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Abstract
Background  Phytosanitary problems, particularly insect pests, frequently threaten forage maize crops. 
However, spontaneous weed flora associated with these crops may provide key ecological functions by hosting 
entomophagous insects that contribute to biological pest control. This study aimed to evaluate the role of six weed 
species flowers—Amaranthus palmeri S. Watson, Datura quercifolia Kunth, Solanum elaeagnifolium Cav. Helianthus 
laciniatus A. Gray, Setaria adhaerens (Forssk.), and Verbesina encelioides (Cav.) Benth. & Hook—in attracting predatory 
and parasitoid insects within maize agroecosystems in Durango, Mexico.

Results  A total of 2,364 insects were collected, of which 404 (17.08%) were identified as entomophagous insects, 
comprising 211 predators and 193 parasitoids. The predators genera and species identified were: Hippodamia Dejean, 
1837; Scymnus Kugelann, 1794 (Coleoptera: Coccinellidae); Toxomerus Macquart, 1855 and Allograpta Osten Sacken, 
1875 (Diptera: Syrphidae); Chrysoperla Steinmann, 1964 (Neuroptera: Chrysopidae); Orius tristicolor (White, 1879) and 
Orius insidiosus (Say, 1832) (Hemiptera: Anthocoridae); Nabis (Latreille, 1802) (Hemiptera: Nabidae); Spanagonicus 
albofasciatus (Reuter, 1907) (Miridae); Geocoris uliginosus (Say, 1831) (Lygaeidae); and Zelus tetracanthus Stål, 1862 
(Reduviidae). While the genera and species of parasitoids were: Lysiphlebus testaceipes Cresson, 1880 (Braconidae); 
Aphelinoidea Girault, 1911; Oligosita Walker 1851, Trichogramma Westwood, 1833 and Paracentrobia Howard, 1897 
(Trichogrammatidae); and Eretmocerus Haldeman 1850 (Aphelinidae). A. palmeri attracted the highest number 
of predators (150 specimens of Orius tristicolor), although it showed low diversity due to strong dominance by 
Anthocoridae (86.7%). In contrast, D. quercifolia and V. encelioides harboured the most diverse communities, with 
Shannon indices of 1.98 and 1.84 for parasitoids, respectively. Furthermore, H. laciniatus supported the highest 
abundance of parasitoids (64 individuals, 33% of total parasitoids), and, according to Generalized Linear Models 
(p < 0.05), this species exhibited significantly greater attraction than most other weed species.

Conclusions  Certain weed species, particularly those from the Asteraceae family, offer critical resources that support 
diverse communities of natural enemies in maize systems. H. laciniatus, D. quercifolia, and V. encelioides showed strong 
potential to enhance conservation biological control in arid agroecosystems. Integrating selected weed species 
into pest management strategies not only helps stabilize arthropod populations but also inspires the promotion of 
sustainable agriculture in the region.
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Background
Maize (Zea mays L.) is a crucial global crop for both food 
security and economic development. In the 2023–2024 
cycle, global production reached a record 1,228.1 million 
tons, with the United States being the largest producer 
with 31.7%, followed by China (23.5%) and Brazil (9.9%). 
Mexico ranks eighth, contributing 1.9% of production 
and 3.9% of consumption worldwide. Corn serves mul-
tiple roles, including human and industrial consumption, 
as well as animal feed, highlighting its strategic relevance 
(Fideicomisos Instituidos en Relación con la Agricultura 
[FIRA], 2024). Regionally, Mexico’s Laguna area, span-
ning Coahuila and Durango states, is a key dairy basin 
relying on forage crops like maize. In 2023, this region 
harvested 47,637 hectares of maize, producing over 
2 million tons worth around 2.47 billion Mexican pesos 
(El Siglo de Torreón 2023). Maize crops in this region are 
affected by various phytosanitary challenges, such as dis-
eases, insect pests, and weeds. Key insect pests include 
Spodoptera frugiperda (J.E. Smith, 1797) (fall armyworm) 
(Lepidoptera: Noctuidae), Helicoverpa zea (Boddie, 
1850) (corn earworm) (Lepidoptera: Noctuidae), Dia-
traea Guilding, 1828 (stem borers) (Lepidoptera: Cram-
bidae), and others, which collectively impose significant 
constraints on crop productivity (Hernández-Trejo et al. 
2019).

Weeds cause direct production losses by competing for 
nutrients, water, and light; however, they also serve a vital 
ecological role by promoting the diversity and persistence 
of natural enemies that regulate pest populations. Biolog-
ical control particularly that of conservation, promotes 
the activity, survival, and reproduction of indigenous nat-
ural enemies by maintaining or introducing weed species 
that provide essential resources such as nectar and pollen 
(Montoya and Toledo 2020). Although mechanized agri-
culture often demands simplification of plant diversity, 
strategic retention of key weed species within or around 
crops can enhance pest regulation, as demonstrated in 
various agroecosystems (Hatt and Döring 2024).

Research has shown that wild plant flowers within and 
adjacent to crop fields supply pollen and nectar critical 
for natural enemies, with flower strips being one effective 
method to augment these resources (Lundin et al. 2023). 
Studies on parasitoid Hymenoptera associated with veg-
etation cover, such as those conducted by Wibowo et al. 
(2023) reveal that diverse weed species—including inva-
sive taxa like Ageratum conyzoides L.1753 (Asterales: 
Asteraceae), Bidens pilosa L. 1753 (Asterales: Asteraceae) 
and Lantana camara L 1753 (Lamiales: Verbenaceae)—
can support parasitoid communities by providing food 
and habitat resources. Despite the recognized poten-
tial of natural enemies in biological control programs 
in Mexico, most existing studies are of a general scope 
and fail to address the specific weed species commonly 

associated with forage maize in the semi-arid regions 
of northern Mexico (López et al. 2004). There is limited 
information on entomophagous insects associated with 
locally dominant weeds such as Amaranthus palmeri S. 
Watson, Datura quercifolia Kunth, Solanum elaeagnifo-
lium Cav, Helianthus laciniatus A. Gray, Setaria adhae-
rens (Forssk.) Chiov, and Verbesina encelioides (Cav.) 
Benth. & Hook influences the attraction of natural ene-
mies in maize fields. This gap is relevant because maize 
is a strategic crop in the Comarca Lagunera, where pest 
outbreaks frequently compromise productivity.

In this context, the present study aims to identify the 
entomophagous insects associated with weed species 
present in forage maize in the Comarca Lagunera region, 
thereby contributing to the development of conservation 
biological control strategies. Understanding these plant-
insect interactions is crucial for optimizing integrated 
pest management (IPM). Weeds serve as critical sources 
of green biomass and habitat during crop dormancy, sup-
porting arthropod survival and helping maintain ecosys-
tem stability (Norris and Kogan 2000).

Methods
Study site
The study was carried out in 2021 at Rancho del Car-
men, a property of the Universidad Autónoma Chapingo 
(UACh), Unidad Regional Universitaria de Zonas Ári-
das, located in Bermejillo, Durango, Mexico (coordinates 
25.896316° N, 103.591838° W) at an altitude of 1120  m 
above mean sea level. According to the Köppen classifi-
cation, modified for Mexico, this area has an arid, semi-
warm climate with an annual average rainfall of 264 mm 
and extreme temperatures ranging from an average mini-
mum of 3.9  °C to an average high of 37.41  °C (García 
1973; CONANP 2006).

Field method
During the summer, an experimental plot of 0.5 ha was 
established with forage maize (Zea mays), no chemi-
cal fertilizers or pesticides were used during the crop 
management, allowing natural weed development. Dur-
ing the reproductive phase of maize (R1 to R5), the six 
most abundant weed species in their flowering stage were 
selected for insect sampling. For this study, a sampling 
unit was defined as all insects collected from the flowers 
of three randomly chosen weed plants of the same spe-
cies, with each set of three plants considered one inde-
pendent and equally probable sample from the available 
population in the study area. Adult specimens of insects 
were collected from each sample unit weekly over six 
weeks, using an entomological net. Collected specimens 
were killed in a lethal chamber with ethyl acetate and 
preserved in 70% ethanol within 250 ml containers.
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Taxonomic identification
Taxonomic identification of collected insects was based 
on observation of the external morphology. Parasitoid 
insects of the order Hymenoptera were identified using 
dichotomous keys and bibliography from Gauld and 
Bolton (1988), Goulet and Huber (1993), Gibson et al. 
(1997), Wharton et al. (1998) and Bahena (2008). Family, 
genus and species of predatory insects were determined 
using taxonomical keys from Garland (1985), Gordon 
(1985), Flint and Dreistadt (1998), and New (2001). The 
collected data was recorded in an Excel spreadsheet.

Data analysis
Relative abundance was calculated as the percentage of 
each insect family relative to the overall number of pred-
atory and parasitoid insects. Shannon–Wiener Diver-
sity Index (H’) and Simpson’s Diversity Index (D) were 
calculated to measure the diversity and equity of insect 
families. Margalef Richness Index was used to highlight 
the weed species rich in insect families. All indices were 
computed using the free software PAST version 4.17 
(Øyvind et al. 2020).

All statistical analyses were performed using R sta-
tistical software version 4.4.0. (R Core Team 2024). A 

Generalized Linear Model (GLM) was used to assess 
which weed types were best at attracting entomophagous 
insects. Early data analysis revealed over dispersion, thus 
a negative Binomial Distribution was used. The model 
included weed species as a fixed effect since they were the 
key element of interest. The sample week was included as 
a random factor effect to account for the repeated mea-
sures sampling design (weekly sampling over six weeks 
on the same sites but no individual plant identification). 
The GLM was fitted using the lme4 package (Bates et al. 
2015). Following model fit, a post-hoc Turkey pairwise 
test was performed to find specific differences in insect 
attraction, with a significance level of 0.05. These com-
parisons were made using the emmeans package (Lenth 
2025).

Results
The predominant weed species were Amaranthus palm-
eri S. Watson, Datura quercifolia Kunth, Solanum elaeag-
nifolium Cav, Helianthus laciniatus A. Gray, Setaria 
adhaerens (Forssk) Chiov, and Verbesina encelioides 
(Cav.) Benth. & Hook (Fig. 1). The total number of insects 
collected was 2,364. Our interest focused on entomopha-
gous insects, which accounted for 17.08% (404) (Table 1).

Fig. 1  Weed species associated with forage maize. A: Amaranthus palmeri; B: Helianthus laciniatus; C: Solanum elaeagnifolium; D: Datura quercifolia;E: 
Setaria adhaerens; F: Verbesina encelioides.
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Predatory insects
Out of the total number of entomophagous insects, 211 
were predators. Eight families from four orders were 
identified: Diptera, Coleoptera, Hemiptera, and Neu-
roptera. Figure 2 depicts the families for each order and 
weed species.

Genus and species of predatory insects were identi-
fied. From the Coccinellidae family, ten specimens of 
Hippodamia convergens Guérin-Méneville, 1842 were 

obtained from all weed species, except in V. encelioi-
des. In addition, Scymnus Kugelann was identified with 
two specimens, one on D. quercifolia and another on S. 
elaeagnifolium. From the Syrphidae family, the genus 
Toxomerus Macquart, 1855 was identified on A. palm-
eri, H. laciniatus and S. elaeagnifolium; and the genus 
Allograpta Osten Sacken, 1875 was only identified on V. 
encelioides. From the Chrysopidae family, twelve adults 
of Chrysoperla carnea (Stephens, 1836) were identified, 

Table 1  Insects collected from the flowers of six weeds species over six weeks
Species Weeks Total

1 2 3 4 5 6
Amaranthus palmeri S. Watson 20 79 27 154 125 71 476

Datura quercifolia Kunth 17 42 23 63 31 55 231

Solanum elaeagnifolium Cav. 49 99 106 72 168 47 541

Helianthus laciniatus A. Gray 67 51 105 54 103 53 433

Verbesina encelioides (Cav.) Benth. & Hook 26 59 19 48 40 21 213

Setaria adhaerens (Forssk.) Chiov 30 81 46 54 194 65 470

Total 209 411 326 445 661 312 2364

Fig. 2  Abundance of predatory families collected from the six weed species
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with five specimens on D. quercifolia, three on A. palm-
eri, two on S. adhaerens and one of each on S. elaeagnifo-
lium and V. encelioides.

Regarding the genus and species of Hemiptera (Fig. 2), 
Anthocoridae was present in all six weed species. From 
this family, the species Orius tristicolor (White, 1879) 
was identified with 150 specimens, and Orius insidiosus 
(Say, 1832) with two specimens. Other genus and species 
identified were Nabis (Latreille, 1802) (Nabidae); Spana-
gonicus albofasciatus (Reuter 1907) (Miridae); Geocoris 
uliginosus (Say, 1831) (Lygaeidae); and Zelus tetracanthus 
Stål, 1862 (Reduviidae).

Diversity indices. Shannon’s diversity index indicated 
an increased diversity of predatory insect families in 
the weed S. elaeagnifolium. On the other hand, Simp-
son’s diversity index reveals that D. quercifolia displays a 
greater diversity of insect families. Toward the Margalef 
index, S. elaeagnifolium achieved the highest scores. 
The highest values for dominance were recorded in A. 

palmeri indicating that it is the species with the lowest 
insect diversity (Table 2).

The GLM analysis showed non-statistically significant 
differences among weed species in their ability to attract 
predatory insects (Fig. 3). This indicates that predator 
abundance was relatively similar across the six weeds 
evaluated.

Parasitoids insects
Of the total number of entomophagous insects, 193 were 
parasitoids from 12 families of the order Hymenoptera. 
Braconidae and Mymaridae had the most specimens (65 
and 63, respectively), followed by Trichogrammatidae 
(26). The weeds with most of these insects were H. lacini-
atus, S. adhaerens, A. palmeri, and S. elaeagnifolium (Fig. 
4).

In H. laciniatus 50 and 14 specimens were identified, 
corresponding to families Braconidae and Mymaridae, 
respectively. Among the Braconidae, the genus Lysiphle-
bus Foerster, 1862 was identified. The Mymaridae were 

Table 2  Predatory insects’ diversity indices
Indices Weed species

Amaranthus 
palmeri

Helianthus 
laciniatus

Datura quercifolia Solanum 
elaeagnifolium

Setaria adhaerens Verbesina 
encelioi-
des

Dominance 0.75 0.59 0.28 0.30 0.50 0.54

Simpson
( 1 − D)

0.24 0.40 0.71 0.69 0.49 0.45

Shannon (H) 0.60 0.88 1.31 1.41 0.97 0.84

Margalef 0.97 1.06 0.97 1.31 0.95 0.80

Fig. 3  Statistical pairwise comparisons of weed species. Horizontal axis: Z-statistic values. Gray bars represent statistically no significant differences (P > 
0.05)
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present in the six weed species. In the family Tricho-
grammatidae, the genus Aphelinoidea Girault 1911, Oli-
gosita Walker 1851, Trichogramma Westwood 1833, and 
Paracentrobia Howard 1897 were identified; as being in 
greater abundance in S. adhaerens (14 specimens). In the 
Aphelinidae family, the genus Eretmocerus Haldeman 
was identified.

Diversity indices. The highest Shannon index for para-
sitoids was found in D. quercifolia, along with the highest 
values for Simpson’s and Margalef ’s indices. The greatest 
levels of dominance were recorded in the weed H. lacini-
atus (Table 3).

The GLM test revealed that all comparisons of H. lacin-
iatus to the other species were statistically significant. 
Post-hoc comparisons corroborated these findings except 

Table 3  Parasitoid insects’ diversity indices
Indices Weed species

Amaranthus 
palmeri

Helianthus 
laciniatus

Datura quercifolia Solanum 
elaeagnifolium

Setaria adhaerens Verbesina 
encelioi-
des

Dominance 0.42 0.44 0.11 0.25 0.26 0.15

Simpson (1−D) 0.58 0.56 0.89 0.75 0.74 0.85

Shannon (H) 1.33 1.22 1.98 1.74 1.47 1.84

Margalef 1.80 1.37 2.40 2.10 1.38 2.01

Fig. 4  Abundance of parasitoid families collected from the six weeds

 



Page 7 of 9García-González et al. Egyptian Journal of Biological Pest Control           (2025) 35:41 

for H. laciniatus vs. S. adhaerens ( p = 0.176). There were 
non-significant differences among the other weed spe-
cies (Fig. 5). Based on these results, H. laciniatus was the 
weed species most likely to attract parasitoid insects in 
our study.

Discussion
A. palmeri exhibited the highest absolute abundance 
of predatory insects among the weed species analyzed, 
although it did not present the greatest insect diversity. 
This high abundance is primarily attributed to the spe-
cific dominance of the Anthocoridae family, which rep-
resented 86.66% of the predatory insects recorded in this 
species. While A. palmeri was notable for the number 
of predatory insects, it ranked third in parasitoid abun-
dance—a position it shared with S. elaeagnifolium—and 
displayed the second highest level of parasitoid domi-
nance. As a result, this weed showed the lowest values of 
diversity and evenness, as indicated by the Simpson and 
Shannon indices. Beyond its entomological associations, 
A. palmeri is recognized as a highly competitive species 
with crops, particularly in terms of nutrient, light, and 
water uptake. Nevertheless, if managed appropriately—
through strategies such as limiting its spread, diversifying 
crop rotations, adjusting planting schedules and spacing, 
and incorporating cover crops (Oliveira et al. 2022)—A. 
palmeri could function as a reservoir or attractant for 
beneficial predatory insects. The success of this strategy 
depends on crop type, local predator and pest assem-
blages, landscape features, and management practices 

(Cloyd 2020); therefore, the results of this study encour-
age further research into the use of A. palmeri as an 
attractant for beneficial insects.

In contrast, V. encelioides and D. quercifolia had low 
dominance and high Shannon and Simpson indices, 
indicating better diversity and evenness in the preda-
tory insect composition. This diversity is related to the 
presence of multiple families of predators and a more 
balanced distribution of relative abundances. A similar 
pattern was observed in the parasitoid population associ-
ated with these weed species, particularly D. quercifolia, 
which had the highest values for both diversity and even-
ness. Furthermore, the Margalef index showed the great-
est values for both species in relation to predators and 
parasitoids. These results suggest that V. encelioides and 
D. quercifolia offered a great structural heterogeneity and 
floral or extrafloral resources that favor the functional 
diversity of entomophagous insects. Therefore, these 
weeds could play an important role in strengthening bio-
logical control within agroecosystems (Salas-Araiza et al. 
2023).

The study by James et al. (2018) highlights the impor-
tance of weeds belonging to the Asteraceae family as key 
habitats for beneficial arthropods, demonstrating that 
Artemisia tridentata harbors a high abundance of these 
organisms, 92% of which are parasitoid wasps. The rich-
ness and abundance of these arthropods increase signifi-
cantly during the autumn flowering of A. tridentata. In 
line with these findings, two weed species belonging to 
this family were identified in the present study, suggesting 

Fig. 5  Statistical pairwise comparisons of weed species. Horizontal axis: Z-statistic values. Gray bars represent statistically no significant differences. Red 
bars represent statistically significant differences (P < 0.05)
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that H. laciniatus could be a particularly favorable habitat 
for parasitoids. Generalized Linear Models (GLM) com-
parisons indicated statistically significant differences in 
the attraction of parasitoid insects between H. laciniatus 
and the other weed species, except for the comparison to 
S. adhaerens. Non-significant differences were detected 
among the other weed species, positioning H. lacini-
atus as the species with the greatest potential to attract 
parasitoids in our study. This attraction may be related to 
several floral traits of H. laciniatus. Specifically, members 
of the Helianthus are characterized by composite inflo-
rescences with numerous small, tubular florets, which 
provide easily accessible nectar and pollen to insects with 
short mouthparts, such as many hymenopteran parasit-
oids (Straser et al. 2024). Furthermore, the prolonged 
flowering period of H. laciniatus in semi-arid regions 
ensures a continuous resource supply during critical 
stages of parasitoid activity (Jocković et al. 2025). Addi-
tionally, the nectar composition in Helianthus species 
is typically rich in sugars, such as sucrose, glucose, and 
fructose, which enhance the longevity and fecundity of 
parasitoids (Jocković et al. 2025). Taken together, these 
functional traits may explain the high abundance of para-
sitoids recorded on H. laciniatus in our study.

On the other hand, although V. encelioides provided the 
greater contribution to the predator community, GLM 
indicated non-statistically significant differences in the 
attraction of predatory insects among the weed species 
tested. This finding is consistent with earlier research, 
which has found that the number of generalist preda-
tors may be less affected by specific variations across 
host plant species, especially when prey availability is 
homogeneous (Wan et al. 2020). The presence of a wide 
range of insect groups, including Hymenoptera, Diptera, 
Coleoptera, and Hemiptera, showed the complexities of 
plant-insect interactions in these systems, as well as the 
multifunctional role that weeds from the Asteraceae fam-
ily may play in agroecosystems.

Conclusions
The findings of the study are significant, as they pres-
ent a pioneering report on beneficial insects associated 
to six weeds species in the semi-arid region of Durango, 
Mexico, thereby expanding our knowledge and under-
standing of their distribution and potential use for bio-
logical control in various agricultural environments. The 
relative abundance of A. palmeri makes it an important 
weed for attracting predatory insects, especially those 
of the Anthocoridae family, which prey on soft-bodied 
insects. On the other hand, our results reinforce the 
importance of conserving and managing wild Asteraceae, 
confirming and expanding the ecological importance of 
this family in attracting and maintaining entomophagous 
insect families, such as H. laciniatus and V. encelioides. 

This establishes a precedent for the development of new 
projects, including proposals for crop management asso-
ciated with these weed species, so contributing to biolog-
ical control conservation programs and reducing the use 
of synthetic agrochemicals.
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