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Abstract

Several biotic and abiotic variables limit the maize yield in Africa. The fall armyworm (FAW),
a new invasive pest in Africa, and particularly in Cameroon, has exacerbated the problem. This study
was done to demonstrate the fall armyworm control on maize in an intercrop system with legumes, and
the locally made organic Allium (garlic) emulsion. In this study, a field experiment was laid out in a
randomized complete block design with nine treatments (control, insecticide, Allium (garlic), maize
dwarf-bean, maize-dwarf bean insecticide, maize-dwarf bean Allium (garlic), maize-cowpea, maize-
cowpea insecticide and maize-cowpea Allium (garlic) and three replicates. Maize vegetative data (plant
height, stem girth, and number of leaves) were collected, as well as pest occurrence and severity (fall
armyworm) and maize yield. The best outcomes for the fall armyworm control in this study came from
maize intercropped with legumes (dwarf bean and cowpea), in combination with either synthetic
insecticides or the locally made organic garlic emulsion. Control had the most damaged plants for FAW
(14) and the number of damaged plants differed significantly (P< 0.05) across treatments. The highest
number of FAW (4 FAW) were found in the control, which differed significantly (P<0.05) across
treatments. The maize grain yield ranged from 2.1 tha to 5.7 tha® and differed significantly across
treatments (P<0.05), with the highest yields (5.7 tha) in the maize-cowpea insecticide and maize-
cowpea garlic treatments, and the lowest yields (2.1 tha) in the control.

Conclusively, the maize intercrop with legumes and the locally made organic Allium (garlic)
emulsion served as sustainable alternative to the synthetic pesticide that effectively controlled FAW
without jeopardizing environmental sustainability and increased maize yield.

Keywords: Allium (garlic) botanical, pest incidence, pest severity, fall armyworm (FAW), yield, maize,
intercropping.

INTRODUCTION one of the world's top 39 maize-producing
countries (FAOSTAT, 2017).

One of the most widely grown crops in Poor soil fertility, poor cultural
Sub-Saharan Africa (SSA) is maize (Zea mays) practices, inadequate sophisticated production
farmed on more than 33 million hectares technologies, such as varieties and pest
annually (FAOSTAT, 2015). Maize production management techniques, all contribute to low
has been an important source of income for maize yield (Bulto and Hirpa, 2016; Agbor et
smallholder farmers, particularly in Cameroon, al., 2022a). Arthropod pests are one of the major
where production increased from 355,000 tons contributors to low maize yields, and they are at
in 1968 to 2.25 million tons in 2017, expanding the heart of a slew of critical issues plaguing the
at an annual rate of 4.57 percent. Cameroon is industry today. Arthropods are thought to
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destroy 18-26 % of the world's annual crop
production, which has a market worth of more
than $ 470 billion, despite the use of synthetic
pesticides. Before harvest, a bigger percentage
of losses (13-16 %) occur in the field, and losses
have been greatest in underdeveloped nations
(Culliney, 2014). The fall armyworm,
Spodoptera frugiperda (Lepidoptera:
Noctuidae), is one of the most invasive insect
pests on maize today, producing significant
yield losses (Assefa and Ayalew, 2019; Kenis et
al., 2022). Originally from North America, the
polyphagous pest known as FAW damages a
number of crops, including maize, sorghum,
beans, and cotton (Day et al., 2017). According
to recent studies, FAW is present in 28 African
countries, indicating that the pest is spreading
quickly  throughout the continent and
endangering the food security of millions of
people (ibid).

Since FAW first appeared in several
African nations, synthetic pesticides have been
routinely used as an emergence response to stop
its spread and reduce damage to maize crops. It
IS important to remember that, apart from
emergency labelled uses, there are currently no
authorized synthetic pesticides for FAW
management in African nations, highlighting
the urgent need for synthetic insecticide
screening  (Sisay, 2019). Farmers have
expressed dissatisfaction that the current
synthetic insecticides are inefficient against
FAW, forcing them to use higher doses with
frequent treatments, accumulating pesticides in
the environment, and accelerating the
emergence of resistance (Sisay et al., 2019).
Growing concerns and/or a need to find
sustainable integrated management options that
promote soil fertility and crop protection
without jeopardizing environmental
sustainability has resulted from this challenge
(Suge et al., 2011). As a result, plant extracts
which have long been promoted as effective
petrochemical insecticide substitutes are
seriously being considered. Botanical extracts
are environmentally friendly, cost-effective, and
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biodegradable (Agbor et al., 2022b). Botanicals
are inexpensive, widely available, and
affordable, all of which are significant
characteristics for smallholder farmers in Africa
(Reddy and Chowdary, 2021; Ngegba et al.,
2022). Azadirachta indica, Milletia ferruginea,
Croton macrostachyus, Phytolacea docendra,
Jatropha curcas, Nicotina tabacum, and
Chrysanthemum cinerariifollium are just a few
of the plants that have been utilized to manage
insect pests successfully (Addisu et al., 2014;
Chou et al., 2022).

Intercropping is the practice of
cultivating two or more crops simultaneously on
the same piece of land during the same growing
season (ljoyah and Jimba, 2012). It is an old
tradition adopted by smallholder farmers in
Africa, India, Sri Lanka and Malaysia in their
cropping systems. Intercropping is primarily
used to reduce the risk in case one of the
companion crops fails owing to weather
fluctuations or an increase in pest and disease
incidence (Ananthi et al., 2017) the surviving
crop should meet the farmer’s needs. It has a
number of advantages over the solitary cropping
such as pest and disease control, multiple
harvests, just to name a few. In tropical regions,
corn has been used as one of the companion
crops in an intercropping system (John et al.,
2006). Recently, intercropping has gained
recognition as a crop production system with
many advantages (Belel et al., 2014). In
addition, Hailu et al., (2018), stated that, when
combined with other sustainable management
approaches, intercropping maize with legumes
could be a viable alternative to the push-pull
technique for controlling FAW. Furthermore,
legumes are a repellent crop and in combination
with botanicals become a control tool for the fall
armyworm on maize. As a result, this research
was planned to exploit garlic's botanical
pesticide capabilities in a maize-and-legume
(cowpea and dwarf bean) intercrop to combat
fall armyworms.
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MATERIALS AND METHODS

Research area description

The work was done at the University of
Buea. The site is situated in the South West
Region of Cameroon, between longitudes
9°12'E and 4°20'E and latitudes 4°3'N and 4'12'N
of the equator. Volcanic rocks that have
weathered into mainly silt, clay, and sand make
up the soil. With an average relative humidity of
85-90 % and a less pronounced dry season,
Buea has a monomodal rainfall regime. From
October through February is the dry season,
whereas between March and September, the
rainfall amounts between 2085 and 9086. As the
elevation increases from 200 to 2200 meters
above sea level, the soil temperature at 10 cm
deep drops from 25 °C to 15 °C, while the
average air monthly temperature ranges from 19
°C to 30 °C (Fraser et al., 1998; Manga et al.,
2014).

Experimental setup

Three replicates per treatment were used
in the randomized complete block design
experiment. With the aid of a cutlass, the
experimental field was cleared and divided into
27 plots, each measuring 2 m by 2 m. With a
hoe, each experimental plot was manually tilled
to a height of 30 cm. The replicates were
separated from each other by a 1m distance, and
each plot within a replicate was separated by a
0.5 m space. A 2 m buffer zone separated the

experimental site from the surrounding
environment. The experimental design included
nine treatments as seen in Table 1. Maize
intercropping systems included maize-dwarf
bean intercropping system and maize-cowpea
intercropping system. Each maize plot had three
rows and four columns of maize with 75 cm x
50 cm inter and intra row spacing, resulting in
12 stands per plot, whereas legumes were
planted at alternative rows to maize using row
intercropping technique at 45 cm x 30 cm inter
and intra row spacing with 4 rows and 6
columns of legumes, resulting in 24 stands per
intercrop plot (Fig. 1).

Table 1. Codes and meaning of treatments.

codes | Full meaning of treatments

Tl Control Maize

T2 Maize+Insecticide

T3 Maize+ botanical Allium (garlic)
emulsion

T4 Mazie+dwarf bean intercrop

T5 Maize+dwarf bean
intercrop+Insecticide

T6 Maize+dwarf bean
intercrop+botanical Allium (garlic)
emulsion

T7 Maize+cowpea intercrop

T8 Maize+cowpea+insecticide

T9 Maize+cowpea+botanical Allium
(garlic) emulsion

13m

<—-.=

}Zm
24m

Figure 1. Randomized complete block design with four treatments and four replicate.

65



Agricultural University — Plovdiv % AGRICULTURAL SCIENCES Volume 15 Issue 38 2023

Locally produced organic pesticide
(Garlic botanical)

The organic amendment was made from
fresh garlic bulbs (Allium sativum). The outer
layers of the matured garlic bulbs were peeled
and 250 g of peeled garlic were placed in a
kitchen blender with 250 ml of water and
blended to obtain garlic liquid extract. The
liquid extract was mixed with 1 liter of
vegetable oil from groundnut seeds (KING'®,
Legos-Nigeria), purchased at a nearby market.
A sticky emulsion was made by adding 10 g of
detergent (SABA®, Douala, Cameroon), later
sieved to make a homogenous extract and kept
at room temperature in a plastic container.

The most effective dose for the best field
application of the garlic emulsion was
established through a laboratory study before
being applied in the field. Ten Fall Armyworm
2" and 3" Instar Larvae were placed in five
Petri dishes, each containing two larvae, for the
laboratory experiment performed during the
early hours of the day. As a feeding source for
the larvae, maize leaves were collected from the
nearby corn fields and placed in the Petri dishes.
Five concentrations of the organic garlic
emulsion were made: 100:15, 80:15, 60:15,
50:15, and 20:15 product: water (ml:l) ratios.
The various doses were then injected using a
syringe into the five Petri dishes each containing
insect larvae. After a one-hour, the dose (80:15
- 100:15 ml:l) was adopted for application in the
field based on the assessments and performance.

The organic garlic emulsion was applied
in the field during early morning periods with
minimal drifting. To achieve homogeneity, 80-
100 ml of the garlic emulsion was diluted in a
15 | knapsack sprayer of water and vigorously
stirred. The homogenized mixture was
uniformly sprayed in the whorl, on maize stems
and leaves on all plots that required organic
garlic emulsion for treatment on a weekly basis.

Plant cultivation
Following the ridge formation, the field
was sprayed with contact herbicide, insecticide,
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and fungicide to protect the seeds from weeds,
insects, and fungal attacks. Sowing was done in
accordance with the treatments and the
experimental design. Four seeds were sown per
stand, which germinated four days later and
were thinned to two per stand two weeks later.
Three crops were planted: maize as the main
crop, dwarf beans and cowpea as companion
crops. CMS8704 was the maize variety grown,
and the dwarf beans were local large grain beans
and Michel variety cowpea. Soaking in water
was used to test viability, and those that floated
were discarded.

Crop maintenance

Weeding was done with a hoe and a
cutlass to remove the grass competing with the
crop for space and nutrients while also acting as
a breeding ground for pests and diseases. After
each weeding operation, the plants were earthed
up by covering the rhizosphere with soil to
avoid exposing the plant roots, which could
harm the crops. All plants were manually
irrigated during the dry periods of no rain. This
was due to the fact that the experiment was
conducted during the rainy season, so the plants
were rain fed for growth and development.

The identical kind and quantity of soil
fertilizer were added to each experimental plot
two weeks following germination. All plots
received a uniform application of the compound
fertilizer NPK 20:10:10 at a rate of 10 g per
stand by ringing at a distance of about 5¢cm from
the plants.

Except for the control plots, all organic
plots were treated with the local garlic spray at
a rate of 80mlI-100 ml/15 | of water, whereas the
synthetic plots were sprayed with a contact
commercial insecticide (CYPERCAL 12EC
with active ingredient as CYPERMETHRINE;
SCPA SIVEX international® France) at a rate
of 24 ml-36 ml/15] of water and a contact
commercial fungicide (COTZEB). The spraying
of both organic and synthetic pesticides was
aided by the use of a knapsack sprayer and was
done on a weekly basis.
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Data collection

Vegetative and yield parameters

Data on the maize vegetative and yield
parameters as influenced by the maize-legume
intercropping system were collected. Three
weeks after the planting, four plants from each
treatment replicate were randomly selected and
tagged for data collection. The plants were
evaluated for vegetative parameters (height,
stem girth, and leaf number) as well as for yield
parameters  (maize-grain  yield). Growth
parameters were collected weekly (5 times)
until the plant tasseling began.

To calculate the yield in tons ha-1, the
weight of maize grains was measured 12 weeks
after the planting by using a top loading balance
(Brand MK-01, China).

Fall armyworm (FAW)

The maize plants were examined for fall
armyworm infestation three weeks after the
sowing, and they were continuously checked for
indicators of plant damage. FAW damage was
identified by the pin holes, ‘windo-panes,’
ragged and torn leaves, and the destruction of
unfurled leaves in funnels for incidence. Four
plants were chosen at random from each plot
and observed for the incidence (number of
damaged plants) and severity (number of fall
armyworms). The data were presented as the
number of plants damaged by fall armyworms
per treatment and the number of larvae per plant.

Statistical analysis

Data was entered into a Microsoft Excel
spreadsheet 2013, and then transferred to

compatible software, IBM SPSS Statistics
version 20. The impact of treatments (n=9) as
categorical predictors of dependent variables
including vegetative parameters (plant height,
stem girth, and number of leaves), fall
armyworm occurrence and severity, and yield
parameters (maize grain weight) was examined
using a univariate analysis of variance
(P<0.05). The important data means were
compared using Tukey's HSD (P<0.05).

RESULTS

Plant performance

Vegetative parameters of maize

According to this study (Table 2), the
plant height varied significantly (F2g = 3.07,
P<0.05) between treatments and ranged from
181.25 cm to 210.67 cm, with the maize-
cowpea-insecticide treatment recording the
maximum height at 210.67 cm and the control
treatment recording the lowest height at 181.25
cm. The stem girth varied between 4.57 and 5.53
cm and was significantly different between
treatments (F2g = 18.35, P<0.05), with the
control treatment having the lowest girth at 4.57
cm and the maize-cowpea-insecticide treatment
having the maximum at 5.53 cm. The number of
maize leaves per plant significantly varied
between 14 and 16 per plant (F2s = 8.92,
P<0.05) between treatments, with the control
treatment 14 having the fewest leaves and the
maize-cowpea-insecticide treatment 16 having
the most.

Table 2. Effect of treatments on vegetative parameters (mean + SD).

Treatments plant height(cm) stem girth (cm) number of leaves
Control 181.25+6.31b 4.57+0.09d 14 +£0.14¢
Insecticide 195.67+15.09ab 5.10+0.03¢ 15+0.38b

Allium (garlic) 192.67+3.00ab 5.06+0.08¢ 15+0.29bc
Maize-dwarf bean 193.92+14.00ab 5.07+0.13c 15+0.43bc
Maize-dwarf bean Insecticide 203.92+8.96ab 5.43+0.21abc 15+0.43ab
Maize-dwarf bean Allium (garlic) | 200.83+9.80ab 5.2440.19bc 15+0.29ab
Maize-cowpea 194.67+6.15ab 5.09+0.14c 15+0.14b
Maize-cowpea insecticide 210.67+1.84a 5.74+0.19a 16+0.58a
Maize-cowpea Allium (garlic) 207.17+1.28a 5.53+0.06ab 16+0.66ab

Values within columns with different letters are significantly different (P<0.05).
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Maize yield

As revealed by this study (Fig. 2), the
yield of maize varied between 2.1 and 5.7 tha*
and was significantly different between
treatments (F2,s = 5.16, P<0.05). The control
treatment had the lowest yield, while the
maize-cowpea g (5.53 tha) and the maize-
cowpea insecticide (5.7 tha*) had the best
yields (2.1 tha™).

Fall armyworm incidence and
severity

Incidence (number of damaged plants)

The number of the damaged plants by
the fall armyworm ranged from 2 to 14 plants
per treatment and differed significantly (Fzg =
6.95, P < 0.05) across treatments (Fig 3). The
highest damage was observed in the control.
The least damaged plants were recorded from
maize-cowpea-insecticide followed by maize-

cowpea-Allium and maize-dwarf-bean-
insecticide. In addition, maize-dwarf bean-
Allium, insecticide and Allium treatments did
not show any significant difference amongst
them, but differed significantly from the other
treatments.

Severity (number of larvae per plant)

The number of fall armyworm larvae on
maize plants ranged from 0 to 4, and there were
significant differences between treatments (F2s
=12.03, P 0.03), (Fig 4).The control treatment
had the most larvae (4). The lowest number of
larvae was recorded in maize-dwarf bean-
insecticide (1), maize-cowpea-insecticide (1)
and maize-cowpea-Allium (1) followed by
maize-dwarf bean-Allium (2), insecticide (2)
and Allium (2) treatments that differed
significantly (Turkey's HSD, P = 0.05) from
maize-dwarf bean (3) and maize cowpea (3).
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Figure 2. Effect of treatments on maize yield. Data with different letters are significantly different
(P<0.05), Tukey's HSD.
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Figure 3. Effect of treatments on the pest incidence. Data with different letters are significantly
different (P<0.05), Tukey's HSD.
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Figure 4. Effect of treatments on the number of fall armyworm larvae on maize plants. Data with
different letters are significantly different (P<0.05), Tukey's HSD.

DISCUSSION

Effect of treatments on maize pest
(FAW)

The repellent qualities of cowpea, along
with the application of the insecticide
cypermethrine and the natural Allium emulsion,

accounts for the significantly lower pest
infestation in maize-cowpea insecticide as well
as maize-cowpea-Allium when compared to the
significantly high pest infestation in the
controlled plot (untreated maize plants) (Asare-
bediako et al., 2010). The increasing risk to
human health in Africa due to inadequate safety
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measures, environmental degradation,
biodiversity loss, and soil and water pollution is
a major issue concerning the use of synthetic
insecticides, despite the fact that they are
efficient at controlling FAW (Day et al., 2017).
In this study, the locally produced organic
Allium emulsion from garlic extract (bulb)
exacerbated a quick knockdown activity against
the fall armyworm larvae as seen in the maize-
cowpea-botanical Allium emulsion treatment
(Abdullahi et al.,, 2020). The demonstrated
insecticidal activity of the organic Allium
emulsion is determined by allicin, a sulfur
compound formed as a result of alliinase
activity during clove crushing and other sulfur
derivatives (Wanyika et al., 2010; Golubkina et
al., 2022). Ultimately, the plant extracts are
known to contain powerful organic substances
that are effective in reducing the population of
insect pests comparable to that of the synthetic
pesticides. However, Akeme et al., (2021) and
Golubkina et al., (2022) reported the efficacy of
the garlic extract to combat caryopsis, scoop,
whitefly and weevils on cowpea and rice fields.
Furthermore, several authors have demonstrated
the efficacy of various plant materials as
biopesticides for pest control (Agbor et al.,
2022b; Tanyi et al., 2020) such as neem, West
African black pepper and African nutmeg
(Reddy and Chowdary, 2021; Ochieng et al.,
2022). This study hypothesis is supported by the
observed pest mitigation performance in an
intercropping system of maize-cowpea Allium
and maize-dwarf bean. Therefore, farmers can
manage the fall armyworm, a pest of maize,
without endangering the productivity of their
crops by intercropping maize with legumes
(such as dwarf beans or cowpeas) and by using
the organic Allium emulsion made from the
garlic extract (bulb).

Effect of intercropping on maize

The less damage of maize plants in the
maize-dwarf bean intercropping and the maize-
cowpea intercropping compared to the control
(untreated maize plants), indicates that legumes
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(dwarf bean and cowpea) deter maize pests like
the African maize stem borer, FAW, as reported
by Hailu et al., (2018) and Tanyi et al., (2020).

Effect of treatments on maize
vegetative parameters and yield

Most tropical intercropping systems
have been found to contain maize as a common
element (ljoyah and Fanen, 2012). According to
Adesoji et al., (2013), the nitrogen effects
increase maize development by causing an
increase in the cell division and expansion as
well as an increase in the size of all of its
morphological components. Additionally, Belel
et al., (2014) and Baijukya et al., (2016)
discovered that the yield of maize grains
increases following intercropping with legumes.
Achieving full maize output in addition to
chosen legume yield is the aim of the maximal
maize-legume association (Kermah et al., 2017;
Masvaya et al., 2017).

The maize vegetative parameters were
statistically different due to legumes already
rapidly producing nitrogen for maize uptake,
dropping legume leaves were decomposing and
adding nutrients for maize uptake and reducing
maize competition with legume crops for
nutrients. When maize and peanut were
intercropped in alternating furrows (2:1) with 80
kg hal urea, the research results produced by
Borghi et al., (2013) showed that a considerable
increase in the plant height (190.93 cm) and LA
(2.26 cm?) were attained. Also the plant is more
adapted and tolerant to pest infestation and its
rate was reduced due to the botanical Allium
emulsion and the synthetic pesticide application
in addition to the repellent properties of dwarf
bean and cowpea (Tanyi et al., 2018; Mochiah
et al, 2011) thus increasing growth parameters.
The study hypothesis is supported by the rise in
the growth metrics seen for intercropping,
synthetic pesticides, and botanical Allium
emulsion. However, it was shown that when
maize and legume crops are intercropped, the
amount of vegetative biomass in the farmer's
field is at its highest (Isaacs et al., 2016).
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The high maize yield in maize-cowpea
insecticide and maize-cowpea Allium treatments
when compared to maize-dwarf bean and
cowpea intercropping is consistent with the
trend of using botanical Allium emulsion and
synthetic pesticide for pest infestation, as well
as cowpeas' ability to fix more nitrogen for
maize uptake than dwarf beans (Legwaila et al.,
2012). The higher maize yield in the maize-
cowpea intercrop treatment when combined
with either botanical Allium emulsion or
synthetic insecticide emphasizes the need for
alternative farm management strategies that
integrate below and above ground management,
including soil fertility and pest management.

CONCLUSION

This study found that synthetic
pesticides and the organic Allium emulsion or
maize-legume (dwarf bean and cowpea)
intercropping had comparable efficacy in
controlling maize pests below the economic
damage threshold. As a result of the low cost of
producing the organic Allium emulsion, farmers
will be able to increase their maize yield and
potentially earn more money. As a result, the
locally produced Allium emulsion and maize-
legume intercropping treatments are the best
bets for managing maize pests and stimulating
maize performance while minimizing the
negative consequences. They are viable
substitutes for synthetic pesticides in the maize
production systems.

ACKNOWLEDGMENTS

We appreciate the Ministry of Higher
Education of Cameroon, and the Higher
Technical Teachers’ Training College Kumba,
the University of Buea, Cameroon, for the
training and skills gained. We are grateful to
friends who assisted during data collection.

71

REFERENCES

Abdullahi, J., Abdullahi, N., Haruna, M.,
Yahaya, S. M., Hayatu, L. W., Ajingi, Y.
S., ... & Buhari, S. S. (2020). Evaluation
of Plants Extracts from Capsicum
annum and Allium sativum against
Aphis craccivora Attacking Cowpea
Plant in Kano, Nigeria. BioScientific
Review, 2(1), 10-18.

Addisu, S., Mohamed, D., & Waktole, S.
(2014). Efficacy of botanical extracts
against termites, Macrotermes spp.,
(Isoptera: Termitidae) under laboratory
conditions. International Journal of
Agricultural Research, 9(2), 60-73.

Adesoji, A. G., Abubakar, I. U, Tanimu, B., &
Labe, D. A. (2013). Influence of
Incorporated short duration legume
fallow and nitrogen on maize (Zea mays
L.) growth and development in northern
guinea savannah of Nigeria. American-
Eurasian Journal of Agricultural &
Environmental Sciences, 13(1), 58-67.

Agbor, D. T., Acha, D. A., Eboh, K. S., Morara,
C. N., Dohnji, J. D., Teche, L. M., &
Nkongho, R. N. (2022a). Impact of
Natural and Hand-Assisted Pollination
on Cucumber Fruit and Seed Yield.
International Journal of Sustainable

Agricultural  Research, 9(2), 76-
86. https://doi.org/10.18488/ijsar.v9i2.2
975.

Agbor, D. T., OBEN, T. T., Afoh, L. T., Eboh,
K.S., Kum, Y. F, Fon, C. T., & Dohnji,
J. D. (2022). Comparative Study Of
Botanicals And Synthetic Insecticide On
The Control Of Insect Pests And
Diseases Of Cowpea. International
Journal of Agriculture and
Environmental Research, 8(2).
https://doi.org/10.22004/ag.econ.33384
4

Akeme, C. N., Ngosong, C., Sumbele, S. A,
Aslan, A., Tening, A. S., Krah, C. Y., ...
& Nambangia, O. J. (2021, November).



https://doi.org/10.18488/ijsar.v9i2.2975
https://doi.org/10.18488/ijsar.v9i2.2975
https://doi.org/10.22004/ag.econ.333844
https://doi.org/10.22004/ag.econ.333844

Agricultural University — Plovdiv % AGRICULTURAL SCIENCES Volume 15 Issue 38 2023

Different controlling methods of fall
armyworm (Spodoptera frugiperda) in
maize farms of small-scale producers in
Cameroon. In IOP Conference Series:
Earth and Environmental Science (\Vol.
911, No. 1, p. 012053). IOP Publishing.

Ananthi, T., Amanullah, M. M., & Al-Tawaha,
A.R. M. S. (2017). A review on maize-
legume intercropping for enhancing the
productivity and soil fertility for
sustainable  agriculture in  India.
Advances in environmental biology,
11(5), 49-64.

Asare-bediako  E,  Adda-Quaye AA,
Mohammed A. (2010). Control of
diamond back moth (Phitella xylostella)
on cabbage (Brassica oleracea var.
capitata) using intercropping with non-
host crops. American journal of Food
Technology, 5(4), 269-274.

Assefa, F., & Ayalew, D. (2019). Status and
control measures of fall armyworm
(Spodoptera frugiperda) infestations in
maize fields in Ethiopia: A review.
Cogent Food & Agriculture, 5(1),
1641902.

Baijukya, F., Wairegi, L., Giller, K., Zingore,
S., Chiwoko, R., & Mapfumo, P. (2016).
Maize-Legume Cropping guide. Africa
Soil Health Consortium, Nairobi.

Belel, M. D., Halim, R. A., Rafii, M. Y., &
Saud, H. M. (2014). Intercropping of
corn with some selected legumes for
improved forage production: A review.
Journal of Agricultural Science, 6(3),
48. https://doi.org/10.5539/jas.v6n3p48.

Borghi, E., Crusciol, C. A. C., Nascente, A. S.,
Mateus, G. P., Martins, P. O., & Costa,
C. (2013). Effects of row spacing and
intercrop on maize grain yield and
forage production of palisade grass.
Crop and Pasture Science, 63(12),
1106-1113.

Chou, C., Hadi, B. A, Chiba, S., Sato, I., Choi,
. R, & Tanaka, T. (2022). An
entomopathogenic fungus and a natural

72

extract benefit rice (Oryza sativa) by
suppressing populations of insect pests
while keeping high populations of their
natural enemies. Biological Control,
165, 104793.

Culliney, T. W. (2014). Crop losses to
arthropods. Integrated Pest
Management: Pesticide Problems, 3,
201-225.

Day, R., Abrahams, P., Bateman, M., Beale, T.,
Clottey, V., Cock, M., ... & Witt, A.
(2017). Fall armyworm: impacts and
implications for Africa. Outlooks on
Pest Management, 28(5), 196-201.

FAOSTAT (Food and Agricultural
Organization of the united Nations
statistics).  (2017). World  crop
production  data.  Available at:
http//www.fao.org/faostat/en/.

FAOSTAT (Food and Agriculture
Organization Corporate Statistical
Data). Crop production data. (2015).
(Accessed on 20 August 2015).
Available: www.fao.org).

Fraser, P., Hall, J. B., & Healey, J. R. (1998).
Climate of the Mount Cameroon region.
Long and Medium Term Rainfall,
Temperature and Sunshine Data,
(unpublished) SAFS, University of
Wales Bangor, MCP-LBG.

Golubkina, N., Zayachkovsky, V., Sheshnitsan,
S., Skrypnik, L., Antoshkina, M.,
Smirnova, A., ... & Caruso, G. (2022).
Prospects of the Application of Garlic
Extracts and Selenium and Silicon
Compounds for Plant Protection against
Herbivorous  Pests: A Review.
Agriculture 2022, 12, 64.

Hailu, G., Niassy, S., Zeyaur, K. R., Ochatum,
N., & Subramanian, S. (2018). Maize—
legume intercropping and push—pull for
management of fall armyworm,
stemborers, and Striga in Uganda.
Agronomy Journal, 110(6), 2513-2522.
https://doi.org/10.2134/agronj2018.02.0
110.



https://doi.org/10.5539/jas.v6n3p48
http://www.fao.org/
https://doi.org/10.2134/agronj2018.02.0110
https://doi.org/10.2134/agronj2018.02.0110

Agricultural University — Plovdiv % AGRICULTURAL SCIENCES Volume 15 Issue 38 2023

Hirpa, K., & Bulto, T. (2016). Effects of
different termite management practices
on maize production in Assosa district,
Benishangul Gumuz Region, Western
Ethiopia.  Journal of  Biology,
Agriculture and Healthcare, 6, 23.

ljoyah, M. O., & Fanen, F. T. (2012). Effects of
different  cropping pattern  on
performance of maize-soybean mixture
in Makurdi, Nigeria. Scientific Journal
of Crop Science, 1(2), 39-47.

ljoyah, M. O., & Jimba, J. (2012). Evaluation of
yield and yield components of Maize
(Zea mays L.) and okra (Abelmoschus
esculentus L. Moench) intercropping
system at Makurdi, Nigeria. Journal of
Biodiversity and Environmental
Sciences, 2(2), 38-44.

Isaacs, K.B., Snapp, S. S., Chung, K., &
Waldman, K. B. (2016). Assessing the
value of diverse cropping systems under
a new agricultural policy environment in
Rwanda. Food Security, 8(3), 491-506.

John, S. A., & Mini, C. (2006). Biological
efficiency of intercropping in okra
(Abelmoschus esculentus (L.). Journal
of Tropical Agriculture, 43, 33-36.

Kenis, M., Benelli, G., Biondi, A., Calatayud, P.
A., Day, R., Desneux, N., ... & Wu, K.
(2022). Invasiveness, biology, ecology,
and management of the fall armyworm,

Spodoptera frugiperda. Entomologia
Generalis.
https://doi.org/10.1127/entomologia/20
22/1659.

Kermah, M., Franke, A. C., Adjei-Nsiah, S.,
Ahiabor, B. D., Abaidoo, R. C., & Giller,
K. E. (2017). Maize-grain legume
intercropping for enhanced resource use
efficiency and crop productivity in the
Guinea savanna of northern Ghana.
Field crops research, 213, 38-50.
https://doi.org/10.1016/j.fcr.2017.07.00
8.

Legwaila, G. M., Marokane, T. K., &
Mojeremane, W. (2012). Effects of

73

intercropping on the performance of
maize and cowpeas in Botswana.
International journal of Agriculture and
Forestry, 2(6), 307-310.

Manga, V. E., Agyingi, C. M., & Suh, C. E.
(2014). Trace element soil quality status
of Mt. Cameroon soils. Advances in
Geology.

Masvaya, E. N., Nyamangara, J.,
Descheemaeker, K., & Giller, K. E.
(2017). Is maize-cowpea intercropping
a viable option for smallholder farms in
the risky environments of semi-arid
southern Africa? Field Crops Research,
209, 73-87.
https://doi.org/10.1016/j.fcr.2017.04.01
6.

Mochiah, M.B., Banful, B., Fening, K.O.,
Amoabeng, B.W., Offei, K., Bonsu, E.,
Braimah, H., Owusu-Akyaw, M. (2011).
Botanicals for the management of insect
pests in organic vegetable production.
Journal of Entomology and Nematology,
3, 85-97.

Ngegba, P. M., Cui, G., Khalid, M. Z., & Zhong,
G. (2022). Use of Botanical Pesticides in
Agriculture as an Alternative to
Synthetic Pesticides. Agriculture, 12(5),
600.
https://doi.org/10.3390/agriculture1205
0600.

Ochieng, L. O., Ogendo, J. O., Bett, P. K,,
Nyaanga, J. G., Cheruiyot, E. K,
Mulwa, R. M., ... & Stevenson, P. C.
(2022). Field margins and botanical
insecticides enhance Lablab purpureus
yield by reducing aphid pests and
supporting natural enemies. Journal of
Applied Entomology, 146(7), 838-849.
https://doi.org/10.1111/jen.13023.

Reddy, D. S., & Chowdary, N. M. (2021).
Botanical biopesticide combination
concept-a viable option for pest
management in organic farming.
Egyptian Journal of Biological Pest
Control, 31(1), 1-10.



https://doi.org/10.1127/entomologia/2022/1659
https://doi.org/10.1127/entomologia/2022/1659
https://doi.org/10.1016/j.fcr.2017.07.008
https://doi.org/10.1016/j.fcr.2017.07.008
https://doi.org/10.1016/j.fcr.2017.04.016
https://doi.org/10.1016/j.fcr.2017.04.016
https://doi.org/10.3390/agriculture12050600
https://doi.org/10.3390/agriculture12050600
https://doi.org/10.1111/jen.13023

Agricultural University — Plovdiv % AGRICULTURAL SCIENCES Volume 15 Issue 38 2023

https://doi.org/10.1186/s41938-021-
00366-w.

Sisay, B., Tefera, T., Wakgari, M., Ayalew, G.,
& Mendesil, E. (2019). The efficacy of
selected synthetic insecticides and
botanicals against fall armyworm,
Spodoptera  frugiperda, in maize.
Insects, 10(2), 45.

Suge, J. K., Omunyin, M. E., & Omami, E. N.
(2011). Effect of organic and inorganic
sources of fertilizer on growth, yield and
fruit quality of eggplant (Solanum
Melongena L). Archives of Applied
Science Research, 3(6), 470-479.

Tanyi, C. B., Ngosong, C., & Ntonifor, N. N.
(2018). Comparative effects of Piper
guineense emulsion and cabbage-tomato
intercropping for controlling cabbage
pests and improving performance.
Journal of Agriculture and Ecological
Research International. 13(4), 1-
12. http://doi.org/
10.9734/JAERI/2017/38815.

Tanyi, C. B., Nkongho, R. N., Okolle, J. N.,
Tening, A. S., & Ngosong, C. (2020).
Effect of intercropping beans with maize
and botanical extract on fall armyworm
(Spodoptera frugiperda) infestation.
International Journal of Agronomy.
https://doi.org/10.1155/2020/4618190.

Wanyika, H. N., Gachanja, A. N., Kenji, G.

M., Keriko, J. M., & Mwangi, A. N.
(2010). A rapid method based on UV
spectrophotometry for quantitative
determination of allicin in aqueous
garlic extracts. Journal of Agriculture,
Science and Technology, 12(1), 74-82.
Retrieved from
https://ojs.jkuat.ac.ke/index.php/JAGST
[article/view/157

74


https://doi.org/10.1186/s41938-021-00366-w
https://doi.org/10.1186/s41938-021-00366-w
https://doi.org/10.1155/2020/4618190
https://ojs.jkuat.ac.ke/index.php/JAGST/article/view/157
https://ojs.jkuat.ac.ke/index.php/JAGST/article/view/157

