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Presentation Outline 
• Integrated Pest Management (IPM) of FAW

• Biological control agents

• Predators

• Parasitoids

• Bio-pesticides

• Use of Parasitoids in FAW management

• Optimization of the parasitoid production as an IPM strategy

• Release and recovery of the parasitoids

• Conservation of the natural enemies
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Integrated Pest Management Strategies for FAW
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Why IPM on FAW?

Benefits of IPMReduced chances of 
pesticide resistance

Reduced application 
of pesticides 

Reduced costs of 
production 

Minimizes 
environmental 
pollution

Conserves natural 
enemies

Chemical residues 
below 
maximum residue lev
el (MRL)
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Biological control of FAW 
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Biological control
• Biological control: component of IPM strategy involving control of pests 

(insects, weeds or plant diseases) using other organisms.

• Biocontrol focuses on reduction of pest populations using natural enemies; 

with involvement of active human role

• Biological control agents (BCAs): are living organisms that  infect  and kill or 

prey on the pest
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Biocontrol Cont.…
• Natural biocontrol: reduces population of the pest with no human intervention 

• Applied biocontrol involves natural enemies and manipulation by humans.

1. Classical biocontrol: exotic species imported and released 

2. Augmentation biocontrol: periodic releases of natural enemies into the 

pest habitat; to boost the naturally occurring populations

3. Conservation biocontrol: fosters existing natural enemy populations 

indirectly by making the environment more favorable for natural enemies 



www.icipe.org

Advantages of biological control
• Quite specific to the target pest, related pests

• No resistance development

• No effect on non target organisms

• No build-up of toxin in the food chain

• Safe to growers, other consumers, environment and ecosystem service

providers

• Can be cheaper than chemical pesticides when locally produced
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Biological control agents of FAW
• The BCAs of FAW include: 

• Predators

• Parasitoids

• Insect pathogens 
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Predators as BCAs
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Predators 

Earwig Stink bug

Ants

•Ants crawl up the plants, whorls and drag out 

FAW larvae

•Conserved through application of  fish soup 

into their maize fields

Lady beetles 
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Parasitoids as BCAs
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Parasitoids 
• They are species whose immature stage develops on or within a single insect 

host, ultimately killing the host.

• Many species of wasps and some flies are parasitoids.
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Research on parasitoids of FAW
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New association of natural enemies from Africa
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Parasitoids of FAW in East Africa 

Telenomus remus Trichogramma chilonis

Cotesia icipe

Palexorista 
zonata

Coccygidium luteumCharops sp

Chelonus curvimaculatus
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Performance of the parasitoids on FAW
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Telenomus remus on FAW eggs in lab and field

About 70% parasitism (Kenya); in some cases, up to 90% parasitism of FAW eggs 
reported 



www.icipe.org

T. remus Cont…..
• Native of Asia

• Present in most of the FAW distribution range in 
East, West and South Africa

• Each female T. remus produces about 270 eggs 
during its reproductive lifespan

• High reproductive rate: total development from 
egg deposition to adult ranges between 10-12 
days

• Field releases should start in maize fields of 3-6 
weeks crops; this maize is highly likely to get 
higher FAW infestation   

• T. remus released at a rate of 100,000-150,000 
wasps/Ha

• The number of parasitoids released can either be 
reduced or increased depending on infestation 
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T. remus Cont…..
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Efficiency of Trichogramma chilonis on FAW eggs

Up to 30% parasitism of eggs in the field


Chart1

		Trichogramma sp.(20 FAW eggs)		Trichogramma sp.(20 FAW eggs)		Trichogramma sp.(20 FAW eggs)		6.7827661879		6.7827661879		2.7467032417		2.7467032417		4.3538539199		4.3538539199

		Trichogramma sp.(40 FAW eggs)		Trichogramma sp.(40 FAW eggs)		Trichogramma sp.(40 FAW eggs)		5.0849202545		5.0849202545		3.4272558063		3.4272558063		4.3992714908		4.3992714908

		Trichogramma sp.(60 FAW eggs)		Trichogramma sp.(60 FAW eggs)		Trichogramma sp.(60 FAW eggs)		2.900749501		2.900749501		5.7068944545		5.7068944545		5.1422636421		5.1422636421

		Control		Control		Control		0		0		0		0		0		0
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Sheet1

		Trichogramma sp.  Treatment 1 - 20 FAW eggs																		Cumulative data on percent parasitism/FAW percent emergence/percent egg mortality

		Experiment		Date exposed		Date removed		Date parasitoids emerged		No. of FAW hatched		No. of parasitoids		Egg mortality numbers		No. of males		No. of females		Percentage parasitism		FAW percent emergence		Percent egg mortality

		1		9/2/19		10/2/19		18/2/2019		0		20		0		9		11		100		0		0

		1		9/2/19		10/2/19		18/2/2019		0		20		0		7		13		100		0		0

		1		9/2/19		10/2/19		18/2/2019		4		10		6		3		7		50		20		30

		1		9/2/19		10/2/19		18/2/2019		4		8		8		4		4		40		20		40

		1		9/2/19		10/2/19		18/2/2019		0		20		0		6		14		100		0		0

		1		9/2/19		10/2/19		18/2/2019		0		20		0		8		12		100		0		0

		1		9/2/19		10/2/19		18/2/2019		0		20		0		8		12		100		0		0

		1		9/2/19		10/2/19		18/2/2019		1		18		1		5		13		90		5		5

		1		9/2/19		10/2/19		18/2/2019		2		10		8		8		2		50		10		40

		1		9/2/19		10/2/19		18/2/2019		5		11		4		2		9		55		25		20

		1		9/2/19		10/2/19		18/2/2019		4		9		7		4		5		45		20		35

		1		9/2/19		10/2/19		18/2/2019		5		10		5		4		6		50		25		25

		1		9/2/19		10/2/19		18/2/2019		0		20		0		7		13		100		0		0

		Means								1.9230769231		15.0769230769		3		5.7692307692		9.3076923077		75.3846153846		9.6153846154		15

		Std devia.								2.0554444948		5.0757574419		3.3911649916		2.1538461538		3.8905134204		25.3787872097		10.2772224738		16.2906296804

		Std Error								0.5493406483		0.9063269672		0.9063269672		0.575639598		1.0397834484		6.7827661879		2.7467032417		4.3538539199

		Control		9/2/19				11/2/19		20		0		0		0		0		0		100		0

				Trichogramma sp. Treatment 2 - 40 FAW eggs

		Experiment		Date exposed		Date removed		Date parasitoids emerged		No. of FAW emerged		No. of parasitoids		Egg mortality numbers		No. of males		No. of females		Percentage parasitism		FAW percent emergence		Percent egg mortality

		2		21/3/2019		22/03/2019		29/03/2019		9		16		15		5		11		40		22.5		37.5

		2		21/3/2019		22/03/2019		29/03/2019		13		20		7		2		18		50		32.5		17.5

		2		21/3/2019		22/03/2019		29/03/2019		11		13		16		4		9		32.5		27.5		40

		2		21/3/2019		22/03/2019		29/03/2019		5		27		8		5		22		67.5		12.5		20

		2		21/3/2019		22/03/2019		29/03/2019		0		30		10		5		25		75		0		25

		2		21/3/2019		22/03/2019		29/03/2019		3		36		1		3		33		90		7.5		2.5

		2		21/3/2019		22/03/2019		29/03/2019		4		14		22		4		10		35		10		55

		2		21/3/2019		22/03/2019		29/03/2019		18		16		6		4		12		40		45		15

		2		21/3/2019		22/03/2019		29/03/2019		5		14		21		4		11		35		12.5		52.5

		2		21/3/2019		22/03/2019		29/03/2019		3		25		12		4		21		62.5		7.5		30

		2		21/3/2019		22/03/2019		29/03/2019		2		27		11		5		22		67.5		5		27.5

		2		21/3/2019		22/03/2019		29/03/2019		5		27		8		9		18		67.5		12.5		20

		2		21/3/2019		22/03/2019		29/03/2019		3		36		1		14		22		90		7.5		2.5

		2		21/3/2019		22/03/2019		29/03/2019		14		25		1		8		17		62.5		35		2.5

		Means								6.7857142857		23.2857142857		9.9285714286		5.4285714286		17.9285714286		58.2142857143		16.9642857143		24.8214285714

		Std devia.								5.1294468015		7.6104117725		6.5842266681		2.9450754469		6.6058879117		19.0260294312		12.8236170038		16.4605666701

		Std Error								1.3709023225		2.0339681018		1.7597085963		0.7871045215		1.7654978072		5.0849202545		3.4272558063		4.3992714908

		Control		21/3/2019				23/03/2019		40		0		0		0		0		0		100		0

				Trichogramma sp. Treatment 3 - 60 FAW eggs

		Experiment		Date exposed		Date removed		Date parasitoids emerged		No. of FAW emerged		No. of parasitoids		Egg mortality numbers		No. of males		No. of females		Percentage parasitism		FAW percent emergence		Percent egg mortality

		3		10/3/19		11/3/19		17/3/2019		38		7		15		2		5		11.7		63.3		25

		3		10/3/19		11/3/19		17/3/2019		21		9		30		2		7		15		35		50

		3		10/3/19		11/3/19		17/3/2019		50		10		0		1		9		16.7		83.3		0

		3		10/3/19		11/3/19		17/3/2019		26		15		19		10		5		25		43.3		31.7

		3		10/3/19		11/3/19		17/3/2019		21		13		26		3		10		21.7		35		43.3

		3		10/3/19		11/3/19		17/3/2019		35		21		4		5		16		35		58.3		6.7

		3		10/3/19		11/3/19		17/3/2019		21		12		27		7		5		20		35		45

		3		10/3/19		11/3/19		17/3/2019		17		12		31		1		11		20		28.3		51.7

		3		10/3/19		11/3/19		17/3/2019		49		11		0		5		8		18.3		81.7		0

		3		10/3/19		11/3/19		17/3/2019		10		19		31		7		12		31.7		16.7		51.6

		3		10/3/19		11/3/19		17/3/2019		36		12		12		3		9		20		60		20

		3		10/3/19		11/3/19		17/3/2019		38		22		0		6		16		36.7		63.3		0

		3		10/3/19		11/3/19		17/3/2019		7		30		23		6		24		50		11.7		38.3

		3		10/3/19		11/3/19		17/3/2019		23		25		12		8		17		41.7		38.3		20

		Means								28		15.5714285714		16.4285714286		4.7142857143		11		25.9642857143		46.6571428571		27.3785714286

		Std devia.								12.8173988892		6.5105879229		11.5493616751		2.6840420326		5.3318450304		10.8536107977		21.3532437912		19.240588741

		Std error								3.4255939452		1.7400278139		3.0866967446		0.717340407		1.4249955245		2.900749501		5.7068944545		5.1422636421

		Control		10/3/19				12/3/19		60		0		0		0		0		0		100		0

				Telenomus sp. Treatment 1 - 20 FAW eggs

		Experiment		Date exposed		Date removed		Date parasitoids emerged		No. of FAW emerged		No. of parasitoids		Egg mortality numbers		No. of males		No. of females		Percentage parasitism		FAW percent emergence		Percent egg mortality

		1		29/3/2019		30/3/2019		8/4/19		2		12		6		2		10		60		10		30

		1		29/3/2019		30/3/2019		8/4/19		0		11		9		2		9		55		0		45

		1		29/3/2019		30/3/2019		8/4/19		1		12		7		4		8		60		5		35

		1		29/3/2019		30/3/2019		8/4/19		1		18		1		3		15		90		5		5

		1		29/3/2019		30/3/2019		8/4/19		3		11		6		3		9		55		15		30

		1		29/3/2019		30/3/2019		8/4/19		0		20		0		3		17		100		0		0

		1		29/3/2019		30/3/2019		8/4/19		0		13		7		1		12		65		0		35

		1		29/3/2019		30/3/2019		8/4/19		0		16		4		2		14		80		0		20

		1		29/3/2019		30/3/2019		8/4/19		0		17		3		4		13		85		0		15

		1		29/3/2019		30/3/2019		8/4/19		0		16		4		1		15		80		0		20

		1		29/3/2019		30/3/2019		8/4/19		1		18		1		3		15		90		5		5

		1		29/3/2019		30/3/2019		8/4/19		1		12		7		2		10		60		5		35

		1		29/3/2019		30/3/2019		8/4/19		0		18		2		3		15		90		0		10

		1		29/3/2019		30/3/2019		8/4/19		0		19		1		3		16		95		0		5

		Means								0.6428571429		15.2142857143		4.1428571429		2.5714285714		12.7142857143		76.0714285714		3.2142857143		20.7142857143

		Std devia.								0.8949974347		3.1208646107		2.773783977		0.9035079029		2.8891069166		15.6043230535		4.4749871736		13.868919885

		Std error								0.2391981259		0.8340861517		0.7413249505		0.2414726442		0.7721463025		4.1704307585		1.1959906296		3.7066247524

		Control		29/3/2019				1/4/19		20		0		0		0		0		0		100		0

				Telenomus sp. Treatment 2 - 40 FAW eggs

		Experiment		Date exposed		Date removed		Date parasitoids emerged		No. of FAW emerged		No. of parasitoids		Egg mortality numbers		No. of males		No. of females		Percentage parasitism		FAW percent emergence		Percent egg mortality

		2		1/4/19		2/4/19		11/4/19		12		22		6		4		18		55		30		15

		2		1/4/19		2/4/19		11/4/19		5		32		3		5		27		80		12.5		7.5

		2		1/4/19		2/4/19		11/4/19		24		14		2		3		11		35		60		5

		2		1/4/19		2/4/19		11/4/19		21		16		3		4		12		40		52.5		7.5

		2		1/4/19		2/4/19		11/4/19		17		23		0		3		20		57.5		42.5		0

		2		1/4/19		2/4/19		11/4/19		16		23		1		7		16		57.5		40		2.5

		2		1/4/19		2/4/19		11/4/19		23		15		2		6		9		37.5		57.5		5

		2		1/4/19		2/4/19		11/4/19		22		17		1		2		15		42.5		55		2.5

		2		1/4/19		2/4/19		11/4/19		8		30		2		6		24		75		20		5

		2		1/4/19		2/4/19		11/4/19		18		22		0		5		17		55		45		0

		2		1/4/19		2/4/19		11/4/19		15		19		6		5		14		47.5		37.5		15

		2		1/4/19		2/4/19		11/4/19		12		25		3		4		21		62.5		30		7.5

		2		1/4/19		2/4/19		11/4/19		31		8		1		3		5		20		77.5		2.5

		2		1/4/19		2/4/19		11/4/19		16		15		9		5		10		37.5		40		22.5

		Means								17.1428571429		20.0714285714		2.7857142857		4.4285714286		15.6428571429		50.1785714286		42.8571428571		6.9642857143

		Std devia.								6.566768534		6.2731205007		2.4836198072		1.3477115903		5.862802144		15.6828012518		16.4169213351		6.2090495181

		Std error								1.7550427138		1.6765619757		0.6637753141		0.3601910734		1.5668997821		4.1914049392		4.3876067844		1.6594382853

		Control		1/4/19				3/4/19		40		0		0		0		0		0		100		0

				Telenomus sp. Treatment 3 - 60 FAW eggs

		Experiment		Date exposed		Date removed		Date parasitoids emerged		No. of FAW emerged		No. of parasitoids		Egg mortality numbers		No. of males		No. of females		Percentage parasitism		FAW percent emergence		Percent egg mortality

		3		2/4/19		3/4/19		14/4/2019		12		27		21		9		18		45		20		35

		3		2/4/19		3/4/19		14/4/2019		6		36		18		7		29		60		10		30

		3		2/4/19		3/4/19		14/4/2019		2		35		23		5		30		58.3		3.4		38.3

		3		2/4/19		3/4/19		14/4/2019		21		16		23		10		6		26.7		35		38.3

		3		2/4/19		3/4/19		14/4/2019		7		34		19		16		18		56.7		11.7		31.6

		3		2/4/19		3/4/19		14/4/2019		2		33		25		8		25		55		3.3		41.7

		3		2/4/19		3/4/19		14/4/2019		42		12		6		7		5		20		70		10

		3		2/4/19		3/4/19		14/4/2019		38		18		4		7		11		30		63.3		6.7

		3		2/4/19		3/4/19		14/4/2019		10		32		18		14		18		53.3		16.7		30

		3		2/4/19		3/4/19		14/4/2019		14		28		18		10		18		46.7		23.3		30

		3		2/4/19		3/4/19		14/4/2019		20		17		23		8		9		28.4		33.3		38.3

		3		2/4/19		3/4/19		14/4/2019		23		25		12		11		14		41.7		38.3		20

		3		2/4/19		3/4/19		14/4/2019		15		44		1		17		27		73.3		25		1.7

		3		2/4/19		3/4/19		14/4/2019		11		38		11		18		20		63.4		18.3		18.3

		Means								15.9285714286		28.2142857143		15.8571428571		10.5		17.7142857143		47.0357142857		26.5428571429		26.4214285714

		Std devia.								11.6647471696		9.16654298		7.4819510715		3.9955332203		7.8233037543		15.2674540465		19.4300104509		12.457079374

		Std error								3.1175348151		2.4498616609		1.9996355353		1.0678511706		2.0908658772		4.0803987293		5.1928887235		3.3292945041

		Control		2/4/19				4/4/19				0		0		0		0		0		100		0





Sheet2

		

		SE egg mortality		SE FAW		SE parasitism		Parasitoids				parasitism (%)		FAW emergence (%)		Egg mortality (%)										% parasitism		% FAW emergence		% egg mortality				SE parasitism(control)		SE emergence		SE parasitism		SE FAW emergence		SE egg mortality

		4.3538539199		2.7467032417		6.7827661879		Trichogramma (20)				75.3846153846		9.6153846154		15								Telenomus sp.(20 FAW eggs))		76.0714285714		3.2142857143		20.7142857143				0		0		4.1704307585		1.1959906296		3.7066247524
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				Treatment		% parasitism		% FAW emergence		% egg mortality

		Telenomus		20		76.0714285714		3.2142857143		20.7142857143

		Telenomus		40		50.1785714286		42.8571428571		6.9642857143

		Telenomus		60		47.0357142857		26.5428571429		26.4214285714

		Control				100		0		0

						Treatment		% parasitism		% FAW emergence		% egg mortality				SE FAW emergence		SE egg mortality

				Telenomus sp.		20		76.0714285714		3.2142857143		20.7142857143		4.1704307585		1.1959906296		3.7066247524

				Telenomus sp.		40		50.1785714286		42.8571428571		6.9642857143		4.1914049392		4.3876067844		1.6594382853

				Telenomus sp.		60		47.0357142857		26.5428571429		26.4214285714		4.0803987293		5.1928887235		3.3292945041

						Control		100		0		0		0		0		0





		SE parasitism		SE FAW emergence		SE egg mortality

		4.1704307585		1.1959906296		3.7066247524

		4.1914049392		4.3876067844		1.6594382853

		4.0803987293		5.1928887235		3.3292945041
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Trichogramma chilonis Cont…..
• Native of Asia

• Present in East Africa

• Each female T. chilonis produces about 40 - 50 eggs 
during its reproductive lifespan

• Field releases should start in maize fields of 3-6 weeks 
crops; this maize is highly likely to get higher FAW 
infestation   

• T. remus released at a rate of 50,000-200,000 
wasps/Ha

• The number of parasitoids released can either be 
reduced or increased depending on infestation 
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Chelonus curvimaculatus on FAW eggs

• Solitary egg-larval braconid parasitizing eggs of 

FAW and Spodoptera littoralis and develops in 

the FAW larvae

• In the lab, up to 90% parasitism recorded (Host 

larval to parasitoid ratio of 1 egg mass:1 ♀, for 

8 hours).
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Cotesia icipe

• Solitary braconid parasitizing early FAW larval 

instars (L1, L2 and L3) 

• Short life cycle

• Released in the form of cocoons and/or wasps

• Release ≤500 wasps or ≤600 cocoons/Ha

Photo: ©Francis Obala



www.icipe.org

Parasitism of Cotesia icipe in the lab and field 

Laboratory findings on the effectiveness of C. icipe to control FAW.  
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Up to 45% parasitism of larvae in the field
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				% parasitism		% wasp emergence		% female progeny

		First instar		69.09		87.66		64.21

		second instar		58.46		91.27		68.25

		Third instar		43		70.21		56.77

		Fourth instar		11.25		79.17		12.5

		L1		5.17		3.05		4.29

		L2		4.13		2.2		3.98

		L3		7.04		7.51		6.66

		L4		2.45		8.18		8.18

				% parasitism		Number of eclosed wasps		% female progeny

		First instar		69.09		12.0		64.2

		second instar		58.46		10.6		68.3

		Third instar		43		5.5		56.8

		Fourth instar		11.25		0.8		12.5

		L1		5.17		0.9		4.3

		L2		4.13		0.7		4.0

		L3		7.04		1.0		6.7

		L4		2.45		0.3		8.2
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• Gregarious ectoparasitoid, attacking late larval FAW 

instars (L4, L5 and L6)

• Percent parasitism of up to 42% in the laboratory 

• Mass production of the parasitoid involves the use of 

natural plant/artificial diet  

Palexorista zonata on FAW
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Diversity of Indigenous parasitoids forming new 
association on FAW in Africa

Scientific Name Order Family Host Stage
Telenomus remus Hymenoptera Scelionidae Egg 

Trichogramma sp. Hymenoptera Trichogrammatidae Egg 

Trichogrammatoidea sp. Hymenoptera Trichogrammatidae Egg 

Chelonus curvimaculatus Hymenoptera Braconidae Egg - larval 

Charops sp. Hymenoptera Ichneumonidae 1st and 2nd larval Instar 

Cotesia icipe Hymenoptera Braconidae 1st and 2nd larval Instar 

Campoletis sp. Hymenoptera Ichneumonidae Larval

Coccigydium luteum Hymenoptera Braconidae Larval

Palexorista zonata Diptera Tachinidae 4th, 5th and 6th larval 
Instar 
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Augmentative release of the parasitoids 
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Release of parasitoids in the field
• What should you assess for before release of the parasitoids?

• Farmers’ knowledge on natural enemies; and train them accordingly

• Use of synthetic pesticides

• Level of FAW infestation in the field and the host stage (egg/larva/adult)

• Presence of the natural enemies (which parasitoid?)

• Stage of the crop

• Distance between the rearing facility and the field for transport of either
cocoons or wasps

Synthetic pesticides used 
by farmers in Kenya 

Stage of the crop and 
level of damage

Assessing farmers 
knowledge and training
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Conservation of the parasitoids 
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Conservation of the natural enemies 

Disruption of natural biocontrol contributes to increased pest problems and in 

most cases, pest problems made worse

• This strategy is one of the most important and readily available biological control 

practice available to growers

• It is essential if biological control is to work at all

• Manipulation of the environment to favor natural enemies

1. Removal or mitigation  of adverse factors 

2. Provision of lacking requisites

• Modification of adverse agricultural practices e.g. discourage pesticide 

applications 
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