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ABSTRACT 
conventional oil palm plantations, characterized by monocropping practices, are susceptible 
to pest infestations due to the lack of diversity in crop composition. this reliance on 
monoculture often necessitates heavy pesticide use, posing considerable risks to human 
health, the environment, and biodiversity. in contrast, regenerative agricultural approaches 
support ecosystem services, such as natural pest control, thereby reducing pesticide 
dependency and promoting biodiversity while maintaining productivity. the present study 
examined the composition of arthropod assemblages and understory plant species in 
chemical-free oil palm plantations, comparing farms with the integration of non-crop plant 
beds to those without intervention. We established either 10 square plant beds measuring 
3 × 3 m or three rectangular beds measuring 9 × 3 m between the planting rows at each 
experimental plot. Using coloured pan traps and sticky traps, we assessed the relationship 
between understory plant species richness and arthropod assemblages, including the number 
of arthropod families, overall abundance, and selected trophic guilds. our findings reveal that 
the integration of non-crop plant mixtures significantly enhances the number of arthropod 
families, as well as the abundance of predatory and phytophagous arthropods. moreover, we 
observed that arthropod assemblages, most notably the number of families, overall abundance, 
abundance of scavengers and predators were significantly and positively correlated with the 
number of understory vegetation species. the study highlights the potential of establishing 
non-crop plant bed as a practical approach to enhancing habitat complexity for natural 
enemies, thereby fostering biodiversity and contribute to the resilience and functioning of 
agroecosystem within monoculture plantations.

1.  Introduction

conventional oil palm plantations are characterized 
by homogeneity, where a single crop is cultivated at 
standardized distances and ages to maximize pro-
duction and productivity. While this strategy can 
increase yields and economic benefits, it comes at 
the expense of an ecological paradox (azhar et  al., 
2015; Zemp et  al., 2023). the expansion of monocul-
tural crops and simplified landscapes reduces 
non-crop habitats, potentially exacerbating pest 

damage in crops (segoli & Rosenheim, 2012). these 
landscapes often lack stand- and landscape-scale 
heterogeneity (Kovács-hostyánszki et  al., 2017; yahya 
et  al., 2023), contributing to frequent outbreaks of 
agricultural pests, including foliage-eating insects. 
Vast expanses of uniform lush vegetation of oil palm 
provide an ideal breeding ground and abundant 
food source for certain oil palm insect pests includ-
ing bagworms (e.g. Metisa plana, Pteroma pendula, 
and Mahasena corbetti), nettle caterpillars (Darna 
metaleuca), and rhinoceros beetles (Oryctes rhinoceros) 
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(chung, 2012; Fauzana et  al., 2019; Wood & 
Kamarudin, 2019). Furthermore, the absence of natu-
ral predators, which are normally present in diverse 
ecosystems, exacerbates the potential of pest out-
breaks in oil palm monocroppings (ashraf et  al., 
2019). a recently published study showed that 
stand-level habitat complexity serves important roles 
in attracting and supporting natural predators and 
provision of their services in heterogeneous oil palm 
cultivation (Denan et  al., 2023; nobilly et  al., 2023).

to date, monocropping oil palm plantations have 
heavily relied on synthetic insecticides like cyper-
methrin and lambda-cyhalothrin to control agricul-
tural pests (salim et  al., 2015; yap, 2000). however, 
the extensive use of these pesticides in cultivated 
landscapes has raised significant concerns among 
scientific communities due to their adverse effects 
on human health, the environment, and biodiver-
sity (Dhananjayan et  al., 2020; Rani et  al., 2021; 
tohiran et  al., 2017). Despite their short-term effec-
tiveness in reducing pest populations, prolonged 
pesticide usage can lead to resistance in pests, 
necessitating the use of harsher chemicals and per-
petuating a harmful cycle (alyokhin & chen, 2017; 
houndété et al., 2010; martin et al., 2000). moreover, 
pesticides, can harm non-targeted organisms, dis-
rupting ecosystems and impacting essential ser-
vices such as pollination and natural pest control 
(Power, 2010; sabatier et  al., 2013; tillman & 
mulrooney, 2000).

in response to the ecological challenges posed by 
monoculture practices, recent efforts have focused 
on enhancing ecosystem services in agricultural land-
scapes. initiatives such as the European common 
agricultural policy promote greening measures by 
establishing ecological focus areas and agricultural 
environmental schemes such as flower strips 
(hermoso et  al., 2022). these measures aim to pro-
vide diverse habitats, including restored grasslands 
and flower strips, to bolster insect biodiversity and 
support essential ecosystem services like pollination 
and pest control. such measures have been practiced 
in various contexts, including grasslands (hussain 
et  al., 2023), apple orchards (Zhang et  al., 2022), olive 
plantations (Karamaouna et  al., 2019), tobacco fields 
(toennisson et  al., 2019), and others. additionally, the 
importance of floral resources provided by weed 
communities in fields with low herbicide use is 
increasingly recognized for supporting arthropod 
predator and parasitoids (géneau et  al., 2012; 
middleton et  al., 2021). therefore, strategies aimed at 
conserving wild plants in field margins and maintain-
ing weed diversity in crop fields specifically in oil 

palm agroecosystem are advocated to promote sus-
tainable agricultural practices.

With growing numbers of scientific literature cit-
ing the negative effects of pesticides reliance, there 
is an urgent need for alternative pest management 
strategies that reduce reliance on synthetic pesti-
cides. integrated pest management (iPm) principles 
have emerged as a viable approach for sustainable 
agricultural pest management in oil palm production 
landscapes (caudwell, 2000). For instance, adopting 
and utilising natural predators to control agricultural 
pests is one of the most adopted principles of iPm. 
a natural biological control mechanism is established 
by introducing and fostering the presence of benefi-
cial species to provide top-down control of agricul-
tural pests (e.g. Jamian et  al., 2017; mulyana et  al., 
2020; murgianto et  al., 2022). the use of this control 
mechanism helps to sustain manageable pest popu-
lations and reduce the need for chemical interven-
tion (Zainal abidin et  al., 2021). through the 
implementation of conservation biological control, 
oil palm growers can achieve a more sustainable and 
environmentally friendly way to maintain crop pro-
ductivity and yield, as well as biodiversity and eco-
system services within the cultivation landscapes.

integration of non-crop beneficial plants in oil 
palm cultivation is a promising strategy to enhance 
pest regulatory services by arthropod natural preda-
tors (i.e. predatory insects and parasitoids) (calvert 
et  al., 2019; Karamaouna et  al., 2019). agriculture sys-
tems that incorporate an array of beneficial plants 
are expected to sustain a healthy population of nat-
ural predators, providing varied microhabitats and 
resources (e.g. nectar and shelter) for targeted inver-
tebrate species (chen et al., 2019; albrecht et  al., 
2020; sulaiman & talip, 2021). Embracing this 
approach will not only contribute to the suppression 
of phytophagous insects but also allow oil palm 
growers to foster a more resilient and balanced eco-
system, promoting better soil health, a lower carbon 
footprint, ecological balance and supporting sustain-
able oil palm cultivation practices, while minimising 
the reliance on synthetic pesticides.

the study aims to determine if the implementa-
tion of non-crop plant beds can improve the assem-
blages of beneficial arthropods in chemical-free oil 
palm plantations. We hypothesize that the number 
of understory plant species influenced arthropod 
assemblages and predicted that arthropod families 
and arthropod overall abundance, as well as the 
abundance of certain trophic guilds are higher in 
integrated oil palm plantations compared to 
non-integrated sites. During the study, we sought 
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answers to the following questions: (1) Do arthropod 
assemblages, namely number of arthropod families, 
arthropod overall abundance, and abundance of 
selected trophic guilds (i.e. decomposer, parasitoid, 
phytophagous, pollinator, predator, and scavenger) 
correlate with the number of understory plant spe-
cies? (2) Do arthropod assemblages differ between 
integrated and non-integrated oil palm plantations? 
the findings of this study could have wide-ranging 
implications for the oil palm industry, offering a 
potential practical conservation biological control 
that fosters a more harmonious relationship between 
productivity and sustainability. overall, this study is 
not only scientifically relevant but also crucial for 
advancing sustainable agricultural practices and safe-
guarding ecological integrity within human modified 
production landscapes.

2.  Methods

2.1.  Study plots

the study included surveying eight oil palm mono-
culture smallholdings from august to october 2022. 
Four experimental plots included non-crop plant 

beds (i.e. neoh ah seng – Plot iD 332, 4°12’34.99”n, 
101°7’50.00”E; chia Voon hong – Plot iD 172, 
4°11’22.89”n, 101°8’23.69”E; Razali – Plot iD 1690, 
4°13’34.83”n, 101°8’36.33”E; mat Jailani – Plot iD 
1618, 4°14’4.07”n, 101°9’8.79”E) and four witness 
plots did not receive treatment (i.e. neoh ah seng 
– Plot iD 331, 4°12’34.99”n, 101°7’36.18”E; mat 
Jailani – Plot iD 1533, 4°14’9.06”n, 101°9’3.32”E; hor 
Kim Peow – Plot iD 1577, 4°11’27.16”n, 101° 
8’19.53”E; Razali – Plot iD 1691, 4°13’40.63”n, and 
101°8’43.51”E) (Figure 1). the eight farms selected 
for this study are participants of the Wild asia Bio 
program which have been adopting 
agrochemical-free and regenerative agriculture prac-
tices. the sampling plots were situated amidst a 
landscape characterised by predominantly agricul-
tural matrices, interspersed with roads and settle-
ments, all exhibiting a remarkable similarity. at each 
experimental plot, we established either 10 square 
plant beds measuring 3 × 3 m or three rectangular 
beds measuring 9 × 3 m between the planting rows. 
Each plant bed was planted with the following 
common non-crop plant species. these species 
include native species such as Clerodendrum panicu-
latum (Pagoda Flower), Melastoma malabathricum 

Figure 1. Map of Peninsular Malaysia showing the location of the control (witness) and experimental plots.
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(straits Rhododendron), Ocimum basilicum (thai 
Basil), Urena lobata (Pink Burr), and/or Vitex negundo 
(chinese chaste tree). additionally, common natu-
ralised plants include Senna tora (Foetid cassia), 
Coleus monostachyus (monkey’s Potato), Euphorbia 
hirta (hairy spurge), and/or Duranta erecta (golden 
Dew Drop). the number of non-crop plants in each 
plant bed varies depending on the design. in square 
plant beds, there are 20 plants comprising 4 spe-
cies, whereas rectangular plant beds contain 60 
plants with 9 species. additionally, all plant beds 
were divided into compartments for each plant cat-
egory, including nectar, pollen, refuge, and extraflo-
ral nectaries (supplementary table s1). however, the 
actual number of non-crop plants varies after bed 
establishment, due to differences in germination 
success and/or plant mortality. in contrast, all 
understory vegetation occurred within the witness 
plots were naturally growing volunteer plants.

2.2.  Study design

Eighty sampling points with a dimension of 3 m 
width × 3 m length were established throughout the 
study, with 10 sampling points designated for each 
plot. For the experimental plots, sampling points 
were established within the centre of the plant beds. 
as for the witness plots, sampling points were 
located between the oil palm planting rows. a sam-
pling visit was conducted once across all study 
locations.

2.3.  Plant survey

the plant survey involved quantifying the number of 
plant species within the sampling points, encom-
passing both woody and non-woody plants. Each 
identified plant was classified to the species level 
using published literature and potential resources 
(e.g. Plants of the World online). Furthermore, the 
survey identified the locality status (exotic or native) 
and resources provided by each plant (nectar, pollen, 
refuge, and/or extrafloral nectaries).

2.4.  Insect sampling

at each sampling point, one yellow pan trap and 
one blue pan trap of the same dimensions were 
used to maximize arthropod sampling from differ-
ent insect groups (campbell & hanula, 2007; 
Vrdoljak & samways, 2012). moreira et  al. (2016) 
demonstrated group-specific colour appeal which 

suggested that wasps were much more drawn to 
the yellow pan traps and bees to the blue ones. in 
addition, blue pan traps are also suggested to be 
more attractive to other insects including 
lepidopteran (e.g. hesperiidae) and Dipteran (e.g. 
syrphidae) (campbell & hanula, 2007). however, 
many bee species are known to be attracted to the 
yellow colour (leong & thorp, 1999). Pan traps were 
laid flat at ground level and filled with 0.5 l of 
water. then, detergent was added to break the sur-
face tension of the water and salt as preservation 
agent. the applied ratio of water, detergent, and 
salt is 8:1:1. Each pan trap was active for a period 
of 24 hours. in addition to pan traps, one yellow 
sticky trap and one blue sticky trap, or glue-coated 
plastic boards (20 cm length × 12 cm width) were 
deployed at each sampling point. yellow and blue 
sticky traps were utilised to target specific benefi-
cial and pest insect groups (atakan & Pehlivan, 
2015). Each sticky trap was attached to a galvanized 
wire and/or hung on oil palm fronds and under-
story plants for a period of 24 hours. captured 
insects were stored in specimen bottles filled with 
75% alcohol solution. the specimens were identi-
fied to an arthropod family and assigned to groups 
based on trophic guild (table 1, supplementary 
table s2). corresponding to the optimum bloom 
density of the plant beds three months after estab-
lishment, arthropod populations were sampled from 
august to october 2022.

2.5.  Data analysis

spearman’s rank correlation test was used to exam-
ine the degree of association of understory vegeta-
tion species and eight predictor variables. as the 
response variable, the number of understory vege-
tation plant species was correlated individually 
against each predictor variable, including the num-
ber of arthropod families, overall arthropod abun-
dance, and the abundance of selected trophic guilds 
(i.e. decomposer, parasitoid, phytophagous, pollina-
tor, predator, and scavenger) (supplementary table 
s1). then, one-way anoVa with blocking was used 
to compare arthropod assemblages between wit-
ness and experimental plots. there were four blocks 
in total; each block consisted of one witness and 
one experimental plot in proximity with distance 
less than 100 m apart. spearman’s rack correlation 
and one-way anoVa were conducted with genstat 
(Vsn international ltd., hemel hempstead, United 
Kingdom).

https://doi.org/10.1080/23311932.2024.2367383
https://doi.org/10.1080/23311932.2024.2367383
https://doi.org/10.1080/23311932.2024.2367383
https://doi.org/10.1080/23311932.2024.2367383
https://doi.org/10.1080/23311932.2024.2367383
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3.  Results

3.1.  Arthropod general patterns

overall, a total of 4,767 arthropods consisted of 104 
arthropod families and 11 orders were recorded 
throughout the survey (table 1, supplementary table 
s2). Diptera made up the largest number of families 
recorded (25 families), followed by hymenoptera (22 
families) and coleoptera (18 families). the arthropod 
orders with the lowest number of families were 
Blattodea, isopoda, and mantodea, with only one 
family recorded for each.

3.2.  Relationships between number of plant 
species and predictor variables

the results showed weak positive correlations between 
the number of plant species with number of arthro-
pod families and abundance of scavengers (table 2). 
While, the correlation tests showed moderate positive 
association between the number of plant species with 
abundance of arthropods and predators (table 2).

3.3.  Effects of treatment on arthropod 
assemblages

Based on anoVa, there were significant differences 
(p < 0.05) in number of arthropod families, as well as 
the abundance of phytophagous and predators 
between witness and experimental plots. We found 
the number of arthropod families was significantly 
greater in experimental compared to witness plots 
(table 3). the abundance of phytophagous was sig-
nificantly greater in experimental compared to wit-
ness. similarly, the abundance of predators was 
significantly greater in experimental compared to 

witness plots (table 3). there was no significant dif-
ference in the arthropod assemblages between plant 
bed design (square and rectangular).

4.  Discussion

the correlation analysis highlights the role of under-
story vegetation as key habitat features for 

Table 1. Summary statistics of explanatory variables between witness and experimental plots.

Variable

Control experimental

Mean Median Minimum Maximum Mean Median Minimum Maximum

number of plant 
species

8.4 8 5 14 10.5 11 2 14

number of arthropod 
families

15.12 16 4 22 17.22 17 10 26

Abundance of 
arthropods

54.67 43 9 207 64.5 63 33 155

Abundance of 
decomposers

3 1 0 52 1.975 1.5 0 10

Abundance of 
parasitoids

4.15 4 0 17 5.275 4.5 0 19

Abundance of 
phytophages

16.47 13 0 101 25.87 19.5 3 117

Abundance of 
pollinators

0.55 0 0 2 0.325 0 0 2

Abundance of 
predators

5.575 4 0 26 10.57 9 1 33

Abundance of 
scavengers

24.93 18.5 3 167 20.48 18.5 8 55

Table 2. Spearman’s rank correlation results showing the 
degree of association between number of plant species and 
predictor variables.

Correlation Probability

number of arthropod families 0.336 0.003
Abundance of arthropods 0.423 <0.001
Abundance of decomposers 0.162 0.279
Abundance of parasitoids 0.210 0.083
Abundance of phytophages 0.175 0.138
Abundance of pollinators 0.317 0.206
Abundance of predators 0.408 <0.001
Abundance of scavengers 0.270 0.018

Table 3. results of one-way AnoVA comparing the insect 
assemblages between witness and experimental plots.

Predictor variable treatment Mean
Variance 

ratio p-Value

number of 
arthropod 
families

Control 15.13 7.14 0.009
experimental 17.23

Abundance of 
arthropods

Control 54.7 2.05 0.157
experimental 64.5

Abundance of 
decomposers

Control 3.00 0.49 0.486
experimental 1.97

Abundance of 
parasitoids

Control 4.15 2.42 0.124
experimental 5.28

Abundance of 
phytophages

Control 16.5 5.04 0.028
experimental 25.9

Abundance of 
pollinators

Control 0.550 2.88 0.094
experimental 0.325

Abundance of 
predators

Control 5.58 15.22 <.001
experimental 10.57

Abundance of 
scavengers

Control 24.9 0.83 0.365
experimental 20.5

https://doi.org/10.1080/23311932.2024.2367383
https://doi.org/10.1080/23311932.2024.2367383
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arthropod communities in oil palm cultivation. the 
results showed that arthropod assemblages, most 
notably the overall abundance, abundance of preda-
tors, number of families, and abundance of scaven-
gers were significantly and positively correlated with 
the number of understory vegetation species. this 
underscores the potential of plant beds to maintain 
diverse arthropod communities and enhance natural 
predation within oil palm plantations. in the case of 
the treatment plots, the integration of flowering 
plants through plant bed establishment potentially 
provided a supplementary floral resource for certain 
arthropods which are often limited within conven-
tional oil palm plantations. For instance, native plant 
species such as Melastoma malabathricum have been 
shown to sustain diverse insect pollinators in oil 
palm and rubber plantations (siregar et  al., 2016). in 
addition to offering refuge, nectar, and pollen, 
Melastoma malabathricum is recognized for produc-
ing ant attractants (extrafloral nectaries), which are 
known to draw in biological control agents, such as 
weaver ants (gonzálvez et  al., 2013). other common 
plant species that offer a wide range of resources for 
insects include Cassia tora, which provides nesting 
and shelter opportunities (Pokharel et  al., 2023); 
Clerodendrum paniculatum, which attracts phytopha-
gous insects, serving as food resources for arthropod 
predators (mathew & anto, 2007); and Mallotus bar-
batus and Urena lobata, which offer extra floral nec-
taries for insects, including predators (Kato et  al., 
2008; saini & Raina, 2022) (see supplementary table 
s1). yet, other plants that provide a small range of 
resources, including non-flowering plants are vital for 
insects. a study by huang et  al. (2021) revealed that 
plants characterized by distinctive inflorescence 
structures offer a conducive refuge for beneficial 
insects, shielding them from adverse environmental 
conditions. these findings align with previous study 
in Peninsular malaysia, which emphasises the role of 
such plants in fostering favourable microclimates 
(ashraf et  al., 2019).

our study demonstrates that the integration of 
non-crop plant mixtures with varying patch dimen-
sions (square, 3 × 3 m or rectangular, 9 × 3 m) signifi-
cantly enhances arthropod diversity within oil palm 
plantations. Experimental plots exhibited a pro-
nounced richness in number of arthropod families 
compared to the witness plots. our results suggest 
that even small patches of diverse flora strategically 
placed within oil palm plantations can contribute 
positively to arthropod biodiversity. according to our 
findings, enhancing the diversity of understory vege-
tation through the inclusion of non-crop plant beds 

within oil palm plantations results in a 15% increase 
in arthropod family richness. indeed, integration of 
non-crop and/or small crop plants is beneficial for 
biodiversity in homogenous oil palm plantations and 
has shown to improve biodiversity by improving 
habitat structural complexity, increasing variation of 
microhabitats and resources (Jamian et  al., 2017, 
ashraf et  al., 2018). maintaining diverse plant com-
munities within oil palm cultivation could have huge 
positive impacts on above- and below-ground biodi-
versity (ashton-Butt et  al., 2018; luke et  al., 2019). 
however, this emphasizes the necessity for a 
well-thought-out spatial arrangement that incorpo-
rates designated plant beds within oil palm plots. 
this arrangement proves particularly advantageous 
considering the limited flight range (ranging from 80 
to 400 m) of beneficial insects. the results were con-
sistent with those related to other plants (such as 
Turnera subulata, Senna cobanensis, and Antigonon 
leptopus), which are introduced into traditional oil 
plantations in Peninsular malaysia as integrated pest 
management programs (Jamian et  al., 2017).

Understory diversification has the potential not 
only to attract but also to sustain existing biodiver-
sity populations (aratrakorn et  al., 2006; luke et  al., 
2019; nobilly et  al., 2022), particularly focusing on 
beneficial species that play pivotal roles in provid-
ing a wide array of ecosystem services. Previous 
studies showed that establishment of wild and/or 
introduced flowering plants has proven to be an 
effective strategy for enhancing critical ecosystem 
services such as pollination, natural predation, and 
nutrient cycling across diverse crop systems (calvert 
et  al., 2019; carvalheiro et  al., 2012; Karamaouna 
et  al., 2019; Kleijn et  al., 2011; Zhang et  al., 2022). 
in our case, non-crop plant beds improve the per-
sistence of natural predators, thus improving the 
provision of natural predation in oil palm cultiva-
tion. certain predatory insects (e.g. Reduviidae and 
carabidae) have been reported to thrive in oil palm 
plantations integrated with non-crop plants (Jamian 
et  al., 2017), as well as small crop plants (ashraf 
et  al., 2018). albrecht et  al. (2020) synthesized evi-
dence indicating that flower strips can significantly 
contribute to conservation biological control, 
accounting for up to 16% of pest control services 
within neighbouring crops. the provision of diverse 
resources by plants, including shelter, nectar, alter-
native prey/hosts, and pollen, substantially contrib-
utes to the survival and dynamics of insect 
populations, amplifying their functional signifi-
cance, especially in predation, within adjacent 
crops (Peñalver-cruz et  al., 2020). in our field 

https://doi.org/10.1080/23311932.2024.2367383
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experiment, non-crop flowering plants with open 
floral structure such as Clerodendrum paniculatum, 
Ocimum basilicum, and Vitex negundo favor natural 
predators within oil palm plantations. Flowering 
plants with open floral structures offer higher glu-
cose and fructose levels (campbell et  al., 2012). 
this suggests that the floral structure of plant spe-
cies has a great influence on the assemblage of 
natural enemies. Flowering plants can influence 
predatory insect richness and abundance through 
plant volatiles (Dötterl & Vereecken, 2010), visual 
cues (Begum et  al., 2004), and floral resources 
(tscharntke et  al., 2005). thus, intercropping or 
maintaining plants with open floral structures can 
be considered as a well-practiced habitat manage-
ment measure that plays a positive role in biologi-
cal pest control.

our data showed that phytophagous arthropods 
tend to be more persistence within experimental 
plots. such findings may indicate that greater atten-
tion needs to be given with regards to non-crop 
plant species selection. certain plant species are 
known to attract phytophagous arthropods (Palmer 
& Pullen, 2001). yet, phytophagous insects attracted 
to plant beds also serve as food resources or hosts 
for predatory and parasitoid insects (campbell et  al., 
2017; Palmer & Pullen, 2001). Based on our field 
observations, non-crop plant species Urena lobata, 
have been observed to sustain phytophagous insect 
populations that attract biological control agents in 
oil palm landscapes. however, the specific interac-
tions between non-crop plants and phytophagous 
insects within oil palm cultivation prompt further 
investigation.

5.  Conclusion

adoption of regenerative agricultural practices that 
enhances arthropod diversity should be promoted 
within conventional monoculture plantations. our 
findings highlight the potential application of 
non-crop plant beds as a feasible option to increase 
habitat complexity that nurtures biodiversity and 
contributes to ecosystem resilience and functioning 
within monoculture plantations. however, a 
well-thought-out spatial arrangement that incorpo-
rates designated plant beds within oil palm plots is 
crucial. Furthermore, our findings underscore the cru-
cial role of non-crop plants in making a substantial 
contribution to local biodiversity. more research is 
needed on the interactions between non-crop plants 
and arthropod communities, focusing on their 
long-term effects on ecosystem services and 

feasibility in large-scale agriculture. the present study 
offers a crucial resource for oil palm farmers, estate 
managers and policymakers aiming to promote 
nature-based solutions applying ecological engineer-
ing and conservation biological control for insect 
pest control in palm oil production and the conser-
vation of local biodiversity within oil palm produc-
tion landscapes.
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