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Abstract

Fall Armyworm (FAW) (Spodoptera frugiperda) is a polyphagous insect pest. It is a dangerous pest that
attacked more than 80 plant species commonly maize, sorghum, and rice. It caused a major economic
loss on these important cultivated crops in Sub-Saharan African countries where the yield losses of maize
estimated up to $US13 billion per annum after 2018. It posed a threat to food security, nutrition, and
livelihoods. The management practices of this pest by synthetic pesticides also affected human health,
natural enemies and the environment negatively. The farmers practiced different management which was
varied across countries, regions, and places. These practices were safe for the environment and human
health. However, there was no adequate documented information on the indigenous knowledge of
farmers in different places and across countries. Therefore, this review paper has emphasized on local
and indigenous knowledge of farmers against FAW. The farmers applied different locally available
knowledge such as handpicking, killing of larvae, adding soil to plant whorls, drenching tobacco extracts,
destroying ratoon host crops, early planting, deep plowing to Kill pupae, placing sand or ash in the
whorls, burn stubbles after harvesting of infested crops, intercropping and sowing multiple varieties and
rotation of maize with non-host crops. This work is to encourage subsistence farmers of developing
countries to exchange their various local knowledge and experiences in the management of the notorious
FAW especially in maize production.
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Introduction

Fall Armyworm (FAW) (Spodoptera frugiperda) is a polyphagous insect pest native to
tropical and subtropical regions of America [UI. It attacked more than 80 plant species 2,
particularly the family of graminaceae throughout America Bl It commonly feeds on maize,
sorghum, and rice. Frequently it also caused injuries to alfalfa, barley, buckwheat, cotton,
clover, oat, millet, peanut, ryegrass, wheat, sugar beet, sudangrass, soybean, sugarcane,
timothy, tobacco, cabbage, onion, pasture grasses, tomato, and potato if not well managed >4,
It caused major economic losses on these important cultivated crops. FAW could be one of the
most damaging crop pests in America 1. In Brazil, it also caused yield losses of maize up to
34% [5.61,

The FAW prevailed in African and Asia continent after 2016 "], Currently, it was devastating
47 African countries and 19 Asian countries. Cameroon, Egypt, Mayotte, Reunion, Swaziland
were among the countries that restricted the distribution of FAW [ This pest is a dangerous
pest. It could migrate from country to country with a high potential further spread because of
its natural distribution capacity, sporadic, migratory behavior and trans-boundary trade. It has
also a number of generations per year and the moth could fly up to 100 km per single night.
The caterpillars of FAW feed on leaves, stems and reproductive parts of host plants M. FAW
preferred maize to many other crops in Africa [€l. The gravid females of FAW prefer young
maize plants that are 30 to 60 centimeters in height for oviposition. The small caterpillars feed
on leaves of young maize plants Pl. The young larvae consume leaf tissue from one side
initially by leaving the opposite epidermal layer intact. The larger larvae act as cutworms. It
caused entirely sectioning the stem base of maize plantlets, skeletonized leaves and heavily
windowed whorls that loaded with larval frass. The FAW larvae could attack maize plants
during vegetative and reproductive or flowering phase. It could also bore into the maize ears,
stems, and cobs [,
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FAW was severely incident on young crops and begun
infesting the crops at the age of 20-22 days. Neonate larvae
fed the leaves by scrapping of chlorophyll, which led to a
silvery transparent membrane initially that ultimately resulted
in white elongated patches. Later instars created
‘windowpane’ on leaves by leaving moist sawdust-like frass
near funnel and upper leaves. Mature larvae characterized by
white inverted ‘Y’ shaped capsule on the head and have four
distinct black spots on the eighth abdominal segments 9. |t
feeds mostly in the whorls of young plants and caused severe
damage when crops are in the age between 42 to 56 days after
planting & 19, However, the severity level may vary the
damage to crops occurs in all phenological stages 4,

In developing countries of Africa, the FAW has major
economic and environmental implications. The costs of
management, losses of grain vyield, hunger or food
insufficiency, losses of quality and quantity of crops, and
risks of chemical pesticides on health and environments are
the major ones. The estimated percentage yield losses of
maize across African countries as reported by various authors
indicated variations. For instance, in Ghana (22%) and
Zambia (67%) (2, Ethiopia (32%) and Kenya (47%) 4,
Zimbabwe (11.57%) 14 and Namibia (57%) [*°],

The estimated potential impacts of FAW on Africa’s maize
yield losses lied between 4.1 and 17.7 million tons annually,
out of the total expected production of 39.3 million tons. The
capital losses in terms of money also estimated to be 1,088 to
4,661 US$ million annually, of the total expected value of
US$ 10,343 million [l In Sub-Saharan African countries
alone, the yield loss of maize is estimated to $US13 billion
per annum after 2018, thereby threatening the livelihoods of
millions of poor farmers 1], These findings of the two authors
indicated that yield losses caused by FAW increased from
year to year. It posed a threat to food security, nutrition, and
livelihoods, human health and environments negatively & 21,
The response of extensive, indiscriminate and unguided use of
synthetic pesticides caused losses of natural enemies and
predators of FAW 181, FAW also developed resistant to many
of the effective synthetic insecticides and caused difficulty of
finding new other pesticides [*°. In addition, the potential
increment of secondary pest population outbreaks following
the application of synthetic pesticides was found considerable
[20]

Mismanagement of crops and crop pests strongly influenced
the production and profitability of any crop enterprise.
Therefore, there is a real need to manage crops from FAW
effectively and efficiently to ensure the sustainability of any
agriculture based enterprise. Locally, farmers use different
management practices across countries, regions, and places
which has no negative impact on the environment and human
health. However, these farmers’ best practices and
experiences were not systematically documented and made
available to farmers in different countries. Even if
introduction of FAW to Africa is very recent, the farmers
adopted different cultural management practices. In general,
currently FAW is major maize production limiting constraint
in major parts of Africa to which farmers are attempting to
adopt various cultural practices. Therefore, this review is
aimed at searching, documenting, summarizing and selecting
best indigenous knowledge and practices to make available to
farmers and farming stakeholders at large.
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Importance of Indigenous Knowledge and Practices of
Farmers

Indigenous  knowledge of farmers encompasses the
relationship of peoples with the spiritual, natural environment,
use of natural resources, social organizations, values,
institutions and laws which was a basis for scientific systems
radically % 22, It provides the basis for problem-solving
strategies for local poor and underutilized resource
communities. The traditional ways of agriculture is based on
sustainability in long terms rather than maximizing yield in
short terms, which is safe for environmental health 2,
Traditional peoples used indigenous knowledge which they
acquire by nature that is safe to physical and socioeconomic
environments of an agroecosystem [#, Indigenous practices
of farmers are considered as the kingpin of society,
knowledge, and experience shared among farmers that usually
passed from generation to generation. However, in Africa, the
FAW introduced in 2016 and most of the farmers lack
indigenous knowledge to manage it culturally 2%,

In recent times, climate change has had observable impacts on
the aspects of agriculture. Subsequently, plant protection, now
a day, has become a serious matter, due to changes in climate,
ecology, and biology of different insect pests 4. These
attributes caused the pest control mechanisms more difficult
and complex. Climate change will change the biology,
geographic distribution, the timing of life cycles, population
dynamics, natural habitats, as well as structure and
composition ecosystems of FAW [25 261,

Moreover, the indiscriminate use of chemical pesticides in the
agricultural field caused the development of pest-resistant,
affected insect pollinators, natural enemies of crop pests, farm
communities and lead to environmental degradation via
polluting the soils and water. As the soil deteriorates, it is able
to hold less water, causing farmers to strain already depleted
water reservoirs 271,

Chandola et al. %81 reported that indigenous practices of pest
management are effective without having a deteriorating
effect on the environment and cheap. In general, the
application of indigenous knowledge in agriculture minimizes
the disturbance of the ecosystem by agrochemicals without
losing the natural services of ecosystems and thereby
sustaining plant growth, crop production and protection
against crop pests. Intensification of indigenous knowledge
among farmers through provision awareness, training, and
information might be boosting its application particularly in
tropical Africa %1, Indigenous knowledge used by all farmer
categories are varied based on application and attainability.
Some of them are dominant, easily accessible, and safe for
man, animals and thus promotes social cohesion due to the
mechanism of their dissemination. There is also inefficiency
in the dissemination of some indigenous knowledge methods.
Integrating the important practices of farmers with
contemporary research enabled the farmers to compete and
respond to global opportunities and challenges. Grzywacz et
al. B9 reported that the solution of crop protection where
synthetic pesticide is unavailable, expensive and hazardous to
the environment should emphasize on harnessing biological
resources that are locally available, such as endemic natural
enemies and indigenous pesticidal plant materials.
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Indigenous Knowledge of Farmers and Their
Management Practices against Fall Armyworm

The current method in practice in Ethiopia against FAW is
cultural where 15% of the farmers practiced handpicking and
killing of the larvae. The farmers of Kenya added soil to plant
whorl, drenching tobacco extracts to damage plants,
handpicking, and killing [*3l. Kansiime et al. B! reported that
farmers in Zambia practiced handpicking of eggs, crushing of
larvae and adding ash/sand to crop whorls. The farmers also
destroy ratoon host crops [¥2, The use of conventional tillage
could disturb and reduce FAW than conservational tillage, but
had negative side effects on soil 33 in contrary to the report of
Megersa and Tamiru (81, Early harvesting of maize ears
allowed the escaping of FAW that could develop in the later
season 34, Therefore, late harvesting after maize is highly
matured is better than early harvesting. Handpicking of egg
masses and larvae, deep plowing to kill pupae in the soil and
placing sand or ash in the whorls reduced the yield losses that
occurred in the infested farms by FAW [ 381 Burning stubbles
or crop residues after harvesting on infested fields could
destroy the unhatched eggs, larvae, pupae and adults 6. The
FAW infested and caused severe damage to the late planted
crops compared with the early planted. The cultural practices
such as land preparation, harvesting before high pest
population buildup, avoiding new crop planting during a
heavy outbreak reduced yield losses due to FAW. The most
relevant indigenous stem borer management was also adapted
for FAW. The indigenous methods include the use of wood
ash, cocoa pod that also increased P, K, Ca and Mg status of
soil and pH B7- 41, The farmers also practiced the combination
of ash with conventional insecticides such as Mocap
(ethopropos), Sevin, Gamalin or Kerosene and ash with water
or Kerosene. They apply in the leaf whorl of the plant 73,
Sole maize cropping systems offer a favorable environment
for FAW to spread fast M. Sowing crops along with
intercropping and multiple varieties of plants on the same
farms land at the same time could increase the diversity of
crops and reduced the rate of oviposition by confusing the
FAW female moth, thereby helping in reducing the level of its
infestation. Rotating maize with non-host crops such as
sunflower and bean may be useful to minimize the invasion of
FAW [ Push-pull technology that was developed against
stem borers is also effective in the management of FAW. The
technology comprises intercropping maize with drought-
tolerant green leaf desmodium, (Desmodium intortum Mill.)
and planting Brachiaria cv Mulato 11 as a border around farms
by intercropping. Protection of maize is provided by
semiochemicals that are emitted by the intercropped crop that
repel (push) FAW, while those released by the border crop
attract (pull) them [&1, Midega et al. 3 also reported that the
climate-adapted push-pull could reduce more than 80% of
FAW infestation and increased yield by 2.7 times when
compared with the mono-cropping of maize plants. The leaf
area of maize treated with sugar reduced damage by 35% and
its infestation rates by 18%. This was mainly because of the
fact that the applied sugar attracted and concentrated the
natural enemies of FAW populations as reported from
Honduras 141,

Mono-cropping of host plants of FAW offers a favorable
environment for its dispersal to a new environment rapidly.
Most subsistence farmers in Africa deter or kill pests via
maize intercropping, handpicking and killing of caterpillars,
application of wood ashes and soils to leaf whorls 1. For
instance, 39% of Kenya's farmers practiced handpicking for

http://www.entomoljournal.com

FAW management [*3],

Restricting transportation of infested plant materials to
uninfected new areas and crop rotation with non-host crops
like sunflower, bean and other varieties reduced pest pressure
481 Intercropping, conservation agriculture, proper weed
management, use of manure, compost, companion cropping,
agroforestry, diversify food, shelter and alternative food
sources for natural enemies could reduce the ability of FAW
larvae to move between host plants & 81, Tambo et al. [ also
reported that early planting, crop rotations, frequent weeding,
and the push-pull approach were practiced by farmers against
FAW in Africa.

Optimizing the time of crop planting and rotations helps the
target crops to escape from FAW pest pressure. Such
approaches work by creating asynchrony between the pest and
critical crop growth stages . The benefits of cultural and
landscape management approaches often arise from the
interplay of environmental factors across a range of spatial
scales that disrupts and manage the pest at multiple stages
throughout its life cycle ¥ 41 Cultural and ecological
management practices are highly compatible with host plant
resistance and biological control approaches [l The
combination of pesticide application and handpicking of
FAW larvae produced the highest yield gain by 125
percentages [*7],

The subsistence farmers of Africa often lack the biological
and ecological information that are necessary to develop
better pest management through experimentation. Indigenous
pest management knowledge is site-specific and should be the
basis for developing integrated pest management (IPM)
techniques 1. Host plant resistance, biological control,
application of chemical pesticides and landscape management
options can be implemented as part of an effective Integrated
Pest Management (IPM) strategy against Fall Armyworm
(FAW). This practice is relevant for smallholders who lack
financial resources to purchase improved seed, pesticides and
other relatively expensive agricultural inputs in Africa [48 50,
The cultural or landscape management practices that improve
plant health to better withstand pest attack; also improve soil
management and crop nutrition. It also includes optimizing
and timing of crop planting and rotations to escape pest
pressure. Manipulating the time of host plant by early planting
and crop rotations helps to create asynchrony between the
pest and critical crop growth stages & 4 Cultural and
ecological management options are highly compatible with
host plant resistance and biological control approaches. In
East Africa, farmers who fully implemented the Push-pull
approach reduced FAW infestation and crop damage by 86%,
with a 2.7-fold increase in yield relative to neighboring fields
that did not implement the approach 3. The method provided
a suitable environment for the proliferation of predators and
parasitoids of FAW [,

The farmers also practiced mechanical methods such as deep
plowing to expose pupae to predators and solar heat during
land preparation, early monitoring to take early management
action and mass trappings by pheromone traps to suppress
moth populations. These resulted in reduction in egg laying
by the moths and killed the hatching larvae 16, Morales 52
also synthesized that preventative approach taken by
traditional farmers is more effective, but lacks integration of
ecological theory and cooperation among social and
biological scientists to support mechanisms that advance their
knowledge.
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Summary, Conclusion and Future Directions

Fall armyworm is a polyphagous insect pest that devastates
mostly maize, sorghum, and rice. It caused both yield and
economic losses. To tackle this problem, many of the African
farmers practiced their local knowledge against this pest.
Different local practices of farmers were reviewed which is
considered safe to the environment, effective and cheap.
Indigenous knowledge of farmers is also the basis for
problem-solving strategies for local poor and underutilized
resource communities and scientific knowledge development.
This indigenous knowledge is traditionally associated with the
adaptive strategies to natural, physical, socio-economic
environments of an agro ecosystem. In general, the
application of indigenous knowledge in agriculture minimizes
the disturbance of the ecosystem by agrochemicals. It also
protects natural ecosystems services thereby sustaining crop
production and reduces crop pest pressure.

Indigenous knowledge required integration methods of
farmers’ practices across countries to make it effective and
efficient in application to ensure the sustainability of
agricultural development. Incorporating such important and
safe practices in crop protection is the best option to minimize
the hurdle posed by agrochemicals on health and
environments. The farmers' cultural practices such as
handpicking, Killing of larvae, placing sand or ash in plant
whorls, drenching tobacco extracts, destroying ratoon host
crops, early planting, deep plowing to Kill pupae, burning
stubbles after harvest of infested crops, intercropping and
sowing multiple varieties and maize crop rotation with non-
host crops managed FAW.

The integration of these indigenous knowledge required
exhaustive review of the methods practiced across African
farmers. These practices varied from location to location and
pests to pests. Summarizing the techniques and synthesizing
them in way that can be available to large number and broad
areas of farmers and farming communities’ plays great role in
the advancement of FAW management. It also equally
important for researchers and scientists involved in
developing integrated FAW management. These cultural
practiced employed by African farmers are compatible with
the core components of IPM namely use of resistant crop
varieties and biological control.

Therefore, research on FAW management should be
developed based on indigenous knowledge and local
conditions. In addition, in developing countries such as
Africa, the subsistence farmers lack experience and exposure
to the principles of the biological management that needs
training and awareness creation. Implementation of effective
management options requires farmers’ awareness and
cooperation among themselves in a region and also support of
governments and other stakeholders’ including strengthening
of farmers’ extension services.
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