3 a

	Nov.
	3
	80
	0.3 a
	0.3 a
	0.7 a
	0.7 a
	1.3 a
	1.0 a
	1.0 a
	0.7 a
	0.7 a
	2.0 a

	
	10
	87
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	1.0

	Mean
	1.47 b
	1.50 b
	0.83 c
	0.86 c
	2.33 a
	1.92 b
	1.94 b
	1.33 c
	1.36 c
	3.17 a


DAS: Days after sowing, Imida: Imidacloprid and Thiam: Thiamethoxam. The same row in the same seasons with similar letter indicated insignificant different from each other at 5 % probability level, LSD test.
Table 6. The population density of C. carnae inhabiting cucumber under seed and foliar treatments of imidacloprid and thiamethoxam during 2021 and 2022 growing seasons.
	Sampling date
	DAS
	Mean No. of aphid/ 10 plants-1 during season

	
	
	2021 
	2022 season

	
	
	Seed treatment
	Foliar spray
	Control
	Seed treatment
	Foliar spray
	Control

	
	
	Imida.
	Thiam.
	Imida.
	Thiam.
	
	Imida.
	Thiam.
	Imida.
	Thiam.
	

	Aug.
	25
	10
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0

	Sept.
	1
	17
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0

	
	8
	24
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0

	
	15
	31
	0.3 b
	0.3 b
	0.0 b
	0.0 b
	1.0 a
	1.0 b
	1.0 b
	0.3 c
	0.3 c
	2.0 a

	
	22
	38
	2.3 b
	2.0 b
	1.0 c
	0.7 c
	4.0 a
	1.7 b
	2.0 b
	0.3 c
	0.7 c
	2.7 a

	
	29
	45
	2.3 b
	2.3 b
	1.3 c
	1.0 c
	4.3 a
	2.3 b
	2.7 b
	1.3 c
	1.0 c
	3.7 a

	Oct.
	6
	52
	2.7 b
	2.7 b
	1.0 c
	1.0 c
	4.7 a
	2.7 b
	3.0 b
	1.7 c
	1.3 c
	4.3 a

	
	13
	59
	2.3 b
	2.3 b
	2.0 b
	2.0 b
	5.7 a
	1.7 b
	1.7 b
	1.7 b
	2.0 b
	6.7 a

	
	20
	66
	2.3 b
	2.3 b
	1.7 b
	1.7 b
	4.0 a
	1.7 b
	1.3 b
	1.7 b
	1.3 b
	3.3 a

	
	27
	73
	2.0 a
	2.3 a
	1.7 a
	1.7 a
	3.0 a
	1.7 a
	1.3 a
	1.3 a
	1.7 a
	1.7 a

	Nov.
	3
	80
	0.7 a
	0.3 a
	0.3 a
	0.7 a
	0.7 a
	0.3 a
	0.7 a
	0.7 a
	0.3 a
	1.0 a

	
	10
	87
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0

	Mean
	1.25 b
	1.22 b
	0.75 c
	0.72 c
	2.28 a
	1.08 b
	1.14 b
	0.75 c
	0.72 c
	2.11 a


DAS: Days after sowing, Imida: Imidacloprid and Thiam: Thiamethoxam. The same row in the same seasons with similar letter indicated insignificant different from each other at 5 % probability level, LSD test.
3. Soil properties:
Some soil properties were determined in order to investigate the impact of the two pest control methods (foliar application and seed treatment). The dominant size fraction is used to describe the soil texture under investigation, where the ratio of clay was 20.96%; silt was 56%; and sand was 23.04%. This indicates that the soil has a silt loam texture, and the soil texture did not change during the experiment.
3.1. Soil physical properties:
Data in table 7 represented some physical properties of the soil under investigation. The results showed that there is insignificant impact of pesticide application method on all studied physical properties (organic matter, soil porosity, field capacity, wilting point, available water and Calcium Carbonate content) with the two types of pesticides (imidacloprid and thiamethoxam). However, behavior, and dispersion of chemical pesticides are significantly influenced by the physical characteristics of the soil (Faraj et al., 2024), as well as Agrochemicals used in agriculture are also stored in soil (El-Sayed et al., 2019 and El-Sayed, 2020). However, the physical characteristics of the soil, particularly its texture and organic matter content, have an impact on the leaching of pesticides from the soilto drainage water.
3.2. Soil chemical properties:
The results in table 8 exemplified some chemical properties of the soil under examination. The results explored that soil chemical properties have been significantly impacted with the application method of pesticide. Soil salinity significantly increased with foliar application than seed treatment. Sodium cationand chloride anions concentrations highly increased after foliar application than seed treatment with imidacloprid. While, in case of thiamethoxam due, Sodium and Chloride and Sulphate anions increased due to the residual concentration of pesticide in soil. This results is agreed with the previous results that reported by Cid et al. (2025). The results investigate the negative impact of pesticide foliar application on soil chemical properties that can cause soil degradation with long term application. 
Table 7. Some physical properties for soil samples under investigation.
	Season
	Treatment
	Traits

	
	
	SPmL/100g
	OC%
	FC%
	WP%
	AW%
	Porosity%
	CaCO3%

	2021 season
	Before planting
	41
	0.38
	29.2
	12.5
	16.7
	48.4
	3.7

	
	Control
	42
	0.37
	29.2
	12.5
	16.7
	48.4
	3.72

	
	Seed treatment
	Imidacloprid
	42
	0.36
	29.1
	12.6
	16.5
	48.3
	3.72

	
	
	Thiamethoxam
	43
	0.36
	29.2
	12.5
	16.7
	48.4
	3.72

	
	Foliar application
	Imidacloprid
	42
	0.39
	29.1
	12.6
	16.5
	48.3
	3.71

	
	
	Thiamethoxam
	43
	0.40
	29.1
	12.6
	16.5
	48.4
	3.70

	
	L.S.D.
	ns
	ns
	ns
	ns
	ns
	ns
	ns

	2022 season
	Before planting
	43
	0.41
	29.5
	12.7
	16.8
	48.6
	3.73

	
	Control
	43
	0.41
	29.5
	12.7
	16.8
	48.6
	3.73

	
	Seed treatment
	Imidacloprid
	43
	0.40
	29.4
	12.7
	16.7
	48.6
	3.73

	
	
	Thiamethoxam
	43
	0.40
	29.3
	12.8
	16.5
	48.6
	3.72

	
	Foliar application
	Imidacloprid
	42
	0.44
	29.4
	12.7
	16.7
	48.7
	3.73

	
	
	Thiamethoxam
	43
	0.45
	29.5
	12.9
	16.
	48.7
	3.73

	
	L.S.D.
	ns
	ns
	ns
	ns
	ns
	ns
	ns


Table 8. Some chemical properties for soil samples under investigation. 
	Season
	Treatment
	Traits

	
	
	pH1:2.5
	ECds/m
	Cationsmeq/L
	Anions meq/L

	
	
	
	
	Ca2+
	Mg2+
	Na+
	K+
	CO32-
	HCO3-
	Cl-
	SO42-

	2021 season
	Before planting
	7.72
	1.1
	3.1
	2.5
	4.7
	1.1
	-
	1.4
	7.8
	4.1

	
	Control
	7.73
	1.12
	3.2
	2.6
	4.7
	1.1
	-
	1.4
	7.8
	4.1

	
	Seed treatment
	Imidacloprid
	7.72
	1.12
	3.2
	2.8
	4.8
	1.1
	-
	1.42
	7.8
	4.2

	
	
	Thiamethoxam
	7.72
	1.13
	3.1
	2.8
	4.9
	1.2
	
	1.45
	7.9
	4.2

	
	Foliar application
	Imidacloprid
	7.73
	1.2
	3.3
	2.9
	5.1
	1.1
	-
	1.48
	8
	4.3

	
	
	Thiamethoxam
	7.73
	1.23
	3.4
	3
	5.3
	1.2
	-
	1.47
	8.1
	4.5

	
	L.S.D.
	ns
	0.001
	0.065
	0.05
	0.17
	0.04
	
	0.01
	0.06
	0.002

	2022 season
	Before planting
	7.82
	1.22
	3.3
	2.3
	5.1
	1.1
	-
	1.45
	7.1
	4.3

	
	Control
	7.82
	1.24
	3.4
	2.3
	5.1
	1.1
	-
	1.48
	7.1
	4.3

	
	Seed treatment
	Imidacloprid
	7.82
	1.21
	3.4
	2.5
	5.2
	1.2
	-
	1.49
	7
	4.3

	
	
	Thiamethoxam
	7.82
	1.23
	3.5
	2.6
	5.3
	1.2
	-
	1.49
	7.2
	4.4

	
	Foliar application
	Imidacloprid
	7.83
	1.3
	3.7
	2.8
	5.5
	1.3
	-
	1.51
	7.4
	4.7

	
	
	Thiamethoxam
	7.83
	1.32
	3.8
	2.9
	5.6
	1.3
	-
	1.52
	7.5
	4.8

	
	L.S.D.
	ns
	0.01
	0.25
	0.04
	0.06
	0.01
	
	0.001
	0.06
	0.01



CONCLUSION
This study offers valuable insights into sustainable pest management strategies by comparing seed and foliar applications of two neonicotinoids on cucumber crops. It highlights the effectiveness of seed treatment in suppressing key pests like aphids, whiteflies, and leafminers while minimizing harm to beneficial predators and reducing negative impacts on soil health. The findings contribute to integrated pest management (IPM) practices by promoting safer, more environmentally friendly approaches. This research is particularly relevant to scientists and agricultural practitioners seeking to balance crop protection with ecological and human safety
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