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Abstract  Companion cropping and biological con-
trol are among the best agronomic practices recom-
mended for ecologically sustainable management 
of the invasive fall armyworm (FAW), Spodoptera 
frugiperda J.E. Smith (Lepidoptera: Noctuidae). 
Companion plants may suppress the FAW popula-
tion by repelling the pest, disrupting host-plant loca-
tion and recruiting biocontrol agents such as parasi-
toids. These interactions are primarily mediated by 
plant-derived volatile organic compounds (VOCs). 

Understanding parasitoids’ responses to VOCs emit-
ted by companion plants enables selection of suitable 
cultivars to enhance biological control and design 
appropriate intercropping systems for effective FAW 
management. This study investigated behavioral and 
electrophysiological responses of a key FAW larval 
parasitoid, Coccygidium luteum Brullé (Hymenop-
tera: Braconidae), to odors from maize and differ-
ent companion crops used in maize-based intercrop-
ping systems. In an olfactometer bioassay, gravid 
C. luteum were attracted to volatiles from FAW-
damaged maize and intact companion plants (sweet 
potato, beans, groundnut) compared to control, but 
not to intact maize or cassava. Interestingly, females 
of C. luteum were equally attracted to volatiles from 
intact companion plants and FAW-damaged maize 
in multiple-treatment assays, suggesting that certain 
VOCs emitted by both plants may have ecological 
relevance. Chemical and electrophysiological analy-
ses identified several bioactive compounds in the 
companion plant volatiles, including (E)-2-hexenal, 
(Z)-3-hexenyl acetate, nonanal, (E)-β-ocimene, (E)-
4,8-dimethyl-1,3,7-nonatriene, decanal, (E)-nerolidol, 
and (E,E)-4,8,12-trimethyl-1,3,7,11-tridecatetraene, 
known to influence parasitoid foraging. These find-
ings provide further insight into the companion 
plants-FAW-parasitoid interactions and support the 
development of effective, economical, and environ-
mentally friendly FAW management strategies using 
companion cropping and biological control.
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Introduction

Plants naturally emit a wide range of volatile organic 
compounds (VOCs) from leaves, flowers, roots, etc. 
(Tamiru and Khan 2017; Kigathi et al. 2019; Malone 
et  al. 2022). These VOCs serve crucial ecological 
functions, including shaping species-specific odor 
profiles and mediating interactions between plants, 
herbivores, and natural enemies (Vivaldo et al. 2017; 
Clavijo McCormick et  al. 2023). The VOCs enable 
plants to defend themselves against pest attack by 
deterring herbivores and attracting pests’ natural 
enemies such as parasitoids, which have evolved 
to use the chemical cues to enhance their foraging 
efficiency and improve their ecological fitness 
(Tamiru et al. 2015a,b; Ali et al. 2022).

The fall armyworm (FAW), Spodoptera frugiperda 
J.E. Smith (Lepidoptera: Noctuidae), is a highly 
adaptable, polyphagous pest that has spread from 
the Americas to Africa, Asia, the Middle East, and 
Oceania (Goergen et al. 2016; Guimapi et al. 2022). 
The pest causes significant damage, especially to 
maize, with economic losses in sub-Saharan Africa 
alone estimated at 13 million US$  annually (Day 
et al. 2017; Harrison et al. 2019). Although synthetic 
insecticides have traditionally been used to combat 
this threat (Kumela et  al. 2018), mounting evidence 
of environmental and health risks (Kumela et  al. 
2018) and reports of pest’s resistance development 
against various classes of insecticides (Zhang et  al. 
2021), have spurred growing interest in ecologically 
sustainable methods to manage the FAW.

Agroecological methods such as intercropping 
offer a sustainable alternative to synthetic insecticides 
by exploiting plant-derived VOCs to influence 
pests’ behavior (Tamiru and Khan 2017; Schlaeger 
et  al. 2018). Volatiles from some companion plants 
have been shown to disrupt FAW foraging behavior 
and attract its natural enemies, such as parasitoids 
and predators (Harrison et  al. 2019; Sobhy et  al. 
2022; Peter et  al. 2023, 2024). Attracting natural 
enemies with companion plants enhance biocontrol 

for ecological pest management (Sobhy et  al. 2022; 
Huang et  al. 2024). A solitary larval parasitoid, 
Coccygidium luteum (Brulle) (Hymenoptera: 
Braconidae), has recently been discovered forming a 
new association with FAW in Africa (Agboyi et  al. 
2020). Parasitism by C. luteum has been reported 
to range between 8.3 and 89.0% depending on the 
location (Sisay et  al. 2019; Agboyi et  al. 2020), 
showing the parasitoid’s potential as an effective 
biological control agent against FAW pest.

Parasitoids navigating through diverse plant 
environments constantly encounter a rich array of 
plant-derived VOCs, but herbivore-induced plant 
volatile compounds (HIPVs) serve as a reliable 
cue for locating host habitats, helping parasitoids 
to  distinguish between infested and intact plants 
(Pareja et  al. 2007; Tamiru and Khan 2017; Kigathi 
et  al. 2019). Some companion plants constitutively 
emit VOCs that mimic HIPVs, enhancing parasitoid 
recruitment (Khan et al. 2010; Sobhy et al. 2022). In 
this study, we hypothesized that the odors released 
by selected companion crops commonly grown in 
maize-based intercropping systems could potentially 
enhance the foraging efficiency of parasitoids and 
thereby contribute to the biological control of FAW. 
To validate this hypothesis, we (1) compared the 
responses of C. luteum to volatiles from FAW-
infested maize, intact (undamaged) maize, and 
selected companion crops (cassava, sweet potato, 
groundnut, beans) in dual and multiple treatment 
combinations using a four-arm olfactometer, and 
(2) used chemical and electrophysiological analyses 
to detect, identify and compare bioactive volatiles 
capable of influencing the behavior of C. luteum.

Materials and methods

Plants and insects

Maize (SC Duma 43), beans (Punda), cassava, 
groundnut and sweet potatoes were procured from 
Simlaw Seeds Company, Kenya and grown in a 5  l 
pots (soil:organic manure, 2:1) inside a screenhouse 
protected from insects at the International Centre of 
Insect Physiology and Ecology (ICIPE), Duduville 
campus, Kasarani, Nairobi, Kenya (1º  13′  25.6″ 
S, 36º  53′  49.1″ E, 1616  m above sea level). All 
plants were maintained under natural conditions 
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[temperature: 25 ± 3  °C, RH: 65 ± 5%, and a L:D 
12:12  photoperiod) and used in the study when 
four weeks old.

The larval parasitoid, C. luteum, was obtained 
from ICIPE’s  Animal Rearing and Quarantine 
Unit (ARQU) and reared on 2nd instar FAW larvae 
collected from infested maize fields in Mwea 
(0º  39′  0.37″ S, 37º  22′4  8.1″ E, 1174  m above 
sea level). The insect cultures were maintained at 
25 ± 3 °C, 50–70% RH, and a L:D 12:12 photoperiod, 
and regularly infused with a field-collected insect 
population to maintain desirable traits.

Volatile trapping

Headspace volatiles were collected from FAW 
infested maize, intact maize, companion plants, and 
blank controls, i.e., empty oven bags (polyethylene 
terephthalate;  PET), using a dynamic push–pull 
technique for 24  h (Tamiru et  al. 2011). Before the 
volatile collection, the aerial parts (leaves) of the 
study plants were carefully enclosed in preheated 
PET oven bags (volume 3.2  l, 12.5  μm film 
thickness), with charcoal-filtered air introduced 
through an inlet port at a 500 ml min−1 and volatiles 
trapped on Porapak Q filters (50  mg, 60/80 mesh; 
Supelco, Bellefonte, USA), which had been pre-
conditioned with dichloromethane (DCM), at an 
outlet port with air drawn at a rate of 300 ml  min−1 
(Tamiru et  al. 2011; 2020). For collecting volatiles 
from maize infested with FAW, the study plants were 
subjected to ten 2nd instar FAW larvae each and kept 
in a cage (80 × 40 × 40 cm) for 24 h to induce larval 
damage. After entrainment, volatiles were eluted with 
0.5  ml of DCM into 2  ml sample vials and stored 
at -80  °C for later use in bioassay, chemical and 
electrophysiological analyses.

Olfactometer bioassay

Two sets of experiments were conducted using a 
Perspex four-arm olfactometer bioassay (Tamiru 
et al. 2011) to assess C. luteum responses to volatiles 
from infested maize, intact maize, companion crops 
(beans, groundnut, cassava, sweet potato), and a 
solvent control (DCM). In the first experiment, 
volatiles from individual plants were tested against 

the control (solvent only). Ten μl aliquots of 
headspace volatiles were placed in one arm, while 
the other three arms contained the same volume 
of solvent controls. The treatment stimulus was 
applied to a filter paper strip (4 × 25  mm) using a 
micropipette (Drummond Scientific, USA), allowed 
to dry solvent for 30  s, and then placed inside the 
inlet port of each olfactometer arm. Female C. 
luteum (aged 2–3 days), previously exposed to FAW 
damaged maize leaf odors (Sobhy et al. 2022), were 
individually introduced into the central chamber of 
the olfactometer using a custom-made glass tubing. 
Clean air was drawn through each olfactometer arm 
toward the center at 260 ml min−1. Time spent and 
frequency of insect entry to the different arms of 
the olfactometer were observed and recorded using 
Olfa software (F. Nazzi, Udine, Italy) for 12  min 
(Tamiru et al. 2015a). To minimize positional bias, 
the olfactometer was rotated 90° clockwise every 
three minutes.

In the subsequent experiment, a similar setup 
was used for a choice test comparing insect 
responses to volatiles from infested maize, intact 
companion plants, and solvent control. Test stimuli 
(10 μl each) were placed in the two opposite arms, 
infested maize in one and companion plants in the 
other, with 10 μl of solvent (DCM) controls in the 
remaining arms. Each treatment was replicated 12 
times, and each female C. luteum was tested once.

Volatile analysis

Two μl of headspace samples were analyzed 
using an Agilent 7890A gas chromatograph (GC) 
directly linked to a mass spectrometer (MS) (MSD 
5975C triple-axis, Agilent Technologies, Palo 
Alto, USA). The GC–MS setup and method used 
were similar to those previously described by 
Peter et  al. (2023). Compounds were identified by 
comparing their mass spectra data with authentic 
standards, using reference databases and retention 
indices (Peter et  al. 2023). Quantification was 
based on external calibration curves using standard 
solutions (1–500 ng μl-1), of representative alcohol 
[(Z)-3-hexen-1-ol], monoterpene (α-pinene), and 
sesquiterpene [(E)-β-caryophyllene], and results 
were expressed as ng plant-1  h-1 (Peter et al. 2023). 
Mass spectrometry data, including peak detection 
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and visualization, were processed using MSD 
ChemStation software F.01.00.1903 (Agilent 
Technologies).

Electrophysiological recording

Electroantennogram (EAG) recordings were con-
ducted using excised antenna from ice-chilled 
females. Antennae were mounted between two 
glass capillaries (1.5  mm inner diameter) filled 
with Ringer saline solution (Maddrell 1969), con-
nected to silver-coated electrode wires of the probe 
(INR-II, Syntech, Hilversum, the Netherlands), with 
the base of the antenna linked to the reference elec-
trode (Tamiru et al. 2011). A 2 µl headspace aliquot 
was injected into an HP7890 GC with a non-polar 

column (HP5-MSI, 30  m × 0.25  mm i.d. × 0.25  μm 
film thickness) and a flame ionization detector (FID) 
at an injection temperature of 280 °C. Oven tempera-
ture was programmed from 35 °C (held for 3 min) to 
280 °C at a rate of 10 °C min-1, with nitrogen serving 
as the carrier gas. Electroantennographic detection 
(EAD) software (GCEAD 2015 v1.2.6, Syntech) was 
used to record simultaneous EAD and FID responses 
across six replicates. Only FID peaks that elicited 
EAD activity in at least three of the six runs were 
considered physiologically active.

Chemicals

External standards for compounds verifica-
tion and quantification included (E)-2-hexenal, 

Fig. 1   Behavioral responses of Coccygidium luteum females 
to volatiles from the fall armyworm larvae infested maize 
(a), intact sweet potato (b), beans (c), cassava (d), groundnut 
(e), maize (f), and solvent control in a four-arm olfactometer. 
Observations were made for 12 min each (n = 12). Time spent 

by C. luteum in the treatment and control arms of the olfactom-
eter are shown. Bars with different letters on top are signifi-
cantly different (Newman-Keuls post-hoc test, P < 0.05). Bars 
with no letters are not significant difference
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(Z)-3-hexen-1-ol, 2-heptanone, 2-heptanol, α-pinene, 
β-pinene, 1-octen-3-ol, β-myrcene, ρ-cymene, 
limonene, β-phellandrene, (E)-β-ocimene, linalool, 
methyl salicylate (MeSA), β-elemene, and (E)-β-
caryophyllene, all obtained from Sigma-Aldrich 
with > 95% purity. Dichloromethane (99.9% purity) 
was procured from Merck (Darmstadt, Germany).

Statistical analysis

To analyze C. luteum response data from the four-
arm olfactometer assays, one-way ANOVA with R 
software (Supplementary Material S1) was used after 
converting time spent data into proportions to account 
for dependence of insect visiting time, followed by 
log10-ratio transformation to allow the analysis of 
compositional data (Aitchison 1982; Tamiru et  al. 
2011). Significant differences between means were 
determined using the Newman-Keuls post-hoc 
test (P < 0.05). For analysis of volatile compound 
concentrations emitted by the test plants, which 
exhibited non-normal distribution (Shapiro-Wilk 
test: p < 0.05), a non-parametric test; Mann-Whitney 
Wilcoxon [Treatment (T) = 2] and Kruskal-Wallis 
(T ≥ 3) tests followed by Dunn’s post-hoc test were 

applied. All data analyses was conducted using R 
statistical software version 4.0.4 (R Core Team 2021).

Results

Behavioral response of C. luteum to plant volatiles

In dual choice assays, females of C. luteum were 
significantly attracted to plant volatiles from FAW 
infested maize (F 1, 46 = 36.85, P < 0.05, Fig.  1a), 
intact sweet potato (F 1, 46 = 14.59, P < 0.05, Fig. 1b), 
beans (F 1, 46 = 7.04, P < 0.05, Fig.  1c) and ground-
nut (F 1, 46 = 10.93, P < 0.05, Fig.  1e) compared to 
solvent control (Fig. 1). However, C. luteum females 
could not discriminate between solvent control 
and volatiles from uninfested maize (F 1, 46 = 0.38, 
P > 0.05, Fig. 1f) and cassava (F 1, 46 = 0.01, P > 0.05, 
Fig.  1d). Interestingly, in multiple choice assays, C. 
luteum females were equally attracted to volatiles 
from FAW infested maize and intact companion 
plants but less attracted to the solvent control (sweet 
potato: F 2, 45 = 10.14, P < 0.05, Fig.  2a; groundnut: 
F 2, 45 = 9.61, P < 0.05, Fig. 2b; beans: F 2, 45 = 8.48, 
P < 0.05, Fig. 2c) (Fig. 2).

Fig. 2   Behavioral responses of Coccygidium luteum females 
to volatiles from the fall armyworm larvae infested maize, 
intact companion plants, namely sweet potato (a), beans (b), 
groundnut (c), and solvent control in a four-arm olfactometer. 

Observations were made for 12 min each (n = 12). Time spent 
by C. luteum in the treatment and control arms of the olfac-
tometer are shown. Bars with different letters on top are sig-
nificantly different (Newman-Keuls post-hoc test, P < 0.05)
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Chemical analysis of plant volatiles

A total of 46 VOCs were identified across the test 
plants, with terpenes being the most dominant, fol-
lowed by aldehydes, esters, alcohols, an alkaloid, and 
a ketone (Table 1; Fig.  3). The sesquiterpene (E)-β-
farnesene was the most abundant VOC emitted by 
maize plants exposed to FAW larval feeding, followed 
by (E)-α-bergamotene, indole, (Z)-3-hexenyl acetate 
and (E)-β-caryophyllene (Table 1). These compounds 
were also detected in the companion plant volatiles 
except indole and (E)-β-farnesene (Table  1; Fig.  3). 
Other bioactive compounds significantly induced in 
maize plants infested with FAW larvae, compared to 
intact maize, include (Z)-3-hexen-1-ol, β-myrcene, 
linalool, (E)-4,8-dimethyl-1,3,7-nonatriene (DMNT) 
and (E, E)-4,8,12-Trimethyl-1,3,7,11-tridecatetraene 
(TMTT). Some of these compounds were also pre-
sent in intact companion plant volatiles, though in 
relatively lower concentrations. For example, the 
concentrations of β-myrcene and linalool were more 
than two-fold in FAW infested maize compared to 
companion plants (sweet potato, groundnut) vola-
tiles (Table 1). Interestingly, the emission rate of key 
bioactive compounds DMNT and TMTT by FAW 
infested maize were on a par with companion plants 
sweet potato and groundnut while significantly lower 
or absent in intact maize and cassava plant volatiles 
(Table  1). Furthermore, VOC emissions varied sig-
nificantly among companion plants. For example, 
groundnut emitted more TMTT than sweet potato 
(KW χ2 = 7.73, df = 2, P < 0.05), with none detected 
in cassava. Octen-3-ol, (Z)-3-hexenyl acetate, lin-
alool, and methyl salicylate (MeSA) were unique to 
groundnut while nonanal and α-cedrene appeared 
only in beans (Table 1).

Electrophysiological responses of C. luteum

Coupled GC-electroantennographic detection (GC-
EAD) analysis using female C. luteum antennae 
revealed 14 bioactive compounds emitted by FAW 
infested maize and intact companion plants (Fig.  4) 
with potential biological relevance. Female C. luteum 
antennae detected nine VOCs from FAW-infested 
maize volatiles namely, (E)-2-hexenal, (Z)-3-hexenyl 
acetate, DMNT, decanal, (E)-nerolidol, TMTT and 
three unidentified compounds (Fig.  4a). In ground-
nut, four volatile compounds [(E)-β-ocimene, DMNT, Ta
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TMTT and an unidentified compound] showed 
consistent electrophysiological activity (Fig.  4b), 
whereas, in beans, nonanal and three unidentified 
compounds elicited steady EAD responses (Fig. 4c).

Discussion

Plants have evolved intricate defense strategies 
against herbivores, including the emission of volatile 
organic compounds (VOCs) which attract herbivore’s 
natural enemies such as parasitoids. While most 
defense VOCs are induced after herbivore attack 
(Dicke and Bald win 2010; Tamiru et  al. 2012; 
Turlings and Erb 2018), some plants produce them 
constitutively (Pichersky et  al. 2006; Pickett et  al. 
2006). On the other hand, parasitoids have co-evolved 
to exploit these chemical cues to locate suitable 
herbivorous hosts (Gohole et  al. 2003; Clavijo 
McCormick et  al. 2023). Attraction of parasitoid 
wasps to bioactive VOCs has been shown to enhance 
their foraging efficiency eventually improving their 
ecological fitness (Tamiru et al. 2015b).

Our findings revealed that the FAW larval 
parasitoid C. luteum was strongly attracted to volatiles 
from FAW infested maize and some intact companion 
plants such as sweet potato, beans and groundnut. In 
contrast, C. luteum females did not show preference 
to volatiles from intact (uninfested) maize and 
cassava compared to the solvent control (DCM). This 
demonstrates the parasitoid’s differential response 
to plant volatiles and highlights the role of certain 
companion crops in boosting parasitoid attraction. 
Parasitoids primarily rely on plant-emitted volatile 
cues for locating their herbivore hosts. Volatiles 
from undamaged companion plant species have 
been shown to increase parasitoid efficiency and 
parasitism rates (Glinwood et  al. 2009; Sobhy et  al. 
2022; Montagné 2024). Therefore, identification of 
companion plants that release appropriate VOCs to 
attract natural enemies greatly enhance biological 

control for ecologically pest management (Pickett 
et al. 2006; Khan et al. 2010).

Our results also showed that female C. luteum 
were equally attracted to both infested maize and 
intact companion plants (groundnut, beans and 
sweet potato) suggesting ecologically relevance of 
constitutive VOCs from these companion plants. 
While there is selection pressure on the parasitoids 
to detect and respond to herbivore-induced signaling 
chemicals, evolutionary processes may enable intact 
plants to protect themselves from potential pest attack 
by producing defense VOCs that are attractive to 
natural enemies of pests (Heil et al. 2004; Dicke and 
Baldwin 2010; Maffei 2010). Several studies have 
shown that parasitoid wasps, such as Cotesia spp. 
and Chelonus spp., are attracted to VOCs induced 
by herbivore feeding (HIPVs) (Tamiru and Khan 
2017; Turlings and Erb 2018; Onjura et  al. 2025; 
Tepa-Yotto et  al. 2025). Though HIPVs serve as 
reliable cues for host presence (Melo Machado et al. 
2014), growing evidence indicates the parasitoids 
also exploit volatiles from intact companion plants to 
locate their hosts (Sobhy et al. 2022; Peter et al. 2023; 
Huang et al. 2024; Tepa-Yotto et al. 2025).

Our study revealed significant variations in the 
composition and proportions of volatile compounds 
between the various experimental plants. Several 
VOCs were released in significantly higher amounts 
in maize infested by FAW larvae compared to 
intact (uninfested) plants. Typically, undamaged 
plants emit minimal amounts of volatile compounds 
(Pichersky et  al. 2006; Tamiru and Khan 2017; 
Turlings and Erb 2018). However, VOCs emission 
from plants undergoes significant changes in quantity 
and composition upon herbivore feeding (Clavijo 
McCormick et  al. 2012; Kigathi et  al. 2019; Onjura 
et al. 2025). Some of the strongly induced VOCs from 
maize plants damaged by FAW larvae in our study 
include (E)-β-farnesene, (E)-α-bergamotene, indole, 
(Z)-3-hexenyl acetate, linalool, (E)-β-caryophyllene, 
β-myrcene, DMNT, TMTT, (E)-2-hexenal and (Z)-
3-hexen-1-ol. These VOCs have previously been 
reported to have ecological relevance in recruiting 
pest natural enemies such as parasitoids (Khan et al. 
1997; Melo Machado et  al. 2014; Turlings and Erb 
2018). Interestingly, we detected several of these 
bioactive compounds including (E)-α-bergamotene, 
(Z)-3-hexenyl acetate, (E)-β-caryophyllene, DMNT, 
TMTT, (E)-2-hexenal and (Z)-3-hexen-1-ol in 

Fig. 3   Representative GC–MS profiles of volatiles from the 
experimental plants. (a) the fall armyworm larvae infested 
maize, (b) intact maize, (c) cassava, (d) sweet potato, (e) 
groundnut. Identities and emission rates (ng plant-1  h-1) of the 
compounds (peaks) are shown in Table 1

◂
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the intact companion plant volatiles, elucidating 
the underpinning chemical mechanisms for their 
attractiveness to the parasitoid. Some of the bioactive 
compounds were detected in relatively lower 
concentrations in the companion plants compared to 
FAW infested maize, whereas others were detected 

in similar or higher quantities. Previous studies 
have shown that even lower emissions of bioactive 
volatiles can trigger a significant behavioral response 
in insects when the VOCs are present in the correct 
combination (Bruce et  al. 2010; Bruce and Pickett 
2011). Furthermore, the bioactive compounds such 

Fig. 4   Representative GC-EAD recordings of female Coc-
cygidium luteum responses to different volatiles in headspace 
samples of (a) the fall armyworm larvae infested maize, 
(b)  intact groundnut, and (c) beans. The upper trace represents 
EAD responses of the C. luteum antenna, whereas the lower 
traces represent the GC–flame ionization detector (GC–FID) 
responses of headspace volatile samples. Identities of the elec-

trophysiologically active volatiles are as follows: (1) unidenti-
fied, (2) (E)-2-hexenal, (3) unidentified (4) unidentified, (5) 
(Z)-3-hexenyl acetate, (6) (E)-4,8-Dimethyl-1,3,7-nonatriene, 
(7) Decanal, (8) (E)-nerolidol, (9) (E, E)-4,8,12-trimethyl-
1,3,7,11-tridecatetraene (10) (E)-β-ocimene, (11) unidentified, 
(12) unidentified (13) nonanal, (14) unidentified
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as (E)-2-hexenal, (Z)-3-hexen-1-ol, (E)-β-ocimene, 
(E)-β-caryophyllene, DMNT and TMTT, which were 
detected in the intact companion plant volatiles, have 
been reported to recruit crop pest natural enemies, 
such as parasitoids and predatory lacewings (Pickett 
et al. 2006; Tamiru et al. 2015a; Huang et al. 2024).

We also observed that  the companion plants, 
i.e., groundnut, beans and sweet potato, which 
were attractive to the parasitoid C. luteum, emitted 
bioactive VOCs such as 1-octen-3-ol, limonene, (E)-
β-ocimene, nonanal, MeSA, and TMTT, which were 
absent or present in trace amounts in intact cassava 
and undamaged maize plants. The presence of these 
compounds exclusively or in higher concentrations 
in attractive companion plants suggests their key 
role in mediating parasitoid attraction. The strong 
attractiveness of bean volatiles to C. luteum, despite 
the absence of some of bioactive VOCs, can be 
attributed to beans unique volatile profile, notably 
the presence of nonanal and high concentrations of 
limonene which are known to mediate insect–plant 
interactions and parasitoid attraction (Xiang et  al. 
2017; Mohammed et  al. 2020). In contrast, the 
unattractiveness of cassava to C. luteum is likely due 
to the absence of key bioactive compounds such as 
1-octen-3-ol, nonanal, DMNT, MeSA, and TMTT 
detected in other attractive companion plants. This 
also suggests C. luteum’s host-location behavior 
is influenced, not by ubiquitous plant volatiles, 
but rather by specific VOCs that vary among plant 
species. Recent studies have identified key bioactive 
VOCs detected in our study such as 1-octen-3-ol, 
(E)-β-ocimene, MeSA, and TMTT, in non-edible 
companion plants like Desmodium intortum, D. 
uncinatum, and Brachiaria Mulato II (Sobhy et  al. 
2022; Odermatt et  al. 2025). This demonstrates 
the potential for developing pest resilient cropping 
systems that utilize edible companion plants 
emitting ecologically relevant signaling chemicals 
for ecological sustainable pest management in 
agricultural settings (Harrison et  al. 2019; Librán-
Embid et al. 2023; Huang et al. 2024).

Using GC-EAD recordings, we identified bioactive 
VOCs that could play a role in mediating the observed 
behavioral response of C. luteum to constitutive 
companion plants and FAW-infested maize plant 
volatile cues. Several VOCs such as (E)-2-hexenal, 
(Z)-3-hexenyl acetate, nonanal, (E)-β-ocimene, 
DMNT, decanal, (E)-nerolidol and TMTT elicited 

consistent response from female C. luteum antennae. 
Our results corroborate with previous findings which 
reported these compounds in eliciting EAD-responses 
from C. luteum (Sobhy et al. 2022) and other natural 
enemies (parasitoids) (Gouinguené et  al. 2005; 
Clavijo McCormick et al. 2012; Melo Machado et al. 
2014; Wang et  al. 2020). Interestingly, predominant 
FAW-infested maize volatiles like (E)-β-farnesene 
and indole did not elicit responses in C. luteum, 
possibly due to concentration-dependent effects 
(Rosenkranz and Schnitzler 2016; Ali et  al. 2022). 
In contrast, minor compounds triggered significant 
EAD-responses from C. luteum. Parasitoid antennae 
are highly sensitive to subtle VOC cues that may not 
be easily detected using chemical analysis methods 
but are behaviorally relevant (Bruce and Pickett 2011; 
Tamiru et al. 2015a).

In summary, our findings demonstrated that C. 
luteum parasitoids are attracted to the VOCs emitted 
by maize plants attacked by FAW larvae and selected 
companion plants (sweet potato, beans, groundnut). 
Moreover, chemical and electrophysiology analyses 
detected key bioactive VOCs from the headspace 
samples of the attractive companion plants with 
the potential to influence the foraging behavior 
of C. luteum. The low preference of C. luteum to 
intact (uninfested) maize and cassava volatiles 
demonstrates parasitoid’s differential responses and 
role of specific bioactive VOCs that vary among 
plant species. Our findings provide valuable insights 
into the underpinning chemical ecology mechanisms 
of companion plants-FAW-C. luteum tritrophic 
interactions and pave the way for the development of 
effective, economical, and ecologically sustainable 
FAW management strategies by exploiting edible 
companion crop to enhance biological control. 
Moreover, our research results provide new 
knowledge to deepen our understanding about the 
intricate ecological interactions between plants, 
herbivores, and their natural enemies mediated by 
plant derived volatile organic compounds.
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