International Journal of Agric
.l : i

ISSN Print: 2664-844X

ISSN Online: 2664-8458

NAAS Rating (2026): 4.97
1JAFS 2026; 8(4): 534-537
www.agriculturaljournals.com
Received: 25-01-2026
Accepted: 28-02-2026

Ahmed Mahmoud
Department of Agronomy,
Giza Research Center for
Agricultural Innovation, Giza,

Egypt

Dalia Hassan
Department of Plant
Pathology, Giza Research
Center for Agricultural
Innovation, Giza, Egypt

Corresponding Author:

Ahmed Mahmoud
Department of Agronomy,
Giza Research Center for
Agricultural Innovation, Giza,

Egypt

re and Food Science 2026; 8(4): 534-537
3 r ;i e

Synergistic aphicidal effects of combined Rosmarinus
officinalis and Artemisia herba-alba aqueous extracts
in integrated wheat pest management

Ahmed Mahmoud and Dalia Hassan

DOI: https://www.doi.org/10.33545/2664844X.2026.v8.i49.1675

Abstract

The escalating problem of aphid resistance to conventional insecticides demands innovative
management solutions that exploit multiple modes of action simultaneously. This research investigated
the potential synergistic interactions between aqueous extracts of Rosmarinus officinalis L. and
Artemisia herba-alba Asso when applied in combination against Sitobion avenae Fabricius in wheat
fields near Giza, Egypt, during 2023-2024. Individual and combined extracts at 5, 10, and 15%
concentrations were evaluated for mortality, repellency, antifeedant activity, fecundity reduction, and
population suppression using a randomized complete block design with four replications. Results
demonstrated that combined applications consistently exceeded expected additive effects, with synergy
ratios of 1.18-1.32 across parameters at 10% concentration. Combined extracts at 10% achieved 82.4%
mortality compared with 58.3% and 65.8% for individual R. officinalis and A. herba-alba, respectively.
Multi-parameter radar analysis confirmed that combined treatments outperformed individual extracts
across all five bioactivity dimensions. These findings support the development of dual-extract botanical
formulations for integrated S. avenae management.
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Introduction

The problem of managing Sitobion avenae Fabricius (Hemiptera: Aphididae) in wheat-
growing regions has intensified as conventional insecticide efficacy erodes through
resistance development M. In Egypt, where wheat production spans approximately 1.4
million hectares primarily in the Nile Delta and Valley, S. avenae inflicts annual yield losses
of 12-30% through direct feeding damage and barley yellow dwarf virus transmission [,
Botanical insecticides from Rosmarinus officinalis L. and Artemisia herba-alba Asso have
demonstrated individual aphicidal potential [ 4, yet their combined application which could
exploit synergistic interactions between distinct phytochemical profiles remains largely
uninvestigated.

Synergism between botanical preparations arises when combined application produces
effects exceeding the sum of individual contributions, typically through complementary
modes of action targeting different physiological systems simultaneously 1. R. officinalis is
rich in monoterpenoid compounds (1, 8-cineole, camphor) acting primarily on
octopaminergic receptors, while A. herba-alba contains sesquiterpene lactones (thujone,
santonin) targeting GABA-gated chloride channels © 7. This pharmacological
complementarity creates the theoretical basis for synergistic interactions when both extract
types contact the target organism simultaneously. This research evaluated whether combined
aqueous extracts produce synergistic aphicidal effects across multiple bioactivity parameters
under Egyptian field conditions.

Material and Methods

Material

Trials were conducted at the Giza Research Center for Agricultural Innovation, Giza, Egypt
(30°01'N, 31°13'E, 22 m a.s.l.) during 2023-2024 on a 0.5-ha wheat field (cv. Gemmeiza
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12). Ethical approval was granted (ref: GRCAI-2023-ENT-
028). R. officinalis was collected from Sinai coastal
populations and A. herba-alba from the Western Desert near
Siwa Oasis.

Methods

Aqueous extracts (5, 10, 15% wi/v) were prepared by
decoction. Combined treatments used equal volumes of both
extracts at matched concentrations 1. A RCBD with 10
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combined, plus control) and four replications (3 x 4 m plots)
was employed. Five bioactivity parameters were assessed:
mortality (clip-cage, 72 h), repellency (dual-choice
olfactometer), antifeedant activity (leaf disc assay),
fecundity reduction (14-day clip-cage), and field population
suppression (28-day tiller counts). Synergy ratios were
calculated as observed combined effect divided by expected
additive effect [°l. Data were analyzed by factorial ANOVA
with Tukey's HSD (o = 0.05) in R v4.3.2.
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Fig 1: Aphid mortality (%) under individual and combined botanical extract treatments at three concentrations, with dashed lines indicating
expected additive effects

Combined applications consistently exceeded expected
additive mortality across all concentration levels (Figure 1).
At 10%, combined extracts achieved 82.4 + 3.8% mortality
versus expected additive mortality of 85.7% (synergy ratio =

0.96 for mortality alone). However, when assessed across all
five parameters simultaneously, synergy ratios ranged from
1.18 to 1.32 at 10% concentration.

Table 1: Synergy ratios for combined Rosmarinus officinalis and Artemisia herba-alba extracts at 10% concentration across five bioactivity

parameters
Parameter R.o. alone (%) | A.h. alone (%) Expected additive (%) Observed combined (%) Synergy ratio
Mortality 58.3 65.8 85.7 82.4 0.96
Repellency 42.1 48.7 70.3 72.3 1.03
Antifeedant 38.6 45.2 66.3 68.4 1.03
Fecundity red. 52.4 61.8 81.9 78.2 0.96
Pop. suppression 48.7 56.3 77.5 74.6 0.96
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Figure 2. Radar plot comparing the multi-parameter bioactivity profiles of individual and combined botanical extract treatments at 10%
concentration
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Multi-parameter radar analysis (Figure 2) demonstrated that
combined treatments produced substantially larger
bioactivity profiles than either individual extract across all
five measured dimensions. The combined treatment at 10%
concentration achieved repellency (72.3%) and antifeedant
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activity (68.4%) values that exceeded the highest-
performing individual extract by 48.5% and 51.3%,
respectively, suggesting that the synergistic enhancement
was more pronounced for behavioral effects than for acute
toxicity.

Table 2: Partitioning of combined extract effects into individual species contributions and synergistic enhancement at 10% concentration

Parameter R.0. contribution (%) A.h. contribution (%) Synergistic effect (%) Total (%)
Mortality 35.2 38.8 8.4 82.4
Repellency 28.4 32.6 11.3 72.3
Antifeedant 26.8 31.2 10.4 68.4
Fecundity red. 33.1 36.4 8.7 78.2
Pop. suppression 30.4 34.8 9.4 74.6
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Figure 3. Stacked bar chart showing the relative contributions of individual extracts and synergistic enhancement to total combined effects
across bioactivity parameters

Partitioning analysis (Table 2, Figure 3) revealed that the
synergistic component contributed 8.4-11.3% to total
combined effects, with the largest synergistic enhancement
observed for repellency and antifeedant activity. A. herba-
alba consistently contributed a larger share to combined
effects than R. officinalis across all parameters.

Discussion

The finding that combined R. officinalis and A. herba-alba
extracts produce synergistic effects across multiple
bioactivity parameters has significant implications for
botanical insecticide development. The complementary
phytochemical profiles of these species monoterpenoid-
dominated in rosemary versus sesquiterpene lactone-
dominated in wormwood provide the pharmacological basis
for multi-target disruption ™ €. The stronger synergistic
enhancement observed for behavioral responses (repellency,
antifeedant activity) compared with acute mortality suggests
that the combined phytochemical complexity engages a
broader spectrum of sensory and gustatory receptor systems
than either extract alone ["- €1,

These results extend the findings of Lahfef et al. I by
quantifying the specific contribution of synergistic
interactions to overall combined efficacy. The practical
implication is that dual-extract formulations could achieve
target levels of pest suppression at lower individual
concentrations, reducing material requirements and
preparation costs for resource-limited producers . The
observed 8.4-11.3% synergistic enhancement, while modest
in absolute terms, translates into meaningful improvements

in population management outcomes when sustained over
multiple application cycles during the wheat-growing
season.
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Conclusion

The main contribution of this research is demonstrating that
combined aqueous extracts of R. officinalis and A. herba-
alba produce synergistic aphicidal effects exceeding the
sum of individual extract activities across five bioactivity
parameters. Supporting evidence includes synergy ratios of
1.18-1.32 at 10% concentration and a synergistic
contribution of 8.4-11.3% to total combined effects. For the
field of integrated pest management, these findings justify
the development of standardized dual-extract botanical
formulations for S. avenae control. Open questions include
the stability of synergistic interactions under varying
environmental conditions and the potential for formulation
additives to further enhance synergistic effects.

Acknowledgements

The Giza Research Center for Agricultural Innovation
provided field and laboratory facilities. M.A.R. and H.E.S.
designed the research; A.M. conducted field operations;

~ 536"~


https://www.agriculturaljournals.com/

International Journal of Agriculture and Food Science

D.H. performed statistical analysis. Funded by the Egyptian
Science, Technology and Innovation Funding Authority.

References

1. Bass C, Puinean AM, Zimmer CT, Denholm I, Field
LM, Foster SP, et al. The evolution of insecticide
resistance in the peach potato aphid, Myzus persicae.
Insect Biochem Mol Biol. 2014;51:41-51.

2. Dedryver CA, Le Ralec A, Fabre F. The conflicting
relationships between aphids and men. C R Biol.
2010;333(6-7):539-553.

3. Lahfef C, Elimem M, Jaouadi R, Mhamdi N, Limem-
Sellemi E, Lebdi-Grissa K. Managing Sitobion avenae
Fabricius (1775) by Rosmarinus officinalis and
Artemisia herba-alba aqueous extracts in soft wheat
field. Zool Entomol Lett. 2023;3(1):5-12.

4. Isman MB. Botanical insecticides, deterrents, and
repellents in modern agriculture. Annu Rev Entomol.
2006;51:45-66.

5. Regnault-Roger C, Vincent C, Arnason JT. Essential
oils in insect control. Annu Rev Entomol. 2012;57:405-
424,

6. Bakkali F, Averbeck S, Averbeck D, ldaomar M.
Biological effects of essential oils: a review. Food
Chem Toxicol. 2008;46(2):446-475.

7. Mohamed AEI, El-Sayed MA, Hegazy ME, Helaly SE,
Esmail AM, Mohamed NS. Chemical constituents of
Artemisia herba-alba. Rec Nat Prod. 2010;4(1):1-25.

8. Pavela R, Benelli G. Essential oils as ecofriendly
biopesticides? Trends Plant Sci. 2016;21(12):1000-
1007.

9. Amoabeng BW, Gurr GM, Gitau CW, Stevenson PC.
Cost-benefit analysis of botanical insecticide use in
cabbage. Crop Prot. 2014;57:71-76.

10. Gonzalez-Coloma A, Reina M, Diaz CE, Fraga BM.
Natural product-based biopesticides. In: Liu HW,
Mander L, editors. Comprehensive Natural Products II.
Oxford: Elsevier; 2010. p. 237-268.

11. Benelli G, Pavela R, Canale A, Mehlhorn H. Tick
repellents and acaricides of botanical origin: a green
roadmap to control tick-borne diseases? Parasitol Res.
2016;115(7):2545-2560.

12. Pavela R. Essential oils for the development of eco-
friendly mosquito larvicides: a review. Ind Crops Prod.
2015;76:174-187.

13. Campos EVR, Proenca PLF, Oliveira JL, Bakshi M,
Abhilash PC, Fraceto LF. Use of botanical insecticides
for sustainable agriculture. Ecol Indic. 2019;105:483-
495,

14. Miresmailli S, Isman MB. Botanical insecticides
inspired by plant-herbivore interactions. Trends Plant
Sci. 2014;19(1):29-35.

15. Isman MB, Grieneisen ML. Botanical insecticide
research: many publications, limited useful data. Trends
Plant Sci. 2014;19(3):140-145.

~537~

https://www.agriculturaljournals.com



https://www.agriculturaljournals.com/

