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INTRODUCTION 
 

A crop may be healthy in the morning and then a few days later 

the insects are multiplying and it is visibly damaged when 

conditions are conducive. Farmers require the ability to act 

quickly, but consistent application of the same insecticides may 

select for resistant pests and may disrupt beneficial organisms. 

Botanical insecticides provide yet another source of pest 

control: chemicals plants produce to protect themselves. Neem, 

pyrethrum and aromatic plants are well-known examples, but 

new candidates and improved ways to formulate them are being 

discovered by research. They are useful because they provide 

growers with more options, even if all of those options are 

constrained by a tightly integrated pest management program. 
 

 
  

How Plants Defend Themselves 

Plants cannot run away from insect attack, so many plants 

produce chemicals that make their leaves, seeds or stems hard 

to eat. Some of these chemicals may directly repel a pest, or 

prevent it from laying eggs, or cause it to eat less, or prevent it 

from growing and reproducing. Some of these chemicals act 

quickly on the insect nervous system, while others have slower 

effects that are not visible for several days. A botanical 

insecticide may be one isolated active ingredient or a mixture 

of compounds that occur naturally. The differences help to 

explain the inconsistency among plant-based products in terms 

of the pests they control and how quickly they work. 
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Neem: A Widely Studied Example 
 

Neem (Azadirachta indica) is one of the better-

known sources of botanical insecticides. 

Azadirachtin, the main insect-active compound 

of neem, can reduce feeding and interfere with 

normal development, especially in immature 

insects. A treated caterpillar may consume less 

foliage or fail to complete moulting even when 

it does not die immediately. Neem products 

have been tested against vegetable, fruit, and 

field crop pests, but their efficacy is influenced 

by formulation, application timing, and pest 

species. Thus, growers should measure success 

by reduced crop damage and pest development, 

not by the immediate disappearance of every 

insect they have exposed to neem. 
 

Pyrethrum and Essential Oils 
 

Pyrethrum derived from the flowers of certain 

chrysanthemums is appreciated for its fast-

acting on several insects. Essential oils of 

aromatic plants have other potentials including 

repellency, antifeeding and toxicity to the 

insects. Oils derived from thymol, eugenol or 

citronellal-containing substances have received 

scientific attention, but being effective in 

laboratory does not mean effective in field. The 

word “botanical” encompasses a wide range of 

products that have very different chemical and 

biological profiles. To choose among them, 

one needs to know the pest, the crop, and the 

purpose, i.e., immediate suppression or 

prevention of further infestation. 
 

Matching the Product to the Pest 
 

Efficacy of the same treatment is rarely equally 

good on aphids, whiteflies, caterpillars and 

stored-grain beetles. How feeding behaviour, 

protective covering and life stage influence the 

amount of active ingredient reaching them. For 

example, a spray targeting insects feeding on 

the undersides of leaves must have good 

coverage of those surfaces, and a treatment 

given after a caterpillar has entered a fruit may 

be too late. Young larvae are often easier to 

manage than established populations. Accurate 

identification and frequent monitoring are 

critical: they enable growers to select an 

appropriate product and apply it while the pest 

is still exposed and crop damage is minimal. 
 

The Challenge of Consistent Performance 
 

The chemical composition of a plant varies 

with the variety, growing conditions, stage of 

harvest and the part used. Extraction and 

storage can introduce additional differences. 

Therefore, two products with the same plant 

name may have different concentrations of 

active material and different effects. Sunlight, 

heat and rain may further diminish the residual 
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effect of certain botanical sprays following 

application. These are among the reasons why 

good results in the laboratory can sometimes 

fail to reliably predict control in the field. A 

commercial product needs standardized 

ingredients, quality control, appropriate 

packaging and testing over seasons and 

locations, not just a plant name. 
 

Better Formulations 
 

Recent research has focused on protecting 

unstable plant compounds and improving their 

delivery to pests. Emulsions may facilitate 

dispersion of oils in water; encapsulation may 

shield ingredients and modulate their release. 

Certain experimental nano emulsions 

exhibited enhanced dispersion or activity in 

particular in vitro assays. Although these 

advances are encouraging, a smaller droplet 

size alone does not ensure that a product will 

be effective or safe. Scientists need to evaluate 

new formulations against conventional ones at 

realistic rates of application, and on-plant 

longevity, potential crop damage, cost and 

impact on non-target organisms. Field 

validation remains a decisive step.   
  

 

 
A Place in Vegetable and Fruit Production 
 

Botanical insecticides may be especially 

effective on high-value crops where growers 

need flexible tools for pest management. When 

applied at the right time, a treatment can help to 

preserve tender vegetable growth or developing 

fruit until other control methods kick in. Their 

typically short persistence may be an advantage 

in circumstances where long-term residues are 

not wanted, but shorter persistence may require 

closer monitoring or a second application. 

Performance of the product needs to be verified 

for the specific crop and pest. In cases where 

trials have measured marketable yield, crop 

quality and costs in addition to insect numbers, 

strong use cases begin to appear, providing 

growers with the evidence to inform the choices 

they must make. 
 

Protecting Beneficial Insects 
 

Predators, parasitoids and pollinators provide 

services that pest control should conserve 

whenever possible. Some botanical products 

could be less disruptive than certain 

conventional treatments under specific 

conditions, but being derived from plants is not 

a guarantee of innocuousness. Pyrethrum may 

also have an impact on other insects, not only 
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the target, and essential oils or their 

formulations may represent a danger. It’s a 

matter of exposure: a spray landing directly on 

a bee is quite different from one applied in the 

absence of pollinators. New evidence suggests 

the need for increased scrutiny of repeated 

exposure and non-lethal effects such as 

alterations in behaviour and reproduction.  
 

Use Within Integrated Pest Management 
 

Botanical insecticides are most effective when 

used as a component of an integrated pest 

management program. Healthy planting stock, 

crop rotation, sanitation, resistant varieties and 

conservation of natural enemies can all 

diminish the demand for sprays. Scouting then 

informs growers if a pest population is rising to 

a level that warrants treatment. When a 

treatment is warranted, choice of treatment 

should be based on the life stage of the pest and 

the known efficacy of a product. Monitoring to 

follow-up tell us if damage has slowed or 

another intervention is warranted. This strategy 

makes pest control more responsive to actual 

field conditions and reduces unnecessary 

applications. 
 

Resistance Still Matters 
 

Insects have the ability to evolve if the same 

control pressure is consistently applied, 

whether the active substance was isolated from 

a plant or produced in a factory. The 

development of resistance may be affected by 

the complex nature of some botanical extracts; 

however, this does not mean they are immune 

to development of resistance. Omitting 

unnecessary sprays, observing labelled rates 

and integrating chemical control with cultural 

and biological control is still good advice. 

When multiple effective products are available, 

growers can schedule applications in a way that 

is guided by local resistance information. To 

maintain the effectiveness of a botanical 

product, one must observe pest reactions over 

time rather than rely on the product’s natural 

origin for assurance. 
 

Safety from Mixing to Harvest 
 

Safe use starts before a spray is applied to the 

crop. Concentrated preparations may cause skin 

or eye irritation, and the foliage may be burned 

if the dose is too high or if it is applied during 

hot weather. Growers should follow the 

products’ directions when using them, which 

specify dilution rates, protective equipment 

and pre-harvest interval. Homemade 

formulations are another difficulty, as their 

efficacy and safety are rarely assessed. A small 

crop-area test may detect visible injury, but it 

cannot detect food safety or environmental 

effects. Consistent guidance and quality-

assured products are critical when an edible leaf 

or fruit is treated close to harvest. 
 

From Research Plot to Farm 
 

Many plants have insecticidal activity in 

laboratory tests but only a handful become 

reliable products. Commercial production 

requires a long-term, renewable source of plant 

material, standardized extraction, stable 

formulations and compelling field data. In 

addition, farmers require affordable products 

that can be stored and applied with existing 

equipment. Tests must measure more than 

insect mortality: marketable yield, costs of 

treatment, effects on beneficial species and 

performance in various weather conditions are 

all important indicators of value. Field and 

stored-product pest research still provide new 

opportunities, but shows that scale and 

economics can be just as important as 

laboratory potency.   
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The Way Forward 
 

Testing may be the next big breakthrough, 

rather than another plant with insecticidal 

properties. Researchers can increase the 

reliability of their findings by testing for active 

compounds, comparing formulations at 

relevant doses and reporting results across 

crops, seasons and locations. The potential for 

non-target exposure and whether products still 

work as part of a pest control programme 

should also be investigated. Farmers, extension 

workers and manufacturers can help to identify 

the traits that are most important in practice: 

predictable efficacy, easy-to-follow 

instructions and a reasonable price. This 

process of linking needs to research will lead to 

more potential plant compounds becoming 

valuable, sustainably-used products. 
 

 

CONCLUSION 

 

Botanical insecticides are based on a wealth of 

plant defence chemistry, but their use must be 

carefully selected. Neem, pyrethrum and 

essential oils illustrate the variety of effects that 

can be obtained, ranging from reduced feeding 

and interference with growth to fast-acting 

knock-down and repellency. New formulations 

might help to overcome some limitations of 

stability and delivery, but their benefits and 

risks must be tested in the field. For growers, 

the key questions are operational: Which pest is 

present, when is it most vulnerable, and what 

does the crop require? When integrated into 

integrated pest management, these questions, 

answered through scouting, provide a role for 

plant-based products in sustainable pest 

management.  

 


