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Challenges: fall armyworm as an invasive pest
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Challenges: Yield Losses

FAW was estimated to cause USD 9.8 billion yield loss in Africa (Eschen et al.
2021)
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Challenges: Conventional Pesticides as the
Predominant Management Techniques

% Households (HHs) using conventional pesticide to manage
FAW
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Challenges: Highly Hazardous pesticides
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Challenges: Weak Risk Reduction Practices
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The Solution: Global Action (GA) for FAW Control

® Reduce Crop vield loss of 5-10%
by applying area-specific [PM
strategies in target countries

e Limit further spread to new areas
by applying phytosanitary
measures

e Conduct a global coordination

Plant Production and Protection Division (NSP)
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Global Action for FAW Control

Global Steering

Committee
Chair: DG, FAD

Regional Steering Groups
Chairs: ADGs

‘ Geo-Zone groups
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8 Demonstration countries, 54 Pilot countries
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Progress in Technical Solutions: FAW IPM
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IveYY 0, VY

i
: i 't':'J! J | 4 J * Plant Production and Protection Division (NSP)




Native Genetic Resistance to FAW
FAW-tolerant Maize Hybrids from CIMMYT
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FAW-tolerant Hybrids FAW-susceptible Checks

= More than 6000 CIMMYT maize germplasm entries
screened so far against FAW under artificial infestation
at Kiboko, Kenya, during 2017-2020.

= CIMMYT Maize Lines (CMLs) with native genetic
resistance to FAW disseminated to partners across
Africa and Asia.

Source: B.M. Prasanna (CIMMYT)

'. I . . 1 Plant Production and Protection Division (NSF)
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Performance of FAW tolerant hybrids vis-a-vis commercial checks
under “No-Choice Trials” at Kiboko (2020)

Grain Yield Foliar Ear Cob Exit Anthesis Bad Earrot Ear Plant Plant Ears
(tons/ha) Damage damage hole (#) Date (d) Husk (%) aspect aspect stand harvested
(1-9) (1-9) Cover (1-9) (1-9) (#) ()
Name (96)
FAWTH2001 7.1 3.5 2.1 1.2 70.4 4.1 5.2 2.6 3.4 464.4 370.3
FAWTH2002 7.9 4.2 2.2 1.0 70.4 3.8 4.6 2.8 3.4 462.7 359.9
FAWTH2003 8.6 3.6 2.2 1.8 70.4 3.8 5.2 2.6 3.8 454 .6 362.0
DK777
(Commercial Check) 1.0 6.2 3.7 4.3 70.8 4.5 10.8 3.1 2.7 454.2 320.5
WE3106
(Commercial Check) 0.9 6.3 4.0 3.8 70.4 3.6 11.6 3.1 2.7 464.7 347.5
Grand Mean 3.8 4.7 3.3 3.4 69.2 4.7 9.3 3.0 3.2 458.9 357.2
Total No. of Entries 12 12 12 12 12 12 12 12 12 12 12

Source: B.M. Prasanna (CIMMYT)
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) atmeumeanann: . GAP and conservation biocontrol

Interventions Effectiveness Scalability Strength of

scientific
evidences

Balanced fertilization using both Moderate to High High

organic and inorganic fertilizer high

Minimum tillage Moderate to  Moderate to high High
high

Moderate to Moderate to high Moderate to high

high

Intercropping Moderate to Low to high High
high (Region dpdt)

Field margins for conservation High Low to high High

biocontrol (Region dpdt)

Food amendment for conservation Low to Low to moderate Low

biocontrol moderate

Mechanical control Low to Low Low

moderate

WY TGO rscsmarocumommos



—
W Food and Agriculture Organization @)
of the United Nations N

Biological control as a key component in FAW
management

* QOver 30 parasitoid and predator species in Africa and Asia (e.g. Trichogramma
pretiosum, Cotesia icipe).

* Mass rearing and mass releases are being tested.

* Over 15 biopesticide options for FAW — Bt, SFTMNPV, neem-based products showed
promise.

Plant Production and Protection Division (NSP)



\VJ/ Food and Agriculture Organization

of the United Nations

. . 2 60 Cotesia icipe W Charops sp
NeW aSSOCIatIOn e jg - W Coccygidium luteum W Chelonus curvimaculatus
Of natu ral § 30 ) - W Palexorista zonata
j=
= 20
° =
enemies of FAW Ew B m B . m 0
in Africa 7 £ 0§ § % F § £ g3 ® O3
=2 E . 5 S?E E = i %D b E
2 = | = -
7 | e =
=
ived: 17 April 2018 | Accepted: 17 May 2018 "d:
s | ETHIOPIA KENYA TANZANIA

SHORT COMMUNICATION WILEY E&

First report of the fall armyworm, Spodoptera frugiperda
(Lepidoptera: Noctuidae), natural enemies from Africa
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Cotesia icipe Chelonus curvimaculatus Charops sp Palexorista zonata Coreysichom dfeu

Source: Subramanian Sevgan, icipe

Plant Production and Protection Division (NSP)
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Telenomus remus  Chelonus curvimaculatus Charops sp  Coccygidium luteum

Potent
natural
enemies of
FAW In
Africa

Source: Trichogramma sp. Cotesia icipe Palexorista zonata

Subramanian

o Up to 30% parasitism of eggs in the Up to 45% parasitism of larvae in
Sevgan, icipe

field the field

Plant Production and Protection Division (NSP)
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= Egg mortality m Neonate mortality Beauveria bassiana Metarhizium anisopliae

Source: Subramanian Sevgan, icipe

Plant Production and Protection Division (NSP)
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Egg mortality

Neonate mortality
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Final Data

		Treatment		Replicate		No. Hatched		Egg mortality		% egg mortality		%Hatched		Larv Mort		% Neonate mortality		%LarMort		Egg Mort		Total Mort		%CumulMort

		Control		R1		50						100		0				0		0		0		0

		Control		R2		50						100		0				0		0		0		0

		Control		R3		50						100		0				0		0		0		0												Egg mortality		Neonate mortality

		Control		R4		50						100		0				0		0		0		0										Control		0		0		Cummulative

		Control		R 5		50						100		0				0		0		0		0										ICIPE 30		14.5		18.5		33

		ICIPE 22		R1		18		32		64		36		15		30		83.3333333333		32		47		94										ICIPE 281		1.5		82.5		84

		ICIPE 22		R2		23		27		54		46		20		40		86.9565217391		27		47		94										ICIPE 22		56.5		32		88.5

		ICIPE 22		R3		20		30		60		40		15		30		75		30		45		90										ICIPE 78		87		5		92

		ICIPE 22		R4		26		24		48		52		14		28		53.8461538462		24		38		76										ICIPE 20		79.5		13.5		93

		ICIPE 315		R1		39		11		22		78		35		70		89.7435897436		11		46		92										ICIPE 40		83		10.5		93.5

		ICIPE 315		R2		42		8		16		84		34		68		80.9523809524		8		42		84										ICIPE 655		49.5		45.5		95

		ICIPE 315		R3		39		11		22		78		32		64		82.0512820513		11		43		86										ICIPE 7		39.5		56.5		96

		ICIPE 315		R4		40		10		20		80		35		70		87.5		10		45		90										ICIPE 41		30.5		67		97.5

		ICIPE 655		R1		27		23		46		54		23		46		85.1851851852		23		46		92

		ICIPE 655		R2		21		29		58		42		18		36		85.7142857143		29		47		94

		ICIPE 655		R3		25		25		50		50		23		46		92		25		48		96

		ICIPE 655		R4		28		22		44		56		27		54		96.4285714286		22		49		98

		ICIPE 656		R1		46		4		8		92		39		78		84.7826086957		4		43		86

		ICIPE 656		R2		44		6		12		88		36		72		81.8181818182		6		42		84

		ICIPE 656		R3		42		8		16		84		35		70		83.3333333333		8		43		86

		ICIPE 656		R4		43		7		14		86		38		76		88.3720930233		7		45		90

		ICIPE 41		R1		36		14		28		72		33		66		91.6666666667		14		47		94

		ICIPE 41		R2		35		15		30		70		33		66		94.2857142857		15		48		96

		ICIPE 41		R3		32		18		36		64		32		64		100		18		50		100

		ICIPE 41		R4		36		14		28		72		36		72		100		14		50		100

		ICIPE 387		R1		45		5		10		90		33		66		73.3333333333		5		38		76

		ICIPE 387		R2		45		5		10		90		34		68		75.5555555556		5		39		78

		ICIPE 387		R3		49		1		2		98		36		72		73.4693877551		1		37		74

		ICIPE 387		R4		48		2		4		96		37		74		77.0833333333		2		39		78

		ICIPE 81		R1		43		7		14		86		37		74		86.0465116279		7		44		88

		ICIPE 81		R2		42		8		16		84		32		64		76.1904761905		8		40		80

		ICIPE 81		R3		40		10		20		80		29		58		72.5		10		39		78

		ICIPE 81		R4		50		0		0		100		33		66		66		0		33		66

		ICIPE 1630		R1		32		18		36		64		27		54		84.375		18		45		90

		ICIPE 1630		R2		37		13		26		74		28		56		75.6756756757		13		41		82

		ICIPE 1630		R3		31		19		38		62		22		44		70.9677419355		19		41		82

		ICIPE 1630		R4		33		17		34		66		27		54		81.8181818182		17		44		88

		ICIPE 281		R1		50		0		0		100		40		80		80		0		40		80

		ICIPE 281		R2		47		3		6		94		46		92		97.8723404255		3		49		98

		ICIPE 281		R3		50		0		0		100		41		82		82		0		41		82

		ICIPE 281		R4		50		0		0		100		38		76		76		0		38		76

		ICIPE 609		R1		38		12		24		76		29		58		76.3157894737		12		41		82

		ICIPE 609		R2		42		8		16		84		35		70		83.3333333333		8		43		86

		ICIPE 609		R3		49		1		2		98		35		70		71.4285714286		1		36		72

		ICIPE 609		R4		50		0		0		100		40		80		80		0		40		80

		ICIPE 284		R1		48		2		4		96		35		70		72.9166666667		2		37		74

		ICIPE 284		R2		49		1		2		98		41		82		83.6734693878		1		42		84

		ICIPE 284		R3		44		6		12		88		40		80		90.9090909091		6		46		92

		ICIPE 284		R4		50		0		0		100		40		80		80		0		40		80

		ICIPE 7		R1		34		16		32		68		30		60		88.2352941176		16		46		92

		ICIPE 7		R2		25		25		50		50		24		48		96		25		49		98

		ICIPE 7		R3		30		20		40		60		29		58		96.6666666667		20		49		98

		ICIPE 7		R4		32		18		36		64		30		60		93.75		18		48		96

		ICIPE 31		R1		48		2		4		96		25		50		52.0833333333		2		27		54

		ICIPE 31		R2		46		4		8		92		35		70		76.0869565217		4		39		78

		ICIPE 31		R3		48		2		4		96		35		70		72.9166666667		2		37		74

		ICIPE 31		R4		49		1		2		98		27		54		55.1020408163		1		28		56

		ICIPE 35 (cbb6)		R1		38		12		24		76		17		34		44.7368421053		12		29		58

		ICIPE 35 (cbb6)		R2		36		14		28		72		26		52		72.2222222222		14		40		80

		ICIPE 35 (cbb6)		R3		34		16		32		68		25		50		73.5294117647		16		41		82

		ICIPE 35 (cbb6)		R4		33		17		34		66		23		46		69.696969697		17		40		80

		ICIPE 20		R1		8		42		84		16		4		8		50		42		46		92

		ICIPE 20		R2		11		39		78		22		7		14		63.6363636364		39		46		92

		ICIPE 20		R3		12		38		76		24		7		14		58.3333333333		38		45		90

		ICIPE 20		R4		10		40		80		20		9		18		90		40		49		98

		ICIPE 621		R1		27		23		46		54		22		44		81.4814814815		23		45		90

		ICIPE 621		R2		23		27		54		46		16		32		69.5652173913		27		43		86

		ICIPE 621		R3		23		27		54		46		16		32		69.5652173913		27		43		86

		ICIPE 621		R4		25		25		50		50		19		38		76		25		44		88

		ICIPE 40		R1		5		45		90		10		1		2		20		45		46		92

		ICIPE 40		R2		10		40		80		20		7		14		70		40		47		94

		ICIPE 40		R3		14		36		72		28		9		18		64.2857142857		36		45		90

		ICIPE 40		R4		5		45		90		10		4		8		80		45		49		98

		Icipe 62		R 1		40		10		20		80		12		24		30		10		22		44

		Icipe 62		R2		35		15		30		70		13		26		37.1428571429		15		28		56

		Icipe 62		R3		23		27		54		46		9		18		39.1304347826		27		36		72

		Icipe 62		R4		29		21		42		58		8		16		27.5862068966		21		29		58

		Icipe 30		R 1		44		6		12		88		16		32		36.3636363636		6		22		44

		Icipe 30		R2		48		2		4		96		14		28		29.1666666667		2		16		32

		Icipe 30		R3		39		11		22		78		4		8		10.2564102564		11		15		30

		Icipe 30		R4		40		10		20		80		3		6		7.5		10		13		26

		Icipe 676		R 1		46		4		8		92		34		68		73.9130434783		4		38		76

		Icipe 676		R2		41		9		18		82		14		28		34.1463414634		9		23		46

		Icipe 676		R3		50		0		0		100		33		66		66		0		33		66

		Icipe 676		R4		41		9		18		82		17		34		41.4634146341		9		26		52

		Icipe 78		R 1		7		43		86		14		1		2		14.2857142857		43		44		88

		Icipe 78		R2		4		46		92		8		0		0		0		46		46		92

		Icipe 78		R3		6		44		88		12		2		4		33.3333333333		44		46		92

		Icipe 78		R4		9		41		82		18		7		14		77.7777777778		41		48		96
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Outputs

		%Hatchability

		Treat		Means		SD		N		SE										Treat		Means		SE

		Control		100		0		4		0										Control		100		0

		ICIPE 20		20.5		3.41565		4		1.707825										ICIPE 281		98.5		1.5

		ICIPE 22		43.5		7		4		3.5										ICIPE 284		95.5		2.6299555

		ICIPE 281		98.5		3		4		1.5										ICIPE 31		95.5		1.2583055

		ICIPE 284		95.5		5.259911		4		2.6299555										ICIPE 387		93.5		2.061553

		ICIPE 30		85.5		8.225975		4		4.1129875										ICIPE 609		89.5		5.737305

		ICIPE 31		95.5		2.516611		4		1.2583055										ICIPE 676		89		4.358899

		ICIPE 315		80		2.828427		4		1.4142135										ICIPE 81		87.5		4.3493295

		ICIPE 35 (cbb6)		70.5		4.434712		4		2.217356										ICIPE 656		87.5		1.707825

		ICIPE 387		93.5		4.123106		4		2.061553										ICIPE 30		85.5		4.1129875

		ICIPE 40		17		8.717798		4		4.358899										ICIPE 315		80		1.4142135

		ICIPE 41		69.5		3.785939		4		1.8929695										ICIPE 35 (cbb6)		70.5		2.217356

		ICIPE 609		89.5		11.47461		4		5.737305										ICIPE 41		69.5		1.8929695

		ICIPE 62		63.5		14.73092		4		7.36546										ICIPE 62		63.5		7.36546

		ICIPE 621		49		3.829708		4		1.914854										ICIPE 7		60.5		3.86221

		ICIPE 655		50.5		6.191392		4		3.095696										ICIPE 655		50.5		3.095696

		ICIPE 656		87.5		3.41565		4		1.707825										ICIPE 621		49		1.914854

		ICIPE 676		89		8.717798		4		4.358899										ICIPE 22		43.5		3.5

		ICIPE 7		60.5		7.72442		4		3.86221										ICIPE 20		20.5		1.707825

		ICIPE 78		13		4.163332		4		2.081666										ICIPE 40		17		4.358899

		ICIPE 81		87.5		8.698659		4		4.3493295										ICIPE 78		13		2.081666

		Control        ICIPE 20        ICIPE 22       ICIPE 281       ICIPE 284

		"i"             "a"             "b"             "i"            "hi"

		Icipe 30        ICIPE 31       ICIPE 315 ICIPE 35 (cbb6)       ICIPE 387

		"fgi"            "hi"           "egh"            "dg"            "hi"

		ICIPE 40        ICIPE 41       ICIPE 609        Icipe 62       ICIPE 621

		"a"           "def"            "hi"           "cde"            "bc"

		ICIPE 655       ICIPE 656       Icipe 676         ICIPE 7        Icipe 78

		"bc"            "gi"            "hi"            "bd"             "a"

		ICIPE 81

		"gi"

		Df Sum Sq Mean Sq F value Pr(>F)

		Treatment   20  61674  3083.7   68.29 <2e-16 ***

		Residuals   63   2845    45.2

		Df = 20,63		F = 68.29		P < 0.0001

		Larval Mortality

		Treat		Means		SD		N		SE						Treat		Means		SE

		Control		0		0		4		0						Control		0		0

		ICIPE 20		65.49242		17.275551		4		8.6377755						ICIPE 30		20.82168		7.072737

		ICIPE 22		74.784		14.829042		4		7.414521						ICIPE 78		31.34921		6.9151915

		ICIPE 281		83.96809		9.599267		4		4.7996335						ICIPE 62		33.46487		2.7717355

		ICIPE 284		81.87481		7.497036		4		3.748518						ICIPE 676		53.8807		9.538545

		ICIPE 30		20.82168		14.145474		4		7.072737						ICIPE 40		58.57143		9.2608575

		ICIPE 31		64.04725		12.203458		4		6.101729						ICIPE 31		64.04725		6.101729

		ICIPE 315		85.06181		4.235348		4		2.117674						ICIPE 35 (cbb6)		65.04636		6.816401

		ICIPE 35 (cbb6)		65.04636		13.632802		4		6.816401						ICIPE 20		65.49242		8.6377755

		ICIPE 387		74.8604		1.797361		4		0.8986805						ICIPE 621		74.15298		2.8753775

		ICIPE 40		58.57143		26.521715		4		13.2608575						ICIPE 22		74.784		5.414521

		ICIPE 41		96.4881		4.193789		4		2.0968945						ICIPE 387		74.8604		0.8986805

		ICIPE 609		77.76942		5.10725		4		2.553625						ICIPE 81		75.18425		4.188843

		ICIPE 62		33.46487		5.543471		4		2.7717355						ICIPE 609		77.76942		2.553625

		ICIPE 621		74.15298		5.750755		4		2.8753775						ICIPE 284		81.87481		3.748518

		ICIPE 655		89.83201		5.377838		4		2.688919						ICIPE 281		83.96809		4.7996335

		ICIPE 656		84.57655		2.804924		4		1.402462						ICIPE 656		84.57655		1.402462

		ICIPE 676		53.8807		19.07709		4		9.538545						ICIPE 315		85.06181		2.117674

		ICIPE 7		93.66299		3.82758		4		1.91379						ICIPE 655		89.83201		2.688919

		ICIPE 78		31.34921		33.830383		4		16.9151915						ICIPE 7		93.66299		1.91379

		ICIPE 81		75.18425		8.377686		4		4.188843						ICIPE 41		96.4881		2.0968945

		Df Sum Sq Mean Sq F value Pr(>F)

		Treatment   20  51417  2570.9   14.74 <2e-16 ***

		Residuals   63  10991   174.5

		Df = 20,63		F = 14.74		P < 0.0001

		Control        ICIPE 20        ICIPE 22       ICIPE 281       ICIPE 284

		"a"            "cf"            "df"            "df"            "df"

		ICIPE 30        ICIPE 31       ICIPE 315 ICIPE 35 (cbb6)       ICIPE 387

		"ab"            "cf"            "df"            "cf"            "df"

		ICIPE 40        ICIPE 41       ICIPE 609        ICIPE 62       ICIPE 621

		"cde"             "f"            "df"            "ac"            "df"

		ICIPE 655       ICIPE 656       ICIPE 676         ICIPE 7        ICIPE 78

		"ef"            "df"           "bcd"             "f"            "ac"

		ICIPE 81

		"df"

		Cumulative Mortality														Table 2: Cumulative morlatity (eggs and larvae) induced by fungal isolates

		Treat		Means		SD		N		SE						Treat		Cumulative mortality (%)										Control        ICIPE 20        ICIPE 22       ICIPE 281       ICIPE 284

		Control		0		0		4		0						Control		0.0 ± 0.0a										"a"           "fhi"           "fhi"            "ei"            "ei"

		ICIPE 20		93		3.464102		4		1.732051						ICIPE 20		93 ± 1.73fhi										ICIPE 30        ICIPE 31       ICIPE 315 ICIPE 35 (cbb6)       ICIPE 387

		ICIPE 22		88.5		8.544004		4		4.272002						ICIPE 22		88.5 ± 4.27fhi										"b"            "ce"           "fhi"           "cef"          "defg"

		ICIPE 281		84		9.660918		4		4.830459						ICIPE 281		84 ± 4.83ei										ICIPE 40        ICIPE 41       ICIPE 609        ICIPE 62       ICIPE 621

		ICIPE 284		82.5		7.549834		4		3.774917						ICIPE 284		82.5 ± 3.77ei										"fhi"             "i"            "ei"             "c"           "fhi"

		ICIPE 30		33		7.745967		4		3.8729835						ICIPE 30		33 ± 3.87b										ICIPE 655       ICIPE 656       ICIPE 676         ICIPE 7        ICIPE 78

		ICIPE 31		65.5		12.261049		4		6.1305245						ICIPE 31		65.5 ± 6.13ce										"ghi"           "fhi"            "cd"            "hi"           "fhi"

		ICIPE 315		88		3.651484		4		1.825742						ICIPE 315		88 ± 1.83fhi										ICIPE 81

		ICIPE 35 (cbb6)		75		11.372481		4		5.6862405						ICIPE 35 (cbb6)		75 ± 5.69cef										"deh"

		ICIPE 387		76.5		1.914854		4		0.957427						ICIPE 387		76.5 ± 0.96defg

		ICIPE 40		93.5		3.41565		4		1.707825						ICIPE 40		93.5 ± 1.71fhi

		ICIPE 41		97.5		3		4		1.5						ICIPE 41		97.5 ± 1.5i

		ICIPE 609		80		5.887841		4		2.9439205						ICIPE 609		80 ± 2.94ei

		ICIPE 62		57.5		11.47461		4		5.737305						ICIPE 62		57.5 ± 5.74c

		ICIPE 621		87.5		1.914854		4		0.957427						ICIPE 621		87.5 ± 0.96fhi

		ICIPE 655		95		2.581989		4		1.2909945						ICIPE 655		95 ± 1.29ghi

		ICIPE 656		86.5		2.516611		4		1.2583055						ICIPE 656		86.5 ± 1.26fhi

		ICIPE 676		60		13.56466		4		6.78233						ICIPE 676		60 ± 6.78cd

		ICIPE 7		96		2.828427		4		1.4142135						ICIPE 7		96 ± 1.41hi

		ICIPE 78		92		3.265986		4		1.632993						ICIPE 78		92  ± 1.63fhi

		ICIPE 81		78		9.092121		4		4.5460605						ICIPE 81		78 ± 4.55deh

		Df Sum Sq Mean Sq F value Pr(>F)

		Treatment   20  44278  2213.9   43.01 <2e-16 ***

		Residuals   63   3243    51.5

		Df = 20,63		F = 43.01		P < 0.0001

		%Viability - Conidia Germination

		Isolates		%Germination		SD		N		SE				Fungal species		Isolates		Source		Location/ Country		Year of isolation		%Germination

		ICIPE 20		95.72731		1.0099583		4		0.50497915				M.anisopliae		ICIPE 20		Soil		Kenya		1989		95.72731 ± 0.50ab

		ICIPE 22		91.67812		5.6343884		4		2.8171942				M.anisopliae		ICIPE 22		S. gregaria		Sudan		1999		91.67812 ± 2.82ab

		ICIPE 281		97.3048		0.895285		4		0.4476425				B.basssiana		ICIPE 281		Soil		Mauritius		2005		97.3048 ± 0.45ab

		ICIPE 284		96.81362		1.9717412		4		0.9858706				B.basssiana		ICIPE 284		Soil		Mauritius		2005		96.81362 ± 0.99ab				ICIPE 20        ICIPE 22       ICIPE 281       ICIPE 284        ICIPE 30

		ICIPE 30		96.83752		1.219847		4		0.6099235				M.anisopliae		ICIPE 30		Busseola fusca cadaver		Kenya		1989		96.83752 ± 0.61ab				"ab"            "ab"            "ab"            "ab"            "ab"

		ICIPE 31		89.74203		4.6969416		4		2.3484708				M.anisopliae		ICIPE 31				Madagascar		2003		89.74203 ± 2.35a				ICIPE 31       ICIPE 315 ICIPE 35 (cbb6)       ICIPE 387        ICIPE 40

		ICIPE 315		97.49015		1.264245		4		0.6321225				M.anisopliae		ICIPE 315		Tetranychus uticae		Kenya		2007		97.49015 ± 0.63ab				"a"            "ab"            "ab"            "ab"            "ab"

		ICIPE 35 (cbb6)		96.55478		0.9549907		4		0.47749535				B.basssiana		ICIPE 35 (cbb6)		Coffee berry		Kenya		2009		96.55478 ± 0.48ab				ICIPE 41       ICIPE 609        ICIPE 62       ICIPE 621       ICIPE 655

		ICIPE 387		92.84793		1.7380176		4		0.8690088				M.anisopliae		ICIPE 387		Forfificula senegalensis		Kenya		2007		92.84793 ± 0.87ab				"ab"            "ab"            "ab"            "ab"            "ab"

		ICIPE 40		91.64294		3.6473743		4		1.82368715				M.anisopliae		ICIPE 40		Soil		Kenya		1990		91.64294 ± 1.82ab				ICIPE 656       ICIPE 676         ICIPE 7        ICIPE 78        ICIPE 81

		ICIPE 41		95.25622		2.0127456		4		1.0063728				M.anisopliae		ICIPE 41		Soil		Kenya		1990		95.25622 ± 1.01ab				"ab"             "b"            "ab"            "ab"            "ab"

		ICIPE 609		96.92134		0.8424743		4		0.42123715				B.basssiana		ICIPE 609		Soil		Kenya		2008		96.92134 ± 0.42ab

		ICIPE 62		91.51436		5.3861561		4		2.69307805				M.anisopliae		ICIPE 62		Soil		Zaire		1990		91.51436 ± 2.69ab

		ICIPE 621		93.09421		3.1303272		4		1.5651636				B.basssiana		ICIPE 621		Soil		Kenya		2008		93.09421 ± 1.57ab

		ICIPE 655		91.01368		5.0838583		4		2.54192915				M.anisopliae		ICIPE 655		Soil		Kenya		2008		91.01368 ± 2.54ab

		ICIPE 656		92.25516		3.3387262		4		1.6693631				M.anisopliae		ICIPE 656		Soil		Kenya		2008		92.25516 ± 1.67ab

		ICIPE 676		97.8262		0.9126471		4		0.45632355				B.basssiana		ICIPE 676		Soil		Kenya		2008		97.8262 ± 0.46b

		ICIPE 7		92.80097		0.7685499		4		0.38427495				M.anisopliae		ICIPE 7		A.variegatum cadaver		Kenya		1996		92.80097 ± 0.38ab

		ICIPE 78		95.54455		2.8581696		4		1.4290848				M.anisopliae		ICIPE 78		T.nigroplagiatae		Kenya		1990		95.54455 ± 1.43ab

		ICIPE 81		95.23836		2.7405956		4		1.3702978				M.anisopliae		ICIPE 81		Kraussaria angulifera		Senegal		2003		95.23836 ± 1.37ab

		Df Sum Sq Mean Sq F value   Pr(>F)

		Isolates    19  499.1  26.268    2.96 0.000721 ***

		Residuals   60  532.5   8.875

		Df = 19,60		F = 2.96		P = 0.000721								Fungal species		Isolates		Source		Location/ Country		Year of isolation		%Germination ± SE

														M.anisopliae		ICIPE 20		Soil		Kenya		1989		95.72731 ± 0.50ab

														M.anisopliae		ICIPE 22		S. gregaria		Sudan		1999		91.67812 ± 2.82ab

														M.anisopliae		ICIPE 30		Busseola fusca cadaver		Kenya		1989		96.83752 ± 0.61ab

														M.anisopliae		ICIPE 31				Madagascar		2003		89.74203 ± 2.35a

														M.anisopliae		ICIPE 315		Tetranychus uticae		Kenya		2007		97.49015 ± 0.63ab

														M.anisopliae		ICIPE 387		Forfificula senegalensis		Kenya		2007		92.84793 ± 0.87ab

														M.anisopliae		ICIPE 40		Soil		Kenya		1990		91.64294 ± 1.82ab

														M.anisopliae		ICIPE 41		Soil		Kenya		1990		95.25622 ± 1.01ab

														M.anisopliae		ICIPE 62		Soil		Zaire		1990		91.51436 ± 2.69ab

														M.anisopliae		ICIPE 655		Soil		Kenya		2008		91.01368 ± 2.54ab

														M.anisopliae		ICIPE 656		Soil		Kenya		2008		92.25516 ± 1.67ab

														M.anisopliae		ICIPE 7		A.variegatum cadaver		Kenya		1996		92.80097 ± 0.38ab

														M.anisopliae		ICIPE 78		T.nigroplagiatae		Kenya		1990		95.54455 ± 1.43ab

														M.anisopliae		ICIPE 81		Kraussaria angulifera		Senegal		2003		95.23836 ± 1.37ab

														B.basssiana		ICIPE 281		Soil		Mauritius		2005		97.3048 ± 0.45ab

														B.basssiana		ICIPE 284		Soil		Mauritius		2005		96.81362 ± 0.99ab

														B.basssiana		ICIPE 35 (cbb6)		Coffee berry		Kenya		2009		96.55478 ± 0.48ab

														B.basssiana		ICIPE 609		Soil		Kenya		2008		96.92134 ± 0.42ab

														B.basssiana		ICIPE 621		Soil		Kenya		2008		93.09421 ± 1.57ab

														B.basssiana		ICIPE 676		Soil		Kenya		2008		97.8262 ± 0.46b

		Without controls

		Df Sum Sq Mean Sq F value Pr(>F)

		Treatment   19  19607    1032   19.09 <2e-16 ***

		Residuals   60   3243      54

		Treat		Means		SD		N		SE				Fungal isolates		Fungal species		Cumulative/ Total mortality (%)

		ICIPE 20		93		3.464102		4		1.732051				M.anisopliae		ICIPE 20		93 ± 1.73eh						ICIPE 20        ICIPE 22       ICIPE 281       ICIPE 284        ICIPE 30

		ICIPE 22		88.5		8.544004		4		4.272002				M.anisopliae		ICIPE 22		88.5 ± 4.27eh						"eh"            "eh"           "dgh"           "dgh"             "a"

		ICIPE 281		84		9.660918		4		4.830459				B.basssiana		ICIPE 281		84 ± 4.83dgh						ICIPE 31       ICIPE 315 ICIPE 35 (cbb6)       ICIPE 387        ICIPE 40

		ICIPE 284		82.5		7.549834		4		3.774917				B.basssiana		ICIPE 284		82.5 ± 3.77dgh						"bd"            "eh"           "bde"          "bdef"            "eh"

		ICIPE 30		33		7.745967		4		3.8729835				M.anisopliae		ICIPE 30		33 ± 3.87a						ICIPE 41       ICIPE 609        ICIPE 62       ICIPE 621       ICIPE 655

		ICIPE 31		65.5		12.261049		4		6.1305245				M.anisopliae		ICIPE 31		65.5 ± 6.13bd						"h"           "dgh"             "b"            "eh"           "fgh"

		ICIPE 315		88		3.651484		4		1.825742				M.anisopliae		ICIPE 315		88 ± 1.83eh						ICIPE 656       ICIPE 676         ICIPE 7        ICIPE 78        ICIPE 81

		ICIPE 35		75		11.372481		4		5.6862405				B.basssiana		ICIPE 35 (cbb6)		75 ± 5.69bde						"eh"            "bc"            "gh"            "eh"          "cdeg"

		ICIPE 387		76.5		1.914854		4		0.957427				M.anisopliae		ICIPE 387		76.5 ± 0.96bdef

		ICIPE 40		93.5		3.41565		4		1.707825				M.anisopliae		ICIPE 40		93.5 ± 1.71eh

		ICIPE 41		97.5		3		4		1.5				M.anisopliae		ICIPE 41		97.5 ± 1.5h

		ICIPE 609		80		5.887841		4		2.9439205				B.basssiana		ICIPE 609		80 ± 2.94dgh

		ICIPE 62		57.5		11.47461		4		5.737305				M.anisopliae		ICIPE 62		57.5 ± 5.74b

		ICIPE 621		87.5		1.914854		4		0.957427				B.basssiana		ICIPE 621		87.5 ± 0.96eh

		ICIPE 655		95		2.581989		4		1.2909945				M.anisopliae		ICIPE 655		95 ± 1.29fgh

		ICIPE 656		86.5		2.516611		4		1.2583055				M.anisopliae		ICIPE 656		86.5 ± 1.26eh

		ICIPE 676		60		13.56466		4		6.78233				B.basssiana		ICIPE 676		60 ± 6.78bc

		ICIPE 7		96		2.828427		4		1.4142135				M.anisopliae		ICIPE 7		96 ± 1.41gh

		ICIPE 78		92		3.265986		4		1.632993				M.anisopliae		ICIPE 78		92 ± 1.63eh

		ICIPE 81		78		9.092121		4		4.5460605				M.anisopliae		ICIPE 81		78 ± 4.55cdeg
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				Treat		Means		Egg Mortality (%)		Neonate mortality (%)

				Control		100		0

				ICIPE 281		98.5		1.5

				ICIPE 284		95.5		4.5

				ICIPE 31		95.5		4.5

				ICIPE 387		93.5		6.5

				ICIPE 609		89.5		10.5
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		Zimbabwe		11.57%								Abamectin + Chlorantraniliprole (e.g. Voliam Targo 063 SC), Lufenuron (e.g. Match 50EC), Chlorantraniliprole (e.g. Coragen 20SC), Emamectin benzoate (e.g. Prove 1.92EC), Pyriproxyfen (e.g. Profen 10.8EC) and Acephate (e.g. Orthene Pellet)						Corn		million pounds of ai

		Kenya		33%						Voliam Targo 063 SC				0.5 lit per Ha				1960		29.14

		Ethiopia		11.50%						Match 50EC				0.5 lit per Ha				1965		59.26						Yield (t/ha)

										Coragen 20 SC								1970		101.53				Maize + Bean		1.9

										Prove 1.92 EC								1975		173.85				Maize + Greengram		2.8

										Profen 10.8EC								1980		269.74				Maize + Crotalaria		2.2

										Orthene pellet								1985		269.87				Maize + Groundnut		1.2

																		1990		259.04				Maize + Cowpea		1.4

																		1995		210.73				Maize + Greenleaf desmodium		3.9

																		2000		179.52				Maize monocrop		1.5

																		2005		173.03

																		2008		203.73

																								Long Rain (2019)		Short Rain (2019)

																						3Gen PPT		3.5		3.6

																						2Gen/Climate Smart PPT		3.9		3.8

																						Farmer's Practice		1.9		1.8
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								Treatment		% infestation 12 Weeks after Planting		Cumulative for 9&12 weeks

								Metarhizium 78		40		52.8				d

								PPT+Metarhizium 78		25		27.9				b

								Metarhizium 7		63		70.2				e

								PPT+Metarhizium 7		23.2		25.8				b

								PPT		33.3		35.6				c

								PPT + Insecticide		18.9		26.1				a

								Insecticide		43.5		42.5				d

								Control		86.5		91				f
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General challenges in mainstreaming biological control in FAW
management

* Registration capacity for biopesticides
* Availability and accessibility of biopesticide options in local levels
» Capacities for local producers and local logistical chain

 Farmers’ capacity for proper use of biopesticide
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Minimum pesticide list for FAW control (Jepson et al. 2020)

Efficacy unknown <80% control 80-100% control
Highly hazardous pesticides Phorate, monocrotophos, ... Carbofuran, carbosulfan, ...  Beta-cyfluthrin, methomyl,
High risk pesticides to Cartap hydrochloride Abamectin, chlorpyrifos, ...  Gamma cyhalothrin, lambda
health and environment cyhalothrin, ...
requiring max PPE
Lower risk pesticides req -- -- Lufenuron, novaluron,
single layer PPE, high env spinetoram, spinosad, ...
risk
Lower risk pest for health Pyriproxifen Bt serovar kurstaki, B. A. indica, Bt. serovar
and env bassiana, M. anisopliae aizawai, SFNPV, pyrethrum,

chlorantraniliprole,
flubendiamide,
methoxyfenozide
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IPM'’s Achilles’ heels

Economic thresholds

ET is highly dependent on variety, plant and environmental health in general (e.g. co-
stressors, levels of natural enemies)

ET is also highly dependent on local farm gate prices and costs of intervention

As such, ET should be highly localized (or at least calculated at regional/ national levels).
These information are not always readily available, yet all pesticide application should be

guided by it
Insecticide resistance management

Genetic mutation for organophosphate resistance from FAW populations collected in Asia
and Africa (Guan et al. 2020)

Lab diagnosis showing development of resistance against some pyrethroids and
organophosphate from FAW populations collected in Asia (Zhang et al. 2020)
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