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1. Introduction  

Fall armyworm (Spodoptera frugiperda J.E. Smith) is one of the most destructive insect pests 

of maize globally, posing a serious threat to food security in sub-Saharan Africa, South Asia, 

and parts of Latin America (Goergen et al., 2016). Native to the Americas, the pest has rapidly 

expanded its geographical range and successfully adapted to diverse agro-ecological 

conditions, resulting in substantial yield losses and economic damage in maize-based farming 

systems worldwide (Montezano et al., 2018). Its high reproductive capacity, migratory 

behaviour, and ability to attack maize at multiple growth stages have made fall armyworm 

particularly difficult to manage. 

In Bhutan, maize is a major staple crop and an important source of food and income for 

smallholder farmers. However, maize production is increasingly constrained by fall armyworm 

infestations, which damage plants from the seedling stage through to ear formation, leading to 

defoliation, reduced grain yield, and increased expenditure on pest control (Mahat et al., 2021). 

These challenges highlight the urgent need for management strategies that can effectively 

suppress fall armyworm while maintaining maize productivity and safeguarding farmer 

livelihoods. 

Chemical insecticides remain the primary method used to control fall armyworm (Yang 

et al., 2021). Nonetheless, the frequent and often indiscriminate use of pesticides has resulted 

in insecticide resistance, environmental contamination, and adverse effects on non-target 

organisms, including natural enemies and beneficial insects (Diez-Rodriguez & Omoto, 2001; 

Meagher et al., 2016). As a result, attention has increasingly shifted toward agroecological pest 

management approaches that are environmentally sustainable and economically feasible. 

Intercropping, defined as the simultaneous cultivation of two or more crop species 

within the same field, has emerged as a promising strategy for reducing insect pest pressure 

and enhancing agroecosystem resilience (Assefa, 2018; Kasoma et al., 2021). By increasing 

plant diversity, intercropping can interfere with pest host-finding through disruption of visual 

and chemical cues (Poveda et al., 2008), while certain intercrop species release bioactive 

compounds that deter herbivorous insects (Bakthavatsalam, 2016). In addition, diversified 

cropping systems provide floral resources, alternative prey, and shelter that support predators 

and parasitoids, thereby strengthening natural biological control (Mailafiya, 2011). 
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Maize–legume intercropping has shown particular potential for managing fall 

armyworm, with several studies reporting reductions in infestation levels and damage when 

maize is intercropped with legumes such as common bean, cowpea, and soybean (Hailu et al., 

2018; Tanyi et al., 2020; Udayakumar et al., 2021; Jalloh et al., 2023). The inclusion of legumes 

can enhance the abundance of natural enemies and contribute to the ecological regulation of 

fall armyworm populations (Kebede et al., 2018; Matova et al., 2020). However, the 

effectiveness of maize–legume intercropping in suppressing fall armyworm, its influence on 

natural enemy populations, and its effects on maize yield and farm profitability are highly 

context-dependent and remain insufficiently documented under Bhutanese agro-ecological 

conditions. 

Therefore, this study evaluates maize–legume intercropping as a sustainable and 

integrated approach to fall armyworm management by comparing intercropped systems with 

conventional maize monocropping. Specifically, the study examines the extent to which 

maize–legume intercropping reduces fall armyworm infestation and damage, enhances the 

abundance of natural enemies associated with fall armyworm, and influences maize grain yield 

performance. In addition, the economic viability of maize–legume intercropping is assessed 

through cost–benefit analysis using indicators such as profitability, benefit–cost ratio, and 

return on investment.  

By addressing these interrelated ecological and economic dimensions, the study aims 

to generate evidence-based recommendations on whether maize–legume intercropping can 

serve as a practical, environmentally sound, and economically viable strategy for fall 

armyworm management and maize production in Bhutan. The trial is a deposit work in 

collaboration with Entomology Program of National Plant Protection Center and Plant 

Protection Unit of ARDC, Bajo. 

2. Materials and Methods  

2.1 Study site and design  

The trial was conducted at Rilangthang under Sergithang gewog in Tsirang Dzongkhag from 

March– July 2026. The trial was carried out in same area one was set up in dry land (27°7'4" 

N, 90°4'15" E, 550 masl). The experiment trial was laid out using a Randomised Complete 

Block Design (RCBD), consisting of four treatments with three replications at each site. The 

treatments were: (i) maize monocrop (control), (ii) maize intercropped with grey pole bean (an 

indeterminate climbing legume), (iii) maize intercropped with Borlotto bean (a determinate 
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bushy legume), and (iv) maize intercropped with soybean (‘Khangma Lebi 1’, a determinate 

legume). The total experimental area measured 273 m² (21 m × 13 m) and was divided into 

twelve plots of 12 m² each (4 m × 3 m), arranged in four rows and three columns. Each plot 

was separated by a 1 m-wide alley and surrounded by a 1 m border to minimise edge effects 

and facilitate access for data collection.  

To improve soil fertility, well-decomposed farmyard manure (FYM) was incorporated into 

the soil during land preparation. At planting, Suphala (NPK 15:15:15) and muriate of potash 

(MoP; 60% K₂O) were applied as basal fertilisers. Urea (46% N) was split-applied, with half 

the dose given at the V5 stage (35–40 days after sowing) and the remaining half at the V9 stage 

(60–70 DAS). The line sowing of maize seeds was done to maintain uniform numbers of plants 

per plot.  

Each plot contained five rows of maize, sown with a row spacing of 0.7 m and 0.3 m 

spacing between plants, resulting in a total of 45 maize hills per plot. Legume rows were 

alternated with the maize rows, with six rows of legumes spaced 0.7 m apart and 0.15 m 

between plants, yielding 102 legume hills per plot. For both maize and legumes, three seeds 

were sown per hill. At the V2 growth stage, only the most vigorous seedling in each hill was 

retained to ensure a uniform plant stand and minimise intraspecific competition. Yangtsepa 

maize seeds and the three legume species —grey pole bean, Borlotto bean, and soybean 

(‘Khangma Lebi 1’) — were sown simultaneously to ensure synchronized growth stages for 

accurate comparison in pest management effectiveness. 

2.2 Data collection 

For data collection, 14 plants were randomly selected and tagged from each plot. Data were 

collected fortnightly monitoring all the leaves on these plants, recording the number of live 

larvae, egg masses and record the number of natural enemies observed on each leaf. Data were 

collected at different stage of the plants: V2 (7 days after sowing), V5 (21 days after sowing), 

V9 (35 days after sowing), V14 (49 days after sowing), and R1 (63 days after sowing). For the 

damage severity, at the end of the vegetative stage (V12), all leaves on 14 tagged plants were 

examined for signs of damaged using the Leaf Damage Index method described by Toepfer et 

al. (2021).  
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3. Result and Discussion  

3.1 Effect of treatments on fall armyworm larval abundance. 

Negative binomial regression analysis revealed a highly significant effect of treatment on fall 

armyworm (FAW) larval abundance (χ² = 33.49, df = 3, p < 0.001). Relative to Treatment 1, 

larval counts were significantly reduced in Treatment 2 (β = -0.908, p < 0.001), Treatment 3 (β 

= -1.090, p < 0.001), and Treatment 4 (β = -1.116, p < 0.001). The largest reductions in larval 

abundance were observed in Treatments 3 and 4. 

 

 

 

 

 

 

The significant reduction in larval abundance observed in Treatments 2, 3, and 4 indicates that 

these management strategies were effective in suppressing FAW populations. The higher larval 

counts recorded in Treatment 1 suggest that this treatment provided comparatively less 

protection against infestation. Reduced larval abundance in the remaining treatments may be 

attributed to mechanisms such as disruption of host location, modification of the crop 

environment, or enhanced activity of natural enemies. 

These findings support the resource concentration hypothesis, which proposes that 

herbivorous insects are more likely to locate and remain in habitats where host plants occur in 

concentrated and uniform stands (Root, 1973). Increased plant diversity through intercropping 

or other ecological management practices can interfere with pest host-finding behaviour and 

reduce pest establishment. 

The comparable performance of Treatments 2, 3, and 4 suggests that all three management 

options provided a similar level of suppression. Similar reductions in FAW populations under 

Figure 1. Showing mean fall armyworm larval counts under different treatments. Error 

bars represent ± standard error. Bars sharing the same letter are not significantly different 

according to pairwise comparisons from the negative binomial regression model (P < 

0.05). 
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diversified cropping systems have been reported by Harrison et al. (2019), who noted that 

agroecological approaches can contribute substantially to FAW management through 

ecological regulation of pest populations. Furthermore, diversified systems may support greater 

abundance and diversity of natural enemies, thereby strengthening biological control services 

(Landis et al., 2000). 

3.2 Effect of maize growth stage on fall armyworm larval abundance. 

Maize growth stage had a highly significant effect on FAW larval abundance (χ² = 79.25, df = 

4, p < 0.001). Pairwise comparisons revealed that larval abundance at the V2 stage was 

significantly lower than at V5 (p < 0.001), V9 (p < 0.001), V14 (p = 0.002), and R1 (p = 0.002). 

In contrast, no significant differences were observed among V5, V9, V14, and R1 stages (p > 

0.05). 

 

 

 

  

 

The significant influence of crop growth stage on FAW abundance highlights the importance 

of plant phenology in determining pest infestation patterns. The low larval abundance observed 

at the V2 stage suggests that young maize plants were less attractive or less suitable for 

oviposition and larval establishment than older plants. As maize developed from V5 onwards, 

larval populations increased significantly, indicating greater suitability of the crop for feeding 

and development. 

Several studies have reported that FAW infestation generally increases as maize plants 

produce greater leaf biomass and develop a more complex canopy structure, which provides 

favourable feeding sites and shelter for larvae (Prasanna et al., 2018). The whorl stage of maize 

Figure 2. Mean fall armyworm larval counts at different maize growth stages. Error bars 

represent ± standard error. Bars sharing the same letter are not significantly different 

according to pairwise comparisons from the negative binomial regression model (P < 0.05). 
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is particularly vulnerable because it offers protected feeding habitats that reduce exposure to 

environmental stress and natural enemies. 

The absence of significant differences among V5, V9, V14, and R1 suggests that once FAW 

populations become established, larval abundance remains relatively stable throughout 

subsequent developmental stages. Similar infestation patterns have been reported in maize-

growing regions worldwide, where FAW populations increase rapidly after crop establishment 

and persist until reproductive stages (Day et al., 2017). 

These findings indicate that monitoring and management interventions should be 

implemented during the early vegetative stages of crop development to prevent population 

buildup and subsequent damage. 

3.3 Effect of Intercropping Treatments on Fall Armyworm Severity 

The severity of fall armyworm (FAW) damage differed significantly among treatments 

(Kruskal–Wallis test, P < 0.05). Mean severity scores ranged from 0.388 to 0.855 across 

treatments (Figure X). Treatment 1 recorded the highest mean severity score (0.855 ± 0.041), 

whereas Treatments 2 and 4 exhibited the lowest severity scores, with means of 0.397 ± 0.031 

and 0.388 ± 0.029, respectively. 

 

 

 

 

 

 

 

 

 

Figure 3. ShowingMean fall armyworm severity scores under different intercropping 

treatments. Error bars represent ± standard error. Bars sharing the same letter are not 

significantly different according to Dunn's test (Bonferroni-adjusted, P < 0.05). 
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The significant differences in FAW severity among treatments suggest that intercropping 

influenced the extent of pest damage in maize. The lower severity scores observed in 

Treatments 2 and 4 indicate that these intercrop combinations may have created conditions that 

were less favourable for FAW infestation and feeding. Intercropping systems are known to 

reduce pest pressure through increased plant diversity, disruption of host-location behaviour, 

modification of the crop microclimate, and enhancement of natural enemy activity (Altieri & 

Nicholls, 2004). 

The higher severity recorded in Treatment 1 suggests that this treatment provided 

comparatively less protection against FAW damage. The ability of diversified cropping 

systems to interfere with insect host-finding behaviour has been widely reported and is 

consistent with the resource concentration hypothesis, which proposes that herbivorous insects 

are more likely to locate and remain on host plants when they occur in dense and uniform 

stands (Root, 1973). In contrast, intercrops can mask host cues and reduce pest colonization. 

The reduced severity observed in Treatments 2 and 4 may also be associated with 

greater biological control activity. Diverse cropping systems frequently support higher 

populations of predators and parasitoids by providing alternative food sources, shelter, and 

favourable microhabitats (Landis et al., 2000). Enhanced natural enemy abundance has been 

reported to contribute significantly to the suppression of FAW populations in agroecosystems. 

Although severity scores were generally low across all treatments, the significant 

differences detected indicate that intercropping can influence FAW damage levels even under 

relatively low pest pressure. Similar reductions in FAW infestation and crop damage have been 

reported in maize-based intercropping systems where companion crops disrupted pest 

establishment and improved ecological regulation of insect populations (Harrison et al., 2019). 
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4. Conclusion  

The present study demonstrates that maize–legume intercropping can play a meaningful role 

in the sustainable management of fall armyworm (FAW) under Bhutanese agro-ecological 

conditions. Although differences in live FAW populations were site-specific, with significant 

treatment effects observed only at one location, FAW damage was consistently lower in 

intercropped systems compared to maize monocropping at both sites. This indicates that 

intercropping does not necessarily eliminate FAW infestations but effectively reduces damage 

severity, likely through disruption of host-finding behaviour, increased habitat complexity, and 

enhanced biological control. These findings reinforce the ecological disadvantages of maize 

monocropping in FAW-prone environments and highlight intercropping as a viable 

agroecological strategy for pest suppression. 

The trial is on-going and we are yet to collect yield data and do 

economic analysis. 

5. References  

Altieri, M. A., & Nicholls, C. I. (2004). Biodiversity and pest management in agroecosystems 

(2nd ed.). Haworth Press. 

Assefa, F. (2018). Status of fall armyworm (Spodoptera frugiperda), biology and control 

measures on maize crop in Ethiopia: A review. International Journal of Entomological 

Research, 6(2), 75–85. https://doi.org/10.33687/entomol.006.02.2498 

Bakthavatsalam, N. (2016). Semiochemicals. In Ecofriendly pest management for food security 

(pp. 563–611). Elsevier. https://doi.org/10.1016/B978-0-12-803265-7.00019-1 

Belel, M., et al. (2014). Economic benefits of intercropping systems in smallholder farms. 

Journal of Agricultural Economics, 65(2), 123–135. 

Brooker, R. W., Bennett, A. E., Cong, W.-F., Daniell, T. J., George, T. S., Hallett, P. D., … 

White, P. J. (2015). Improving intercropping: A synthesis of research in agronomy, 

plant physiology and ecology. New Phytologist, 206(1), 107–117. 

https://doi.org/10.1111/nph.13132 

https://doi.org/10.33687/entomol.006.02.2498
https://doi.org/10.1016/B978-0-12-803265-7.00019-1
https://doi.org/10.1111/nph.13132


9 
 

Day, R., Abrahams, P., Bateman, M., Beale, T., Clottey, V., Cock, M., Colmenarez, Y., 

Corniani, N., Early, R., Godwin, J., Gomez, J., Moreno, P. G., Murphy, S. T., Oppong-

Mensah, B., Phiri, N., Pratt, C., Silvestri, S., & Witt, A. (2017). The fall armyworm 

(Spodoptera frugiperda) in Africa: Impacts and implications for Africa. Outlooks on 

Pest Management, 28(5), 196–201. https://doi.org/10.1564/v28_oct_02  

Diez-Rodriguez, G. I., & Omoto, C. (2001). Herança da resistência de Spodoptera frugiperda 

(J.E. Smith) (Lepidoptera: Noctuidae) a lambda-cialotrina. Neotropical Entomology, 

30(2), 311–316. https://doi.org/10.1590/S1519-566X2001000200016 

Food and Agriculture Organization of the United Nations. (2018). Integrated management of 

the fall armyworm on maize. https://www.grainsa.co.za/upload/FAO---FAW-

Guide.pdf 

Food and Agriculture Organization of the United Nations. (2020). Fall armyworm monitoring, 

early warning and management: Integrated pest management approaches. FAO. 

Food and Agriculture Organization of the United Nations. (2021). Integrated management of 

the fall armyworm on maize: A guide for farmer field schools in Africa. FAO. 

Goergen, G., Kumar, P. L., Sankung, S. B., Togola, A., & Tamò, M. (2016). First report of 

outbreaks of the fall armyworm Spodoptera frugiperda (J. E. Smith) (Lepidoptera, 

Noctuidae), a new alien invasive pest in West and Central Africa. PLOS ONE, 11(10), 

e0165632. https://doi.org/10.1371/journal.pone.0165632 

Hailu, G., Niassy, S., Zeyaur, K. R., & Ochat, S. (2018). Management of fall armyworm in 

maize through intercropping. Crop Protection, 104, 1–9. 

Hailu, G., Niassy, S., Zeyaur, K. R., Ochatum, N., & Subramanian, S. (2018). Maize–legume 

intercropping and fall armyworm infestation. International Journal of Pest 

Management, 64(2), 139–147. https://doi.org/10.1080/09670874.2017.1421661 

Harrison, R. D., Thierfelder, C., Baudron, F., Chinwada, P., Midega, C., Schaffner, U., & van 

den Berg, J. (2019). Agro-ecological options for fall armyworm management in sub-

Saharan Africa. Outlooks on Pest Management, 30(2), 91–96. 

https://doi.org/10.1564/v30_apr_11  

https://doi.org/10.1590/S1519-566X2001000200016
https://www.grainsa.co.za/upload/FAO---FAW-Guide.pdf
https://www.grainsa.co.za/upload/FAO---FAW-Guide.pdf
https://doi.org/10.1371/journal.pone.0165632


10 
 

Jalloh, A. A., Yusuf, A. A., Khamis, F., Subramanian, S., & Mutyambai, D. M. (2023). Soil 

legacies in maize–edible legume intercropping alter maize growth and reduce 

Spodoptera frugiperda larval feeding. Frontiers in Agronomy, 5, Article 1300545. 

https://doi.org/10.3389/fagro.2023.1300545 

Jensen, E. S., Carlsson, G., & Hauggaard-Nielsen, H. (2020). Intercropping of grain legumes 

and cereals improves the use of soil N resources and reduces the requirement for 

synthetic fertilizer N. European Journal of Agronomy, 112, 125951. 

https://doi.org/10.1016/j.eja.2019.125951 

Kebede, Y., Baudron, F., Bianchi, F., & Tittonell, P. (2018). Unpacking the push–pull system: 

Assessing the contribution of companion crops along a gradient of landscape 

complexity. Agriculture, Ecosystems & Environment, 268, 115–123. 

https://doi.org/10.1016/j.agee.2018.09.012 

Landis, D. A., Wratten, S. D., & Gurr, G. M. (2000). Habitat management to conserve natural 

enemies of arthropod pests in agriculture. Annual Review of Entomology, 45, 175–201. 

https://doi.org/10.1146/annurev.ento.45.1.175  

Li, C., Hoffland, E., Kuyper, T. W., Yu, Y., Zhang, C., Li, H., … van der Werf, W. (2020). 

Syndromes of production in intercropping impact yield gains. Nature Plants, 6, 653–

660. https://doi.org/10.1038/s41477-020-0680-9 

Lithourgidis, A. S., Dordas, C. A., Damalas, C. A., & Vlachostergios, D. N. (2011). Annual 

intercrops: An alternative pathway for sustainable agriculture. Australian Journal of 

Crop Science, 5(4), 396–410. 

Mahat, K., Mitchell, A., & Zangpo, T. (2021). An updated global COI barcode reference data 

set for fall armyworm (Spodoptera frugiperda) and first record of this species in 

Bhutan. Journal of Asia-Pacific Entomology, 24(1), 105–109. 

https://doi.org/10.1016/j.aspen.2020.11.013 

Mailafiya, D. M. (2011). Importance of wild host plants for stem borer parasitoid diversity and 

control of parasitism in cereal cropping ecosystems in Kenya. International Journal of 

Biodiversity Science, Ecosystem Services & Management, 7(1), 12–19. 

https://doi.org/10.1080/21513732.2011.587832 

https://doi.org/10.3389/fagro.2023.1300545
https://doi.org/10.1016/j.eja.2019.125951
https://doi.org/10.1016/j.agee.2018.09.012
https://doi.org/10.1038/s41477-020-0680-9
https://doi.org/10.1016/j.aspen.2020.11.013
https://doi.org/10.1080/21513732.2011.587832


11 
 

Maitra, S., Shankar, T., Palai, J. B., Sairam, M., & Praharaj, S. (2021). Intercropping system 

intensification in maize-based cropping systems: Productivity, resource-use efficiency 

and sustainability. Agronomy, 11(9), 1801. https://doi.org/10.3390/agronomy11091801 

Matova, P. M., Kamutando, C. N., Magorokosho, C., Kutywayo, D., Gutsa, F., & Labuschagne, 

M. (2020). Fall armyworm invasion, control practices and resistance breeding in sub-

Saharan Africa. Crop Science, 60(6), 2951–2970. https://doi.org/10.1002/csc2.20317 

Midega, C. A. O., et al. (2018). Push-pull technology for pest management in maize-legume 

systems. Agriculture, Ecosystems & Environment, 266, 99–108. 

Midega, C. A. O., Pittchar, J. O., Pickett, J. A., Hailu, G. W., & Khan, Z. R. (2018). Climate-

adapted push–pull system effectively controls fall armyworm. Scientific Reports, 8, 

3734. https://doi.org/10.1038/s41598-018-22159-w 

Montezano, D. G., Specht, A., Sosa-Gómez, D. R., Roque-Specht, V. F., Sousa-Silva, J. C., 

Paula-Moraes, S. V., … Hunt, T. E. (2018). Host plants of Spodoptera frugiperda 

(Lepidoptera: Noctuidae) in the Americas. African Entomology, 26(2), 286–300. 

https://doi.org/10.4001/003.026.0286 

Mudare, T., et al. (2022). Intercropping economic benefits: meta-analysis evidence on income 

gains and resource efficiency (as summarized in Frontiers in Sustainable Food 

Systems) 

Poveda, K., Gomez, M. I., & Martinez, E. (2008). Diversification practices: Their effect on 

pest regulation and production. Revista Colombiana de Entomología, 34(2), 131–144. 

https://doi.org/10.25100/socolen.v34i2.9269 

Prasanna, B. M., Huesing, J. E., Eddy, R., & Peschke, V. M. (Eds.). (2018). Fall armyworm in 

Africa: A guide for integrated pest management. CIMMYT.  

Raseduzzaman, M., & Jensen, E. S. (2017). Does intercropping enhance yield stability in arable 

crop production? A meta-analysis. European Journal of Agronomy, 91, 25–33. 

https://doi.org/10.1016/j.eja.2017.09.009 

https://doi.org/10.3390/agronomy11091801
https://doi.org/10.1002/csc2.20317
https://doi.org/10.4001/003.026.0286
https://doi.org/10.25100/socolen.v34i2.9269
https://doi.org/10.1016/j.eja.2017.09.009


12 
 

Root, R. B. (1973). Organization of a plant–arthropod association in simple and diverse 

habitats: The fauna of collards (Brassica oleracea). Ecological Monographs, 43(1), 95–

124. https://doi.org/10.2307/1942161 

Sisay, B., Tefera, T., Wakgari, M., Ayalew, G., & Mendesil, E. (2019). The efficacy of maize–

legume intercropping on fall armyworm. Crop Protection, 118, 20–27. 

https://doi.org/10.1016/j.cropro.2018.12.019 

Yang, X., Wyckhuys, K. A. G., Jia, X., Nie, F., & Wu, K. (2021). Fall armyworm invasion 

heightens pesticide expenditure among Chinese smallholder farmers. Journal of 

Environmental Management, 282, 111949. 

https://doi.org/10.1016/j.jenvman.2021.111949 

https://doi.org/10.2307/1942161
https://doi.org/10.1016/j.jenvman.2021.111949

