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Abstract 

Spodopter aexigua (Hübner) is known as a cosmopolitan pest of many crops, including bunching 

onion. Infestation by S. exigua is often serious in tropical regions, and insecticide resistance is a 

major problem in the management of this pest. Treating crops with a group of naturally occurring 

beneficial root bacteria, termed plant growth-promoting rhizobacteria (PGPR), has been shown 

to increase plant growth and enhance plant health. The effects of PGPR on plant–insect 

interactions have been reported in very few studies. The aim of this study was to compare the 

effect of indigenous and nonindigenous PGPR to induce the resistance of bunching onion against 

S. exigua and to increase plant growth and yield. The study was designed as a field experiment at 

endemic area for S. exigua. Treatments were 12 indigenous rhizobacterial strains from bunching 

onion rhizosphere, 14 nonindigenous rhizobacterial strains from the Cyperus esculentus 

rhizosphere, a control (without PGPR), and an insecticide (imidacloprid). PGPR strains were 

inoculated on bunching onion at two periods: at the time of planting as a seedling treatment, and 

on 2-week-old plants as a soil drench. The randomized complete block design was replicated 

three times. During the experiment, the population density of S. exigua and the damage to 

bunching onion and its growth and yield were evaluated. Our results showed that inoculation 

with the indigenous rhizobacterial strains was more effective to induce the resistance of 

bunching onions against S. exigua and to increase the growth and yield of bunching onion 

compared to nonindigenous rhizobacterial strains, control, and insecticide. 

Keywords 



Rhizobacteria Indigenous Nonindigenous Plant growth promotion Resistance Bunching 

onion Spodoptera exigua  

This is a preview of subscription content, log in to check access. 

References 

1. Abdi N (2003) Penggunaan analisis probit untuk pendugaan tingkat populasi Spodoptera 

exigua terhadap deltametrin di Daerah Istimewa Yogyakarta. J Informatika Pertanian 

1(2):1–9Google Scholar 

2. Bong CFJ, Sikorowski PP (1991) Effects of cytoplasmic polyhedrosis virus and bacterial 

contamination on growth and development of the corn earworm, Helicoverpa zea. J 

Invertebr Pathol 57:406–412Google Scholar 

3. Coy MR (2014) Potential of plant growth-promoting rhizobacteria (PGPR) as a 

biological control agent against warm-season turfgrass pests. Thesis, Graduate Faculty of 

Auburn UniversityGoogle Scholar 

4. de Oliveira Araújo E (2015) Rhizobacteria in the control of pest insects in agriculture. 

African J Plant Sci 9(9):368–373Google Scholar 

5. Dent D (2000) Insect pest management, 2nd edn. CABI Publishing, Wallingford, p 

452Google Scholar 

6. Egamberdieva D (2008) Plant growth promoting properties of rhizobacterial isolates from 

wheat and pea grown in loamy sand soil. Turk J Biol 32:9–15Google Scholar 

7. Elkinci M, Turan M, Yildirim E, Güneş A, Kotan R, Dursun A (2014) Effect of plant 

growth promoting rhizobacteria on growth, nutrient, organic acid, amino acid and 

hormone content of cauliflower (Brassica oleracea L. var. botrytis) transplants. Acta Sci 

Pol Hortorum Cultus 13(6):71–85Google Scholar 

8. Gadhave KR (2015) Interactions between plant growth promoting rhizobacteria, foliar-

feeding insects and higher trophic levels. Dissertation, University of LondonGoogle 

Scholar 

9. Gange AC, Eschen R, Schroeder V (2012) The soil microbial community and plant foliar 

defences against insects. In: Iason GR, Dicke M, Hartley SE (eds) The ecology of plant 

secondary metabolites: from genes to global processes. Cambridge University Press, 

Cambridge, pp 170–188Google Scholar 

10. Habazar T, Nasrun D, Suharti N, Yanti Y (2011) In planta technique, for screening 

rhizobacteria as biocontrol agents of bacterial wilt on ginger. Proc Soc Indon Biodivers 

Int Conf 1:49–54Google Scholar 

11. Habazar T, Resti Z, Yanti Y, Trisno J, Diana A (2012) Penapisan bakteri endofit akar 

kedelai secara in planta untuk mengendalikan penyakit pustul bakteri. J Fitopatologi 

Indonesia 8(4):97–103Google Scholar 

12. Herman MAB, Nault BA, Smart CD (2008) Effects of plant growth-promoting 

rhizobacteria on bell pepper production and green peach aphid infestations in New York. 

Crop Prot 27:996–1002Google Scholar 

13. Johri B, Sharma A, Virdi J (2003) Rhizobacterial diversity in India and its influence on 

soil and plant health. Adv Biochem Eng Biotechnol 84:49–89Google Scholar 

14. Katayama N, Zhang ZQ, Ohgushi T (2011) Community-wide effects of below ground 

rhizobia on above-ground arthropods. Ecol Entomol 36:43–51Google Scholar 



15. Klement Z, Rudolph K, Sand CD (1990) Methods in phytobacteriology. Akademiai 

Kiado, BudapestGoogle Scholar 

16. Kokalis-Burelle N, Vavrina CS, Reddy MS, Kloepper JW (2003) Amendment of 

muskmelon and watermelon transplant media with plant growth promoting rhizobacteria: 

effects on transplant quality, disease, and nematode resistance. HortTechnology 

13(3):476–482Google Scholar 

17. Lakshmanan V, Kitto SL, Caplan JL, Hsueh YH, Kearns DB, Wu YS, Bais HP (2012) 

Microbe-associated molecular patterns-triggered root responses mediate beneficial 

rhizobacterial recruitment in Arabidopsis. Plant Physiol 160:1642–

1661PubMedPubMedCentralGoogle Scholar 

18. Lee B, Farag MA, Park HB, Kloepper JW, Lee SH, Ryu CM (2012) Induced resistance 

by a long-chain bacterial volatile: elicitation of plant systemic defense by a C13volatile 

produced by Paenibacillus polymyxa. PLoS One 

7:e48744PubMedPubMedCentralGoogle Scholar 

19. Lugtenberg B, Kamilova F (2009) Plant-growth-promoting rhizobacteria. Annu Rev 

Microbiol 63:541–556PubMedPubMedCentralGoogle Scholar 

20. Nakkeeran S, Kavitha K, Chandrasekar G, Renukadevi P, Fernando WGD (2006) 

Induction of plant defence compounds by Pseudomonas chlororaphis PA23 and Bacillus 

subtilis BSCBE4 in controlling damping-off of hot pepper caused by Pythium 

aphanidermatum. Biocontr Sci Technol 16(4):403–416Google Scholar 

21. Nangle KW (2012) Effect of plant growth-promoting rhizobacteria (PGPR) treatment of 

cotton on the oviposition behavior of Spodoptera exigua (Hubner) (Lepidoptera: 

Noctuidae). Thesis, Auburn University, AlabamaGoogle Scholar 

22. Nezarat S, Gholami A (2009) Screening plant growth promoting rhizobacteria for 

improving seed germination, transplant growth and yield of maize. Pak J Biol Sci 

12(1):26–32Google Scholar 

23. Nguyen MT, Ranamukhaarachchi SL (2010) Soil-borne antagonists for biological control 

of bacterial wilt disease caused by Ralstonia solanacearum in tomato and pepper. J Plant 

Pathol 92(2):395–406Google Scholar 

24. Pangesti R (2015) Rhizobacterial modification of plant defenses against insect 

herbivores: from molecular mechanisms to tritrophic interactions. Dissertation, 

Wageningen University, NetherlandsGoogle Scholar 

25. Peixoto Neto PAS, Azevedo JL, Araujo WL (2002) Endophytic microorganisms. 

Biotechnol Sci Dev 29:62–77Google Scholar 

26. Pineda A, Zheng SJ, Van Loon JJA, Pieterse CMJ, Dicke M (2010) Helping plants to 

deal with insects: the role of beneficial soil-borne microbes. Trends Plant Sci 15:507–

514Google Scholar 

27. Pineda A, Zheng S-J, van Loon JJA, Dicke M (2012) Rhizobacteria modify plant–aphid 

interactions: a case of induced systemic susceptibility. Plant Biol 14:83–90Google 

Scholar 

28. Pineda A, Soler R, Weldegergis BT, Shimwela MM, Van Loon JJA, Dicke M (2013) 

Non-pathogenic rhizobacteria interfere with the attraction of parasitoids to aphid induced 

plant volatiles via jasmonic acid signalling. Plant Cell Environ 36:393–404Google 

Scholar 



29. Qingwen Z, Ping L, Gang W, Qingnian C (1998) On the biochemical mechanism of 

induced resistance of cotton to cotton bollworm by cutting young seedling at plumular 

axis. Acta Phytophylacica Sin 25:209–212Google Scholar 

30. Rudrappa T, Czymmek KJ, Pare PW, Bais HP (2008) Root-secreted malic acid recruits 

beneficial soil bacteria. Plant Physiol 148:1547–1556PubMedPubMedCentralGoogle 

Scholar 

31. Saravanakumar D, Muthumeena K, Lavanya N, Suresh S, Rajendran L, Raguchander T, 

Samiyappan R (2007) Pseudomonas-induced defens molecules in rice plants against 

leaffolder (Cnaphalocrocis medinalis) pest. Pest Manag Sci 63:714–721Google Scholar 

32. Setiawati WR, Murtiningsih GA, Sopha dan Handayani T (2007) Budidaya Tanaman 

Sayuran. Balai Penelitian Tanaman Sayuran, LembangGoogle Scholar 

33. Shaukat K, Affrasayab S, Hasnain S (2006a) Growth responses of Heliantus annus to 

plant growth promoting rhizobacteria used as a biofertilizer. J Agric Res 1:573–

581Google Scholar 

34. Shaukat K, Affrasayab S, Hasnain S (2006b) Growth responses of Triticum aestivum to 

plant growth promoting rhizobacteria used as a biofertilizer. Res J Microbiol 1:330–

338Google Scholar 

35. Sivan A, Chet I (1986) Biological control of Fusarium spp. in cotton, wheat and 

muskmelon by Trichoderma harzianum. J Phytopathol 116:39–47Google Scholar 

36. Souza ML (2001) Use of endophytic microorganisms in agriculture. Biotech Sci Dev 

21:28–31Google Scholar 

37. Ueno T (2006) Current status of insect pests attacking green bunching onion in central 

and southern Vietnam. J Fac Agric Kyushu Univ 51:275–283Google Scholar 

38. Ueno T (2015) Beet armyworm Spodoptera exigua (Lepidoptera: Noctuidae): a major 

pest of welsh onion in Vietnam. J Agric Environ Sci 4(2):181–185Google Scholar 

39. Valenzuela-Soto JH, Estrada-Hernandez MG, Ibarra-Laclette E, Delano-Frier JP (2010) 

Inoculation of tomato plants (Solanum lycopersicum) with growth promoting Bacillus 

subtilis retards whitefly Bemisia tabaci development. Planta (Berl) 231:397–410Google 

Scholar 

40. van Oosten VR, Bodenhausen N, Reymond P, van Pelt JA, van Loon LC, Dicke M, 

Pieterse CMJ (2008) Differential effectiveness of microbialy induced resistance against 

herbivorous insects Arabidopsis. Mol Plant-Microbe Interact 21:919–

930PubMedPubMedCentralGoogle Scholar 

41. Vijayasamundeeswari A, Ladhalakshmi D, Sankaralingam A, Samiyappan R (2009) Plant 

growth promoting rhizobacteria of cotton affecting the developmental stages of 

Helicoverpa armigera. J Plant Protect Res 49:239–243Google Scholar 

42. Whipps JM (2001) Microbial interaction and biological in the rhizosphere. J Exp Bot 

52:487–511Google Scholar 

43. Yanti Y, Astuti FF, Habazar T, Nasution CR (2017) Screening of rhizobacteria from 

rhizosphere of healthy chili to control bacterial wilt disease and to promote growth and 

yield of chili. Biodiversitas 18(1):1–9Google Scholar 

44. Zehnder G, Kloepper J, Yao C, Wei G (1997) Induction of systemic resistance in 

cucumber against cucumber beetles (Coleoptera: Chrysomelidae) by plant growth 

promoting rhizobacteria. J Econ Entomol 90:391–396Google Scholar 

45. Zehnder GW, Murphy JF, Sikora EJ, Klopper JW (2001) Application of rhizobacteria for 

induced resistence. Eur J Plant Phatol 107:39–50Google Scholar 



46. Zheng S, Henken B, Wietsma W, Sofiari E, Jacobsen E, Krens FA, Kik C (2000) 

Development of bio-assays and screening for resistance to beet armyworm 

(SpodopteraexiguaHübner) in Allium cepa L. and its wild relatives. Euphytica 114:77–

85Google Scholar 

 


