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Impact of Larinus latus infestation on the growth and reproductive performance of Silybum marianum under Field Conditions in Egypt



Abstract
[bookmark: _Hlk221030891]Larinus latus is one of the most important phytophagous insects associated with Silybum marianum weed (milk thistle). A comprehensive field survey was conducted over two consecutive winter growing seasons (2023/2024 and 2024/2025) starting in January for both seasons in El-Beheira and Kafr El-Sheikh Governorates, Egypt. The study aimed to assess the biological impact of L. latus infestation on key reproductive traits of S. marianum, including the number and fresh weight of insect-infested inflorescences and their seeds, across multiple field locations (18 sites in each governorate). The main findings showed that insect infestation of S. marianum inflorescences caused a marked reduction in fresh weight and resulted in the production of fewer and lighter seeds compared with uninfected inflorescences in both seasons. Moreover, insect infestation significantly inhibited the reproductive capacity of S. marianum, suggesting a regulatory role in limiting its growth. This study underscores the ecological importance of weed–insect interactions and supports the potential for incorporating insect-induced effects into integrated and sustainable management strategies for S. marianum weed
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Introduction
The milk thistle, (Silybum marianum), as a thorny and competitive weeds, can influence the growth and competitiveness of surrounding plants. Therefore, accurate field surveys of the insect Larinus latus Herbst, which specifically attacks S. marianum, are important in winter cereal crops. Recent studies have shown that dense stands of S. marianum cause significant vegetation homogenization and reduce crop diversity in semi-arid agricultural systems (Khan et al., 2022). Although direct yield-loss quantification in winter crops has not been widely reported in the past two years, recent ecological assessments confirm that milk thistle exerts strong competitive pressure on cereals, especially during early growth stages, where it aggressively competes for light, moisture, and nutrients (Havangi, 2025). Experimental studies further indicate that S. marianum possesses potent all allopathic effects capable of inhibiting wheat root and shoot growth, reducing nutrient uptake, and delaying tailoring, conditions that ultimately lower crop productivity in infested fields, S. marianum dominated well-established communities in the existing soil and environmental variables; therefore, it was found to be influential in disturbing the native communities and may severely harm the crop plant and agricultural system in the future. (Khan et al., 2022) from a physiological perspective, newly published work has shown that the weed demonstrates high stress tolerance, allowing it to survive and proliferate under drought and low-temperature conditions typical of winter cropping seasons, which increases its competitive advantage over winter cereals (Fanai et al., 2024; Raj et al., 2023).These findings collectively highlight that milk thistle has become a serious emerging threat to winter crops through its invasive behavior, all allopathic potential, and strong competition for resources, underscoring the urgent need for updated field-based assessments in Egyptian agro ecosystems (Khan et al., 2022; Havangi, 2025). S. marianum Gaertn is a widely known species, however, little is known about its all allopathic potential. S. marianum is a common weed in some crop areas; they observed an increase in nitrogen, potassium, and magnesium concentrations in both the stem and root of winter wheat after spraying with milk thistle extract, indicating its strong competition with neighboring plants for nutrient absorption. They also suggested the potential use of milk thistle's active ingredients as natural herbicides in the future. Milk thistle was found to be a noxious weed when it appears in fields due to its potent inhibitory effects (Lehoczky et al., 2017). In recent years, increasing attention has been given to the role of seed-feeding weevils, particularly L. latus, as natural regulators of thistle populations due to their ability to destroy developing seeds inside the flower heads, the impact of the Oligophagous capitulum weevil L. latus on seed production by its host Onopordum species was studied in its native range in order to assess its potential as a biological control agent of these thistles in Australia; Field surveys in Greece during 1988–89 showed a strong positive relationship between attack levels of L. latus and seed destruction in Onopordum species Differences in attack levels were found between populations of different species, with heavier attack on those having larger capitula. (Bries 2000). Female L. latus lay eggs into the capitula of their Onopordum spp. host plants from the onset of capitulum development until the completion of flowering. The change in choice of ovipositor site that occurs at the onset of flowering, not only favors survival, but ensures more efficient resource use by the larvae. While the oviposition behavior of L. latus has become geared to maximizing resource use for larvae (i.e. its own potential competitiveness) rather than minimising interactions with other members of the capitulum endophage guild. (Briese 1996). Declining crop yield due to weeds and their resistance to herbicides are major constraint for successful crop productions. The milk thistle is common weed species in Australian cropping rotation (Shamima and Asaduzzaman, 2012). Responsible for a high proportion of the world's crop losses, weedstake away food that the world badly needs. They decrease the quality and quantity of vegetable fibers, wool, and hides, and interfere with fishing, irrigation, hydroelectric power production, and the movement of shipping vessels. In order to recognize the true magnitude of the weed problem, and to be better equipped to design effective weed control methods, it is vital to identify and learn as much as possible about the many different species of this destructive agricultural predator, (Holm et al. 1997). The population structure and stage-specific survival of L. latus, a potential control agent for weedy Onopordum thistles in Australia, was studied in its native range in Greece. Although fecundity of this univoltine insect was low (35.4 eggs/female), survival was relatively high, with 45% of eggs reaching adulthood when protected from predators and parasitoids, and 23% surviving when exposed to these natural enemies (Briese 1996a). S. marianum is one of the worst weeds of hill country pasture in New Zealand. A recent field survey in New Zealand found low levels of attack from generalist herbivores and major attack by L latus, as it is recommended that S. marianum be considered a priority target for classical bio control in New Zealand. (Michael 2024)
Materials and Methods
[bookmark: _Hlk221030957]A field survey was conducted during the 2023/2024 and 2024/2025 growing seasons to assess the infestation levels of the Silybum marianum weevil (L. latus) that feeds on S. marianum seeds in selected locations in the governorates of Beheira and Kafr El Sheikh. The survey included three areas in the Beheira Governorate (Damanhour, Abu Homs, and Kafr El Dawar) and three areas in the Kafr El Sheikh Governorate at the nine sites of the Research Farm of the Sakha Agricultural Research Station (Nataf Farm 1, sites 1, 2, and 3; Nataf Farm 2, sites4, 5, and 6; and El Hamrawi Farm, sites7, 8, and 9). The use of artificial intelligence was limited to data processing and statistical computation, while the authors carried out data interpretation and scientific conclusions.
Survey Sites and Sampling Procedure 
Sampling was conducted in several villages and experimental sections within each district. In El-Beheira Governorate, surveys were carried out in Damanhour center (El-Abadiya, Aflaka, El-Hegnaiya), Abo homos center (Kotb Awad, Bordan Mansour, Hussein Mohamed), Kafr Eldawar (Boleen, El-Zorbeini, and El-Awayed), were in Kafr El-Sheikh Governorate, sampling was performed in the Sakha Experimental Farm at El-Nattaf(1) (sites 1, 2, and 3), El-Nattaf (2) (sites4, 5, and 6) and El-Hamrawi (sites7, 8, and 9). The study sites were located in the northern Nile Delta of Egypt. In Kafr El‑Sheikh Governorate, experimental plots were established at the Sakha Research Station, approximately at latitude 31.0896° N and longitude 30.9508° E. Field surveys in Beheira Governorate were conducted in villages surrounding the city of Damanhur (latitude 31.0361° N, longitude 30.4694° E) and other local villages within the administrative boundaries of the governorate in (Figure 1,2,3,4and 5). Sampling was carried out along field edges where S. marianum weed was most abundant, under natural field conditions. Infested flower heads were collected, labeled, and examined. From each site, ten infested heads were randomly selected and dissected in the laboratory to record the numbers of adult males, adult females, and larvae per head. Weed density and the number of infested heads were assessed using / m2 quadrates placed along field edges.
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                                Figure (1)                               Figure (2
Figure (1 and 2) Field Survey assessing Larinus latus infestation on Silybum marianum in Beheira Governorate
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                Figure (3)                       Figure (4)                  Figure (5)
Figure (3, 4 and5) Natural infestation of Larinus latus (Larvae and adult) on Silybum marianum inflorescences under field conditions. (Photograph by the authors).
Data Collected
At each sampling point, the following parameters were measured:
1- Weed density (plants/m²).
2- Number of infested flower heads. 
3- Adult insect count per infested head. 
4- Larval count per infested head. 
5- Weight of the inflorescence before inspection. 
6- Weight of the inflorescence after inspection. 
7- Number of seeds/infected inflorescence. 
8- Weight of seeds/infected inflorescence. 
9- Number of seeds/healthy inflorescence.
Statistical Analysis
All collected data were statistically analyzed using appropriate statistical software. A mixed-effects nested ANOVA was performed,with government and season considered  as  fixed factors , and  village treated  as random factor nested with  government. The model was used to assess the main effects and interactions on the measured parameters. Mean comparisons were conducted using Tukey,s. HSD test at  0.05.(Zhou, Li, and Wang, 2022).
Results 
Values are expressed as mean ± SD. In Table (1), the results indicated that, a noticeable increased in weed density and number of inflorescences during the second season compared to the first season. However, the number of larvae's and insect adults/inflorescence were typical in the two seasons.  
Table (1). Descriptive statistical analysis of Silybum marianum infestation parameters during two growing seasons
	Season
	Weed density (/m²)
	No. of inflorescences
	Larvae / inflorescence
	Adults / inflorescence

	2023/2024
	22.22 ± 4.21
	11.56 ± 3.12
	2.00
	2.00

	2024/2025
	26.67 ± 6.45
	21.56 ± 4.87
	2.00
	2.00


The results presented in Table (2) show clear variation in S. marianum density among the surveyed locations during the 2023/2024 growing season. The number of plants per square meter ranged from low to moderate levels depending on the site. Similarly, the number of inflorescences per plant varied among locations, reflecting differences in local environmental and agronomic conditions. The insect infestation was recorded in all surveyed sites. The number of adult insects and larvae per inflorescence remained relatively uniform across locations, indicating a consistent infestation pattern during the first season. Despite this uniformity, the widespread occurrence of infestation suggests an established presence of the insect within S. marianum populations in both governorates.
Table 2: Field survey of Silybum marianum density and associated insect infestation parameters in Beheira and Kafr El-Sheikh Governorates during the 2023/2024 growing season
	Governorate
	Central
	Village
	No. of weed/m2
	No.of florescences
	No. of insects adult/ inflorescence

 Plant
	Larvae's /adult inflorescence

	
	
	
	
	Infected 
	Female
	Male
	

	El-Beheira
	Damanhur
	Al-Abadia
	30
	24
	2
	2
	2

	
	
	Aflaqa
	20
	8
	2
	2
	2

	
	
	Al Hagainaya
	24
	10
	2
	2
	2

	
	Abo homos

	Qutp Awad
	20
	10
	2
	2
	2

	
	
	Breidan Mansour
	24
	12
	2
	2
	2

	
	
	Hussein Mohamed
	22
	10
	2
	2
	1

	
	Kafr Eldawar

	Bolin
	16
	12
	2
	2
	2

	
	
	Zarbiny
	20
	10
	2
	2
	2

	
	
	Al- Awaid
	24
	12
	2
	2
	2

	Kafr El‑Sheikh 
	Sakha agr.farm
	Nataf 1
	site 1
	20
	10
	2
	2
	1

	
	
	
	site 2
	24
	12
	2
	2
	2

	
	
	
	site 3
	20
	14
	2
	2
	1

	
	
	Nataf 2
	site 4
	16
	16
	2
	2
	2

	
	
	
	site 5
	20
	10
	2
	2
	2

	
	
	
	site 6
	16
	10
	2
	2
	1

	
	
	Al-Hamrawy
	site 7
	24
	16
	2
	2
	1

	
	
	
	site 8
	20
	10
	2
	2
	1

	
	
	
	site 9
	30
	16
	2
	2
	2


Data presented in Table (3) demonstrate a consistent reduction in inflorescence weight following insect infestation across all surveyed locations during the 2023/2024 season. Inflorescence weight after inspection was lower than the corresponding pre-inspection weight, indicating direct damage caused by insect activity. In addition, infested inflorescences produced fewer seeds with lower total seed weight compared to healthy inflorescences.
It is clear from Tables 2 and 3, that the results obtained in the first season confirmed those observed in the second season, with minor differences. This may be attributed to the wide adaption of L. latus to living on S. marianum under different environmental conditions. These were evident in the number of infested inflorescences as well as number in both of larvae and adult females and makes insect / inflorescence. In El- Beheira Governorate, surveys conducted in three districts across nine villages showed that S. marianum density ranged from 16 to 30 plants/m2. The number of infested inflorescences ranged from 10 to 24 / m2, except for one village where it was 8 / m2. The number of adult males and/ or females was about 2 / m2 while larvae's averaged 2 / inflorescence. In kafr El- Sheikh Governorate, a cross tow districts, and nine sites, S. marianum was recorded at comparable densities to those observed in El- Beheira. The number of infested inflorescences ranged from 10 to 16 / m2, while, the presence of L. latus was confirmed through the recorded numbers of adults males and females and larvae's / inflorescences in El- Beheira Governorate.  
Table (3). Field survey of Silybum marianum density and insect infestation parameters in Beheira and Kafr El-Sheikh Governorates during the 2024/2025 growing season
	Governorate
	Disrict
	Village
	No. of weed/m2
	No. of infected florescence's/m2
	No. of insects adult/ inflorescence
	No. larvae's per inflorescence

	
	
	
	
	
	female
	male
	

	El-Beheira
	Damanhur
	Al-Abadia
	40
	30
	2
	2
	2

	
	
	Aflaqa
	24
	20
	2
	2
	2

	
	
	Al Hagainaya
	30
	24
	2
	2
	2

	
	Abo homos

	Qutp Awad
	30
	20
	2
	2
	2

	
	
	Breidan Mansour
	24
	24
	2
	2
	2

	
	
	Hussein Mohamed
	24
	22
	2
	2
	1

	
	Kafr Eldawar

	Bolin
	20
	16
	2
	2
	2

	
	
	Zarbiny
	20
	20
	2
	2
	2

	
	
	Al- Awaid
	28
	24
	2
	2
	2

	Kafr El‑Sheikh
	Sakha agr.farm
	Nataf 1
	site 1
	24
	20
	2
	2
	1

	
	
	
	site 2
	24
	20
	2
	2
	2

	
	
	
	site 3
	24
	20
	2
	2
	1

	
	
	Nataf 2
	site 4
	20
	16
	2
	2
	2

	
	
	
	site 5
	20
	20
	2
	2
	2

	
	
	
	site 6
	20
	20
	2
	2
	1

	
	
	Al-Hamrawy
	site 7
	30
	20
	2
	2
	1

	
	
	
	site 8
	24
	20
	2
	2
	1

	
	
	
	site 9
	24
	20
	2
	2
	2


Data in Table 4, illustrated that the fresh wt. of infested and non –infested inflorescences together (before the inspection) in El – Beheira government, across three districts and nine villages ranged from 8.02 g in Kafr – El- Dawar district, Zerbiny village 9.04 g in Damanhur district, Al- Hagainaya village. In Kafr El-Sheikh government, Sakha district, across nine sites in the Research farm, the fresh wt. of infested and non –infested inflorescences ranged from 8.26 g in Hamrawy, site 8 to 11.48 g in Nataf 1, site2 and Nataf 2 site 5. While the fresh wt. of infested inflorescences (after the inspection) in El – Beheira governorate, across the three districts , and nine villages ranged from 7.0 g in both Bolin and Zarbiny village in Kafr El-Dawar district to 8.2 g in Damanhur district Al- Hagainaya village; and in Kafr El-sheikh government, Sakha didtrict, across nine site in the Res. Farm, the fresh wt. of infested ranged from 7.2 g in Hamrawy, site 8 to both Nataf 1, sit 2 and Nataf 2, site 5 by 10.0 g.
Table (4): Effect of insect infestation on inflorescence weight and seed production of Silybum marianum during the 2023/2024 growing season
	Governorate
	District
	Village
	Fresh Wt.of  infested and non infested inflorescences
	Fresh Wt.of  non infested inflorescences
	No. of seeds in infected inflorescences
	Fresh wt. of Seed in infected inflorescences
	No. of seeds in non infected inflorescences

	El-Beheira
	Damanhur
	Al-Abadia
	8.44
	7.6
	24
	0.42
	120

	
	
	Aflaqa
	8.2
	7.4
	200
	4.7
	195

	
	
	Al Hagainaya
	9.04
	8.2
	206
	4.94
	200

	
	Abo homos

	Qutp Awad
	8.56
	7.8
	250
	6.76
	200

	
	
	Breidan Mansour
	6.16
	5.6
	176
	4.8
	180

	
	
	Hussein Mohamed
	8.44
	7.6
	180
	5
	180

	
	Kafr Eldawar

	Bolin
	7.84
	7
	210
	5.8
	200

	
	
	Zarbiny
	8.02
	7
	248
	6.8
	200

	
	
	Al- Awaid
	8.5
	7.4
	200
	5.4
	198

	Kafr El‑Sheikh 
	Sakha agr.farm
	Nataf 1
	site 1
	10.72
	9.4
	24
	0.5
	100

	
	
	
	site 2
	11.48
	10
	206
	5
	190

	
	
	
	site 3
	10.02
	8.8
	164
	2.96
	175

	
	
	Nataf 2
	site 4
	10.48
	9.2
	174
	4.76
	180

	
	
	
	site 5
	11.48
	10
	70
	1.4
	130

	
	
	
	site 6
	10.4
	9
	28
	0.68
	110

	
	
	Al-Hamrawy
	site 7
	10.2
	8.8
	42
	0.88
	120

	
	
	
	site 8
	8.26
	7.2
	92
	2.2
	140

	
	
	
	site 9
	10.2
	8.8
	76
	1.82
	130


This reduction in seed quantity and quality clearly reflects the negative impact of insect infestation on the reproductive performance of S. marianum during the first season.
Data in Table 5 indicate that the fresh weight of infected and non-infected inflorescences (before inspection) in El-Beheira Governorate, across three districts and nine villages, ranged from 8.96 g in Breidan Mansour village to 9.64 g in Al-Hagaimaya village. Meanwhile, in Kafr El-Sheikh Governorate, across Sakha District and nine sites of the Research Farm, the fresh weight of infected and non-infected inflorescences ranged from 9.04 g at in Nataf 1 site 1 to 9.88 g at Al-Hamrawy in site 9. On the other hand, the fresh weight of infected inflorescences (after inspection) in El-Beheira Governorate, across three districts and nine villages ranged from 7.8 g in Zarbin village, Kafr El-Dawar district to 8.8 g in Al-Hagaimaya village, Damanhur district. Meanwhile, in Kafr El-Sheikh Governorate, across Sakha district and nine Research Farm sites, the fresh weight of infected inflorescences ranged from 8 g in Nataf site 1 to 8.6 g at Al-Hamrawy site 9. According to Table 4, the number and fresh weight of seeds in the infected inflorescences in El-Beheira Governorate, across three districts and nine villages, ranged from 130 seeds and 4.7 g in Aflagu village (Damanhur district) to 200 seeds and 5.9 g in Hussein village (Abo-Homos district). Meanwhile, in Kafr El-Sheikh Governorate, across Sakha district and nine sites of the Research Farm, the number and fresh weight of seeds in infected inflorescences ranged from 130 seeds and 1.22 g at site 9 in Al-Hamrawy to 200 seeds and 0.88 g at sit 7 in Al-Hamrawy. Meanwhile, the number of seeds in the non-infected inflorescences in El-Beheira Governorate, across three districts and nine villages ranged from 160 in Breidan Mansour village (Abo-Homos district) to 200 in three villages, Al-Abadia, Al-Hagaimaya villages (Damanhur district) and Zarbin village (Kafr El-Dawar district). In Kafr El-Sheikh Governorate, across Sakha district and nine sites of the Research Farm, the number of seeds in non-infected inflorescences ranged from 180 at Al-Hamrawy site 7 to 200 in three sites at Nataf 1 site 3, Nataf 2 site 5 and Al-Hamrawy site 9. 
Table (5): Effect of insect infestation on inflorescence weight and seed production of Silybum marianum  during the 2024/2025 growing season
	Governorate
	District
	Village
	Fresh Wt.of  infested and non infested inflorescences
	Fresh Wt.of  non infested inflorescences
	No. of seeds in infected inflorescences
	Fresh wt. of Seed in infected inflorescences
	No. of seeds in non infected inflorescences

	El-Beheira
	Damanhur
	Al-Abadia
	9.24
	8.2
	100
	0.42
	200

	
	
	Aflaqa
	9
	8.2
	130
	4.7
	190

	
	
	Al Hagainaya
	9.64
	8.8
	150
	4.94
	200

	
	Abo homos

	Qutp Awad
	9.56
	8.6
	140
	6.76
	198

	
	
	Breidan Mansour
	8.96
	8.2
	140
	4.8
	160

	
	
	Hussein Mohamed
	9.44
	8.6
	200
	5
	185

	
	Kafr Eldawar

	Bolin
	9.04
	8
	170
	5.8
	190

	
	
	Zarbiny
	9.02
	7.8
	150
	6.8
	200

	
	
	Al- Awaid
	9.5
	8.2
	160
	5.4
	190

	Kafr El‑Sheikh
	Sakha agr.farm
	Nataf 1
	site 1
	9.04
	8
	196
	0.5
	150

	
	
	
	site 2
	9.48
	8.2
	140
	5
	190

	
	
	
	site 3
	9.62
	8.4
	196
	2.96
	200

	
	
	Nataf 2
	site 4
	9.48
	8.4
	160
	4.76
	190

	
	
	
	site 5
	9.48
	8.2
	150
	1.4
	200

	
	
	
	site 6
	9.64
	8.4
	188
	0.68
	195

	
	
	Al-Hamrawy
	site 7
	9.82
	8.4
	200
	0.88
	180

	
	
	
	site 8
	9.66
	8.4
	192
	2.2
	195

	
	
	
	site 9
	9.88
	8.6
	130
	1.82
	200


Discussion
Across all surveyed locations, mean weed density increased noticeably in 2024–2025 compared to 2023–2024, indicating a rising population trend of S. marianum the highest densities were recorded in El-Abadeya and Al-Hamrawy, whereas lower densities were observed in Bolin and Al-Zarbini. Inflorescence numbers showed a similar trend, suggesting strong positive association between plant density and reproductive effort. Insect infestation levels (measured as number of adult males, females, and larvae per infested flower head) were consistently present across all sites, with larvae forming the main destructive stage. Locations with higher infested-head densities tended to exhibit reduced viable seed production, confirming the biological control potential of the seed-feeding insects as described by Müller et al., 2004. 
The results demonstrate that insect infestation significantly suppresses the reproductive capacity of S. marianum through reductions in inflorescence weight and seed production across seasons and locations. The stronger effects observed during the 2024/2025 season may be attributed to increased weed density and intensified resource competition, which amplified cumulative insect damage. Similar suppressive effects of seed-feeding insects on thistle reproduction have been widely reported (Fenner and Thompson, 2005; Müller et al., 2004). The consistent decline in seed output suggests a potential long-term reduction in soil seed bank replenishment, supporting the integration of biologically mediated suppression into sustainable weed management strategies under Egyptian agro-ecological conditions
CONCLUSION
The present study demonstrated that larvae of Larinus caused significant severe damage to the ovary and developing achiness of S. marianum, resulting in a significant reduction in seed set and viability. Consequently, L. latus represents a promising biological control agent for managing S. marianum under natural field conditions.
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