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Abstract: Fall armyworm (FAW), Spodoptera frugiperda (Lepidoptera: Noctuidae), is a key pest of maize worldwide. Its 

damages on yield vary between 30 and 70% in the America, 11 to 100% in Africa and 32% in Ethiopia; the yield losses have 

been identified. In this study, we evaluated two types of bioassay and synthetic chemicals efficacy against fall armyworm 

during high infestation year under laboratory and field. Those five types of plant extracts, four types of synthetic chemicals, 

and two types of EPF were evaluated against fall armyworm. Among botanicals lantana camara, Azadirachta indica, Jatropha 

carcus, Candle bush, and Grewinia tenax were showed that the percent of larval mortalities were, 65%, 71%, 76%, 81% and 

85% respectively after 72hrs. While the evaluated insecticides of Dursban 48%, Best 5EC, Karate 5 EC, and Bravo 5EC (80%, 

83%, 90% and 93.3%) caused larval mortality of FAW after 72hrs. The efficacy evaluations of Matarhizium anisopliae and 

Beauveria bassiana were showed that the mortality of larvae caused 70% & 81% respectively after 72hrs. Three treatments that 

showed potent effect on mortality of FAW in vitro (Bravo 5EC, Beauveria bassiana and Grewinia tenax) were evaluated in the 

field condition in IPM strategy integrating with host resistance. The results of the IPM study showed that the combinations of 

CZH132150 x Bravo 5EC, CZH1270 x Beauveria bassiana, CZH1270 x Grewinia tenax, CZH132150 x Grewina tenax, 

CZH1261 x Bravo 5EC, and CZH1270 x Bravo 5EC treatments when evaluated on the field were highly and significantly 

reduced yield losses recorded, 20%, 21%, 24%, 25%, 31% and 32% respectively. 
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1. Introduction 

Fall armyworm (FAW), Spodoptera frugiperda 

(Lepidoptera: Noctuidae), is an insect native to tropical and 

subtropical regions of the Americas and was found in Africa 

for the first time in 2016. This insect pest was first reported 

in Ethiopia by 1
st
 March 2017 [14]. Since its first 

introduction to Ethiopia in 2017, FAW has spread to all 

maize growing areas across the country and cause severe 

damage of up to 100% on smallholder farmers maize field 

[13, 14]. It is the most invasive and major economical 

important, newly introduced insect pests. Fall armyworm is a 

non-selective (a polyphagous) pest, it can feed on more than 

80 plant species, including maize, rice, sorghum, millet, 

sugarcane, vegetable crops and cotton but it prefers maize 

more than other crops [27]. It has two morphologically 

identical but genetically different strains of FAW. Those are, 

the rice strain is associated with rice and Bermuda grass, 

while the corn strain predominates on corn, sorghum, and 

cotton [15, 1, 8]. 

Given the appropriateness indices and favorable 

climatic conditions, the situation of the FAW damage 

could be extremely serious in Ethiopia [11]. The damage 

results are in both quantitative and qualitative losses [21, 

10]. FAW has the potential to causes of quantitative losses 

are estimated 8.3 to 20.6 million tons of maize per annum 

[1, 10]. During FAW infestation of the maize fields 

without controlling/management measures, it contributed 

to grain yield reduction was 32% and 47% in Ethiopia and 

Kenya respectively [20]. 

Management of fall armyworms used through only one 

approach is unimaginable, different methods should be used. 

Botanicals, chemicals, and entomopathogenic fungi were, the 

way to control fall armyworm infestation [5]. Integrated Pest 

Management (IPM), a cornerstone of sustainable agriculture, 

seeks to improve farmer practices to support higher income [4]. 
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These practices should be used environment friendly, 

sustainable agricultural production, minimize insecticide 

resistance, economically feasible and minimize risks on human 

beings and animals [4]. Thus, the present study aimed to 

evaluate the effect of integrated pest management of FAW in 

maize under field conditions. 

2. Materials and Methods 

2.1. Laboratory Experiment 

All laboratory and field experiments in this study were 

evaluated at Assosa University. Assosa University is situated 

in the Benishangul Gumuz Regional State of Ethiopia in 

Assosa town, approximately far 662 km west of the capital 

city of Addis Ababa. 

2.2. In Vitro Evaluation of Insecticides Against Faw 

Four selected insecticides namely Best 5 EC, Bravo 5EC, 

Dursban 48%, and Karate 5 EC (Table 1) were tested against 

fall armyworms following the method employed in [26]. 

Fresh leaves of a highly susceptible BH546 maize variety 

were collected and placed in a beaker after cutting the middle 

parts of leaves at 10cm height and 60gm weighed. Then five 

3rd instar larvae were collected and inserted into the beaker 

on prepared leaves as feed and calculate feeding damage 

level in percent. After evaluation larval feeding of leaves for 

48hrs, then applied 20ml insecticides on the released larvae 

in the beaker. Experiments were laid completely randomized 

design (CRD) with three replications. Then finally the insect 

mortality in percent was assessed after applications of 24, 48, 

and 72 hrs. 

Table 1. List of evaluated insecticides and application rate. 

Trade name Active Ingredient Formula-n Manufacture 
Rate of application/ha 

Insecticide Water 

Karate 5 EC lambda-cyhalothrin EC Syngenta 320 ml 500 L 

Bravo 5EC lambda-cyhalothrin2.5% EC India limited 400 ml 250 L 

Best 5 EC Lambda- cyhalothrin EC Bharat lim india 450 ml 300-850 L 

Dursban 48% Chlorpyrifos EC Shangai bosman 1.25l 300 L 

 

2.3. In Vitro Evaluation of Botanicals Against Faw 

2.3.1. Collection and Preparation of Bioassay 

Effect of five selected botanicals namely Grewnia tenax, 

Candle bush, Lantana camara, Azadirachta indica, and 

Jatropha carcus were tested against fall armyworm in Plant 

protection laboratory based on their previous insecticidal 

report (Table 2). Botanicals were collected from different 

locations in the Benishangul Gumuz Region (Assosa town, 

Amba 18 village, and Gumu village. Collected plants were 

dried under shaded, chopped, and ground with mortal and 

pistle to fine fermentable powder. The powder of each 

botanical/plant extracts were well-fermented botanical 

extracts for 24 hrs. 

Table 2. List of botanical plants and recommended dose. 

Botanicals Common name Parts Dose (gm) References 

Azadirachta indica Neem Seed 5 Feyissa, Tebkew (2015) [29] 

Lantana camara Lantana Seed 40 Raghavendra (2016) [30] 

Sena alata L. Candle bush Leaf 10 Kokwaro, j. o.(1993) [18] 

Grewinia tenax Drone fly Leaf 8 Kokwaro, j. o. (1993) [18] 

Jatropha curcas Physic nut Seed 11.5 Kokwaro, j. o. (1993) [18] 

 

2.3.2. Preparation of Bioassay 

 

Figure 1. Fermented plant extracts (A) Grewinia tenax (B) Candle bush (C) 

Lantana camara (D) Jatropha carcus (E) Azadirachta indica. 

Fresh leaves of a highly susceptible BH546 maize 

variety were collected and placed in a beaker after cutting 

the middle parts of leaves at 10cm height and 60gm 

weighed. Then five 3rd instar larvae were collected and 

inserted into the beaker on prepared leaves as feed, then 

after feeding leaves to apply 20 ml of fermented plant 

extracts into the beaker on larvae, following the method of 

[26]. The experimental design was a completely 

randomized design (CRD) with three replications. Monitor 

and count the number of insect mortality was assessed at 

24, 48, and 72 hrs (Figure 1). 

2.4. Evaluation of Entomopathogenic Fungi (EPF) 

The experiment was conducted to evaluate the efficacy of 

Metarhizium anisopliae and Beauveria bassiana against fall 

armyworms. EPF were obtained from Ambo Agricultural 

Research Center and determined their antagonistic activity 

(Table 3). 
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Table 3. List and description of entomopathogenic fungi in the study. 

Type of fungal spp Isolates Obtained from Host Year 

Beuveria bassiana APPR-1 AARC soil 2021 

Matarhizium Anisopliae APPR-2 AARC soil 2021 

APPR-1 (Ambo plant protection research isolate -1), APPR-2 (Ambo plant protection research isolate -2, AARC (Ambo agricultural research center) 

2.4.1. Spore Preparation 

Inoculums of each of the Entomopathogenic fungi were 

prepared separately by sub-culturing on potato dextrose agar 

(PDA). The pathogen spores grew for one week in Incubator 

at 25ºC and were harvested spores from the stock, mixed 

with distilled water in the required amount. Then adjusted the 

required amount of spore suspensions, by using a 

hemocytometer on a standard concentration of 10
8
 

conidial/ml and applied 20ml fungal suspension on five 3rd 

instars of larvae. 

2.4.2. Pathogenicity Test Against Faw 

Evaluate the effects of EPF namely Beuveria bassiana and 

Matarhizium Anisopliae were tested against fall armyworm. 

Applied adjusted fungal suspensions at 10
8
 spore/ml and 

apply 20ml suspensions for 5, 3rd instar of larvae per beaker. 

The experimental design was laid out in a completely 

randomized design (CRD) with three replications. Mortal 

indications were, identified in the larvae inverted to dorsal. 

2.5. Integrated Management in Field 

2.5.1. Experimental Materials 

Three NVT maize cultivars combined with synthetic 

insecticides (Bravo 5EC), Botanical (Grewinia tenax) and 

EPF (Entomopathogenic fungi) Beauveria bassiana selected 

from best-performed insecticides from evaluations of in 

vitro-studies and used as components of IPM. Description of 

Maize cultivars were stated below in (Table 4). 

Table 4. List of evaluated maize cultivars on IPM in Assosa at 2022. 

Cultivars Obtained from Research center Status 

CZH132150 CIMMYT (Zimbabwe) Hawassa NMRC NVT 

CZH1270 CIMMYT (Zimbabwe) Hawassa NMRC NVT 

CZH1261 CIMMYT (Zimbabwe) Hawassa NMRC NVT 

 

2.5.2. Treatment Preparation and Application Method 

Beauveria bassiana: The fungus was grown in potato 

dextrose agar (PDA) in the laboratory for one week and 

harvested fungal spores were at a standard suspension 

concentration of 10
8
 conidia/ml. Then applied the adjusted 

suspension concentration to inoculate the maize funnel and 

side leaves on the third larval stage. 

Application of Bravo5 EC (lambda-cyhalothrin 2.5%) 

chemical as standard check used at the recommended rate of 

400ml /ha of chemical and 250 liters of water/ha. Application 

intervals after 15 days were first application start at early 

whorl crop stage or 2 months after sowing, up to crop 

tasselling stage. 

Applications of Botanicals (Grewinia tenax) collected 

plant parts dried under a shaded area and grind by using a 

pestle and mortar to a fine powder and fermented for 24hrs. 

The fermented botanical powders are distilled by sheath cloth 

and applied on maize funnels and side leaves to protect the 

landing of moths on maize crops and kill the larva of fall 

armyworm. 

2.5.3. Treatments Combination for IPM 

Experiments were laid out in RCBD in a factorial 

arrangement with three replications. Each three maize 

cultivars were evaluated with four treatments (Grewinia 

tenax) under botanical extract, (Beauveria bassiana) from 

Entomophagus fungi, Bravo 5EC as a standard check, and 

with sole/Untreated check cultivar, the total treatment 

combinations were 12. 

Table 5. Treatment combinations. 

T1- CZH1261xGrewinia. t T5-CZH132150 x Grewinia. t T9-CZH1270 x Grewinia. t 

T2- CZH1261 x untreated T6-CZH132150 x untreated T10-CZH1270 x untreated 

T3- CZH1261 x Bravo 5EC T7-CZH132150 x Bravo 5EC T11-CZH1270 x Bravo 5EC 

T4-CZH1261 x Beauveria. b T8-CZH132150 x Beauveria. b T12-CZH1270 x Beauveria. b 

 

2.5.4. Experimental Design 

The design was a randomized complete block design 

(RCBD) factorial arrangement in three replications. Spacing 

between inter and intra spacing 75cm x 25cm, plot size 3m 

length and 3.75m width =11.25m
2
, experimental area 56m 

length x 13.25m width =742m
2
, and path b/n plots and 

replications were 0.5m. Experimental units contained 5 rows 

including border rows, 12 plants per row, and three 

harvestable net plot rows. 

2.5.5. Data Collected on Yield and Yield Component 

Grain moisture content (%): The percent moisture content 

of grain at harvest was measured after shelling using 

moisture meter. 

GY =Fresh ear weight (kg/plot) x (100-MC) x shelling% x 
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10 (100-12.5) x area harvested. 

YLR%=	(��������	
��
��������	 ) × 100 

Where YLR%=Yield loss reduced due to FAW damage 

and IPM=integrated pest management. 

Mo%=	�1 − �	��	�������	�����
�	��	�������	����� × 100 

Where, n in T = Population in treated, n in Co = 

Population in control and Mo =percent of larvae mortality. 

2.5.6. Data Analysis 

Laboratory data were analyzed using the SAS version 9.4 

Computer software (PROC GLM procedure) followed by 

fishery least significant different (LSD) test (α = 0.05) for 

mean separation of statistical agricultural software (SAS, 210). 

IPM experiments were analyzed a two-way analysis of 

variance (ANOVA) followed by honest significant different 

(HSD) test was performed using the relating to, the principles 

of statistics statistical analysis software (stat version 10). 

Multiple comparisons using rank sums were made to 

determine significant differences between means. Correlation 

of interaction effect of the treatment combinations were 

performed using the model of polynomial, linear, exponential 

and logarithm. 

The model was (RCBD) factorial experiment Yijk = Yijk 

= µ + βj + τi + ij + γk + (γτ) jk + εijk. Where µ is the overall 

mean effect, Ti is the effect of the ith level of the row factor 

A, Bj is the effect of the jth level of column factor B, (TB) ij 

is the effects of the interaction between Ti and Bj, and εijk is 

a random error component. 

3. Results 

3.1. Evaluation of Synthetic Chemicals Against Faw 

There were highly significant differences between 

chemicals in terms of mortality of larvae in percent at P value 

(<0.001). Among treatments, the highest larval mortalities 

were verified. The mean difference of larval mortality 

showed that the treatment Bravo 5EC: 3% from karate 5EC: 

7% larval mortality mean difference from Best 5EC: 3% 

larval mortality difference from Dursban 48% after 72hrs 

stated in (Table 6). 

Table 6. Mean percentage (±SEM) of FAW mortality response of chemicals. 

Synthetic chemicals 
Percent mortality of the larva after 

24hr 48hr 72hr 

Bravo5 EC 48.3±1.6a 75.0±2.8a 93.3±3.3a 

Best 5 EC 51.6±6.0a 61.6±6.0b 83.3±1.6bc 

Karate 5 EC 51.6±1.6a 68.3±1.6ba 90.0±2.8ba 

Dursban 48% 50.00±2.8a 66.6±4.4ba 80.0±2.8c 

Untreated Control 3.6±1.3b 8.3±1.6c 16.6±1.6d 

Mean 41.0 56 72.66 

LSD (α = 0.05) 10.1 11.7 8.1 

CV% 13.5 11.5 6.1 

Means within a column followed by different letters are significantly different and the same letters are not significant different at P <0.05 (LSD test). 

3.2. Mortality Evaluation of Entomopathogenic Fungi 

The highest larval mortality was observed from Beauveria 

bassiana/APPRC-1 showed that the mean larval mortality 

difference b/n treatments were, 11.6% from Matarhizium 

anisopliae/APPRC-2, and larval mortality after inoculation 

of 72hrs described in (Table 7). There was a significantly 

difference at (P<.0001). 

Table 7. Mean percentage (±SEM) mortality response of EPF. 

Entomopathogenic fungi 
Percent mortality of the larva after 

24hr 48hr 72hr 

Beauveria bassiana /APPR-1 26.6±1.6a 43.3±3.3a 81.6±1.6a 

Matarhizium anisopliae/APPR-2 18.3±1.6b 38.3±1.6a 70.0±2.8b 

Untreated/check 2.00±1.5c 5.00±2.8b 8.3±4.4c 

Mean 15.66 28.88 53.33 

LSD (α = 0.05) 5.6 9.4 11.0 

CV% 17.9 16.3 10.3 

Different letters within a column significant and the same letters were not significantly different at P < 0.05 according to LSD test 

3.3. Efficacy Evaluations of Botanicals Against FAW Under 

Laboratory 

There was a significant difference at (P<0.001) between 

botanicals to causing larval mortality. The highest mean 

difference larval mortality was caused by extracts of 

Grewinia tenax, 4% from Candle bush, 5% from Jatropha 

carcus, 5% from Neem, 6% from Lantana camara 
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respectively showed that the mean larval mortality 

difference b/n botanical treatments after 72hrs described 

in (Table 8). 

Table 8. Mean percentage (±SEM) mortality of FAW. 

Botanical Extracts 
Larval mortality in percent after 

24hrs 48hrs 72hrs 

Jatropha carcus 36.6±1.6b 60.0±2.8bc 76.6±1.6ba 

A. indica 31.6±1.6b 53.3±4.4c 71.6±3.3bc 

Lantana camara 33.3±4.4b 53.3±3.3c 65.0±2.8c 

Candle bush 46.6±3.3a 65.0±5ba 81.6±3.3ba 

Grewia Tenax 48.3±3.3a 71.6±3.3a 85.0±5.7a 

Untreated/check 3.6±1.3c 10.0±2.8d 15.0±2.8d 

Mean 33.38 52.22 65.83 

P-value <.0001 <.0001 <.0001 

LSD (α = 0.05). 8.8 11.4 10.8 

CV% 14.8 12.3 9.3 

*Values in columns different letters are significantly (P < 0.05) different with each in LSD test. 

3.4. Mean Interaction Effects of IPM on Yield Ton/Ha 

Treatment x cultivars interaction showed that a highly 

significant difference at (P=0.0048) between combined 

treatments based on maize yields. The highest grain yield 

was obtained from the national variety trial CZH132150 x 

Grewinia tenax showed that 0.42 ton/ha mean yield 

difference from the treatment of NVT CZH132150 x Bravo 

5EC, 0.86 ton/ha showed that the yield difference from NVT 

CZH132150 x Beauveria bassiana and 1.47 ton/ha showed 

yield difference from the treatment of CZH132150 x 

Untreated check. The following CZH1270 x Bravo5EC 

showed that the yield difference of 0.56ton/ha from the 

treatment of CZH1270 x Beaveria bassiana, 0.39 ton/ha from 

the treatment of CZH1270 x Grewinia tenax, and 1.39 ton/ha 

from the treatment of CZH1270 x untreated check 

respectively. Among NVT CZH1261, CZH1261 x Bravo 

5EC showed that 1.25ton/ha from the treatment of CZH1261 

x Beaveria bassiana, 0.33ton/ha from the treatment of 

CZH1261 x Grewinia tenax and 1.35ton/ha from the 

treatment of CZH1261 x untreated check stated in (Table 9). 

Table 9. Mean interaction effects of cultivars and treatments on yield. 

Treatments 
Maize Cultivars 

CZH132150 CZH1270 CZH1261 Mean 

Bravo 5EC 5.25ab** 4.25bcde* 4.32abcd* 4.60 

Beauveria bassiana 4.81abc 3.69cde 3.07de 3.85 

Grewinia tenax 5.67a*** 3.84cde 3.99bcde 4.50 

Control 4.20bcde 2.89e 2.97de 3.35 

Mean 4.98 3.91 3.58 4.16 

HSD (0.05)    1.38 

CV (%)    11.4 

Means within a columns and rows followed by different letters are significantly different and the same letters are not significant different at P < 0.05 (HSD 

test). 

3.5. Interaction Effects of IPM on Larval Mortality in 

Percent 

Treatment x cultivars interaction showed a highly 

significant difference at (P=0.0048) between combined 

treatments based on larval mortality. The highest larval 

mortality was obtained from national variety trial 

CZH132150 x Bravo5EC showed that 11% mean percent 

larval mortality difference from the treatment of NVT 

CZH132150 x Beauveria bassiana, 4.66% larval mortality 

showed that the mortality difference from NVT CZH132150 

x Grewinia tenax and 21% showed mortality difference from 

the treatment of CZH132150 x Untreated check. The 

following CZH1270 x Bravo5EC showed that the yield 

difference of 1.67% mortality from the treatment of 

CZH1270 x Beaveria bassiana, 2.33% larval mortality from 

the treatment of CZH1270 x Grewinia tenax, and 10% larval 

mortality from the treatment of CZH1270 x untreated check 

respectively. Among NVT CZH1261, CZH1261 x Bravo 

5EC showed 3.66% larval mortality from the treatment of 

CZH1261 x Beauveria bassiana, 0.33% larval mortality from 

the treatment of CZH1261 x Grewinia tenax and 

10.33%larval mortality from the treatment of CZH1261 x 

untreated check stated below in (Table 10). 
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Table 10. Mean interaction effect on larval mortality in percent. 

Treatments 
Maize cultivars 

CZH132150 CZH1270 CZH1261 Mean 

Bravo 5EC 25.33a*** 13.33c 14.33bc 17.67 

Beauveria bassiana 14.33bc 11.67c 10.67cd 12.23 

Grewinia tenax 20.67ab** 11.00c 14.00c 15.23 

Control 4.33de 3.33e 4.00e 3.88 

Mean 16.1 9.8 10.75 12.25 

HSD (0.05)    6.5 

CV (%)    18 

Means within a columns and rows followed by different letters are significantly and the same letters are not significant at P < 0.05 (HSD test). 

3.6. Mean Interaction Effects of IPM on Cob Length (cm) 

The highest cob length was obtained from the national 

variety trial CZH132150 x Grewinia tenax showed that, 2cm 

mean cob length difference from the treatment of NVT 

CZH132150 x Bravo 5EC, 3.67 cm cob length difference 

from NVT CZH132150 x Beauveria asiana and 5.67cm cob 

length difference showed from the treatment of CZH132150 

x Untreated check. The following CZH1270 x Bravo5EC 

showed that the yield difference of 0.33cm cob length 

difference from the treatment of CZH1270 x Beaveria 

bassiana, 0.33cm cob length difference from the treatment of 

CZH1270 x Grewinia tenax, and 2cm length from the 

treatment of CZH1270 x untreated check respectively. 

Among NVT CZH1261, CZH1261 x Grewinia tenax showed 

that 2.33cm cob length from the treatment of CZH1261 x 

Bravo 5EC, 2.33cm cob length from the treatment of 

CZH1261 x Beauveria bassiana and 2.67cm cob length from 

the treatment of CZH1261 x untreated check stated below in 

(Table 11). 

Table 11. Mean interaction effect of treatments on cob length (cm). 

Treatments 
Maize cultivars 

CZH132150 CZH1270 CZH1261 Mean 

Bravo 5EC 28.00ab 25.00bcd 22.67d 25.22 

Beauveria bassiana 26.33bc 24.67bcd 22.67d 24.5 

Grewinia tenax 30.00a* 24.67bcd 25.00bcd 26.5 

Control 24.33cd 23.00cd 22.33d 23.2 

Mean 27.1 24.3 23.1 24.8 

HSD (0.05)    3.5 

CV (%)    4.8 

Means within a columns and rows followed by different letters are significantly different and the same letters are not significant different at P = 0.05 (HSD 

test). 

3.7. Mean Interaction Effects of IPM on Cob Diameter 

(cm) 

The highest cob length was obtained from the treatment of 

CZH132150 x Grewinia tenax showed that, 0.66cm mean 

cob diameter difference from the treatment of NVT 

CZH132150 x Bravo 5EC, 0.66 cm cob diameter difference 

from NVT CZH132150 x Beauveria bassiana and 0.66cm 

cob diameter difference showed from the treatment of 

CZH132150 x Untreated check. The following CZH1270 x 

Grewinia tenax showed that the yield difference of 2.67cm 

cob diameter difference from the treatment of CZH1270 x 

Bravo 5EC, 4.33cm cob diameter difference from the 

treatment of CZH1270 x Beauveria bassiana and 5cm cob 

diameter from the treatment of CZH1270 x untreated check. 

Among NVT CZH1261, CZH1261 x Beauveria bassiana 

showed that 2cm cob diameter from the treatment of 

CZH1261 x Bravo 5EC, 0.67cm cob diameter from the 

treatment of CZH1261 x Grewinia tenax and 3.67cm cob 

diameter from the treatment of CZH1261 x untreated check 

stated in (Table 12). 

Table 12. Mean interaction effect of IPM on cob diameter (cm). 

Treatments 
Maize cultivars 

CZH132150 CZH1270 CZH1261 Mean 

Bravo 5EC 21.67cd 26.33ab 21.00cd 23.0 

Beauveria bassiana 21.67cd 24.67bc 23.00bcd* 23.1 

Grewinia tenax 22.33bcd* 29.00a* 22.33bcd 24.5 

Control 21.67cd 24.00bc 19.33d 21.6 

Mean 21.8 26.0 21.4 23.08 

HSD (0.05)    4.2 

CV (%)    6.21 

Means within a columns and rows followed by different letters are significantly and the same letters are not significant at P < 0.05 (HSD test). 
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3.8. Interaction Effects of IPM on the Number of Ears 

Harvested Per Plot 

Highly significant difference (p<0.001) between 

treatments was recorded on number of ear harvested. The 

highest number of ear was harvested from CZH132150 x 

Bravo 5EC (29.00), C and ZH132150 x Grewinia tenax 

(27.667) followed by CZH132150 x Beauveria bassiana 

(26.00). The number of harvested cob of the other treatment 

ranged from 22.67 to 24.33 (Table13). 

Table 13. Mean interaction effect of IPM on number of ears harvested. 

Treatments 
Maize cultivars 

CZH132150 CZH1270 CZH1261 Mean 

Bravo 5EC 29.00a** 24.00cd 24.33cd 25.7 

Beauveria bassiana 26.00bc 24.00cd 24.33cd 24.7 

Grewinia tenax 27.67ab* 24.00cd 23.67d 25.1 

Control 24.33cd 23.00d 22.67d 23.3 

Mean 26.7 23.7 23.7 24.7 

HSD (0.05)    2.0 

CV (%)    2.84 

Means within columns and rows followed by different letters are significantly different and the same letters are not significant difference at P < 0.05 (HSD 

test). 

3.9. Interaction Effects of IPM on Number of Ear 

Damaged Per Plot 

Highly significant difference at (P<0.01) between 

treatments was recorded on number of maize cob damage. 

Based on mean value evaluations, highest significant damage 

was recorded from CZH1270 x control (7.667) followed by 

CZH1261 x control (3.33) and CZH1270 x Beauveria 

bassiana (3.00). The lowest numbers of ear damaged were 

recorded from CZH132150 X Grewinia tenax (1.00), 

CZH1261 x Grewinia tenax (1.33), CZH1270 x Grewinia 

tenax (1.33), CZH132150 x Bravo 5EC (1.33) and CZH1261 

x Bravo 5EC (1.33) on average described (Table 14). 

Table 14. Mean interaction effect of IPM on number of ear damaged. 

Treatments 
Maize cultivars 

CZH132150 CZH1270 CZH1261 Mean 

Bravo 5EC 1.33de 1.67cde 1.33de 1.4 

Beauveria bassiana 1.67cde 3.00bc 2.67bcd 2.4 

Grewinia tenax 1.00e 1.33de 1.33de 1.2 

Control 2.67bcd* 7.67a*** 3.33b 4.5 

Mean 1.66 3.4 2.16 2.4 

HSD (0.05)    1.6 

CV (%)    2.4 

Means within columns and rows followed by different letters are significantly different and the same letters are not significant different at P < 0.05 (HSD test). 

 

Figure 2. Interaction effects of treatments on yield loss maintained in percent from IPM experiment analyzed by column –chart. 
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3.10. Yield Losses Reduced by Integrated Pest Management 

There was a significant (p<0.05) among treatment in 

reduction of yield loss due to FAW. The highest reduction of 

yield losses was recorded from interaction treatment of 

CZH1270 x Bravo5EC (32%/ha) and CZH1261 x Bravo5EC 

(31.25%/ha) followed with statistically significant different 

from CZH132150 x Grewinia tenax (25.9%/ha), CZH1261 x 

Grewinia tenax (25.6%/ha), CZH1270 x Grewinia tenax 

(24.7%/ha), CZH1270 x Beauveria bassiana (21.7%/ha, 

CZH132150 X Bravo 5EC (20%), CZH132150 x Beauveria 

bassiana (12.7%/ha) on average. The lowest yield was 

obtained from CZH1261 x Beauveria bassiana (3.26%/ha) 

compared from untreated control (Figure 2). 

4. Correlation Analysis 

4.1. Effect of Integrated Pest Management 

The two way correlation analysis revealed that larval 

mortality was found to be positively and significantly 

correlated with yield (r = 0.764), number of ear harvest with 

grain yield (r = 0.75), number of ear damaged correlated with 

yield negatively and significantly correlated (r = -0.57). 

4.2. Correlation Analysis of Larvae Mortality with Maize 

Grain Yield 

The results of the correlation analysis of larval mortality with 

the grain yield on maize were polynomial models. The R
2
 value 

was 0.6819. Analysis of the correlation description between 

larval mortality and grain yield was carried out by scatter plot 

analysis. The most depicting form of the model is polynomial 

(Figure 3). The formula is: y = 0.6101x
2
 + 1.0317x-2.5413with a 

value of R
2
 = 0.6819. This means that the larvae mortality (y) 

increase as the grain yield increase (Figure 3). 

 

Figure 3. The relationship between larval mortality and Maize grain yield. 

4.3. Correlation with Number of Ears Harvested and Maize 

Grain Yield 

The results of the correlation analysis of number on ears 

harvested with the grain yield on maize were liner models. 

Analysis of the correlation description between number of ear 

harvested and grain yield was carried out by scatter plot 

analysis. The most depicting form of the model is linear (Figure 

4). The formula is: y = 6.148x – 1.8595x +17.164 with a value 

of R
2
 = 0.7467. This means that the number of ear harvested 

increase (y) is influenced the grain yield increase (x). 

 

Figure 4. Relationship between numbers of ear harvested and grain yield. 

5. Discussions 

5.1. Screening of Synthetic Chemicals Against FAW 

Insecticides tested in this study were toxic to FAW larvae, 

and some of them recorded high toxicity to the larvae in in 

laboratory evaluation. The highest larval mortality affected 

Bravo 5EC 93.3%, Karate 5EC 90.0%, Best 5EC (83.3%) & 

Dursban 48% (80.0%) after application of 72hrs. The results 

were obtained in in vitro study demonstrated significantly 

increase larvae mortality compared to untreated. Similar to 

the present study different insecticides have been reported to 

be effective against FAW [24, 27, 16]. [24] Reported 86.7% 

larvae mortality in laboratory and green house by karate. [28] 

Also recorded 77.8%, 96.7% and 96.7% of FAW larvae 

mortality after 24, 48 and 72hrs application of synthetic 

insecticides, respectively. Globally, FAW is one of the most 

important sweet corn pests, and synthetic insecticides are 

applied against FAW to protect both the vegetative stages and 

reproductive stage of corn [6]. Ecological and climatic 

conditions within a given terrestrial district are also important 

factors that decide the necessity of insecticide application for 

the control of FAW larvae [2]. 

5.2. Mortality Evaluation of Entomophagus Fungi Against 

(FAW) 

During the present study Beauveria basiana resulted in 

highest mortality of FAW larvae (81.6%) 72 hrs after 

application. Matarhizium anisopliae showed relatively lower 

larvae mortality (70.0%) as compared with the previous 

treatment after application of at concentration of 1x10
8
 

conidial/ml on 3
rd

 instars larvae. [12] reported 96.6% and 

78.6% mortality with B. bassiana and M. anisopliae strains, 

respectively on 2
nd

 instars larvae of the FAW at a 

concentration of 1 × 10
9
 conidia/ml. [3] reported that, M. 

anisopliae and B. bassiana isolates showed 92% and 97% 

mortality on FAW eggs and neonate larvae, respectively on 

2
nd

 instars larvae, whereas only B. bassiana showed 30% 

mortality on 3
rd

 instars larvae of FAW in Kenya. [9] Reported 
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that, M. anisopolioe and B. bassiana isolates showed 19 and 

100% mortality on FAW eggs and neonate larvae, 

respectively. [23] Reported that M. anisopliae and B. 

bassiana at 10
6
, 10

7
 concentrations showed in the range of 45 

to 65% mortality, respectively, on the 3
rd

instar larvae of FAW 

in laboratory bioassay. 

5.3. Efficacy of Plant Extracts Against Faw in Laboratory 

Botanical pesticides are environment-friendly, less harmful 

to farmers, consumer and safe for natural enemies of the pest. 

In this study plant extracts of Grewina tenax recorded the 

highest larval mortality evaluations showed that 85%, followed 

Candle bush extracts also showed that 81% larval mortality, 

Jatropha carcus 76.6%, of larval mortality, A. indica 71.6%, 

larval mortality and Lantana Camara 65% larval mortalities 

were evaluated after 72hrs. Similar findings with the present 

study application of 0.25% Neem oil extract under laboratory 

conditions showed 80% larval mortality [26]. Also closely the 

same findings reported that Neem seed powder was very 

effective to control fall armyworms that can cause over 70% of 

larval mortality in the laboratory [21]. A little beat contradict 

findings from the present study reported Lantana camara 

46.7% larvae mortality at 72hrs. Jatropha carcus, 90% mean 

percent larvae mortality was recorded at 72 hrs [26]. 

5.4. Effect of Integrated Management on Fall Armyworm 

In these studies, Treatment x cultivars showed FAW 

mortality from the interaction effects on treatments of 

CZH132150 x Bravo 5EC, CZH1270 x Bravo 5EC, 

CZH1261 x Beauveria bassiana, CZH132150 x Beauveria 

bassiana, CZH132150 x Grewinia tenax, CZH132150 X 

Bravo 5EC (12%-25%). The interaction treatments at grain 

yields were fromCZH132150 x Beauveria bassiana, 

CZH132150 x Bravo 5EC, and CZH132150 x Grewinia 

tenax (4.81t/ha up to 5.6t/ha. Generally during this study 

among maize cultivars CZH132150, the response of FAW 

damage was better to tolerate under untreated plot on the 

parameter of ear damage 2.6% and followed by CZH1261 

3.3% moderately tolerant but CZH1270 is highly susceptible 

to FAW damage. The present study showed [17] reported 

several factors of larvae may consume more of a plant low in 

protein or high in protein inhibitors to compensate for its 

lower nutritional value. [7] Also showed Characters of 

cultivars that confer their partial resistance to insects, often 

have effects on their biology and further success. Fall 

armyworm insect pests classified under polyphagus, it can 

consume more than 80 plant species but some modified crops 

can tolerate their effects, this findings reported by [22]. In 

Ethiopia, 26% of the farmers combined handpicking larvae 

with insecticide sprays, while 15% of the farmers practiced 

only handpicking for FAW management [19]. 

5.5. Yield Loss Reduced by Using IPM 

Integrated pest management is the best strategy for FAW 

management that involves integrating two or more than two 

control option. The present study revealed that integrating 

host resistance with synthetic chemical, botanicals and 

entomopathogenic fungi significantly reduces yield loss. 

Yield loss of 12.7%/ha up to 32%/ha was minimized by 

integrated application of CZH132150 x Beauveria bassiana, 

CZH132150 X Bravo 5EC, CZH1270 x Beauveria bassiana, 

CZH1270 x Grewinia tenax, CZH1261 X Grewinia tenax, 

CZH132150 x Grewinia tenax, CZH1261 x Bravo 5EC and 

CZH1270 x Bravo5EC. Previous research scholars have 

estimated yield loss of 22 and 67% maize due to FAW in 

Ghana and Zambia, respectively [10]. [20] Reported maize 

yield loss between 32% and 47% in Ethiopia and Kenya 

respectively without management practice. Similar to the 

present study previous researchers are indicating the 

effectiveness of integrated management strategy for FAW 

[10, 24, 5]. Host plant resistance is an important component 

of integrated pest management. Similarly [21] finding any 

maize cultivars that are FAW-resistant could be a key aspect 

for developing sustainable strategies. [24] indicated the 

effectiveness of synthetic insecticides and botanicals on FAW 

larvae a suggested to be considered in integrated pest 

management. It was also indicated that proper timing, 

selection of crop variety, crop management and proper use of 

bio-pesticides, and synthetic pesticides are important 

parameter of IPM [5]. 

6. Conclusions and Recommendations 

Results of the present study revealed that application of 

Bravo 5EC, karate 5 EC, Best 5EC and Dursban insecticides 

was effective and significantly increased percentage FAW 

mortality treated after 72hrs. Among botanicals tested 

Grewinia tenax, Candle bush, Jatropha carcus and A. indica 

showed potent insecticidal activity. In addition the utilization 

of entomophagus fungi Beauveria basiana caused the highest 

(81.6%) larval mortality. The IPM study showed that 

integrating host resistance with synthetic chemical, botanicals 

and entomopathogenic fungi visa vis CZH1261X Beauveria 

bassiana CZH132150 X Bravo 5EC, CZH1270 X Beauveria 

bassiana, CZH1270 X Grewinia tenax and CZH132150 X 

Grewinia tenax and CZH1270 X Bravo 5EC significantly 

reduces yield loss. Based on this study results, utilization of 

Bravo 5% EC, Grewinia tenax and Beauveria bassiana in 

combination national variety trial (NVT) cultivar could be 

recommended for the management of FAW in maize after 

validation under different field condition. Moreover, 

familiarizing and demonstrating IPM approach against FAW 

should be worked out. In addition, identifying critical time of 

FAW infestation and favorable environmental circumstance 

and seasons needed to be investigated in the future. 
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