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Abstract 
Maize is widely cultivated in Papua New Guinea (PNG) and provides farmers 
with nutrition and income. However, the fall armyworm (FAW) (Spodoptera 
frugiperda) (J.E. Smith) (Lepidoptera: Noctuidae) invasion is a threat to its 
production and supply. Hence, this field experiment was conducted to assess 
the bio-efficacy of plant-derived pesticides (PDPs) against FAW and their in-
teractive effects on maize agronomic performance under field conditions. The 
treatments studied were turmeric rhizome extract (TRE), neem leaf ash solu-
tion (NLAS), neem bark extract (NBE), and untreated plots (control) and 
were replicated 5 times using the randomized complete block design. The da-
ta were subjected to analysis of variance and means were separated by Fisher’s 
protected least significant difference test. The result showed that the applica-
tion of PDPs significantly reduced FAW infestation during the period of peak 
infestation. At 33 DAS, NBE significantly had the lowest number of FAW 
larvae (0.6) [F (4, 15) = 5.11, p = 0.02] and FAW attack intensity (29.8%) [F 
(4, 15) = 8.69, p < 0.001] compared to the control. Apart from the control, it 
also had the lowest FAW attack intensity (0 %) [F (4, 15) = 3.58, p = 0.04] and 
had the highest number of harvested ears (5.0) [F (4, 15) = 3.72, p = 0.04] and 
fresh ear weights (447 g) [F (4, 15) = 4.65, p = 0.02] compared to NLAS. The 
TRE and NLAS had performed poorly relative to the control. Hence, NBE can 
be used to control FAW infestation at a period of high attack intensity (33 
DAS). Moreover, this study will provide basic information for future studies 
on biopesticidal plant extracts as a control of FAW infestation under field 
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conditions in PNG. 
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1. Introduction 

Maize, Zea mays L., of the annual grass family Poaceae is an important cereal 
crop in the world. It is one of the four world’s major crops along with sugar 
cane, rice, and wheat that accounted for half the global production of primary 
crops in 2020 with a production of more than 2 billion tonnes [1]. It provides 
producers and consumers with health, nutritional, and economic benefits [2]. It 
is a source of protein, carbohydrates, sugar, minerals, dietary fibers, vitamins, 
oils, and natural antioxidants [3]. Despite its numerous benefits, it is under 
threat of transboundary pests such as fall armyworm (FAW) (Spodoptera frugi-
perda) (J.E. Smith) (Lepidoptera: Noctuidae). FAW introduction to Africa has 
resulted in estimated national mean losses of maize yield from 40% in Zambia to 
45% in Ghana [4]. In Zimbabwe, the severe infestation of FAW has reduced in-
come per capita for each household by 44% and increased their likelihood of ex-
periencing hunger by 17% [5]. These problems have warranted effective control 
of this pest by African maize farmers. However, chemical control of FAW in 
Africa has raised major concerns as to farmers’ health risks to hazardous pesti-
cides that have been recommended and used in America, and FAW developing 
resistance to the same mode of action by cheapest and most widely used pesti-
cides [4]. While Africa has gone through the issue of controlling this pest, it ra-
pidly spread to other tropical countries and was confirmed in Yemen and India 
in July 2018, and by early 2019, it was reported in China including other five 
Asian countries [6]. It was again confirmed in Indonesia and Australia in March 
2019 and January 2020 respectively [7] [8]. In February 2020, it was detected in 
Western Province [9], and its invasion posed a threat to maize cultivation, food 
security, and income generation for producers and consumers in Papua New 
Guinea (PNG). Maize is cultivated by 94% of the rural population in PNG and 
its cultivation spreads from sea level up to an altitude of 2450 meters [10]. It has 
been grown commercially for more than 30 years in the Markham and Ramu 
valleys for stock feed production [10]. Furthermore, it is a crop that is normally 
used in emergence response [9], and it is a source of food during seasonal dry 
climates in some parts of PNG [10]. The larvae of S. frugiperda feed on the 
whorl, shoot, tassel, and ears of maize causing yield reduction and quality dete-
rioration. Thus, the provision of information on its control is necessary to pro-
tect against such problems. In PNG information on chemical control of this pest 
is unknown by most of the farmers, there is a lack of government intervention, 
and chemical pesticides are very expensive for a resource-poor farmer to afford. 
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This necessitates the need to identify locally available biopesticidal plants for 
controlling this pest. Biopesticidal plants such as neem (Azadirachta indica A. 
Juss.), chili (Capsicum frutescens L.), derris (Derris elliptica (Wall.) Benth.) and 
pyrethrum (Tanacetum cinerariifolium Sch. Bip.) are widely available in PNG 
and their pesticidal extracts are cost-effective and significant control for leaf 
chewing pests [11]. There are several studies conducted to assess the effects of 
biopesticidal plant extracts against FAW larvae. The ethanolic extracts of A. in-
dica and Piper nigrum seeds, and Calotropis procera leaf powder had been shown 
to have insecticidal effects on FAW larvae [12]. According to [13] the aqueous 
crude extracts of tobacco leaves had antifeedant activity against FAW larvae, 
with the highest concentration (50%) exhibiting the highest mortality. In a study 
by [14] the ethanolic extracts of the dehydrated leaves of Cedrela odorata and 
Piper auritum presented insecticidal activity as high (100% mortality at a con-
centration of 92 mg/cm2) as that obtained with the positive control, Melia aze-
darach L. (Sapindales: Meliaceae). Furthermore, seed oil and leaf extracts from 
A. indica and plant oil from turmeric (Curcuma longa L.) have shown to be 
promising in controlling FAW larvae under laboratory conditions [15] [16]. Apart 
from these pesticidal plants, farmers in some parts of the world use soil, sand, 
wood ash, lime, oils, and soaps to control FAW [6]. Since FAW is new to PNG 
and limited or no study has been done in PNG on its control using biopesticidal 
plant extracts and their interactive effects on maize agronomic performance, this 
field experiment was conducted to evaluate the bio-efficacy of plant-derived pes-
ticides (PDPs) against FAW and their interactive effects on maize agronomic 
performance under field conditions. 

2. Materials and Methods 
2.1. Experimental Site Description 

The field experiment was conducted at the National Agricultural Research In-
stitute (NARI) in Keravat (4˚20'0.50"S, 152˚1'51.22"E; 21 masl) from December 
2022 to February 2023. Keravat is situated in the Gazelle Peninsula and its cli-
mate is described as humid lowland because of its hill and alluvium lowland for-
est setting [17]. The monthly mean temperature, precipitation, and relative hu-
midity of the trial period are 26.7˚C, 283.4 mm, and 89.3% respectively. The soil 
is characterized as andosol [18] and has a sandy loam texture. The site used for 
this experiment was planted with velvet beans (Mucuna pruriens) as a fallow 
strategy for a year before the field experiment. 

2.2. Agronomic Activities 

The land had been cleared by slashing and seedbed preparation done by a tractor 
with primary and secondary tillage. Ridges had been created at 1 m spacing and 
about 30 to 40 cm in height. Green manuring using M. pruriens was done by the 
tractor. The corn seeds of the variety called Yellow Seed Maize have sown 3 
seeds per hole at a spacing of 60 cm between plants and 100 cm between rows. 
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Thinning was done after germination and 15 plants per treatment were selected 
and tagged for data collection. Weeds were maintained manually until harvest-
ing. 

2.3. Treatment, Design and Application 

The experiment had four treatments which consisted of turmeric rhizome ex-
tract (TRE), neem leaf ash solution (NLAS), neem bark extract (NBE), and un-
treated plots (control). All these treatments were replicated 5 times using a ran-
domized complete block design. Each plot had an area of 4.8 m2 and had two 
guard rows. The extracts were prepared following a protocol modified from [19]; 
approximately 1 kg of neem bark was pounded using a pounder, put in a 5 liters 
(L) bucket, and mixed with 2 L of water. It was covered and fermented for 3 
days. The solution was sieved using a cotton shopping bag as a strainer. The 
same was done for turmeric rhizomes. For NLAS, about 2 kg of neem leaves 
were oven-dried at 80˚C for 1 and a half days. The leaves were burnt and ash was 
collected. The ash was placed in a 5 L bucket and 2 L of water was added and the 
solution was stirred and sieved as the other extracts. Before application, ap-
proximately 8 g of laundry soap powder was added as a sticking agent to each 
treatment and mixed thoroughly. The application was done in the afternoon (4 
to 6 p.m.) only to avoid pesticide degradation from direct sunlight. The nozzle of 
a hand sprayer was adjusted before spraying to avoid spray drift. The PDPs were 
applied by carefully spraying the plant stand in each treatment plot at 15 DAS 
when the plant was at the 3 to 4 leaf stage and through the shoot which then 
flowed down through the plant stem at 22, 29, and 36 DAS when the plant was at 
increased height to avoid contact with other treatment plots using a 2 L hand 
sprayer. The extracts were applied for 7 rounds before harvesting. 

2.4. Data Collection 

The identification of FAW infestation and larvae was conducted at 12 DAS. The 
larvae were collected and identified in the field using the Department of Primary 
Industry and Regional Development (DPIRD) FAW identification guide [20] to 
confirm the presence of FAW. The application of PDP and data collection 
commenced at 15 and 19 DAS respectively. The growth attribute measured was 
plant height which was taken from the soil surface to the shoot tip of each of the 
three data plants per plot using a 1 m ruler. The FAW infestations were meas-
ured by FAW attack intensity and the number of FAW larvae. The number of 
FAW larvae was determined by examining the plant and counting the larvae. 
The foliar damages were recorded using the modified rating scale [21] [22] and 
the extension of damages was measured using a 30 cm ruler (Figure 1). The 
FAW attack intensity was then computed (Equation (1)) for each treatment [22]. 
The measurements taken at the ripening stage were the number of FAW larvae, 
percentage of ear damage, number of harvested ears, and fresh ear weight 
(without sheath) according to the treatments. The number of FAW larvae was  
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Figure 1. Rating scale based on foliar damage by FAW on maize plant [21] [22]. 

 
determined by examining the ear and counting the larvae. The percentage of ear 
damage was determined by dividing the number of ears damaged by the total 
number of harvested ears for each treatment and multiplying by 100. The num-
ber of harvested ears was determined by counting and the fresh ear weight was 
taken by weighing the harvested ears (without sheath) using a table scale. 

( )FAW attack intensity % 100
n v

N Z
×

= ×
×

∑               (1) 

where n indicates the number of plants that have a “v” value (crop damage); v 
indicates the value (score) of crop damage based on a scale of 1 - 9 (Table 1); N 
indicates the number of plants assessed, and Z indicates highest score (9) on a 
scale of 1 - 9. 

2.5. Statistical Analysis 

The raw data were collated and the summary data (average values) generated for  
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Table 1. Foliar damage scale for fall armyworm infestation assessment of a maize plant. 

Score Damage symptoms/description 

1 Few pinholes on 1 - 2 older leaves 

2 Small circular lesions and pinholes present on whorl leaves 

3 Several shot-hole injuries on a few leaves (<5 leaves) and small circular hole 
damage to leaves 

4 Several shot-hole injuries on several leaves (6 - 8 leaves) or small lesions/pinholes, 
small circular lesions, and a few small elongated (rectangular-shaped) lesions of up 
to 1.3 cm in length present on whorl and furl leaves 

5 Elongated lesions (>2.5 cm long) on 8 - 10 leaves, plus a few small- to mid-sized 
uniform to irregular-shaped holes (basement membrane consumed) eaten from 
the whorl and/or furl leaves 

6 Several large elongated lesions are present on several whorl and furl leaves and/or 
several large uniform to irregular-shaped holes eaten from furl and whorl leaves 

7 Many elongated lesions of all sizes are present on several whorl and furl leaves 
plus several large uniform to irregular-shaped holes eaten from the whorl and 
furl leaves 

8 Many elongated lesions of all sizes are present on most whorl and furl leaves plus 
many mid to large-sized uniform to irregular-shaped holes eaten from the whorl 
and furl leaves 

9 Whorl and furl leaves were almost destroyed and plants died as a result of 
extensive foliar damage 

Source: Modified from [21] and [22]. 
 

each parameter (plant height, number of FAW larvae, FAW attack intensity, 
percentage of ear damage, number of harvested ears, and fresh ear weight) ac-
cording to each treatment per block using LibreOffice® (version 7.2.0). The per-
centage of ear damage and number of FAW larvae at 63 DAS were not normally 
distributed. The former was square root-transformed (%_Ear_Damage + 0.5) 
and the latter was log10 transformed (#_FAW_larvae + 1) before the summary 
data was subjected to one-way analysis of variance (ANOVA). When there were 
significant differences among treatments, the means were separated using Fish-
er’s protected least significant difference test at a 5% level. All these were done 
using Genstat® (version 20.1) [23]. 

3. Results 
3.1. Effects of Plant-Derived Pesticides on FAW Infestation and 

Their Interactive Effects on Maize at Its Vegetative Stages 

The application of treatments at 15 and 22 DAS had no significant effects (p > 
0.05) on plant height, number of FAW larvae, and FAW attack intensity as ob-
served on 19 and 26 DAS respectively. The application of PDPs on 29 DAS had 
significant effects on the number of FAW larvae and FAW attack intensity as 
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observed at 33 DAS (Table 2). The NBE significantly had the lowest number of 
FAW larvae (0.6) [F (4, 15) = 5.11, p = 0.02] and FAW attack intensity (29.8%) 
[F (4, 15) = 8.69, p < 0.001] relative to the control. The NLAS had the lowest 
plant height as observed from 26 to 40 DAS compared to the control, however, 
their effects were similar (p > 0.05). The observation made at 40 DAS showed 
that NBE significantly had the lowest FAW attack intensity (0 %) [F (4, 15) = 
3.58, p = 0.04] compared to TRE. Furthermore, TRE had the highest number of 
FAW larvae (1.7) and attack intensity (46%) compared to the control, however, 
their effects were similar (p > 0.05). 

3.2. Effects of Plant-Derived Pesticides on FAW Infestation and 
Their Interactive Effects on Maize at Its Ripening Stage 

The application of treatments had no significant effects (p > 0.05) on FAW in-
festation and the maize’s yield compared to the control (Table 3). However, 
NBE significantly had the highest number of harvested ears (5.0) [F (4, 15) = 
3.72, p = 0.04] and fresh ear weights (447 g) [F (4, 15) = 4.65, p = 0.02] com-
pared to NLAS. The NLAS had the lowest number of harvested ears (3.2) and ear 
fresh weights (242 g) compared to TRE and the control, however, their effects 
were similar (p > 0.05). 

4. Discussion 
4.1. Effects of Plant-Derived Pesticides on FAW Infestation and 

Their Interactive Effects on Maize at Its Vegetative Stages 

The application of treatments under field conditions had no significant effects 
on maize growth and FAW infestation relative to the control except for the ap-
plication at 29 DAS. This could be due to maize’s ability to compensate for foliar  

 
Table 2. Effectiveness of treatments against FAW infestation and their interactive effects on maize growth performance. 

Treatment 
Plant height (cm) 

DAS 
Number of FAW larva 

DAS 
FAW attack intensity (%) 

DAS 

 19 26 33 40 19 26 33 40 19 26 33 40 

Control 22.9 36.3 61.1 108.3 3.2 6.8 4.0a 1.2 62.2 61.5 64.9a 31.1ab 

TRE 26.1 37.9 61.8 107.6 4.6 6.0 2.8ab 1.7 54.5 73.0 76.0a 46.0a 

NLAS 24.7 36.0 48.0 90.6 3.4 6.2 1.8ab 1.2 57.1 68.2 77.8a 33.4ab 

NBE 26.8 41.1 75.5 125.5 2.6 2.8 0.6b 0.4 53.3 51.9 28.9b 0.0b 

SED 3.8 5.8 10.1 13.8 2.4 1.6 0.9 0.6 6.6 10.2 10.9 14.6 

LSD0.05 NS NS NS NS NS NS 2.0 NS NS NS 23.8 31.8 

CV (%) 23.7 24.2 25.9 20.2 110.0 47.1 62.3 85.1 18.4 25.2 27.9 83.6 

p-value 0.75 0.81 0.11 0.15 0.86 0.11 0.02 0.26 0.56 0.24 <0.001 0.04 

Data are means of five replicates. Means with similar superscripts in the same column are not significantly different by Fisher’s 
test. DAS = days after sowing. 
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Table 3. Effectiveness of treatments on FAW infestation and maize’s yield performance. 

Treatment 
Number of 

FAW larvae2 
% of ear 
damage1 

Number of 
harvested ear 

Fresh ear 
weight (g) 

Control 0.2 5.0 4.2ab 349ab 

TRE 0.2 0.0 3.8ab 296ab 

NLAS 0.0 0.0 3.2b 242b 

NBE 0.0 0.0 5.0a 447a 

SED 0.2 3.5 0.6 57.3 

LSD0.05 NS NS 1.2 124.8 

CV (%) 258.2 447.2 21.6 27.2 

p-value 0.43 0.43 0.04 0.02 

Data are means of five replicates. Means with similar superscripts in the same column are 
not significantly different by Fisher’s test. 1,2Analysis of variance was done on square root 
and log10 transformed data respectively. 

 
damage as it is quite capable, under good moisture and nutrition conditions, to 
compensate for a level of foliar damage [6]. Our field experiment was set up on 
the land that had been cultivated with M. pruriens as a fallow strategy for a year 
prior field experiment, and an adequate amount of precipitation (>200 mm) was 
received monthly during the study period which provided suitable growing con-
ditions for maize plants. The observation made on 33 DAS showed NBE to sig-
nificantly reduce FAW infestation compared to the control as it was the period 
of peak infestation [22] and plants could not tolerate high attack intensity. 
Neem-based formulations were found to alter insect behavior, repel them, inhi-
bit feeding, and disrupt their growth and reproduction [24], and this could be 
the reason for the improvement seen with NBE at 33 DAS. The TRE and NLAS 
contradicted the effect of NBE. The TRE had the highest number of FAW larvae 
and attack intensity at 40 DAS. This could be due to the short duration of pesti-
cidal efficacy and its chemical properties favoring FAW feeding after pesticidal 
efficacy breakdown. There were some limitations to applying Curcuma-based 
botanicals directly in the field for pest and pathogen control because of their 
short shelf life, volatility of the substance, and its authoritarian effects [25]. The 
NLAS had the lowest plant height and the highest FAW attack intensity at 33 
DAS, and the lowest plant height at 40 DAS. This could be due to the short du-
ration of pesticidal efficacy and its potassium content affecting plant height. [26] 
reported that wood ash applied at 3-day intervals significantly reduced pest in-
festation and its protectant effect was due to the presence of potash which con-
tains potassium. Ash concentration above 70% was found to have a deleterious 
effect on tomato growth [27]. Neem was found to have systemic action on pests, 
and its efficacy lasted for 10 weeks in protecting food crops [28] and this could 
be the reason why NBE had more promising effects than TRE and NLAS. 
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4.2. Effects of Plant-Derived Pesticides on FAW Infestation and 
Their Interactive Effects on Maize at Its Ripening Stage 

The application of PDPs under field conditions had no significant effects on 
FAW infestation and maize yield relative to the control. However, the NBE had 
significantly increased the number of harvested ears and ear fresh weights com-
pared to NLAS. The high concentration of ash had been found to reduce yield in 
Solanum nigrum as it inhibited the normal transpiration and photosynthesis 
[29] processes and this could be the reason why NLAS had the lowest yield. 
However, NBE was not significantly different from TRE and the control and could 
be due to the genotype’s ability to compensate FAW damages under good hus-
bandry and management practices. The application of fertilizer has been shown to 
improve the yield of defoliated maize plants regardless of the defoliation timing 
[30]. Furthermore, different genotypes had been found to respond differently to 
FAW infestation as indicated by the leaf damage rating under screen house condi-
tions [31]. The decline in the number of FAW larvae at the ripening stage could be 
due to extrinsic and intrinsic obstacles affecting the larvae [22]. Neem had been 
found to cause histo-physiological alterations such as degeneration of the epi-
thelial lining of the midgut and in the peritrophic matrix of FAW larvae [32], 
and had shown to decrease the offspring and longevity of this species [33]. The 
other reason could be the larvae entering the pupae or adult stage. 

5. Conclusion 

The NBE had shown promising results from the vegetative to the ripening stage 
of maize plants compared to TRE and NLAS. It also reduced FAW infestation at 
a period of high attack intensity (33 DAS) compared to the control. Hence, NBE 
can be used to control FAW infestation at a period of high attack intensity. 
Moreover, this study will provide basic information for future studies on biopes-
ticidal plant extracts as a control of FAW infestation under field conditions in 
PNG. Thus, future studies should assess the following; 1) the effect of NBE on 
susceptible maize genotypes; 2) the effects of other parts of A. indica; 3) the ef-
fects of other biopesticidal plant extracts and synthetic pesticides (positive con-
trols), and the cost involved; and 4) maize genotypes for FAW resistance, using 
ratio scale for assessing infestation. 
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