
Grade 9

Plant Science

Plant ProtectionPlant Protection

Government of Nepal
Ministry of Education, Science and Technology
Curriculum Development Centre

Sanothimi, Bhaktapur

Phone : 5639122/6634373/6635046/6630088
Website- https://www.moecdc.gov.np

Email- info@moecdc.gov.np



Technical and Vocational Stream
Learning Resource Material

Plant Protection
(Grade 9)

Plant Science

Government of Nepal
Ministry of Education, Science and Technology

Curriculum Development Centre
Sanothimi, Bhaktapur



Publisher: 	 Government of Nepal
	 Ministry of Education, Science and Technology
	 Curriculum Development Centre
	 Sanothimi, Bhaktapur

© Publisher

Layout by Santosh Dahal

All rights reserved. No part of this publication may be reproduced, stored in a 
retrieval system or transmitted, in any other form or by any means for commercial 
purpose without the prior permission in writing of Curriculum Development 
Centre.



Preface

The curriculum and curricular materials have been developed and revised on a regular 
basis with the aim of making education objective-oriented, practical, relevant and job 
oriented. It is necessary to instill the feelings of nationalism, national integrity and 
democratic spirit in students and equip them with morality, discipline, self-reliance, 
creativity and thoughtfulness. It is essential to develop linguistic and mathematical 
skills, knowledge of science, information and communication technology, environment, 
health and population and life skills in students. It is also necessary to bring the feeling 
of preserving and promoting arts and aesthetics, humanistic norms, values and ideals. 
It has become the need of the present time to make them aware of respect for ethnicity, 
gender, disabilities, languages, religions, cultures, regional diversity, human rights and 
social values to make them capable of playing the role of responsible citizens with 
applied technical and vocational knowledge and skills. This learning resource material 
for Plant Science has been developed in line with the Secondary Level Plant Science 
Curriculum with an aim to facilitate the students in their study and learning on the 
subject by incorporating the recommendations and feedback obtained from various 
schools, workshops, seminars and interaction programs attended by teachers, students 
and parents.

In bringing out the learning resource material in this form, the contribution of the 
Director General of CDC Mr. Yubaraj Paudel and members of the subject committee 
Pro.Dr. Kaniya Prasad Singh, Pro.Dr. Gyan Kumar Shrestha, Dr. Kishorchandra Dahal, 
Anita Bolakhe is highly acknowledged. The learning resource material is written by 
Rikhiram Neupane, Santosh Koirala, Niraj Belbase, Purnima Paudel, Mahesh Poudel, 
Dayamond Pokharel the subject matter of the materials, was edited by Mr. Badrinath 
Timsina and Mr. Khilanath Dhamala and language was edited by Mr. Binod Raj Bhatta. 
CDC extends sincere thanks to all those who have contributed to developing this 
material in this form.

This learning resource material contains a wide coverage of subject matters and 
sample exercises which will help the learners to achieve the competencies and learning 
outcomes set in the curriculum. Each chapter in the material clearly and concisely deals 
with the subject matters required for the accomplishment of the learning outcomes. 
The Curriculum Development Centre always welcomes constructive feedback for the 
betterment of the material.

2082 BS	 Ministry of Education, Science and Technology

	 Curriculum Development Centre
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Guidelines to Teachers

A.	 Facilitation Methods

The goal of this course is to combine the theoretical and practical aspects of the 
contents needed for the subject. The nature of contents included in this course 
demands the use of practical or learner focused facilitation processes. Therefore, 
the practical side of the facilitation process has been focused much. The instructor 
is expected to design and conduct a variety of practical methods, strategies or 
techniques which encourage students engage in the process of reflection, sharing, 
collaboration, exploration and innovation new ideas or learning.  For this, the 
following teaching methods, strategies or techniques are suggested to adopt as 
per the course content nature and context.  

Brainstorming

Brainstorming is a technique of teaching which is creative thinking process. 
In this technique, students freely speak or share their ideas on a given topic. 
The instructor does not judge students’ ideas as being right or wrong, but rather 
encourages them to think and speak creatively and innovatively. In brainstorming 
time, the instructor expects students to generate their tentative and rough ideas 
on a given topic which are not judgmental. It is, therefore, brainstorming is free-
wheeling, non-judgmental and unstructured in nature. Students or participants 
are encouraged to freely express their ideas throughout the brainstorming time. 
Whiteboard and other visual aids can be used to help organize the ideas as they 
are developed. Following the brainstorming session, concepts are examined 
and ranked in order of importance, opening the door for more development 
and execution. Brainstorming is an effective technique for problem-solving, 
invention, and decision-making because it taps into the group's combined 
knowledge and creative ideas.

Demonstration

Demonstration is a practical method of teaching in which the instructor shows 
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or demonstrates the actions, materials, or processes. While demonstrating 
something the students in the class see, observe, discuss and share ideas on 
a given topic. Most importantly, abstract and complicated concepts can be 
presented into visible form through demonstration. Visualization bridges the gap 
between abstract ideas and concrete manifestations by utilizing the innate human 
ability to think visually. This enables students to make better decisions, develop 
their creative potential, and obtain deeper insights across a variety of subject 
areas.

Peer Discussion

Peer conversation is a cooperative process where students converse with their 
peers to exchange viewpoints, share ideas, and jointly investigate subjects 
that are relevant or of mutual interest. Peer discussion is an effective teaching 
strategy used in the classroom to encourage critical thinking, active learning, 
and knowledge development. Peer discussions encourage students to express 
their ideas clearly, listen to opposing points of view, and participate in debate 
or dialogue, all of which contribute to a deeper comprehension and memory 
of the course material. Peer discussions also help participants develop critical 
communication and teamwork skills by teaching them how to effectively 
articulate their views, persuasively defend their positions, and constructively 
respond to criticism. 

Peer conversation is essential for professional growth and community building 
outside of the classroom because it allows practitioners to share best practices, 
work together, and solve problems as a group. In addition to expanding their 
knowledge horizon and deepening their understanding, peer discussions help 
students build lasting relationships and a feeling of community within their peer 
networks.

Group Work

Group work is a technique of teaching where more than two students or 
participants work together to complete a task, solve a problem or discuss on a 
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given topic collaboratively. Group work is also a cooperative working process 
where students join and share their perspectives, abilities, and knowledge to 
take on challenging job or project. Group work in academic contexts promotes 
active learning, peer teaching, and the development of collaboration and 
communication skills. Group work helps individuals to do more together than 
they might individually do or achieve.

Gallery Walk 

Gallery walk is a critical thinking strategy. It creates interactive learning 
environment in the classroom. It offers participants or students a structured way 
to observe exhibition or presentation and also provides opportunity to share 
ideas. It promotes peer-to-peer or group-to-group engagement by encouraging 
participants to observe, evaluate and comment on each other’s work or ideas. 
Students who engage in this process improve their communication and critical 
thinking abilities in addition to their comprehension of the subject matter, which 
leads to a deeper and more sophisticated investigation of the subjects at hand.

Interaction

The dynamic sharing of ideas, knowledge, and experiences between people 
or things is referred to as interaction, and it frequently takes place in social, 
academic, or professional settings. It includes a broad range of activities such 
as dialogue, collaboration or team work, negotiation, problem solving, etc.  
Mutual understanding, knowledge sharing, and interpersonal relationships 
are all facilitated by effective interaction. Interaction is essential for building 
relationships, encouraging learning, and stimulating creativity in both in-person 
and virtual contexts. Students can broaden their viewpoints, hone their abilities, 
and jointly achieve solutions to difficult problems by actively interacting with 
others.

Project Work

Project work is a special kind of work that consists of a problematic situation 
which requires systematic investigation to explore innovative ideas and solutions. 
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Project work can be used in two senses. First, it is a method of teaching in regular 
class. The next is: it is a research work that requires planned investigation to 
explore something new. This concept can be presented in the following figure.

Project work

Method of teaching Research based work

Project work entails individuals or teams working together to achieve particular 
educational objectives. It consists of a number of organized tasks, activities, and 
deliverables. The end product is important for project work. Generally, project 
work will be carried out in three stages. They are:

•	 Planning

•	 Investigation

•	 Reporting

B.	 Instructional Materials 

Instructional materials are the tools and resources that teachers use to help students. 
These resources/materials engage students, strengthen learning, and improve 
conceptual comprehension while supporting the educational goals of a course or 
program. Different learning styles and preferences can be accommodated by the 
variety of instructional resources available. Here are a few examples of typical 
educational resource types:

•	 Daily used materials

•	 Related Pictures

•	 Reference books

•	 Slides and Presentation: PowerPoint slides, keynote presentations, or 
other visual aids that help convey information in a visually appealing 
and organized manner.

•	 Audiovisual Materials: Videos, animations, podcasts, and other 
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multimedia resources that bring concepts to life and cater to auditory 
and visual learners.

•	 Online Resources: Websites, online articles, e-books, and other web-
based materials that can be accessed for further reading and research.

Maps, Charts, and Graphs: Visual representations that help learners understand 
relationships, patterns, and trends in different subjects.

Real-life Examples and Case Studies: Stories, examples, or case studies that 
illustrate the practical application of theoretical concepts and principles.

C.	 Assessment

Formative Test

Classroom discussions: Engage students in discussions to assess their 
understanding of concepts.

Quizzes and polls: Use short quizzes or polls to check comprehension during or after 
a lesson.

Homework exercises: Assign tasks that provide ongoing feedback on individual 
progress.

Peer review: Have students review and provide feedback on each other's work.

Summative Test

Exams: Conduct comprehensive exams at the end of a unit or semester.

Final projects: Assign projects that demonstrate overall understanding of the 
subject.

Peer Assessment

Group projects: Evaluate individual contributions within a group project.

Peer feedback forms: Provide structured forms for students to assess their peers.

Classroom presentations: Have students assess each other's presentations.
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Objective Test

Multiple-choice tests: Use multiple-choice questions to assess knowledge.
True/False questions: Assess factual understanding with true/false questions.

Matching exercises: Evaluate associations between concepts or terms.

Portfolio Assessment

Compilation of work: Collect and assess a variety of student work samples.

Reflection statements: Ask students to write reflective statements about their 
work.

Showcase events: Organize events where students present their portfolios to 
peers or instructors.

Observational Assessment

Classroom observations: Observe students' behavior and engagement during 
class.

Performance observations: Assess practical skills through direct observation.

Field trips: Evaluate students' ability to apply knowledge in real-world settings.
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1.1	 Introduction to Plant Protection
Plants are the primary source of food, and since the dawn of civilization, humans 
have cultivated them to meet their daily dietary needs. With time, agriculture 
evolved from simple subsistence farming to a more organized and sustainable 
practice. However, specific crops cannot be grown year-round due to seasonal 
limitations, and surplus harvests require proper preservation for future use. As 
societies developed, the need to transport crops across regions and store them for 
extended periods gave rise to the concept of post-harvest management.

During both cultivation and post-harvest, a critical challenge is protecting 
crops from various abnormalities such as harsh weather, nutrient imbalances, 
and harmful organisms, including insects, viruses, bacteria, weeds, rodents, 
avian, wild animals, etc. These challenges affect crop yield, quality, and overall 
agricultural productivity. This subject, Plant Protection, focuses on understanding 
these threats and applying scientific methods to manage them effectively.

Definition of Plant Protection

Plant protection is defined as a set of scientifically guided practices designed to 
protect crops from harmful organisms, adverse environmental conditions, and 
managerial limitations to achieve higher and quality yields. In other words, plant 
protection is the application of knowledge and techniques to prevent, control, 
and mitigate the effects of pests, diseases, weeds, and unfavorable environmental 
factors on crops.

Unit  
1

Introduction to Plant 
Protection
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1.2	 Pests
Pests are organisms that cause damage to crops either during cultivation (on-
field) or after harvest (off-field). For example 

•	 If weevils infest maize during storage, weevils are considered pests.

•	 If white grubs damage potato crops in the field, white grubs are pests.

•	 If a fungus like Phytophthora infestans causes blight in tomatoes, the 
fungus is a pest.

•	 If weeds compete with crops for nutrients, water, or light, they are 
pests.

•	 If wild animals like boars or monkeys destroy standing crops, they too 
are classified as pests.

Thus, pests include a broad spectrum of organisms, such as insects, fungi, weeds, 
nematodes, rodents, and even wild animals, which harm, damage, or destroy 
crops at any stage from cultivation to post-harvest.

1.2.1	 Insects

Insects are small invertebrates with a 
segmented body consisting of three main 
parts: the head, thorax & abdomen and 
typically have three pairs of legs, two pairs 
of wings, one pair of antennae, a hard outer 
covering called a chitinous exoskeleton 
& compound eyes. Insects belong to the 
phylum Arthropoda and the class Insecta. 

Insect pests

Insects are found almost everywhere on 
Earth and play important roles in nature. They help in pollination (pollinators), 
break down dead materials (decomposers), prey on harmful insects (predators), 
and produce valuable products like honey and lac (productive insects). However, 
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some insects can harm crops and spread diseases. These harmful insects are 
known as insect pests. Examples of insect pests include aphids, whiteflies, white 
grubs, mole crickets, field crickets, weevils, stem borers, and potato tuber moths. 

Hence, Insect pest can be defined as any insects that damage crop and act as 
vector to transfer disease to healthy plants.  

Entomology 

Entomology is a branch of zoology that deals with the scientific study of 
insects, their classification, behavior, life cycles, ecology, and interactions with 
humans, plants, and other organisms. The word entomology is derived from the 
Greek words entomon, meaning "insect" and logos, meaning "study." Simply, 
entomology is the study of insect.

In agriculture, entomology is a branch of science that focuses on the study of 
insects and their relationship with agricultural crops. Entomology covers various 
areas, including the identification and classification of insect species, studying 
their life cycles, understanding insect-plant interactions, and developing methods 
for pest control and management.

1.2.2	Weeds

Any unwanted plant that grows in agricultural fields and compete with crops 
for resources such as nutrients, water, sunlight, and space is called as weed. 
Undesired crop plant is also a weed. So, it can be said that, every plant either 
crop plant or other plant is a weed if it grows in unwanted place. Weeds often 
reduce crop yields, interfere while harvesting, and sometimes act as hosts for 
pests and diseases. Hence, weeds are also considered as agricultural pests. 

Weeds are typically hardy and fast-growing, allowing them to dominate 
cultivated areas if not controlled. Examples include Parthenium hysterophorus 
(Congress grass), Cynodon dactylon (Bermuda grass), and Eichhornia crassipes 
(Water hyacinth). Managing weeds is essential to ensure healthy crop growth 
and maintain agricultural productivity.
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1.2.3	Rodents 

Rodents are small to 
medium-sized mammals 
belonging to the order 
Rodentia, characterized 
by a pair of continuously 
growing incisors in their 
upper and lower jaws, 
which they use for gnawing 
and chewing. Rodents include species such as rats, mice, squirrels, porcupines, 
and beavers. Rodents like rats and mice can cause significant damage by feeding 
on stored grains, and gnawing on crops. So, in agriculture rodents are considered 
pests. Effective on-field and off-field rodent control is essential to minimize 
economic losses. 

1.2.4	Nematode 

Nematodes are microscopic, elongated, 
un-segmented roundworms belonging 
to the phylum Nematoda. They are 
one of the most abundant and diverse 
groups of organisms, found in a wide 
range of habitats, including soil, water, 
and as parasites in plants, animals, and 
humans. 

Nematodes are of significant agricultural 
importance. Some nematodes parasitize 
crops, ultimately damaging them 
and reducing yield by hindering 
their growth or killing the plants. In 
agriculture, nematodes are generally considered pests, but some species can also 
be beneficial. Beneficial nematodes, like Steinernema spp., help control soil pests 
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by parasitizing harmful insects. However, parasitic nematodes, such as root-knot 
nematodes (Meloidogyne spp.) and cyst nematodes (Heterodera spp.), damage 
crops by feeding on their roots, leading to stunted growth and reduced yield. 
Effective nematode management is crucial for minimizing their harmful effects.

1.2.5	Micro-organism 

Microorganism is a microscopic organism that is too small to be seen with the 
naked eye. These organisms can exist as single cells, clusters of cells, or even 
as multicellular structures. Microorganisms are found in various environments, 
ranging from extreme habitats like hot springs and deep-sea vents to soil, water, 
and inside other organisms.

In agriculture, microorganisms refer to microscopic organisms, including 
bacteria, fungi, algae, protozoa, and viruses, that interact with plants, soil, and 
the environment to influence agricultural productivity. They play critical roles 
in processes like nutrient cycling, soil fertility enhancement, pest and disease 
management, and crop growth promotion.

Types of Microorganisms

1.	 Bacteria: Single-celled organisms with a simple cell structure, lacking a 
nucleus.

2.	 Archaea: Similar to bacteria but with distinct genetic and biochemical 
differences; often found in extreme environments.

3.	 Fungi: Includes yeasts (unicellular) and molds (multicellular); they play a 
role in decomposition.

4.	 Protozoa: Single-celled eukaryotes, often motile, and can be free-living or 
parasitic.

5.	 Algae: Photosynthetic organisms that can be unicellular or multicellular.

6.	 Viruses: (sometimes included, though not strictly living organisms): 
Microscopic entities that require a host to replicate.

Microorganisms play important roles in agriculture by being both beneficial 
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and harmful. Beneficial microorganisms enhance soil fertility through nitrogen 
fixation (e.g., Rhizobium bacteria), decompose organic matter, and promote plant 
growth by producing hormones (e.g., Azospirillum). They also control pests 
and diseases using biocontrol agents like Bacillus thuringiensis. On the other 
hand, harmful microorganisms cause plant diseases that reduce crop yields; for 
example, fungi like Puccinia cause rust diseases, and bacteria like Xanthomonas 
lead to wilts.

1.2.6	Pathogen 

Pathogens are those microorganisms 
that cause disease in plants, leading 
to reduced crop health, productivity, 
and yield. For examples: Bacteria, 
Virus, Fungi, Nematodes, RLOs, 
MLOs, etc. These pathogens infect 
plants by attacking leaves, stems, 
roots, or fruits, often disrupting 
physiological processes like 
photosynthesis and nutrient uptake. 

1.2.7	Disease

A plant disease is any abnormal condition in a plant caused by a biotic (living) 
agent that disrupts its normal growth, development, or physiological functions, 
leading to reduced yield, quality, or survival. Diseases can affect different parts 
of the plant, such as leaves, stems, roots, fruits, or seeds, and may result in 
symptoms like wilting, yellowing, rotting, spotting, or stunted growth. 

Examples of plant diseases

•	 Late Blight of Potato caused by the fungus Phytophthora infestans.

•	 Powdery Mildew caused by the fungus Erysiphe spp..

•	 Bacterial Wilt caused by the bacterium Ralstonia solanacearum.
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•	 Crown Gall caused by the bacterium Agrobacterium tumefaciens.

•	 Tobacco Mosaic Disease caused by the Tobacco Mosaic Virus (TMV).

•	 Cucumber Mosaic Disease caused by the Cucumber Mosaic Virus 
(CMV).

•	 Little Leaf of Brinjal caused by phytoplasmas.

•	 Root-Knot Disease caused by the nematode Meloidogyne spp..

1.2.8	Disorder

A disorder in plants refers to any abnormal condition that affects plant growth, 
development, or yield caused by non-living factors (abiotic factors) such as 
nutrient deficiencies, environmental stress, or physical damage. Unlike diseases 
caused by pathogens (biotic agents), disorders are non-infectious and do not 
spread from plant to plant.

Examples of Plant Disorders

•	 Whip Tail of Cauliflower: Caused by molybdenum deficiency, leading to 
narrow, strap-like leaves.

•	 Khaira Disease of Rice: Caused by zinc deficiency, resulting in yellowing 
and browning of rice leaves.

•	 Buttoning of Cauliflower: Caused by nitrogen deficiency, where small, 
undeveloped curds form prematurely.

•	 Tip Burn of Cabbage and Lettuce: Caused by calcium deficiency or water 
stress, leading to browning and necrosis of leaf edges.

•	 Sunscald in Fruits: Caused by excessive sunlight, leading to whitish or 
brown patches on fruits like tomatoes, peppers, and apples.

•	 Frost Damage: Caused by freezing temperatures, leading to blackened, dead 
leaves and shoots.

•	 Hollow Heart of Potato: Caused by uneven growth due to environmental 
factors like inconsistent watering or temperature fluctuations.

•	 Bitter Pit in Apples: Caused by calcium deficiency, resulting in dark, sunken 
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spots on the fruit.

•	 Cracking of Fruits: Caused by uneven watering or high humidity, common 
in tomatoes, cherries, and grapes.

Difference between disease and disorder
Disease Disorder

Disease is caused by biotic agents such 
as fungi, bacteria, viruses, nematodes, 
or phytoplasmas.

Disorder is caused by abiotic 
factors like nutrient deficiencies, 
environmental stress, or physical 
damage.

Diseases are infectious and can spread 
from plant to plant through air, water, 
soil, or vectors.

Disorders are non-infectious and do 
not spread between plants.

Includes spots, rots, wilting, 
yellowing, or stunted growth caused 
by a pathogen.

Includes abnormalities like strap-like 
leaves, tip burn, cracking, or hollow 
structures caused by abiotic factors.

Requires biological or chemical 
treatments like fungicides, 
bactericides, or resistant varieties.

Managed by improving cultural 
practices, nutrient application, or 
environmental adjustments.

Can spread through vectors, air, water, 
or infected plant material.

Cannot spread, as they are caused 
by environmental or internal plant 
factors.

Examples: Late Blight of Potato 
(Phytophthora infestans), Bacterial 
Wilt (Ralstonia solanacearum).

Examples: Whip Tail of Cauliflower 
(molybdenum deficiency), Sunscald 
in fruits (excess sunlight).

1.2.9	Concepts of Biotic and Abiotic Factors in Plant Protection

Plant protection focuses on understanding and managing various factors that 
affect plant health and productivity. These factors are divided into biotic factors 
(living organisms) and abiotic factors (non-living environmental conditions).
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Biotic Factors

Biotic factors are living organisms that directly or indirectly influence plant 
growth and yield. These can be harmful or beneficial, but harmful biotic factors 
require targeted management to protect crops. The main biotic factors include:

1.	 Insects

Insects damage plants by feeding on their leaves, stems, roots, or fruits, 
which can reduce plant growth and yield.

o	 Examples: Aphids suck plant sap, causing yellowing and stunted 
growth. Caterpillars chew on leaves, reducing the plant’s photosynthetic 
ability.

2.	 Diseases

Plant diseases caused by fungi, bacteria, and viruses lead to symptoms like 
leaf spots, wilting, and fruit rot.

o	 Examples: Late blight in potatoes caused by the fungus Phytophthora 
infestans, bacterial wilt in tomatoes caused by Ralstonia solanacearum.

3.	 Weeds

Weeds are unwanted plants 
that compete with crops for 
nutrients, water, sunlight, and 
space, significantly reducing 
crop yields.

o	 Examples: Parthenium 
competes aggressively with 
maize and wheat.

4.	 Vertebrate Pests

Animals such as rodents, birds, and deer can feed on crops or destroy 
plants, causing significant losses.

o	 Examples: Rodents damage stored grains, and birds eat fruits or young 
seedlings.
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Abiotic Factors

Abiotic factors are non-living environmental conditions that affect plant growth, 
development, and health. These factors can cause stress or provide favorable 
conditions, depending on their levels. Major abiotic factors include:

1.	 Temperature

Extreme temperatures, whether too high or too low, can stress plants and 
reduce yields.

o	 Examples: Frost damages leaves and buds, while heat stress leads to 
wilting and poor fruit development.

2.	 Humidity	

High humidity creates conditions favorable for fungal diseases, while low 
humidity causes water stress.

o	 Examples: Powdery mildew thrives in high humidity, and low humidity 
leads to leaf curling in drought conditions.

3.	 Rainfall	

Both insufficient and excessive rainfall can negatively impact crops.

o	 Examples: Drought causes wilting, while waterlogging due to excessive 
rain damages roots.

4.	 Soil

Soil quality, including its pH, nutrient content, and water-holding capacity, 
affects plant health.

o	 Examples: Acidic soil leads to poor nutrient availability, and nutrient 
deficiencies cause disorders like Khaira disease in rice.

5.	 Wind

Strong winds can physically damage plants, especially young seedlings, 
and spread pests or diseases.

o	 Examples: Windstorms can break stems and branches, reducing crop 
productivity.
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6.	 Sunlight	

Adequate sunlight is essential for photosynthesis. Insufficient sunlight 
results in poor growth, while excessive sunlight can cause sunscald.

o	 Examples: Shaded areas produce smaller fruits, while overexposure to 
sunlight damages leaves and fruits in crops like tomatoes.

1.2.10	 Plant Pathology

Pathology is the branch of biology that deals with the scientific study of diseases, 
their causes, processes, effects, and methods of control. The word "pathology" 
is derived from the Greek words pathos, meaning "suffering" or "disease," and 
logos, meaning "study." Simply, pathology is the study of diseases in living 
organisms.

In agriculture, plant pathology is a specialized branch of science that focuses on 
the study of diseases in plants caused by biotic agents such as fungi, bacteria, 
viruses, nematodes, and phytoplasmas, as well as abiotic factors like nutrient 
deficiencies, environmental stresses, and chemical injuries. Plant pathology 
encompasses the identification of pathogens, understanding the disease cycle, 
examining plant-pathogen interactions, and developing effective disease 
management strategies.

1.2.11	 Pesticides 

Pesticides are chemical substances used to control, repel, or kill pests that 
harm crops. Pesticides are crucial for protecting crops from pests, diseases, 
and weeds, thereby ensuring higher yields and better quality produce. They are 
applied to protect crops during cultivation, storage, and transportation. Example: 
Imidacloprid, Lambda-cyhalothrin,  Carbendazim, Propiconazole, Butachlor, 
etc.
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Exercise

Choose the correct answer from the given alternatives.
1.	 What is plant protection?

a. A method to increase soil fertility

b. Practices to protect crops from harmful organisms and conditions

c. Techniques for seed germination improvement

d. A crop storage method

2.	 Which of the following is a biotic factor?

a. Frost		  b. Weeds

c. Soil pH		  d. Sunlight

3.	 What is the primary feature of nematodes?

a. Segmented body	 b. Microscopic roundworms

c. Chitinous exoskeleton	 d. Compound eyes

4.	 Which pest damages stored grains?

a. Aphids		  b. Weevils

c. Caterpillars		  d. Stem borers

5.	 Which of the following is a plant disorder?

a. Late blight		  b. Tip burn in lettuce

c. Bacterial wilt		  d. Powdery mildew

6.	 Entomology is the study of..............

a. Diseases		  b. Pests

c. Insects		  d. Weeds

7.	 Rodents cause damage to crops by.............

a. Sucking plant sap	 b. Gnawing and chewing crops

c. Acting as vectors for fungi	 d. Competing for light
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8.	 Which abiotic factor affects photosynthesis the most?

a. Wind		  b. Soil pH

c. Sunlight		  d. Humidity

9.	 What is a weed?

a. A beneficial plant

b. A plant growing in the desired location

c. An unwanted plant competing with crops

d. A disease-causing organism

10.	 Which of the following is an example of an insect pest?

a. Mites		  b. Aphids

c. Weeds		  d. Nematodes

11.	 Which microorganism fixes nitrogen in leguminous plants?

a. Fusarium		  b. Rhizobium

c. Meloidogyne		  d. Verticillium

12.	 The study of plant diseases is called...............

a. Entomology		  b. Pathology

c. Nematology		  d. Agronomy

13.	 Which of the following is a parasitic nematode?

a. Meloidogyne spp	 b. Fusarium oxysporum

c. Xanthomonas campestris	 d. Aphids

14.	 A biotic factor includes............

a. Soil moisture		  b. Fungi

c. Wind		  d. Temperature

15.	 What does a pesticide control?

a. Only insects		  b. Only fungi

c. Weeds, pests, and diseases	 d. Only rodents
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16.	 Which of the following is a biotic pest?

a. Aphids		  b. Frost

c. Windstorm		  d. Sunlight

17.	 Which factor causes plant disorders?

a. Nematodes		  b. Nutrient deficiency

c. Aphids		  d. Weeds

Write short answer to the following questions.
1.	 Define plant protection.

2.	 What is a weed? Give an example.

3.	 Differentiate between biotic and abiotic factors.

4.	 Write a short note on the role of nematodes in plant protection.

5.	 Define entomology with an example.

6.	 What is pathogen? Explan with Example.

7.	 What is a plant disorder? Provide two examples.

8.	 Describe the role of microorganisms in agriculture.

9.	 Differentiate between diseases and disorders in plants.

10.	 Write two examples of insect pests and their damages.

Write long answer to the following questions.
1. 	 Define pest and describe agriculture pests with examples. Discuss the 

effects of abiotic factors on crop production. 

2. 	 Explain the characteristics of insects as pests. Describe the differences 
between disease and disorder with suitable examples. 

3. 	 What are microorganisms? Explain the role of biotic factors in plant 
protection with examples. Write about nematodes and their effects on 
plants. 

4. 	 Define weeds and insects. Explain examples of biotic and abiotic factors 
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affecting crop production. 

5. 	 Describe the role of rodents as agricultural pests. Explain how these pests 
can damage crops during cultivation and storage. 

Project Works
1.	 Field Visit and Report Writing	

Visit an agricultural field and observe the pests and diseases affecting the 
crops. Write a report on the identified factors (biotic and abiotic) and their 
management practices.

2.	 Role Play

Assign roles such as a pest, farmer, and plant pathologist. Students simulate 
how pests attack crops and how management practices are applied.

3.	 Pest and Disease Identification Project	

Collect images of pests, diseases, and disorders affecting crops in their 
region and classify them into biotic and abiotic factors.

4.	 Practical Experiment	

Grow plants under controlled conditions to study the effects of abiotic 
factors (e.g., drought, waterlogging) and observe plant responses.

5.	 Chart Preparation

Create a chart comparing diseases and disorders with examples and 
management practices.
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Insects
Insects are among the most diverse and abundant creatures on Earth. They play 
significant roles in agriculture, either as harmful pests that damage crops or as 
beneficial organisms like pollinators and natural pest controllers.

Insects are six-legged arthropods belonging to the class Insecta. They are 
characterized by their segmented bodies, exoskeletons, and specialized body 
parts. In agriculture, insects can be pests, pollinators, or predators, influencing 
crop health and yield.

Characteristics feature of insects

Insects are unique and diverse animals with several defining features that 
distinguish them from other organisms. 

Main Characteristics of Insects

Insects are a highly diverse and adaptable class of arthropods. Their unique 
biological and structural features have enabled them to thrive in almost all 
environments. Their main characteristics include:

•	 Body Division: Insects have a body, divided into three main parts: 
head, thorax, and abdomen.

•	 Exoskeleton: Their bodies are covered by a hard, protective layer 
called the chitinous exoskeleton, which provides support and protection 
while limiting water loss.

•	 Legs and Wings: Insects have three pairs of legs attached to the thorax. 
Most species have one or two pairs of wings, making them the only 

Unit  
2 Insects
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invertebrates capable of flight.

•	 Antennae: A pair of antennae on the head helps insects sense their 
environment, including detecting odors, vibrations, and humidity.

•	 Eyes: Insects possess compound eyes made up of multiple lenses for a 
wide field of vision and may also have simple eyes (ocelli) for detecting 
light intensity.

•	 Mouthparts: Their mouthparts are specialized and adapted for different 
feeding habits, such as chewing (grasshoppers), piercing (mosquitoes), 
or sucking (butterflies).

•	 Respiratory System: Insects breathe through spiracles, small openings 
on their body that lead to a network of tubes called tracheae, which 
deliver oxygen directly to their tissues.

•	 Circulatory System: Insects have an open circulatory system where 
blood (hemolymph) flows freely through body cavities, delivering 
nutrients and hormones but not oxygen.

•	 Reproductive System: Most insects lay eggs, but some (like aphids) 
can reproduce asexually. Many insects show complex reproductive 
behaviors.

•	 Metamorphosis: Insects undergo metamorphosis, which can be:

o	 Complete Metamorphosis: Includes egg, larva, pupa, and adult 
stages (e.g., butterflies, beetles).

o	 Incomplete Metamorphosis: Includes egg, nymph, and adult 
stages (e.g., grasshoppers, cockroaches).

•	 Nervous System: Insects have a central nervous system with a brain 
and a ventral nerve cord, allowing them to respond to environmental 
stimuli efficiently.

•	 Adaptability: Insects are highly diverse and adaptable, living in almost 
every habitat on Earth, including deserts, forests, freshwater, and even 
extreme environments like high altitudes and salt flats.
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•	 Social Behavior: Some insects, like bees, ants, and termites, exhibit 
social behavior and live in organized colonies with defined roles (e.g., 
workers, queens, drones).

•	 Size and Diversity: Insects are incredibly diverse, ranging in size 
from a few millimeters (e.g., fleas) to several centimeters (e.g., some 
beetles). With over one million described species, they represent the 
largest group of animals on Earth.

Life Cycle of Insects

The life cycle of insects refers to the stages of growth and development they go 
through from the time they are eggs until they reach adulthood. This process is 
called metamorphosis and can be of two main types: complete metamorphosis 
and incomplete metamorphosis.

Types of Metamorphosis

1.	 Complete Metamorphosis (Holometabolism)

Insects with complete metamorphosis undergo four distinct stages: egg, larva, 
pupa, and adult. This process allows larvae and adults to occupy different 
ecological niches, reducing competition between them.

1.	 Egg

o	 The insect’s life begins as an egg laid by the female.

o	 Eggs are often laid in clusters or individually on leaves, soil, or water, 
depending on the species.

o	 Examples: Butterfly eggs are laid on host plants; mosquito eggs are 
laid on water surfaces.

2.	 Larva

o	 The larva hatches from the egg and is focused on feeding and growing.

o	 Larvae often look completely different from the adult and may be 
worm-like (e.g., caterpillars) or legless (e.g., maggots).

o	 Larvae shed their exoskeleton several times (molting) as they grow.
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o	 Examples: Caterpillars (butterflies), grubs (beetles), and maggots 
(flies).

3.	 Pupa

o	 The pupal stage is a resting and transformation phase.

o	 During this stage, the larva undergoes drastic changes (metamorphosis) 
to become an adult.

o	 Pupae are often enclosed in protective coverings, such as cocoons or 
chrysalis.

o	 Examples: The pupa of a butterfly is a chrysalis; the pupa of a moth is 
a cocoon.

4.	 Adult

o	 The adult emerges from the pupa, fully developed and capable of 
reproduction.

o	 Adults may feed on different materials than larvae (e.g., nectar for 
butterflies versus leaves for caterpillars).

o	 Examples: Butterflies, beetles, and houseflies.

2.	 Incomplete Metamorphosis (Hemimetabolism)

Insects with incomplete metamorphosis have three stages: egg, nymph, and 
adult. Unlike complete metamorphosis, there is no pupal stage, and the immature 
nymph resembles a smaller version of the adult.
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1.	 Egg:

o	 Eggs are laid in suitable habitats, such as soil, water, or plant surfaces.

o	 Examples: Grasshopper eggs are laid in the soil; dragonfly eggs are 
laid in water.

2.	 Nymph

o	 The nymph hatches from the egg and looks similar to the adult but is 
smaller and lacks wings.

o	 Nymphs grow by molting their exoskeleton several times. With each 
molt, they resemble the adult more closely.

o	 Examples: Nymphs of grasshoppers and cockroaches.

3.	 Adult

o	 The adult is fully developed with wings and reproductive organs. 
Adults often have the same feeding habits as nymphs.

o	 Examples: Grasshoppers, aphids, and locusts.

Comparison of Complete and Incomplete Metamorphosis

Complete Metamorphosis Incomplete Metamorphosis
Complete metamorphosis is a type of 
development where insects go through 
four distinct stages: egg, larva, pupa, 
and adult.

Incomplete metamorphosis is a type 
of development where insects pass 
through three stages: egg, nymph, 
and adult.

The life cycle includes the stages: egg 
→ larva → pupa → adult.

The life cycle includes the stages: 
egg → nymph → adult.

It includes a pupal stage where the insect 
undergoes complete transformation 
while remaining inactive.

There is no pupal stage; the insect 
transitions directly from nymph to 
adult.

The larva looks entirely different from 
the adult, often having a different diet 
and habitat.

The nymph resembles a smaller 
version of the adult, sharing similar 
diet and habitat.
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Examples include butterflies, beetles, 
flies, and ants.

Examples include grasshoppers, 
cockroaches, and dragonflies.

Classification of Insects

Insects play diverse roles in agriculture, serving as pests, pollinators, predators, 
or parasitoids. Their classification based on feeding habits, nature of damage, 
interaction with agriculture, host range, and scientific taxonomy provides 
valuable insights for plant protection and pest management. This classicfication 
discussed below:

1.	 Classification Based on Feeding Habits

Insects are classified into different groups based on how they feed on plants or 
other organisms:

1.	 Chewing Insects: Chewing insects have strong biting and chewing 
mouthparts that they use to consume plant parts like leaves, stems, or fruits. 
Examples: Grasshoppers (affect cereals like rice and wheat), Cabbage 
caterpillars (attack cabbage and cauliflower), Beetles (infest maize and 
fruits).

2.	 Sucking Insects: Sucking insects possess piercing-sucking mouthparts 
that penetrate plant tissues to extract sap. This feeding habit weakens the 
plant and may also spread diseases. Examples: Examples: Aphids (damage 
mustard and other vegetables), Whiteflies (affect tomatoes and cucumbers), 
Jassids (infest cotton and okra).

3.	 Boring Insects: Boring insects tunnel into plant tissues such as stems, 
fruits, or roots to feed or lay eggs. This habit disrupts the transport of 
nutrients and water within the plant. Examples: Rice stem borers (major 
pest of rice), Maize stem borers (common in maize crops), Brinjal shoot 
borers (affect brinjal crops).

4.	 Gall-Making Insects: Gall-making insects induce abnormal growths, 
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called galls, in plant tissues by feeding or laying eggs inside them. These 
galls divert nutrients from the plant. Examples: Gall midges (cause galls in 
rice), Mango gall flies (affect mango trees).

5.	 Mining Insects: Mining insects feed between the upper and lower layers 
of leaves, creating visible tunnels or mines. This feeding habit reduces the 
plant's ability to photosynthesize. Examples: Citrus leaf miners (damage 
citrus crops like oranges and lemons), Vegetable leaf miners (affect spinach 
and beans).

2.	 Classification Based on Nature of Damage

Insects are classified based on the type of harm they cause to plants, which can 
be discussed bwlow:

1.	 Defoliators: Defoliators feed on and destroy plant leaves, reducing the 
plant's ability to photosynthesize and produce energy. Examples: Cabbage 
caterpillars (damage cabbage and cauliflower leaves), Locusts (occasional 
outbreaks in Terai regions, damaging multiple crops).

2.	 Stem Borers: Stem borers tunnel into plant stems, weakening the plant 
and often leading to wilting or breakage. Examples: Rice stem borers 
(common in rice fields), Sugarcane borers (affect sugarcane crops in Terai 
regions).

3.	 Fruit Borers: Fruit borers infest fruits by boring into them, reducing their 
quality and making them unfit for consumption or sale. Examples: Brinjal 
fruit borer (affects brinjal production), Guava fruit fly (damages guava 
fruits), Tomato fruit borer (destroys tomato crops).

4.	 Root Feeders: Root feeders damage plant roots, interfering with water and 
nutrient absorption, leading to stunted growth or wilting. Examples: White 
grubs (damage sugarcane and vegetables), Termites (affect tree seedlings 
and stored grains).

5.	 Seed Feeders: Seed feeders attack seeds either in the field or during 
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storage, reducing germination and market value. Examples: Pulse beetles 
(damage lentils, chickpeas, and pigeon peas), Grain weevils (infest stored 
rice and wheat).

3.	 Classification Based on Interaction with Agriculture

Insects are classicified on the basis of their interaction with crops are discussed 
below: 

1.	 Pests: Pests directly harm crops by feeding on them or indirectly by 
spreading diseases. They are a major threat to agricultural productivity. 
Examples: Bollworms (attack cotton), Aphids (spread viral diseases in 
mustard and other crops), Rice stem borers (major rice pest).

2.	 Pollinators: Pollinators help transfer pollen between flowers, facilitating 
fertilization and improving fruit and seed production. Examples: Honeybees 
(Apis cerana indica is native to Nepal and commonly used for pollination), 
Butterflies (pollinate flowers of fruits and vegetables).

3.	 Predators: Predators feed on harmful pests, acting as natural pest control 
agents and benefiting agriculture. Examples: Ladybird beetles (prey on 
aphids), Dragonflies (feed on mosquitoes and other small insects).

4.	 Parasitoids: Parasitoids lay their eggs on or inside pest insects. Their 
larvae feed on and eventually kill the host pest, helping in biological pest 
control. Examples: Braconid wasps (parasites of caterpillars), Tachinid 
flies (parasitize beetles and caterpillars).

4.	 Classification Based on Host Range

Based on host range, insects are classified in three different groups which are 
discussed below:

1.	 Monophagous Insects: Monophagous insects feed exclusively on a single 
plant species, making them highly host-specific. Examples: Brinjal fruit 
borer (affects only brinjal crops).
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2.	 Oligophagous Insects: Oligophagous insects feed on a few closely 
related plant species. Examples: Rice stem borers (feed on rice and related 
grasses), Mustard aphids (affect mustard and related crucifers).

3.	 Polyphagous Insects: Polyphagous insects feed on a wide variety of 
plants, often causing widespread damage. Examples: Grasshoppers (feed 
on a variety of crops like wheat, rice, and maize), Locusts (damage multiple 
crops like vegetables, cereals, and fruits).

5.	 Classification Based on Scientific Taxonomy

Insects are scientifically classified into various taxonomic groups:

1.	 Kingdom: Animalia

2.	 Phylum: Arthropoda

3.	 Class: Insecta

4.	 Orders and Examples

•	 Coleoptera (Beetles): Includes weevils and leaf beetles.

•	 Lepidoptera (Butterflies and Moths): Includes cabbage butterfly and 
cotton bollworm.

•	 Diptera (Flies): Includes fruit flies and mosquitoes.

•	 Hymenoptera (Bees, Wasps, Ants): Includes honeybees and parasitic 
wasps.

•	 Hemiptera (True Bugs): Includes aphids and mealybugs.

•	 Orthoptera (Grasshoppers, Crickets): Includes locusts and mole 
crickets.

•	 Thysanoptera (Thrips): Includes flower thrips and leaf thrips.

Natural Enemies of Insect Pests

Natural enemies are organisms that naturally regulate pest populations by 
preying on them, parasitizing them, or causing diseases. These organisms play 
a vital role in biological pest control and are a key component of Integrated 
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Pest Management (IPM). Natural enemies help reduce the need for chemical 
pesticides, maintain ecological balance, and promote sustainable agricultural 
practices.

Natural enemies of insect pests can be classified into three main groups: predators, 
parasitoids, and pathogens.

1.	 Predators

Predators are organisms that hunt, kill, and consume multiple pest insects during 
their lifetime. They are generally larger than their prey and actively search for 
them. Predators are highly effective in controlling pest populations because they 
feed on a wide range of pest species.

Examples of predators include

1.	 Ladybird Beetles: Ladybird beetles, also known as ladybugs, are highly 
effective predators that feed on aphids, whiteflies, and scale insects. For 
example, Harmonia axyridis (multicolored Asian lady beetle) is a common 
predator in agricultural ecosystems.

2.	 Lacewings: Lacewing larvae, often referred to as "aphid lions," prey on 
aphids, mealybugs, and small caterpillars.

3.	 Praying Mantises: These insects are generalist predators that feed on 
various soft-bodied pests, including caterpillars and flies.

4.	 Dragonflies: Dragonflies are excellent predators of mosquitoes and other 
flying pests, especially in aquatic or semi-aquatic environments.

5.	 Spiders: Spiders capture and consume a variety of pests, such as flies and 
mosquitoes, using their webs.

2.	 Parasitoids

Parasitoids are insects that lay their eggs on or inside a host insect. The parasitoid 
larvae feed on the host's tissues, ultimately killing it. Parasitoids are highly 
specific to their host insects and are among the most effective natural enemies in 
biological control.



26 Plant Protection

Examples of parasitoids include

1.	 Braconid Wasps: These wasps parasitize caterpillars, aphids, and beetles. 
For instance, Cotesia glomerata is a parasitoid that targets the caterpillars 
of cabbage white butterflies.

2.	 Ichneumon Wasps: These wasps attack caterpillars, wood-boring insects, 
and aphids, often killing them as the larvae develop.

3.	 Tachinid Flies: Tachinid flies lay their eggs on caterpillars, beetles, and 
other pests. The larvae feed on the host, killing it.

4.	 Trichogramma Wasps: These tiny wasps parasitize the eggs of moths and 
butterflies, making them widely used in biological control programs. For 
example, Trichogramma chilonis is used to control rice stem borers.

3.	 Pathogens

Pathogens are microorganisms such as fungi, bacteria, and viruses that infect and 
kill insect pests. These organisms are often used as biopesticides in agriculture 
and are highly effective in controlling specific pests.

Examples of pathogens include

1.	 Fungi

Fungi infect pests by penetrating their cuticle and releasing toxins that kill 
them. For instance, Beauveria bassiana is a fungus that controls whiteflies, 
aphids, and thrips.

2.	 Bacteria

Bacteria such as Bacillus thuringiensis (Bt) produce toxins that are fatal to 
caterpillars and mosquito larvae. Bt is widely used in organic farming as a 
natural pesticide.

3.	 Viruses

Viruses infect insect pests at the cellular level, causing fatal diseases. For 
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example, Nucleopolyhedrovirus (NPV) is used to control Helicoverpa 
species in crops such as cotton and vegetables.

Role of Natural Enemies in Agriculture

Natural enemies play a critical role in sustainable agriculture by naturally 
suppressing pest populations. Their contributions include:

1.	 Biological Control: Natural enemies reduce the dependency on chemical 
pesticides by directly targeting pest insects.

2.	 Economic Benefits: By minimizing crop losses and reducing pesticide 
use, they lower the costs of pest management.

3.	 Environmental Sustainability: The use of natural enemies helps maintain 
biodiversity and reduces chemical pollution in agricultural ecosystems.

4.	 Examples in Practice:

o	 Trichogramma wasps are introduced to control sugarcane borers.

o	 Bacillus thuringiensis (Bt) is applied to manage caterpillars in vegetable 
crops.

Advantages of Using Natural Enemies

The use of natural enemies offers several advantages that are presented below.

1.	 It is environmentally friendly and does not leave harmful residues in the 
ecosystem.

2.	 Natural enemies are selective in targeting pests, leaving beneficial 
organisms unharmed.

3.	 Biological control using natural enemies is a sustainable and long-term 
solution.

4.	 It reduces the cost of chemical pesticides and contributes to safer food 
production.

Limitations of Natural Enemies

Despite their benefits, natural enemies have some limitations, that are presented 
below:
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1.	 They may take longer to reduce pest populations compared to chemical 
pesticides.

2.	 Some natural enemies are host-specific and cannot control a wide range of 
pests.

3.	 Environmental factors such as weather conditions and habitat availability 
can affect their effectiveness.

4.	 The introduction of exotic natural enemies may disrupt local ecosystems if 
not managed carefully.
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Exercise

Choose the correct answer from the given alternatives.
1.	 Which part of an insect's body is primarily responsible for locomotion?

a. Head		  b. Thorax

c. Abdomen		  d. Antennae

2.	 What type of metamorphosis is observed in butterflies?

a. Complete metamorphosis	 b. Incomplete metamorphosis

c. Ametamorphosis	 d. Parthenogenesis

3.	 Which of the following insects is considered as natural pollinator?

a. Aphid		  b. Honeybee

c. Whitefly		  d. Grasshopper

4.	 What are the mouthparts of a mosquito adapted for?

a. Chewing		  b. Piercing and sucking

c. Sponging		  d. Lapping

5.	 Which insect causes leaf curl in plants?

a. Thrips		  b. Whiteflies

c. Aphids		  d. Bollworm

6.	 Which of the following is an example of a social insect?

a. Termite		  b. Grasshopper

c. Stink bug		  d. Beetle

7.	 What is the primary function of insect antennae?

a. Locomotion		  b. Sensory perception

c. Reproduction		  d. Respiration
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8.	 Which stage of insect development is absent in incomplete metamorphosis?

a. Egg		  b. Nymph

c. Larva		  d. Adult

9.	 Which insect pest feeds by scraping the chlorophyll from leaves?

a. Thrips		  b. Grasshoppers

c. Aphids		  d. Weevils

10.	 What is the primary diet of predatory insects like lady beetles?

a. Plant sap		  b. Fungi

c. Other insects		  d. Nectar

11.	 Insects that act as vectors of plant diseases primarily spread:

a. Bacterial infections	 b. Fungal infections

c. Viral infections	 d. Nematode infections

12.	 What is the characteristic feature of piercing-sucking mouthparts?

a. Mandibles		  b. Stylets

c. Maxillae		  d. Chelicerae

13.	 What kind of lifecycle do aphids exhibit?

a. Complete metamorphosis 	 b. Asexual reproduction 

c) Parthenogenesis	 d. Both b and c

14.	 Which insect is often referred to as "farmer's friend"? 

a. Grasshopper		  b. Earthworm

c. Ladybird beetle	 d. Leafhopper

15.	 What type of mouthparts are found in thrips? 

a. Chewing 		  b. Rasping and sucking 

c. Sponging		  d. Piercing and sucking
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Write short answer to the following questions. 
1.	 Define complete and incomplete metamorphosis with examples.

2.	 Differentiate between beneficial and harmful insects with two examples 
each.

3.	 What are insect vectors? Name two examples of plant diseases spread by 
insects.

4.	 Explain the role of pollinators in agriculture.

5.	 What are parasitoids? How do they help in pest management?

6.	 Describe the lifecycle of a butterfly in brief.

7.	 What are the adaptations of piercing and sucking mouthparts in insects?

8.	 List four major insect pests of crops and their impact.

Write long answer to the following questions.
1.	 Explain the structure and functions of the insect body, highlighting the 

head, thorax, and abdomen.

2.	 Write a detailed note on the role of beneficial insects in integrated pest 
management (IPM).

3.	 Describe in detail the types of metamorphosis in insects with suitable 
examples.

4.	 Discuss the economic importance of pollinators in agriculture.

Project Work
1.	 Field Survey

Visit an agricultural field to identify and document the major insect pests 
and beneficial insects. Prepare a report with photographs.

2.	 Insect Lifecycle Demonstration 

Collect and observe the developmental stages of an insect (e.g., butterfly). 
Record your observations with labeled diagrams.
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3.	 Interactive Role Play 

Simulate a discussion between a farmer and an entomologist about 
managing insect pests using eco-friendly methods.

4.	 Quiz Activity 

Conduct an interactive quiz session on insect anatomy, lifecycle, and 
classification.

5.	 Specimen Collection 

Collect, identify, and preserve insect specimens using proper techniques.
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3.1	 Meaning of disease and its symptoms
A plant disease is an abnormal condition in a plant caused by pathogens or 
unfavorable environmental factors, which disrupts its normal physiological 
processes. It can lead to reduced growth, poor yield, and sometimes the death of 
the plant.

A plant disease is any abnormal condition in a plant that interferes with its 
physiological processes, growth, or productivity. Diseases can result from 
infections caused by living organisms or unfavorable environmental conditions. 
They can lead to poor plant health, reduced yield, and economic losses for 
farmers. Disease symptoms may include leaf spots, discoloration, wilting, or 
deformities, depending on the cause and severity of the disease.

In academic, disease is defined as abnormal conditions in plants that are caused 
by biotic factors and disorder is defined as abnormal conditions in plants that 
are  caused by abiotic factors. Whereas in some extension and farmers mannual, 
disease is define as abnormal conditions in plants that are caused by biotic or 
abiotic factors and disorder is defined as abnormal conditions in plants that are  
caused by abiotic factors. 

Examples of Plant Diseases

1.	 Late Blight of Potato: Caused by the fungus Phytophthora infestans, 
this disease leads to brownish-black spots on leaves and rotting of tubers, 
significantly reducing potato yield.

2.	 Yellow Mosaic in Beans: This viral disease is transmitted by whiteflies, 
causing yellow patches on leaves and stunted growth.

Unit  
3

Diseases
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3.	 Bacterial Wilt of Tomato: Caused by the bacterium Ralstonia 
solanacearum, it results in sudden wilting and death of tomato plants.

4.	 Iron Deficiency in Rice: Caused by a lack of iron in the soil, this non-
infectious disease leads to yellowing of leaves (chlorosis) and poor grain 
development.

5.	 Whiptail in Cauliflower: This non-infectious disease is caused by 
molybdenum deficiency, leading to narrow and distorted leaves.

Classification of Plant Diseases

Plant diseases are broadly categorized into two types on the basis of causes, that 
are described below:

1.	 Infectious Diseases

Infectious diseases are caused by living organisms known as pathogens. 
These pathogens can include fungi, bacteria, viruses, nematodes, and other 
microorganisms. Infectious diseases have the ability to spread from one plant to 
another through air, water, insects, or contaminated tools. They often result in 
widespread damage if not managed properly.

Examples of Infectious Diseases

•	 Late Blight of Potato: This fungal disease caused by Phytophthora infestans 
spreads through water and wind, leading to rapid destruction of leaves and 
tubers.

•	 Bacterial Blight of Rice: Caused by Xanthomonas oryzae, it results in water-
soaked lesions and wilting, significantly reducing rice yields.

•	 Yellow Mosaic in Mung Beans: A viral disease that causes yellowing and 
deformation of leaves, reducing plant vigor.

•	 Root-Knot in Vegetables: Caused by root-knot nematodes (Meloidogyne 
spp.), this disease forms galls on roots and weakens the plant.
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2.	 Non-Infectious Diseases

Non-infectious diseases are caused by non-living or abiotic factors, such as 
nutrient deficiencies, extreme weather conditions, water stress, or soil imbalances. 
These diseases do not spread from one plant to another and are often localized to 
specific areas or conditions.

Examples of Non-Infectious Diseases

•	 Iron Deficiency in Rice: Leads to yellowing of leaves (chlorosis) and poor 
grain development due to a lack of available iron in the soil.

•	 Whiptail in Cauliflower: A molybdenum deficiency causes narrow, distorted 
leaves, reducing market value.

•	 Sunscald in Tomato Fruits: High temperatures and direct sunlight cause 
sunburn-like patches on fruits.

•	 Drought Stress in Wheat: Lack of water leads to wilting, poor grain filling, 
and reduced yield.

Differences between Infectious and Non-Infectious Diseases

Infectious Diseases Non-Infectious Diseases
Infectious diseases are caused by living 
organisms such as fungi, bacteria, 
viruses, or nematodes.

Non-infectious diseases are caused 
by non-living factors like nutrient 
deficiencies, drought, pollution, or 
extreme temperatures.

Infectious diseases can spread from 
one plant to another through air, water, 
insects, or contaminated tools.

Non-infectious diseases do not spread 
from plant to plant and are caused 
by environmental or physiological 
factors.

Symptoms of infectious diseases 
include visible lesions, rotting, wilting, 
and discoloration caused by pathogens.

Symptoms of non-infectious diseases 
include yellowing, stunting, curling, 
and abnormal growth without visible 
lesions.
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Examples of infectious diseases 
include late blight of potato, bacterial 
wilt of tomato, and yellow mosaic in 
beans.

Examples of non-infectious diseases 
include iron deficiency in rice, whiptail 
in cauliflower, and drought stress in 
wheat.

Infectious diseases are managed by 
using fungicides, bactericides, resistant 
crop varieties, or cultural practices.

Non-infectious diseases are managed 
by correcting abiotic factors, such 
as applying fertilizers or improving 
irrigation practices.

Symptoms

Symptoms are the visible changes or abnormalities in plants caused by diseases. 
These changes indicate that the plant is under stress due to infection by pathogens 
or exposure to adverse environmental conditions. Identifying symptoms is the 
first step in diagnosing plant diseases and managing them effectively.

Common Symptoms of Plant Diseases

Symptoms of plant diseases can be broadly classified based on how they appear 
and the type of damage they cause to plants. Below are the common categories 
with examples relevant to Nepal.

1.	 Wilting: Wilting occurs when the plant loses turgor pressure, causing 
leaves and stems to droop. This can happen due to blockage of water-
conducting tissues by pathogens or water stress.

Examples

o	 Bacterial wilt of tomato caused by Ralstonia solanacearum.

o	 Drought stress in rice.

2.	 Necrosis (Tissue Death): Necrosis is the death of plant tissues, leading to 
dark brown or black spots, blotches, or streaks on leaves, stems, or fruits.

Examples

o	 Leaf spot in rice caused by Helminthosporium oryzae.

o	 Early blight in tomatoes caused by Alternaria solani.
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3.	 Discoloration: Abnormal changes in the color of leaves, stems, or fruits. 
This often results in yellowing (chlorosis), reddening, or other unusual 
hues caused by nutrient deficiencies or pathogen attacks.

Examples

o	 Yellow mosaic in mung beans caused by a viral infection.

o	 Nitrogen deficiency in maize leading to yellowing of leaves.

4.	 Rots: Rots involve the decay of plant tissues, including roots, stems, or 
fruits. Rots are often caused by fungi or bacteria.

Examples

o	 Soft rot in vegetables caused by Pectobacterium carotovorum.

o	 Root rot in beans caused by Rhizoctonia solani.

5.	 Galls and Swellings: Abnormal growths or swellings on plant parts, often 
caused by nematodes, fungi, or bacteria.

Examples

o	 Root galls in vegetables caused by root-knot nematodes (Meloidogyne 
spp.).

o	 Crown gall in apples caused by Agrobacterium tumefaciens.

6.	 Distortion: Abnormal shapes or malformations in plant parts, such as 
leaves, stems, or flowers.

Examples

o	 Leaf curling in tomatoes caused by tomato leaf curl virus.

o	 Whiptail in cauliflower caused by molybdenum deficiency.

7.	 Mildew and Molds: Powdery or fuzzy fungal growth on leaves, stems, or 
fruits.

Examples

o	 Powdery mildew in cucurbits caused by Erysiphe cichoracearum.

o	 Downy mildew in grapes caused by Plasmopara viticola.
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8.	 Cankers: Localized dead areas on stems or branches, often sunken and 
discolored, caused by fungal or bacterial infections.

Examples

o	 Canker in citrus caused by Xanthomonas axonopodis.

o	 Stem canker in beans caused by Diaporthe phaseolorum.

9.	 Mosaic: Irregular patches of green and yellow on leaves caused by viral 
infections.

Examples

o	 Tobacco mosaic virus in tobacco plants.

o	 Yellow mosaic virus in black gram.

10.	 Stunting: Reduced growth of the entire plant or specific parts due to 
nutrient deficiencies or pathogen attacks.

Examples

o	 Stunted growth in rice caused by rice root nematodes (Hirschmanniella 
spp.).

o	 Zinc deficiency in maize causing stunted and yellow plants.

Disease cycle

The disease cycle is the sequence of events that occur during the development 
and spread of a plant disease caused by a pathogen. It describes how a pathogen 
infects a host plant, interacts with the host and environment, and survives 
between growing seasons.

Steps in the Disease Cycle

1.	 Inoculation

Inoculation is the first stage where the pathogen comes into contact with 
the host plant at a site suitable for infection. Pathogens are often carried to 
the host by wind, rain, insects, human activities, etc. 
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2.	 Incubation

The incubation stage is the period between inoculation and the appearance 
of visible symptoms. During this time, the pathogen multiplies, spreads 
within the plant, and prepares to cause damage. 

3.	 Penetration

Penetration occurs when the pathogen enters the plant through direct 
penetration of tissues, natural openings like stomata, or wounds. Not all 
penetrations lead to infection; some plants resist the pathogen. 

4.	 Infection

Infection begins when the pathogen establishes itself in the plant tissues and 
starts extracting nutrients, causing physiological disruptions. Symptoms 
start to appear at this stage. 

5.	 Invasion

Invasion refers to the spread of the pathogen from the initial infection 
site to other parts of the plant. The pathogen may move through vascular 
tissues, intercellular spaces, or intracellular pathways. 

6.	 Colonization

Colonization is the stage where the pathogen multiplies and establishes 
itself extensively within the host, resulting in severe damage and advanced 
symptoms.

7.	 Dissemination

Dissemination is the process of the pathogen spreading to healthy plants 
from infected ones. This can occur through wind, rain, insects, soil, or 
human activities.

8.	 Over-Wintering and Over-Summering (Survival)

This stage allows the pathogen to survive during unfavorable conditions 
like extreme temperatures or the absence of a host. Pathogens use structures 
such as spores, sclerotia, or cysts to endure until conditions improve.
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Disease Epidemiology 

Plant disease epidemiology is the study of how plant diseases spread, how 
often they occur, and what factors influence their development. In other word, 
plant disease epidemiology is the study of the occurrence, distribution, and 
dynamics of plant diseases in plant populations over time and space. It focuses 
on understanding the interaction between the crop (host), the disease-causing 
organism (pathogen), and the environment. The main goal of plant disease 
epidemiology is to predict disease outbreaks and find ways to control or  
prevent them.

Factors Responsible for Disease Development

The development of plant diseases is influenced by three main factors: the host, 
the pathogen, and the environment. These factors work together and are often 
represented as the disease triangle.
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Disease Triangle

 
Host

EnvironmentPathogen

The disease triangle is a concept in plant pathology that illustrates three essential 
factors required for a disease to develop: a susceptible host, a virulent pathogen, 
and a favorable environment. If any one of these factors is missing, the disease 
cannot occur. The factors responsible for disease development or the component 
of disease triangle are described below:

1.	 Susceptible Host

The host is the plant that can be infected by the pathogen. A plant must be 
susceptible to the pathogen for infection to occur. Example: Rice plants  is 
susceptible to rice blast (Magnaporthe oryzae).

2.	 Virulent Pathogen

The pathogen is the disease-causing organism, such as fungi, bacteria, 
viruses, or nematodes. For a disease to occur, the pathogen must have the 
ability to infect the host. So, the pathogen must be virulent (able to cause 
disease). Example: Late blight fungus (Phytophthora infestans) virulent 
enough to infect potato.
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3.	 Favorable Environment

The environment provides the conditions that allow the pathogen to infect 
the host and for the disease to develop. Without favorable environmental 
conditions, even a susceptible host and a virulent pathogen cannot cause 
disease. High humidity, optimal temperatures, rainfall, and poor soil 
conditions, such as waterlogging, etc. can be favorable environment for 
infection. The favorable environment might be unique among different 
diseases and hosts. Example: Powdery mildew in cucurbits develops 
rapidly in warm, humid conditions.

In addition to the three main components of the disease triangle—
susceptible host, virulent pathogen, and favorable environment—a fourth 
component, time, is often considered essential for disease development.

Time: Time is needed for the pathogen to infect the host, multiply, and cause 
symptoms. The incubation period, which is the time between inoculation 
and symptom appearance, influences how quickly a disease develops. 
Incorporating time into the disease triangle emphasizes its importance 
in predicting, managing, and controlling plant diseases effectively. This 
concept, when added, transforms the triangle into a "disease pyramid."

Types of pathogens

1.	 Fungi

Fungi are common plant pathogens that spread via spores through air, 
water, or soil. They infect various plant parts, causing diseases like rusts, 
wilts, and rots, often reducing crop yield and quality.

Examples: Puccinia spp. (rust in wheat), Fusarium spp. (wilt in tomato), 
Alternaria spp. (leaf spot in vegetables).

2.	 Bacteria

Bacteria are microscopic, single-celled organisms that infect plants through 
wounds or natural openings. They cause diseases like wilts, blights, and 
leaf spots, which significantly impact crop production.
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Examples: Xanthomonas campestris (bacterial leaf spot in crucifers), 
Erwinia carotovora (soft rot in vegetables), Pseudomonas syringae 
(bacterial blight in beans).

3.	 Viruses

Viruses are non-living infectious agents that replicate within host cells, 
disrupting plant growth and physiology. They cause stunting, mosaic 
patterns, yellowing, and reduced yield.

Examples: Tobacco Mosaic Virus (TMV in tobacco and tomato), Cucumber 
Mosaic Virus (CMV in cucumbers and other vegetables), Tomato Yellow 
Leaf Curl Virus (in tomatoes).

4.	 RLOs (Rickettsia-like Organisms)

RLOs are obligate intracellular bacteria that infect plant vascular tissues, 
causing stunting, leaf curling, and other growth abnormalities. They are 
often spread by insect vectors.

Examples: Candidatus Liberibacter asiaticus (Citrus Greening), 
Candidatus Liberibacter solanacearum (potato zebra chip).

5.	 MLOs (Mycoplasma-like Organisms)

MLOs, or phytoplasmas, are cell wall-less bacteria that infect phloem 
tissues, disrupting nutrient flow. They cause yellowing, stunting, and 
deformed growth in plants.

Examples: Little Leaf of Brinjal (in eggplant, common in Nepal), 
Sugarcane Grassy Shoot Disease (SCGS in sugarcane), Aster Yellows (in 
carrots and onions).

6.	 Nematodes

Nematodes are microscopic, worm-like organisms that live in soil and 
infect plant roots. They disrupt water and nutrient uptake, causing stunted 
growth, yellowing, and reduced yield.
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Examples: Root-knot nematodes (Meloidogyne spp.) form galls on roots of 
vegetables, Cyst nematodes (Heterodera spp.) damage wheat and soybean 
roots, and Burrowing nematodes (Radopholus similis) attack bananas.
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Exercises

Choose the correct answer from the given alternatives.
1.	 What is the study of plant diseases called?

a. Entomology		  b. Plant Pathology

c. Ecology		  d. Botany

2.	 Which pathogen causes powdery mildew in plants?

a. Bacteria		  b. Fungi

c.Virus		  d. Nematode

3.	 Which part of the plant is typically affected by root rot?

a. Stem		  b. Leaves

c. Roots		  d. Flowers

4.	 Which of the following is an airborne disease?

a. Downy mildew	 b. Citrus canker

c. Rice blast		  d..Bacterial wilt

5.	 What is the primary cause of viral plant diseases?

a. Bacteria		  b. Fungi

c. Virus		  d. Nematodes

6.	 Which of the following is a soil-borne disease?

a. Damping-off		  b. Leaf rust

c.Tobacco mosaic virus	 d. Fire blight

7.	 Which of the following is a bacterial disease of plants?

a. Citrus canker		  b.Powdery mildew

c. Black spot		  d. Late blight

8.	 Which disease is caused by a virus in plants?

a. Fusarium wilt		  b. Tobacco mosaic disease

c.Anthracnose		  d. Clubroot
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Write short answer to the following questions. 
1.	 Define plant diseases and explain their significance in agriculture.

2.	 What are the common symptoms of fungal diseases in plants?

3.	 Differentiate between systemic and localized plant diseases with examples.

4.	 Write a short note on nematode-induced plant diseases.

5.	 Name four major fungal plant diseases and their causal agents.

Write long answer to the following questions.
1.	 Explain the classification of plant diseases based on their causal agents.

2.	 Discuss different types of pathogens and explain with examples.

Project Work
1.	 Field Observation 

Visit a nearby farm and identify plant disease symptoms. Prepare a report 
describing the observed diseases, their probable causes, and management 
practices.

2.	 Disease Diagnosis 

Collect plant samples from a garden or farm and use a microscope or field 
manual to identify the causal agents. Document your findings.

3.	 Case Study 

Analyze a historical plant disease outbreak (e.g., Irish potato famine) and 
present its impact on society and agriculture.

4.	 Interactive Discussion 

Organize a group discussion on the role of biotechnology in plant disease 
management.

5.	 Practical Demonstration 

Perform a laboratory experiment on the isolation of a fungal or bacterial 
pathogen from infected plant tissue.
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Weeds 
Weeds are undesirable plants that grow in agricultural fields, gardens, or other 
environments, competing with crops for nutrients, water, sunlight, and space. 
They reduce crop yield, lower quality, and can harbor pests and diseases.

Characteristics of Weeds

1.	 High Reproductive Ability: Weeds produce a large number of seeds.

2.	 Fast Growth: They grow rapidly and establish themselves quickly.

3.	 Adaptability: Weeds can thrive in a wide range of environmental 
conditions.

4.	 Persistence: Some weeds have specialized survival structures, like 
rhizomes or tubers, making them difficult to control.

Examples of Weeds

1.	 In Rice Fields

•	 Echinochloa crus-galli (सामा झार)

•	 Cyperus rotundus (मोथे झार)

2.	 In Wheat Fields

•	 Phalaris minor (काने झार)

•	 Chenopodium album (बथुवा झार)

3.	 In Vegetable Crops

•	 Amaranthus spp. (लट्टे झार)

•	 Portulaca oleracea (नुनिया झार)
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4.	 In Fruit Orchards

•	 Lantana camara (वनमारा)

•	 Parthenium hysterophorus (गाजर घाँस)

5.	 Common Weeds Across Fields

•	 Cynodon dactylon (दुबो झार)

•	 Oxalis spp. (चरी अमिलो झार)

Types of Weeds

Weeds can be classified into different categories based on their lifecycle, habitat, 
morphology, and other characteristics. Understanding the types of weeds is 
essential for effective weed management. The main types of weeds are:

1.	 Based on Lifecycle

Weeds are classified based on the duration of their lifecycle as follows:

•	 Annual Weeds: These weeds complete their lifecycle (germination to 
seed production) within one growing season or a year.

Examples:

	 Amaranthus spp. (लट्टे साग)

	 Chenopodium album (बथुवा)

•	 Biennial Weeds: These weeds complete their lifecycle in two years. 
They grow vegetatively in the first year and produce flowers and seeds 
in the second year.

Examples:

	Daucus carota (जंगली गाजर)

	 Cirsium vulgare (थोर्ने साग)

•	 Perennial Weeds: These weeds live for more than two years and 
reproduce through seeds or vegetative structures like rhizomes, tubers, 
or stolons.
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Examples:

	 Cynodon dactylon (दुबो)

	 Cyperus rotundus (मोथे)

2.	 Based on Habitat

Weeds can also be classified based on the environment where they grow:

•	 Terrestrial Weeds: Weeds that grow on land and affect field crops.

Examples:

	 Phalaris minor (काने झार)

	 Chenopodium album (बथुवा)

•	 Aquatic Weeds: These weeds grow in water bodies such as ponds, 
canals, and fields with standing water, affecting rice and other aquatic 
crops.

Examples:

	 Eichhornia crassipes (जलकुम्भी)

	Hydrilla verticillata (हाइड्रिला)

•	 Parasitic Weeds: These weeds depend on other plants (hosts) for 
nutrients and water.

Examples:

	 Cuscuta reflexa (अकाशबेल)

	 Striga spp. (स्ट्राइगा)

3.	 Based on Morphology

Weeds are also categorized based on their physical structure:

•	 Grassy Weeds: These weeds resemble grasses with narrow leaves and 
parallel venation.

Examples:

	 Cynodon dactylon (दुबो)

	 Echinochloa crus-galli (सामा झार)
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•	 Broadleaf Weeds: These weeds have broad leaves with net-like 
venation.

Examples:

	 Amaranthus spp. (लट्टे झार)

	 Parthenium hysterophorus (गाजर घाँस)

•	 Sedges: These are grass-like weeds with triangular stems and solid 
cross-sections.

Examples:

	 Cyperus rotundus (मोथे)

	 Fimbristylis miliacea

4.	 Based on Crop Association

Weeds can also be grouped based on the type of crop they affect:

•	 Field Crop Weeds: Those weeds that affect field crops.

Examples: Phalaris minor (गहुँको झार), Chenopodium album (बथुवा)

•	 Vegetable Crop Weeds: Those weeds that affect vegetable crops.

Examples: Portulaca oleracea (नुनिया झार), Amaranthus spp. (लट्टे झार)

•	 Orchard Weeds: Those weeds that affect orchards plants.

	 Examples: Parthenium hysterophorus (गाजर घाँस), Lantana camara 
(वनमारा)

Effect of Weeds on Crop Production

Weeds significantly affect crop production by competing with crops for resources, 
reducing yield, and impacting the quality of produce. The major effects of weeds 
on crop production are:

1.	 Competition for Nutrients

Weeds compete with crops for essential nutrients in the soil. Since weeds grow 
faster and have aggressive nutrient absorption capabilities, they deprive crops of 
necessary nutrients, leading to stunted growth and lower yields.



51Plant Science (Grade 9)

Example: Cyperus rotundus in rice fields reduces nitrogen availability for rice 
plants.

2.	 Competition for Water

Weeds absorb large amounts of water from the soil, especially in rain-fed 
or irrigated areas. This limits water availability for crops, causing stress and 
reducing productivity.

Example: Cynodon dactylon competes for water with maize in dryland farming.

3.	 Competition for Sunlight

Weeds with vigorous growth and broad leaves overshadow crop plants, reducing 
the amount of sunlight available for photosynthesis. This results in reduced plant 
growth and poor grain or fruit development.

Example: Parthenium hysterophorus grows taller than many crops and blocks 
sunlight.

4.	 Competition for Space

Weeds grow densely and occupy the same space as crops, interfering with the 
normal growth and development of crop plants. Crowding reduces air circulation 
and increases the risk of diseases.

Example: Echinochloa crus-galli in rice fields.

5.	 Habitat for Pests and Diseases

Weeds serve as alternate hosts for pests and diseases, increasing the incidence 
of infestations and infections in crops. They act as reservoirs where pests and 
pathogens survive and multiply.

Example: Striga spp. parasitizes maize and sorghum, weakening the host plants.

6.	 Reduced Crop Yield and Quality

Weeds directly reduce crop yields by competing for resources. Additionally, the 
quality of harvested crops is often compromised due to weed contamination, 
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leading to lower market value.

Example: Contamination of wheat grains with weed seeds such as Phalaris 
minor reduces quality.

7.	 Increased Cost of Production

Weed management requires significant resources, including labor, herbicides, 
and machinery. This increases the overall cost of production, making farming 
less profitable.

Example: The frequent need for hand weeding in small-scale vegetable farming 
increases labor costs.

8.	 Difficulty in Harvesting

Dense weed growth complicates harvesting operations, especially in mechanized 
farming. This results in delays and increased post-harvest losses.

Example: Amaranthus spp. obstructing harvesting equipment in wheat fields.
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Exercise

Choose the correct answer from the given alternatives.
1.	 Which of the following is a characteristic of weeds?

a. Slow growth		  b. High adaptability

c. Low reproductive ability	 d. Dependence on specific crops

2.	 What type of weed completes its lifecycle within one year?

a. Annual weed		  b. Biennial weed

c. Perennial weed	 d. Parasitic weed

3.	 Which weed grows in water bodies and affects aquatic crops?

a. Phalaris minor		 b. Eichhornia crassipes

c. Amaranthus spp.	 d. Lantana camara

4.	 The main effect of weeds competing for sunlight is........

a. Stunted crop growth	 b. Reduced soil nutrients

c. Increased pest attacks	 d. Improved crop yields

5.	 Which of the following is an example of a perennial weed?

a. Daucus carota		 b. Echinochloa crus-galli

c. Cynodon dactylon	 d. Amaranthus spp.

Write short answer to the following questions. 
1.	 Define a weed and explain its impact on crop production.

2.	 List the types of weeds based on their lifecycle with examples.

3.	 How do weeds compete for resources like water and nutrients with crops?

4.	 Explain the role of weeds as alternate hosts for pests and diseases.

5.	 Why is the classification of weeds based on morphology important?
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Write long answer to the following questions.
1.	 Define weeds and discuss the effects of weeds on crop production, 

including competition for water, nutrients, sunlight, and space.

2.	 Discuss the classification of weeds based on their habitat and lifecycle 
with examples.

Projecr Work
1.	 Weed Identification

Identify and classify weeds found in a local field or garden based on their 
lifecycle and habitat.

2.	 Weed Control Practices

Conduct a discussion on various weed control techniques and their 
applicability to different crops.

3.	 Weed Mapping

Observe a field and create a weed density map showing dominant weed 
species.
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Definition of Pesticide
Pesticides are chemical or biological substances used to kill, repel, or control 
pests that can harm crops, livestock, and human health. These pests include 
insects, weeds, fungi, nematodes, rodents, and other organisms that interfere 
with agricultural production and storage.

In other word, pesticides are substances, either chemical or biological, used to 
prevent, destroy, repel, or control pests that can harm crops. These pests include 
insects, weeds, fungi, nematodes, rodents, and other organisms that interfere 
with agricultural productivity or storage.

Examples of pesticides

•	 Malathion: Effective against aphids and whiteflies in vegetables.

•	 Lambda-cyhalothrin: Used to control caterpillars and beetles in maize.

•	 Glyphosate: Widely used to manage weeds in maize and wheat fields.

•	 Pendimethalin: Controls annual grasses and some broadleaf weeds in wheat.

•	 2,4-D: Effective against broadleaf weeds in rice fields.

•	 Mancozeb: Used for late blight in potatoes.

•	 Carbendazim: Effective against powdery mildew in vegetables.

•	 Tricyclazole: Controls rice blast disease.

•	 Fenamiphos: Effective against nematodes in fruit and vegetable crops.

•	 Oxamyl: Controls nematodes in potatoes and other root crops.

•	 Zinc Phosphide: Used for rats and mice in stored grains.

•	 Brodifacoum: Effective for rodent control in agricultural fields.
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•	 Aluminium Phosphide: Used for fumigating rodent burrows.

•	 Metaldehyde: Used to control slugs and snails in paddy fields.

•	 Methiocarb: Effective against snails in vegetable gardens.

Purpose of Pesticides

Pesticides are primarily used to:

•	 Protect crops from pests and diseases.

•	 Increase crop yields and quality.

•	 Prevent post-harvest losses during storage.

Example: In rice cultivation, Malathion is commonly used as an insecticide to 
control stem borers, which are major pests.

Types of Pesticides

Pesticides are classified based on the type of pests they control. Below are the 
major types of pesticides with their purpose and examples:

1.	 Insecticides

Insecticides are used to control harmful insects that feed on crops or 
transmit diseases.

Examples:

•	 Malathion: Effective against aphids and whiteflies in vegetables.

•	 Lambda-cyhalothrin: Used for caterpillars and beetles in maize.

2.	 Fungicides

Fungicides are used to control fungal infections that damage plant roots, 
stems, leaves, or fruits.

Examples:

•	 Mancozeb: Used for late blight in potatoes.

•	 Carbendazim: Controls powdery mildew in cucumbers.

•	 Tricyclazole: Effective against rice blast disease.
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3.	 Herbicides

Herbicides kill or suppress weeds that compete with crops for nutrients, 
water, and sunlight.

Examples:

•	 Glyphosate: Used to manage weeds in maize and wheat.

•	 2,4-D: Effective against broadleaf weeds in rice fields.

•	 Pendimethalin: Used for annual grasses and broadleaf weeds in wheat.

4.	 Nematicides

Nematicides kill nematodes that attack plant roots and hinder nutrient 
absorption.

Examples:

•	 Fenamiphos: Controls nematodes in vegetables.

•	 Oxamyl: Used in potatoes and root crops.

5.	 Rodenticides

Rodenticides control rodents like rats and mice that damage crops in fields 
and storage.

Examples:

•	 Brodifacoum: Effective in agricultural fields.

•	 Aluminium Phosphide: Used for fumigation of rodent burrows.

6.	 Antibiotics

Antibiotics control bacterial infections in plants.

Examples:

•	 Streptomycin Sulfate: Used for bacterial wilt in tomatoes.

•	 Kasugamycin: Effective against bacterial blight in rice.

•	 Oxytetracycline: Used in fruits to control bacterial diseases.
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7.	 Molluscicides

Molluscicides are used to control snails and slugs that harm crops in wet 
environments.

Examples:

•	 Metaldehyde: Controls slugs and snails in paddy fields.

•	 Methiocarb: Used in vegetable gardens to manage mollusks.

8.	 Viricides

Viricides manage plant viruses by controlling vectors or suppressing the 
virus.

9.	 Acaricides

Acaricides control mites that damage crops by sucking sap from leaves.

Examples:

•	 Fenpyroximate: Used to control red spider mites in vegetables.

•	 Abamectin: Effective against mites in fruit crops.

Forms of Pesticides

Pesticides are manufactured in different forms to suit various application methods, 
target pests, and specific agricultural needs. Each form has unique properties and 
uses, ensuring effective pest control. Below are the detailed forms of pesticides:

1.	 Liquid Form

Liquid pesticides are either applied directly or diluted with water before use. 
They are the most commonly used form for spraying crops.

Types:

•	 Emulsifiable Concentrates (EC): These are pesticide formulations 
dissolved in oil and mixed with water before spraying. They are easy 
to handle and penetrate plant surfaces effectively.
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	 Example: Malathion 50% EC is widely used for controlling aphids 
and whiteflies in vegetables.

•	 Suspension Concentrates (SC): These are fine particles of the 
pesticide suspended in liquid, providing even distribution on crops.

	 Example: Deltamethrin 25% SC is used for controlling caterpillars 
and beetles.

2.	 Granular Form

Granular pesticides are solid particles applied directly to the soil. They are slow-
releasing and effective for controlling soil-borne pests. Granules ensure targeted 
pest control, particularly for pests affecting plant roots.

Examples:

•	 Carbosulfan : Used for controlling root-knot nematodes in tomato 
crops.

3.	 Powder Form

Powder pesticides are available as dry particles, either applied directly or mixed 
with water.

Types:

•	 Dustable Powders (DP): These are applied dry, directly on plant 
surfaces or soil.

Example: Sulfur Dust is used for managing powdery mildew.

•	 Wettable Powders (WP): These are mixed with water to form a spray 
solution.

	 Example: Mancozeb 75% WP is commonly used for controlling fungal 
diseases like late blight in potatoes.

4.	 Tablet or Capsule Form

These are slow-releasing pesticides that dissolve gradually when placed in soil 
or water. They are particularly useful for controlled-release applications.
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Examples:

•	 Aluminium Phosphide Tablets: Used for fumigating stored grains.

•	 Slow-release capsules: Often used in environments where long-term 
pest control is required.

5.	 Bait Form

Bait formulations combine pesticides with food attractants to lure and kill pests. 
These are effective for specific pest management, especially in localized areas.

Examples:

•	 Zinc Phosphide Bait: Widely used for controlling rodents in fields and 
storage areas.

•	 Methiocarb Bait: Effective for controlling snails and slugs in vegetable 
gardens.

6.	 Aerosol Form

Aerosols are pressurized pesticides released as fine sprays, primarily for small-
scale applications.

Examples:

•	 Cypermethrin Aerosol: Used for controlling household pests like 
cockroaches and mosquitoes.

•	 Permethrin Aerosol: Effective for managing storage pests.

7.	 Fumigant Form

Fumigants are gaseous pesticides used in closed environments to control pests 
in soil, storage units, and greenhouses. These pesticides penetrate deeply and are 
highly effective against pests in hidden areas.

Examples:

•	 Methyl Bromide: Used for soil fumigation to eliminate nematodes and 
fungi.

•	 Phosphine Gas: Commonly used for pest control in stored grains.
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8.	 Gel Form

Gel pesticides are applied in crevices and cracks to control pests like cockroaches 
and ants. They are slow-acting but effective in confined spaces.

Examples:

•	 Fipronil Gel: Used for cockroach control in homes and food storage 
areas.

•	 Imidacloprid Gel: Commonly applied for controlling ants.

9.	 Water-Dispersible Granules (WDG)

These granules dissolve in water to form a sprayable solution. They are dust-free 
and provide effective pest control with uniform application.

Examples:

•	 Tricyclazole 75% WDG: Used for managing rice blast disease.

•	 Azoxystrobin WDG: Effective for controlling fungal diseases in 
vegetables.

Calculation of Commercially Formulated Pesticides

When applying pesticides, it is essential to calculate the correct amount of a 
commercially formulated product to ensure effective pest control and avoid 
wastage, environmental harm, or crop damage. The calculation depends on the 
concentration of the Active Ingredient (AI) in the pesticide formulation, the 
target application rate, and the area or quantity to be treated.

Steps for Pesticide Calculation

1.	 Understand the Application Rate

•	 This is the amount of active ingredient (AI) recommended per unit 
area, such as kg/hectare (ha) or liters/acre.

•	 Example: For rice blast control, a fungicide may require 1 kg of AI per 
hectare.
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2.	 Find out the Formulation Concentration

•	 Check the percentage of the active ingredient in the pesticide 
formulation.

•	 Example: A fungicide may contain 50% AI.

3.	 Calculate the Amount of Formulation Needed

The formula is:

Examples of Pesticide Calculation

Example 1: Fungicide for Rice Blast

Question: A farmer needs to apply Tricyclazole 75% WDG to control rice blast. 
The recommended dose is 1 kg of active ingredient (AI) per hectare. How much 
Tricyclazole is required per hectare?

Solution:

The formula:

 

	 = 1.33kg/ha

Hence, the farmer needs 1.33 kg of Tricyclazole 75% WDG per hectare.

Example 2: Herbicide for Weed Control

Question: A farmer is applying Glyphosate 41% SL herbicide for weed control. 
The recommended dose is 2 liters of active ingredient (AI) per hectare. How 
much Glyphosate is required?
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Solution:

The formula:

 

	 = 4.88 L/hectare

Hence, the farmer needs 4.88 liters of Glyphosate 41% SL per hectare.

Example 3: Insecticide for Stem Borer in Rice

Question: A farmer applies Chlorpyrifos 20% EC insecticide to control stem 
borers in rice. The recommended dose is 250 g of active ingredient (AI) per 
hectare. How much Chlorpyrifos is needed?

Solution:

The formula:

	 = 1.25L/ha

Hence, the farmer needs 1.25 liters of Chlorpyrifos 20% EC per hectare.	

Question: If a farmer needs to treat only 0.5 hectares with Tricyclazole 75% 
WDG, how much formulation is required, given the recommended dose is 1.33 
kg/ha?
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Solution:

The formula:

Area to be Treated/1 ha

	 =0.665

Hence, the farmer needs 0.665 kg of Tricyclazole 75% WDG for 0.5 hectares.

Conversion for Different Areas

If the area to be treated is smaller or larger than 1 hectare, adjust the formulation 
proportionally:

Formulation for Specific Area = 

Example: If only 0.5 ha is to be treated using 1.33 kg/ha of Tricyclazole 75% 
WDG:

Required Formulation for 0.5 ha =  = 0.665kg

In Nepal, land measurement units like Ropani, Kattha, and Bigha are commonly 
used. To calculate the amount of pesticide for these units, we must adjust the 
calculation based on the conversion of these units to hectares (ha) or acres.

Land Measurement Conversion

1.	 1 Ropani = 0.05087 hectares = 0.125 acres

2.	 1 Kattha = 0.03388 hectares = 0.083 acres

3.	 1 Bigha = 0.677 hectares = 1.67 acres

Example 1: Fungicide for Rice Blast (Ropani System)

Question: A farmer needs to apply Tricyclazole 75% WDG to control rice blast 
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in 1 Ropani. The recommended dose is 1 kg of active ingredient (AI) per hectare. 
How much Tricyclazole should be applied?

Solution:

1 Ropani = 0.05087 hectares

	

	    = 0.0678kg

	    =67.8g

Hence, the farmer should use 67.8 g of Tricyclazole 75% WDG for 1 Ropani.

Example 2: Herbicide for Weed Control (Kattha System)

Question: A farmer applies Glyphosate 41% SL herbicide in 1 Kattha. The 
recommended dose is 2 liters of AI per hectare. How much Glyphosate is 
required?

Solution:

1 Kattha = 0.03388 hectares

The formula:

	 = 0.165L

	 = 165ml

Hence, the farmer should use 165 ml of Glyphosate 41% SL for 1 Kattha.



66 Plant Protection

Example 3: Insecticide for Stem Borer in Rice (Bigha System)

Question: A farmer applies Chlorpyrifos 20% EC insecticide to control stem 
borers in 1 Bigha. The recommended dose is 250 g of AI per hectare. How much 
Chlorpyrifos is needed?

Solution:

1 Bigha = 0.677 hectares

	 = 0.846 L

	 = 864 ml

Hence, the farmer should use 846 ml of Chlorpyrifos 20% EC for 1 Bigha.

Example 4: Fumigant for Stored Grains (Kattha System)

Question: A farmer needs to fumigate 2 Kattha of stored grain using Aluminium 
Phosphide tablets. The recommended dose is 3 tablets per 100 square meters. 
How many tablets are required?

Solution:

1 Kattha = 338 square meters

For 2 Kattha:

	 = 676 m2 

The formula:
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	 = 20.28 tablets

Hence, the farmer should use approximately 20 tablets for 2 Kattha.

Practical Tips for Accurate Calculation

1.	 Always read the label on the pesticide package for specific recommendations.

2.	 Use calibrated equipment for mixing and applying the pesticide.

3.	 Adjust calculations for variations in application methods or environmental 
conditions.

Methods of Pesticides Application

Pesticides are applied using different methods based on the type of pest, crop, 
and stage of application. Here are the common methods:

1.	 Soil Application

Soil application involves applying pesticides directly to the soil to control pests 
that live in or attack plant roots, as well as soil-borne diseases. Commonly used 
forms include granules and drenches, which are mixed into the soil to ensure 
effectiveness. This method is useful for managing nematodes, termites, and 
fungal diseases like damping-off. For example, Carbofuran is commonly used 
to control root-knot nematodes. 

2.	 Foliar Application

Foliar application refers to spraying pesticides directly onto the leaves, stems, 
or flowers of plants to manage pests and diseases affecting the aerial parts. This 
method ensures even coverage, making it effective for controlling leaf-eating 
insects, sap-sucking pests, and fungal diseases. For instance, Malathtion is 
sprayed to manage rice stem borers, and Mancozeb is used to control late blight 
in potatoes, a common fungal disease.
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3.	 Fumigation

Fumigation uses gaseous pesticides to control pests in soil, storage facilities, 
or enclosed spaces. It is highly effective for managing nematodes, storage 
insects, and fungal pathogens as the gas penetrates deeply into the affected areas. 
Common examples include Aluminium Phosphide, used for fumigating stored 
grains, and Methyl Bromide, often used for soil fumigation to eliminate pests 
before planting.

4.	 Seed Treatment

Seed treatment involves applying pesticides 
to seeds before planting to protect them from 
seed-borne or soil-borne pests and diseases 
during germination. This method ensures 
healthy plant growth in the early stages by 
preventing fungal and insect attacks. For 
example, Thiram is widely used to protect 
seeds from fungal diseases, and Imidacloprid 
is commonly applied to guard seeds against 
soil-borne insects.

5.	 Post-Harvest Treatment

Post-harvest treatment involves the 
application of pesticides to harvested 
produce to protect it from pests and 
diseases during storage and transportation. 
This method maintains the quality and shelf 
life of grains, fruits, and vegetables. For 
example, malathion is sprayed on stored 
grains to prevent insect infestations and 
chlorine solutions are used for disinfecting 
fruits and vegetables.
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Harmful Effect of Pesticide: Poisoning and Pollution

Pesticides, while essential for controlling pests and improving agricultural 
yields, pose significant risks to human health and the environment when misused. 
Pesticide poisoning affects farm workers and communities, while pollution 
disrupts ecosystems and contaminates natural resources.

1.	 Pesticide Poisoning

Pesticide poisoning occurs when 
humans or animals are exposed to 
toxic levels of pesticides through 
ingestion, inhalation, or skin contact. It 
can be classified into acute and chronic 
poisoning:

•	 Acute Poisoning: Acute 
poisoning results from short-
term exposure to high doses 
of pesticides. Symptoms 
can appear within hours 
and include nausea, vomiting, 
headaches, skin irritation, 
difficulty breathing, dizziness, 
and in severe cases, seizures or 
death.

	 Example: Farmers spraying 
organophosphate insecticides, 
like Chlorpyrifos, without 
wearing protective gear often 
experience acute symptoms, 
including headaches and 
respiratory distress.
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•	 Chronic Poisoning: Chronic 
poisoning occurs due to 
prolonged exposure to low 
levels of pesticides over time. 
It can lead to serious long-
term health effects, such as 
cancer, neurological disorders, 
reproductive issues, hormonal 
imbalances, and damage to the 
liver and kidneys.

	 Example: Prolonged 
exposure to carbamates or 
organophosphates used in 
vegetable farming has been linked to neurological diseases like 
Parkinson’s in farm workers.

2.	 Pesticide Pollution

Pesticide pollution occurs when pesticides contaminate the environment, leading 
to harmful effects on soil, water, air, and non-target organisms. This pollution 
negatively impacts ecosystems and human health.

•	 Soil Pollution: Excessive or continuous use of pesticides can leave 
toxic residues in the soil. This reduces soil fertility, kills beneficial 
microorganisms, and alters soil structure. Persistent chemicals, like 
DDT and chlorinated hydrocarbons, can remain in the soil for years, 
affecting subsequent crops.

	 Example: Repeated use of herbicides in maize and wheat fields leads 
to the buildup of harmful residues, reducing microbial activity in the 
soil.

•	 Water Pollution: Pesticides washed off into nearby water bodies 
through rain or irrigation contaminate rivers, lakes, and groundwater. 
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This affects aquatic life, disrupts ecosystems, and makes water unsafe 
for drinking.

	 Example: Glyphosate runoff from agricultural fields into rivers has 
been linked to the death of fish and other aquatic organisms.

•	 Air Pollution: Pesticides sprayed onto crops can vaporize and drift 
into the air, causing air pollution and exposing nearby communities to 
harmful chemicals. This is common during aerial spraying.

	 Example: Insecticide drift from cotton fields has caused respiratory 
problems in nearby villages due to prolonged inhalation of pesticide 
particles.

•	 Impact on Non-Target Organisms: Pesticides often kill beneficial 
insects, birds, and other wildlife, disrupting ecological balance. 
Bees, essential for pollination, are particularly vulnerable to certain 
insecticides.

	 Example: Neonicotinoid pesticides have been directly linked to the 
decline in bee populations, affecting pollination and crop production.

Discuss the Safe Use and Misuse of Pesticides

Safe Use of Pesticides

Pesticides play a vital role in protecting crops from pests and diseases, but their 
safe use is crucial to minimize risks to human health, the environment, and non-
target organisms. Proper handling, application, and disposal ensure effective pest 
control while reducing harmful effects.

Practices for Safe Use

•	 Reading Labels: Always follow the manufacturer's instructions on the label, 
including recommended dosage, application method, and safety precautions.

•	 Using Protective Equipment: Wear gloves, masks, goggles, and protective 
clothing to prevent direct exposure to pesticides.

•	 Calibrating Equipment: Ensure sprayers and other application equipment 
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are properly adjusted to avoid overuse or uneven distribution.

•	 Timing Applications: Apply pesticides during calm weather and at 
recommended crop stages to minimize drift and ensure effectiveness.

•	 Proper Storage: Store pesticides in their original containers, away from 
food, water sources, and out of reach of children or animals.

•	 Disposing Safely: Dispose of leftover pesticides and containers as per local 
regulations to avoid environmental contamination.

Misuse of Pesticides

Misuse of pesticides refers to improper handling, overapplication, or non-
compliance with safety guidelines, leading to harmful effects on health, crops, 
and the environment.

1.	 Common Forms of Misuse

•	 Overapplication: Using higher doses than recommended can cause 
pesticide residues in food, damage soil fertility, and harm non-target 
organisms. Example: Excessive use of Chlorpyrifos in rice fields leads 
to toxic buildup in soil and water.

•	 Improper Application Methods: Applying pesticides meant for soil 
treatment as foliar sprays reduces effectiveness and risks harming the 
environment. Example: Spraying 2,4-D herbicide on windy days can 
drift onto nearby fields, damaging crops.

•	 Lack of Protective Gear: Farmers mixing or applying pesticides 
without gloves or masks are exposed to acute poisoning or chronic 
illnesses. Example: Workers developing skin rashes or respiratory 
issues after handling organophosphates.

•	 Improper Storage and Disposal: Storing pesticides near food or 
water sources and discarding containers irresponsibly can lead to 
contamination and poisoning. Example: Washing pesticide containers 
in rivers harms aquatic life and contaminates water.
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•	 Use of Banned or Expired Pesticides: Using banned chemicals or 
expired pesticides can result in ineffective pest control and severe 
environmental damage. Example: Persistent use of DDT harms 
beneficial organisms and pollutes the environment.

2.	 Consequences of Misuse:

•	 Health Risks: Acute poisoning, skin diseases, respiratory issues, and 
long-term effects like cancer or neurological disorders.

•	 Environmental Damage: Soil degradation, water contamination, and 
harm to beneficial insects like pollinators.

•	 Pest Resistance: Overuse of pesticides may lead to resistance in pests, 
rendering the pesticide ineffective.

•	 Economic Losses: Misuse can result in reduced yields, crop failure, 
and fines for non-compliance with safety standards.

Safe Use vs. Misuse

Aspect Safe Use Misuse
Handling Proper handling with 

protective gear.
Handling without gloves, 
masks, or proper tools.

Application Correct dosage and timing 
as per guidelines.

Overdose or incorrect method, 
leading to inefficiency.

Environmental 
Impact

Minimal due to proper use 
and disposal.

Severe pollution of soil, 
water, and air.

Health Effects Reduced risks to human 
health.

High risk of acute and chronic 
poisoning.
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Exercises 

Choose the correct answer from the given alternatives.

1.	 What are pesticides primarily used for?

a. Fertilizing crops

b. Preventing, destroying, or controlling pests

c. Enhancing soil aeration

d. Improving water retention in soil

2.	 Which of the following is an example of an insecticide?

a. Mancozeb		  b. Glyphosate

c. Malathion		  d. Zinc phosphide

3.	 Which pesticide form is most commonly used for soil application?

a. Granules		  b. Aerosols

c. Gels		  d. Liquid formulations

4.	 What is the recommended safety practice when applying pesticides?

a. Apply during windy conditions for better spread.

b. Store pesticides near food supplies for easy access.

c. Wear protective gear and follow label instructions.

d. Double the recommended dose for maximum effectiveness.

5.	 What is the primary harmful effect of pesticide misuse?

a. Improved pest control efficiency

b. Increased crop resistance

c. Soil degradation and water pollution

d. Decreased need for fertilizer
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6.	 What is an example of a nematicide?

a. Mancozeb		  b. Fenamiphos

c. Carbendazim		  d. Aluminium phosphide

7.	 What is the major symptom of acute pesticide poisoning?

a. Increased crop yield

b. Skin irritation and respiratory distress

c. Enhanced photosynthesis

d. Higher soil fertility

8.	 Which method involves the application of pesticides to seeds before 
planting?

a. Soil application	 b. Foliar application

c. Seed treatment		 d. Post-harvest treatment

9.	 Which banned pesticide is known for its long-lasting soil and water 
pollution effects?

a. Glyphosate		  b. DDT

c. Malathion		  d. Chlorpyrifos

10.	 What is the purpose of fumigation in pesticide application?

a. To fertilize the soil

b. To control pests in enclosed areas or soil

c. To protect seeds from pests

d. To enhance crop growth

11.	 A farmer applies Tricyclazole 75% WDG to control rice blast. The 
recommended dose is 1 kg of AI per hectare. How much Tricyclazole is 
needed per hectare?

a. 0.75 kg		  b. 1.33 kg

c. 1.75 kg		  d. 2.0 kg
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12.	 If a farmer applies Chlorpyrifos 20% EC at a rate of 250 g of AI per hectare, 
how much formulation is required for 1 hectare?

a. 1.5 L		  b. 1.25 L

c. 2.0 L		  d. 0.75 L

Write short answer to the following questions.
1.	 Define pesticides and explain their primary purpose.

2.	 Differentiate between insecticides and fungicides with examples.

3.	 What are the different forms of pesticides? Provide examples.

4.	 Explain the term "pesticide poisoning" and list its symptoms.

5.	 Why is it important to calculate pesticide dosage accurately?

6.	 Describe the harmful effects of pesticide misuse on the environment.

7.	 What are the safe practices for using pesticides?

8.	 Explain the significance of fumigation in pest control.

Write long answer to the following questions.
1.	 Discuss the different types of pesticides with their uses and examples.

2.	 Explain the methods of pesticide application with suitable examples.

3.	 Describe the harmful effects of pesticides, including poisoning and 
pollution, with examples.

4.	 Discuss the safe use and misuse of pesticides and their consequences.

5.	 Explain the steps to calculate the required amount of pesticide formulation 
for a specific area.

6.	 Calculate the pesticide quantities for the following scenarios:

a.	 Glyphosate 41% SL herbicide for 1 Kattha (recommended dose: 2 
liters AI/ha).

b.	 Tricyclazole 75% WDG for 0.5 hectares (recommended dose: 1 kg AI/
ha).

c.	 Aluminium Phosphide for 2 Kattha of stored grain (3 tablets per 100 
m²).
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Project Work
1.	 Pesticide Classification

Classify common pesticides into categories like insecticides, fungicides, 
herbicides, etc., based on examples provided.

2.	 Dosage Calculation Exercise

Calculate pesticide quantities for different field sizes using examples like 
Tricyclazole and Glyphosate.

3.	 Safety Demonstration

Conduct a demonstration on proper pesticide application and safety 
measures, including the use of protective gear.

4.	 Field Visit

Visit a local farm to observe pesticide application methods and discuss 
their impact on crop production.

5.	 Roleplay 

Simulate situations of safe pesticide use versus misuse and discuss the 
outcomes.
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Introduction to Plant Protection Appliances
Plant protection appliances are tools and equipment designed to apply pesticides 
and other plant protection materials efficiently and effectively to protect crops 
from pests, diseases, and weeds. These appliances play a critical role in modern 
agriculture by ensuring that plant protection agents are applied uniformly, 
safely, and in the right quantities to achieve optimal results. Proper use of these 
appliances minimizes wastage, reduces environmental impact, and ensures better 
pest and disease control.

Types of Plant Protection Appliances

1.	 Sprayers: Sprayers are used to apply liquid pesticides, herbicides, and 
fertilizers directly onto crops. They ensure even distribution of chemicals 
and reduce the risk of overapplication.

Examples: Hand sprayers, knapsack sprayers, power sprayers, and tractor-
mounted sprayers.

2.	 Dusters: Dusters are used to apply dry formulations like dustable powders 
(DP) on crops. They are commonly used for fungal diseases and insect pests.

Examples: Hand dusters, rotary dusters, and motorized dusters.

3.	 Seed Treatment Drums: These are used for treating seeds with fungicides, 
insecticides, or micronutrients before sowing. This ensures protection 
against seed-borne and early soil-borne pests and diseases.

Example: Rotary seed treatment drums.

4.	 Soil Injectors: These appliances are used to apply fumigants or nematicides 

Unit  
6

Plant Protection 
Appliances
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directly into the soil to control soil-borne pests like nematodes and termites.

Example: Soil fumigant injectors.

5.	 Fumigation Devices: These are used to apply gaseous pesticides for 
controlling storage pests in grains or soil pests before planting.

Examples: Fumigation tents, phosphine fumigant applicators.

6.	 Weeders and Herbicide Applicators: These tools are used to apply 
herbicides for weed control in specific areas of the field. They minimize 
wastage and ensure precision.

Examples: Spot weeders and boom sprayers.

Importance of Plant Protection Appliances

•	 Efficient Pesticide Use: These appliances ensure accurate application, 
reducing wastage and ensuring effective pest and disease control.

•	 Time and Labor Saving: Modern plant protection equipment allows large 
areas to be treated quickly, reducing the time and labor required for manual 
applications.

•	 Reduced Environmental Impact: Properly calibrated equipment 
minimizes chemical drift, runoff, and overuse, protecting the surrounding 
environment.

•	 Improved Crop Health and Yield: By effectively managing pests and 
diseases, these tools contribute to better crop health and higher yields.

Plant Protection Appliances Commonly Used in Nepal

In Nepal, plant protection appliances such as sprayers and dusters are widely 
used for the application of pesticides to manage pests, diseases, and weeds in 
agricultural fields. These appliances ensure efficient, uniform, and targeted 
application of plant protection materials, contributing to sustainable crop 
production.
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1.	 Sprayers

Sprayers are appliances used to apply liquid formulations of pesticides, 
herbicides, and fungicides to crops. They play a crucial role in ensuring even 
distribution of the chemicals over the plant surfaces. Sprayers are suitable for 
controlling leaf-eating insects, sap-sucking pests, and foliar diseases.

Types of Sprayers

•	 Hand Sprayers: Simple, manually operated 
sprayers used for small-scale applications in home 
gardens or small plots.

	 Example: Hand compression sprayers for vegetable 
crops.

•	 Knapsack Sprayers: These are backpack 
sprayers with a lever-operated pump, 
commonly used in Nepal for medium-sized 
farms.

	 Example: Knapsack sprayers for applying 
Mancozeb to control late blight in potatoes.

•	 Power Sprayers: Motorized sprayers used 
for large-scale applications, providing high 
efficiency and speed.

	 Example: Power sprayers for applying 
Chlorpyrifos in rice fields.

•	 Tractor-Mounted Sprayers: Used for large 
fields and commercial farming, especially 
in flat terrain areas.

	 Example: Boom sprayers for herbicide 
application in wheat and maize fields.
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Advantages:

•	 Uniform application of pesticides.

•	 Reduces labor and time required for large 
areas.

•	 Minimizes wastage of chemicals.

2.	 Dusters

Dusters are appliances used to apply dry formulations 
of pesticides, such as dustable powders (DP), to 
plants. They are particularly effective for controlling pests and diseases in dry 
conditions or for crops that cannot tolerate liquid sprays.

Types of Dusters

•	 Hand Dusters: Manually operated and used for 
small areas like vegetable gardens.

	 Example: Hand dusters for applying sulfur dust to 
control powdery mildew in cucumbers.

•	 Rotary Dusters: Operated by rotating a handle to 
blow pesticide dust over plants. Suitable for 
small and medium-sized farms.

	 Example: Rotary dusters for applying 
Malathion dust to stored grains.

•	 Motorized Dusters: Powered by a small 
motor, these are used for larger areas to 
ensure faster and more efficient application.

	 Example: Motorized dusters for controlling 
rice hispa in paddy fields.

Advantages:

•	 Suitable for areas with limited water 
availability.
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•	 Effective for crops sensitive to liquid formulations.

•	 Easy to handle and maintain.

Proper Handling, Care, and Maintenance of Plant Protection Appliances

Proper handling, care, and maintenance of plant protection appliances such as 
sprayers and dusters are essential to ensure their effective functioning, safety, 
and durability. These practices prevent equipment breakdowns, ensure uniform 
application of pesticides, and safeguard the operator and the environment.

1.	 Proper Handling of Sprayers

Sprayers require careful handling to ensure effective application of liquid 
pesticides. Before use, it is important to read the manufacturer’s instructions 
thoroughly. The sprayer should be calibrated to deliver the correct dosage 
of pesticide based on the crop and pest requirements. Operators must wear 
protective equipment such as gloves, goggles, and masks to minimize exposure 
to pesticides. The spray tank should not be overfilled to avoid spillage, and the 
operator should avoid spraying in windy conditions to prevent drift.

2.	 Proper Handling of Dusters

Dusters should be handled carefully to ensure uniform application of dry 
pesticide formulations. Operators must avoid overloading the dust chamber, 
as this can cause blockages or uneven application. The nozzle or outlet should 
always be directed away from the operator to prevent inhalation of pesticide 
dust. The rotary handle or motor should be operated gently to avoid damaging 
the internal components.

3.	 Care of Sprayers

Proper care of sprayers ensures their longevity and effectiveness. It is important 
to use clean water to prepare pesticide solutions to prevent sediment buildup 
inside the tank. Pesticides should be mixed outside the spray tank to avoid 
clogging. After use, the sprayer must be cleaned thoroughly to remove chemical 
residues that can corrode the components. The tank, nozzles, and hoses should 
be flushed with clean water after every application.
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4.	 Care of Dusters

To maintain dusters, operators must ensure that the dust chamber is clean and 
dry before use. Only recommended types and sizes of dustable powders should 
be used to avoid clogging. After each use, the dust chamber and outlet should be 
cleaned thoroughly to prevent residue buildup that can block the airflow.

5.	 Maintenance of Sprayers

Regular maintenance of sprayers is crucial for their efficient operation. The 
nozzles, filters, and hoses should be inspected regularly for blockages or 
damage. Worn-out parts such as washers and seals should be replaced promptly. 
Moving parts, such as pumps and levers, should be lubricated periodically to 
ensure smooth operation. Sprayers must be stored in a dry and shaded area to 
protect them from moisture and sunlight, which can damage plastic and rubber 
components.

6.	 Maintenance of Dusters

Maintenance of dusters involves inspecting all parts, including the blower, outlet 
nozzle, and rotary mechanisms, for wear or damage. Moving parts, such as the 
rotary handle or motor, should be lubricated to prevent rust and ensure smooth 
functioning. Dusters must be stored in a dry area to protect them from moisture 
and contamination.

7.	 General Guidelines for Both Sprayers and Dusters

Both sprayers and dusters require safe handling and proper storage. Operators 
should always wear protective equipment while operating, cleaning, or 
maintaining these appliances. Calibration of the equipment should be done 
regularly to ensure accurate output and uniform pesticide coverage. After use, 
the equipment must be cleaned thoroughly and stored in a safe, dry, and well-
ventilated area. Keeping these appliances away from children, animals, and food 
storage areas is essential to prevent accidental exposure.
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Exercise

Choose the correct answer from the given alternatives.
1.	 What is the primary purpose of plant protection appliances?

a. To ensure uniform application of pesticides.

b. To increase crop growth directly.

c. To reduce the use of fertilizers.

d. To avoid crop rotation.

2.	 Which type of sprayer is commonly used for medium-sized farms in 
Nepal?

a. Hand sprayer		  b. Knapsack sprayer

c. Power sprayer		  d. Tractor-mounted sprayer

3.	 What is the primary function of a duster?

a. To apply liquid pesticides

b. To apply dustable powders (DP)

c. To inject fumigants into the soil

d. To mix seed treatments

4.	 Which of the following is an example of a motorized duster?

a. Hand compression duster	 b. Sulfur applicator

c. Rotary duster		  d. Motorized duster for rice fields

5.	 What should be done to ensure uniform application while using a sprayer?

a. Spray during windy conditions

b. Avoid wearing protective gear

c. Calibrate the equipment

d. Overfill the spray tank
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6.	 Which type of sprayer is suitable for large-scale farming operations?

a. Hand sprayer		  b. Power sprayer

c. Tractor-mounted sprayer	 d. Knapsack sprayer

7.	 What is the recommended storage condition for plant protection appliances?

a. Wet and shaded area	 b. Dry and shaded area

c. Near food and water sources	 d. Exposed to direct sunlight

8.	 Why is cleaning a sprayer after use important?

a. To reduce pesticide efficiency.

b. To prevent clogging and corrosion.

c. To reduce the operator's workload.

d. To increase pesticide residue.

9.	 What type of protective equipment is essential while handling sprayers?

a. Gloves, goggles, and masks	 b. Aprons and sandals

c. Caps and handkerchiefs	 d. Raincoats

10.	 Which appliance is used for treating seeds before sowing?

a. Fumigation device	 b. Seed treatment drum

c. Knapsack sprayer	 d. Spot weeder

Write short answer to the following questions. 
1.	 Define plant protection appliances and state their importance in agriculture.

2.	 List the common types of sprayers used in Nepal with examples.

3.	 Why is the calibration of sprayers necessary before use?

4.	 Mention the advantages of using dusters for pesticide application.

5.	 Describe the importance of wearing protective equipment while using 
plant protection appliances.

6.	 What are the general guidelines for maintaining plant protection appliances?

7.	 Differentiate between hand sprayers and power sprayers.
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8.	 Explain the purpose of seed treatment drums in plant protection.

Write long answer to the following questions.
1.	 Discuss the types of sprayers and dusters commonly used in Nepal with 

their advantages and examples.

2.	 Explain the proper handling, care, and maintenance of sprayers and dusters.

3.	 Compare the applications and limitations of sprayers and dusters in plant 
protection.

4.	 Explain the steps involved in maintaining plant protection appliances to 
ensure durability and efficiency.

5.	 Discuss the role of plant protection appliances in minimizing environmental 
impact and improving crop health.

Project Work

1.	 Demonstration Exercise

Conduct a practical session on calibrating and operating a knapsack 
sprayer.

2.	 Group Activity 

Identify different plant protection appliances used in your region and 
present their usage and benefits.

3.	 Maintenance Workshop 

Organize a workshop to demonstrate the cleaning and maintenance of 
sprayers and dusters.

4.	 Safety Practice 

Role-play proper handling of protective equipment and plant protection 
appliances during application.

5.	 Field Visit 

Visit a local farm to observe the practical use of various plant protection 
appliances.
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Explanation of the Principles of Plant Pest Management
Principles of Plant Pest Management

Plant pest management is a systematic approach aimed at reducing pest 
populations and minimizing their impact on crops while ensuring environmental 
safety and sustainability. The principles of plant pest management are based on 
an understanding of pest biology, the environment, and crop production practices. 
Below are the key principles explained:

1.	 Prevention

Prevention focuses on avoiding pest problems before they occur. This involves 
practices that create unfavorable conditions for pests to thrive.

Examples

•	 Selecting pest-resistant crop varieties (e.g., resistant rice varieties 
against stem borers).

•	 Maintaining field hygiene by removing weeds and crop residues.

•	 Practicing crop rotation to break pest life cycles.

•	 Using certified pest-free seeds.

2.	 Monitoring and Surveillance

Regular monitoring of pest populations and crop health is essential for effective 
pest management. This involves field inspections, pest scouting, and the use of 
tools like pheromone traps and light traps.

Unit  
7

Plant Pest Management
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Importance

•	 Early detection of pests allows timely intervention.

•	 Helps in identifying pest thresholds for economic action (Economic 
Threshold Level - ETL).

•	 Reduces unnecessary pesticide applications.

3.	 Economic Threshold Level (ETL)

The Economic Threshold Level is the pest population density at which control 
measures should be taken to prevent the pest population from causing economic 
damage.

Principle:

Control actions are taken only when pest populations reach the ETL to balance 
pest control costs and crop losses.

Example: Controlling aphids in wheat when they exceed the ETL to avoid yield 
losses.

4.	 Integrated Pest Management (IPM)

IPM is an eco-friendly approach that combines various pest management strategies 
to minimize pest damage while reducing reliance on chemical pesticides.

Components

•	 Cultural Control: Practices like crop rotation, intercropping, and 
timely sowing.

•	 Mechanical Control: Physical removal of pests using traps, 
handpicking, or barriers.

•	 Biological Control: Use of natural enemies like predators (lady beetles 
for aphids) and parasitoids (Trichogramma for stem borers).

•	 Chemical Control: Judicious use of pesticides as a last resort.
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5.	 Physical Method

The physical method involves the use of environmental factors or physical 
barriers to prevent pest entry or survival. These methods are often used as the 
first line of defense.

Examples

•	 Solarization: Using transparent plastic sheets to trap solar heat and kill 
soil-borne pests and pathogens.

•	 Trapping: Using light traps to attract and kill flying insects like moths.

•	 Temperature Control: Exposing pests to extreme heat or cold, such 
as heat treatment of grains to kill storage pests.

6.	 Mechanical Method

The mechanical method uses physical means to directly remove or kill pests. It 
is labor-intensive but effective for small-scale farming.

Examples

•	 Handpicking: Removing visible pests like caterpillars or beetles by 
hand.

•	 Crushing: Destroying egg masses or pest colonies manually.

•	 Traps: Installing sticky traps, pheromone traps, or pitfall traps to 
capture pests.

•	 Barriers: Using netting or fences to prevent pest entry into fields.

8.	 Cultural Method

Cultural methods involve modifying farming practices to create an environment 
less favorable for pest growth. These methods are preventive and eco-friendly.

Examples

•	 Crop Rotation: Planting different crops in successive seasons to 
disrupt pest life cycles.

•	 Intercropping: Growing two or more crops together to confuse pests.

•	 Field Sanitation: Removing crop residues and weeds that harbor pests.
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•	 Timely Sowing and Harvesting: Adjusting planting and harvesting 
times to avoid peak pest infestations.

9.	 Biological Method

Biological pest management relies on using natural enemies of pests, such as 
predators, parasitoids, and pathogens, to control pest populations. This method 
is environmentally sustainable and reduces reliance on chemicals.

Examples

•	 Predators: Ladybird beetles feeding on aphids.

•	 Parasitoids: Trichogramma wasps parasitizing the eggs of rice stem 
borers.

•	 Pathogens: Using Bacillus thuringiensis (Bt) bacteria to control 
caterpillars.

10.	 Chemical Method

The chemical method involves using pesticides to control pest populations. 
While effective, this method should be used judiciously to avoid resistance, 
health risks, and environmental damage.

Examples

•	 Fungicides: Mancozeb for controlling late blight in potatoes.

•	 Insecticides: Chlorpyrifos for managing stem borers in rice.

•	 Herbicides: Glyphosate for weed control in maize fields.

11.	 Regulatory Method

The regulatory method includes government-enforced measures to prevent the 
introduction and spread of pests. It often involves quarantine and inspection 
services.

Examples

•	 Quarantine: Restricting the import of potentially infested plants or 
seeds.
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•	 Destruction of Infected Plants: Compulsory removal and destruction 
of pest-infected crops, such as burning infested fields during locust 
outbreaks.

•	 Inspection: Monitoring borders and agricultural zones to prevent the 
entry of invasive pests.

12.	 Genetic Method

The genetic method uses pest-resistant crop varieties or genetically modified 
organisms (GMOs) to manage pest populations. It provides long-term control 
with minimal input costs.

Examples

•	 Resistant Varieties: Developing crops resistant to pests, such as Bt 
cotton resistant to bollworms.

•	 Sterile Insect Technique (SIT): Releasing sterile male pests to reduce 
the reproduction rate of the pest population.

•	 Genetically Modified Crops: Using genetically engineered crops like 
Bt maize, which produces proteins toxic to specific pests.
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Exercise

Choose the correct answer from the given alternatives.
1.	 What is the primary goal of plant pest management?

a. Increasing pest populations

b. Minimizing pest impact on crops while ensuring sustainability

c. Eliminating all pests from the environment

d. Avoiding crop management practices

2.	 Which principle focuses on avoiding pest problems before they occur?

a. Monitoring and Surveillance	 b. Prevention

c. Cultural Control	 d. Genetic Control

3.	 What is the Economic Threshold Level (ETL)?

a. The maximum crop yield possible

b. The pest population density at which control measures are taken

c. The lowest pesticide application rate

d. The average cost of pest management

4.	 Which of the following is an example of a physical method of pest control?

a. Crop rotation

b. Trapping using light traps

c. Use of predators like ladybird beetles

d. Application of insecticides

5.	 In biological control, which organism is commonly used to control aphids?

a. Trichogramma		 b. Ladybird beetles

c. Bacillus thuringiensis	 d. Sterile male insects

6.	 What is the primary focus of regulatory pest management?

a. Using natural predators
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b. Applying chemical pesticides

c. Enforcing quarantine and inspection measures

d. Altering planting dates

7.	 Which method involves the use of genetically modified organisms (GMOs) 
to control pests?

a. Cultural method	 b. Genetic method

c. Mechanical method	 d. Physical method

8.	 What is an example of a mechanical pest management technique?

a. Solarization

b. Handpicking pests from crops

c. Use of resistant crop varieties

d. Application of pheromone traps

9.	 Which pest management method relies on practices like intercropping and 
crop rotation?

a. Cultural method	 b. Biological method

c. Chemical method	 d. Genetic method

10.	 What is the role of sterile insect technique (SIT) in pest management?

a. Reducing pest reproduction by releasing sterile males

b. Killing pests with chemical pesticides

c. Attracting pests with light traps

d. Preventing pest infestations with crop rotation

Write short answer to the following questions. 
1.	 Define Integrated Pest Management (IPM) and state its components.

2.	 What is the significance of monitoring and surveillance in pest management?

3.	 Explain the principle of Economic Threshold Level (ETL) in pest control.
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4.	 List two examples each of mechanical and physical methods of pest 
management.

5.	 How does crop rotation help in managing pest populations?

6.	 Mention two examples of biological control agents and their target pests.

7.	 What are the advantages of using genetically modified crops for pest 
management?

8.	 Describe the role of quarantine in regulatory pest management.

Write long answer to the following questions.
1.	 Discuss the principles of Integrated Pest Management (IPM) and explain 

how it minimizes the reliance on chemical pesticides.

2.	 Compare and contrast cultural, mechanical, and biological methods of pest 
management with examples.

3.	 Explain the genetic method of pest management, including the use of 
GMOs and sterile insect techniques, with relevant examples.

4.	 Discuss the regulatory measures used in pest management and their 
importance in preventing pest outbreaks.

5.	 Describe the harmful effects of improper pest management practices and 
suggest strategies for sustainable pest control.

Project Work
1.	 Field Monitoring 

Conduct pest scouting in a crop field and document the types of pests 
observed and their populations.

2.	 Group Discussion 

Discuss the benefits and challenges of Integrated Pest Management (IPM) 
in small-scale farming.

3.	 Practical Demonstration 

Set up and demonstrate the use of physical traps, such as light traps or 
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pheromone traps, for pest control.

4.	 Case Study Analysis 

Analyze a case where a pest outbreak was successfully managed using 
regulatory methods, and present the findings.

5.	 Role-Playing 

Simulate a scenario where farmers decide on pest control strategies based 
on ETL and IPM principles.
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8.1	 Definitions and Concepts of ICM (Integrated crop Management)
Definition

Integrated Crop Management (ICM) is a sustainable and holistic approach 
to agriculture that combines various farming practices and management 
strategies to maximize crop productivity while minimizing adverse effects on 
the environment. It integrates modern agricultural techniques with traditional 
knowledge to ensure soil fertility, protect crops from pests and diseases, conserve 
natural resources, and promote food safety.

Concepts of Integrated Crop Management
1.	 Soil Health Management: Integrated Crop Management focuses on 

maintaining soil fertility and structure through various sustainable 
practices. These include crop rotation, cover cropping, minimal tillage, and 
the application of organic matter and fertilizers. Farmers are encouraged 
to conduct soil testing and follow nutrient management plans to ensure 
balanced soil health.

2.	 Efficient Water Use: Efficient use of water resources is a critical 
component of ICM. This involves the adoption of irrigation techniques 
such as drip irrigation or sprinkler systems, which conserve water while 
maintaining proper crop hydration. Water conservation practices like 
rainwater harvesting are also encouraged.

3.	 Integrated Pest Management (IPM): Integrated Pest Management is a key 
aspect of ICM, where a combination of methods is used to control pests and 
diseases effectively. These methods include cultural practices, biological 

Unit  
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control agents, and the selective use of chemical pesticides. Pesticides are 
applied only when necessary to reduce the risk of environmental pollution.

4.	 Crop Diversification: Integrated crop management emphasizes the 
importance of growing a variety of crops to enhance sustainability. Crop 
rotation and intercropping are practiced to improve soil fertility, reduce 
the risk of pest and disease outbreaks, and make farms more resilient to 
market fluctuations.

5.	 Weed and Disease Management: The management of weeds and diseases 
in ICM involves integrating different control methods. These include 
mechanical weeding, biological control using natural enemies, and the 
judicious application of herbicides and fungicides to protect crops.

6.	 Use of Improved Varieties: Integrated Crop Management encourages the 
use of high-yielding, pest-resistant, and climate-resilient crop varieties. 
These varieties help increase productivity and reduce input costs while 
enhancing farm profitability.

7.	 Resource Conservation: Conservation of natural resources is a core 
principle of ICM. Practices such as agroforestry, the use of buffer strips, 
and cover cropping are adopted to conserve soil, water, and biodiversity, 
ensuring the sustainability of agricultural systems.

8.	 Sustainability and Environmental Protection: Integrated Crop 
Management promotes environmentally friendly agricultural practices 
to reduce pollution and protect biodiversity. By minimizing the overuse 
of synthetic chemicals, ICM supports climate change adaptation and 
enhances ecosystem health.

9.	 Farm Economics and Profitability: ICM aims to optimize farm inputs to 
reduce production costs while maintaining high crop yields. This ensures 
economic viability for farmers and contributes to the profitability of 
farming enterprises.
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10.	 Farmer Knowledge and Participation: The success of Integrated Crop 
Management depends on the active participation and knowledge of farmers. 
Training programs and workshops are organized to equip farmers with the 
skills needed to integrate traditional practices with modern agricultural 
techniques. 

Benefits of ICM

1.	 Economic Benefits: Integrated Crop Management reduces input costs, 
increases crop yields, and enhances farm profitability.

2.	 Environmental Benefits: ICM promotes sustainable use of natural 
resources and reduces environmental pollution through the use of eco-
friendly practices.

3.	 Social Benefits: Integrated Crop Management improves food security, 
supports rural livelihoods, and produces safer and healthier food for 
consumers.

8.2.	 Concepts, Importance and Principle of Integrated Pest Management 
(IPM)

Concept of Integrated Pest Management (IPM)

Integrated Pest Management (IPM) is an eco-friendly approach to pest control that 
combines multiple strategies to manage pest populations while minimizing risks 
to human health, the environment, and non-target organisms. It emphasizes the 
use of a combination of biological, cultural, mechanical, physical, and chemical 
methods to achieve sustainable pest management. IPM focuses on preventing 
pest problems through careful monitoring and only resorts to pesticides as a last 
resort.

Importance of Integrated Pest Management (IPM)

1.	 Environmental Protection

IPM reduces the overuse of chemical pesticides, thereby minimizing 
soil, water, and air pollution. It promotes the conservation of beneficial 
organisms and biodiversity.
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2.	 Human Health Safety

By limiting pesticide usage, IPM reduces exposure to harmful chemicals, 
ensuring safer working conditions for farmers and healthier food for 
consumers.

3.	 Cost-Effectiveness

IPM reduces input costs by emphasizing non-chemical methods and 
optimizing pesticide use, leading to long-term savings for farmers.

4.	 Sustainability

IPM contributes to sustainable agriculture by preventing pest resistance, 
enhancing soil health, and conserving natural resources.

5.	 Improved Crop Yield and Quality

Through effective pest management, IPM ensures higher crop productivity 
and quality, enhancing marketability.

Principles of Integrated Pest Management (IPM)

1.	 Prevention

Prevention focuses on reducing the likelihood of pest infestations through 
cultural practices. Techniques such as crop rotation, intercropping, 
maintaining field hygiene, and planting pest-resistant crop varieties are 
employed to create an unfavorable environment for pests.

2.	 Monitoring and Identification

Regular monitoring and accurate identification of pests are essential in 
IPM. Farmers inspect crops for signs of pest activity and use tools like 
pheromone traps, light traps, and scouting methods to track pest populations. 
This helps determine whether pests have reached the Economic Threshold 
Level (ETL).

3.	 Economic Threshold Level (ETL)

The ETL is the pest population level at which control measures must be 
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taken to prevent economic losses. IPM ensures that actions are only taken 
when pests exceed this level, avoiding unnecessary pesticide use.

4.	 Biological Control:

IPM promotes the use of natural enemies like predators, parasitoids, and 
pathogens to control pest populations. Examples include:

•	 Ladybird beetles feeding on aphids.

•	 Trichogramma wasps parasitizing eggs of stem borers.

•	 Bacillus thuringiensis (Bt) used to manage caterpillars.

5.	 Cultural Control

Cultural practices are employed to disrupt pest life cycles and create 
unfavorable conditions for pests. Examples include:

•	 Crop rotation to break pest life cycles.

•	 Proper irrigation and fertilization to promote healthy plant growth and 
reduce pest susceptibility.

6.	 Mechanical and Physical Control

Mechanical and physical methods involve the use of traps, barriers, and 
manual removal of pests. Examples include:

•	 Installing sticky traps for flying insects.

•	 Handpicking visible pests like caterpillars.

•	 Using netting or mulches to prevent pest entry.

7.	 Chemical Control

Chemical methods are used as a last resort when pest populations exceed 
the ETL and other methods are insufficient. IPM encourages the judicious 
use of pesticides with low toxicity and minimal environmental impact. 
These chemicals are applied in targeted areas to reduce non-target effects.
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8.	 Regulatory Control

Regulatory measures include government policies to restrict the spread 
of pests through quarantine, inspection, and destruction of infested crops 
or products. For example, quarantine laws prevent the introduction of 
invasive pests.

9.	 Evaluation

IPM emphasizes continuous assessment of pest control measures to 
evaluate their effectiveness and make necessary adjustments. This ensures 
that pest management practices remain effective and sustainable.

8.3	 Concepts, Importance and Principle Integrated Weed Management 
(IWM)

Concept of Integrated Weed Management (IWM)

Integrated Weed Management (IWM) is a sustainable approach to managing weed 
populations by combining multiple control methods in a coordinated manner. 
It emphasizes the integration of cultural, mechanical, biological, and chemical 
control measures to reduce weed competition with crops while minimizing 
environmental impacts. IWM focuses on preventing weed problems through 
proactive strategies and promoting long-term solutions instead of relying solely 
on chemical herbicides.

Importance of Integrated Weed Management (IWM)

1.	 Improved Crop Productivity

IWM helps reduce weed competition for essential resources such as 
sunlight, water, and nutrients, resulting in healthier crops and increased 
yields.

2.	 Environmental Protection

By reducing reliance on herbicides, IWM minimizes soil, water, and 
air pollution and protects beneficial organisms like soil microbes and 
pollinators.
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3.	 Prevention of Herbicide Resistance

IWM prevents the overuse of chemical herbicides, reducing the risk of 
weeds developing resistance to these chemicals.

4.	 Cost-Effectiveness

Integrating multiple weed control methods reduces the need for expensive 
herbicides and ensures efficient use of resources, lowering overall costs 
for farmers.

5.	 Sustainability

IWM promotes sustainable agriculture by maintaining soil health, 
conserving biodiversity, and reducing long-term reliance on chemical 
inputs.

Principles of Integrated Weed Management (IWM)

1.	 Prevention

Preventive measures focus on stopping the introduction and establishment 
of weeds in crop fields. This includes using certified weed-free seeds, 
cleaning farm equipment, and maintaining field hygiene by removing crop 
residues and weeds from field margins.

2.	 Cultural Practices

Cultural practices involve modifying farming techniques to reduce weed 
growth and competition. Examples include:

•	 Crop Rotation: Alternating crops with different growth habits disrupts 
weed life cycles.

•	 Intercropping: Growing multiple crops together reduces space and 
resources available for weeds.

•	 Timely Sowing: Early or timely sowing allows crops to establish 
faster, reducing weed growth.
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3.	 Mechanical and Physical Control

These methods involve the use of physical means to remove or suppress 
weeds. Examples include:

•	 Hand Weeding: Removing weeds manually during early crop growth 
stages.

•	 Tillage: Using plows or harrows to uproot weeds and bury their seeds.

•	 Mulching: Applying organic or synthetic mulch to block sunlight and 
prevent weed germination.

4.	 Biological Control

Biological control uses natural enemies of weeds, such as insects, fungi, or 
grazing animals, to suppress weed populations. Examples include:

•	 Introducing Cactoblastis cactorum moths to control prickly pear 
cactus.

•	 Using fungal pathogens like Puccinia chondrillina to target specific 
weeds.

5.	 Chemical Control

Chemical methods involve the judicious use of herbicides to control weeds. 
Herbicides should be applied only when necessary, and their usage should 
be rotated to prevent resistance. Examples include:

•	 Using pre-emergent herbicides like Pendimethalin to prevent weed 
germination.

•	 Post-emergent herbicides like Glyphosate to control established weeds.

6.	 Integrated Approach

IWM emphasizes combining multiple methods to achieve long-term weed 
management. For instance, combining cultural practices like crop rotation 
with targeted chemical applications ensures effective and sustainable 
control.
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7.	 Monitoring and Evaluation

Regular monitoring of weed populations is essential to determine the 
effectiveness of control measures. Evaluation helps in making adjustments 
to the management strategy and ensures timely action to prevent weed 
proliferation.
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Exercise

Choose the correct answer from the given alternatives.
1.	 What is Integrated Crop Management (ICM)?

a. A method that relies solely on chemical pesticides.

b. A sustainable approach combining various farming practices.

c. A strategy to increase chemical use in agriculture.

d. A method focused only on pest control.

2.	 Which of the following is a key component of ICM?

a. Overuse of synthetic fertilizers

b. Efficient water use and soil health management

c. Exclusive reliance on GMOs

d. Complete elimination of weeds

3.	 What is the primary focus of Integrated Pest Management (IPM)?

a. Preventing pest problems using multiple strategies.

b. Using only chemical pesticides to control pests.

c. Eradicating all pests from agricultural fields.

d. Ignoring economic threshold levels.

4.	 In Integrated Weed Management (IWM), what is an example of a cultural 
practice?

a. Use of herbicides	 b. Hand weeding

c. Crop rotation		  d. Introduction of fungal pathogens

5.	 What is an Economic Threshold Level (ETL) in IPM?

a. The level at which no action is required.

b. The pest population density at which control measures are initiated.

c. The highest pest population allowed without intervention.
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d. The threshold for pesticide toxicity.

6.	 Which practice is part of soil health management in ICM?

a. Frequent tillage

b. Crop rotation and cover cropping

c. Exclusive use of chemical fertilizers

d. Excessive irrigation

7.	 Which method in IPM involves the use of predators, parasitoids, or 
pathogens?

a. Biological control	 b. Chemical control

c. Cultural control	 d. Mechanical control

8.	 What is a benefit of Integrated Weed Management (IWM)?

a. Increased reliance on herbicides

b. Prevention of herbicide resistance in weeds

c. Complete eradication of weed populations

d. Eliminating natural enemies of weeds

9.	 Which of the following is an example of mechanical control in IWM?

a. Crop rotation

b. Tillage

c. Pre-emergent herbicide application

d. Introducing natural enemies

10.	 What does ICM aim to achieve?

a. Maximizing short-term yields at any cost

b. Sustainable crop productivity with minimal environmental impact

c. Relying solely on modern agricultural techniques

d. Focusing exclusively on pest control
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Write short answer to the following questions. 

1.	 Define Integrated Crop Management (ICM) and explain its importance.

2.	 List three key components of ICM and briefly describe their significance.

3.	 What are the primary principles of Integrated Pest Management (IPM)?

4.	 Explain the concept of Economic Threshold Level (ETL) in IPM.

5.	 Describe two cultural practices used in Integrated Weed Management 
(IWM).

6.	 What are the environmental benefits of ICM?

7.	 Discuss the role of monitoring in IPM.

8.	 Why is crop diversification important in ICM?

Write long answer to the following questions.

1.	 Discuss the concept, importance, and principles of Integrated Crop 
Management (ICM).

2.	 Explain the importance of Integrated Pest Management (IPM) and its 
principles in sustainable agriculture.

3.	 Explain how cultural, biological, and chemical methods are integrated in 
IWM for effective weed control.

Project Work
1.	 Field Study 

Visit a nearby farm practicing ICM, and observe the different components 
such as crop rotation, IPM, and water conservation methods. Prepare a 
report.

2.	 Group Discussion

Discuss the importance of integrating traditional knowledge with modern 
agricultural practices in ICM.
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3.	 Practical Demonstration 

Set up a small-scale IPM plan using traps, natural predators, and resistant 
crop varieties in a demonstration plot.

4.	 Monitoring Exercise 

Conduct pest and weed scouting in a crop field and identify possible 
integrated management strategies.

5.	 Case Study Analysis 

Analyze a case study of a successful ICM implementation and present 
findings on its impact on productivity and sustainability.
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Unit  
9

9.1	 Importance and Scope of Mushroom Cultivation
Importance of Mushroom Cultivation

Mushroom cultivation has gained significant importance in agriculture and 
economic development in Nepal due to its multiple benefits. It provides a 
sustainable solution for food production, waste recycling, and income generation. 
The key importance of mushroom cultivation is outlined below:

1.	 Nutritional Value: Mushrooms are rich in protein, vitamins (B-complex, 
Vitamin D), minerals (iron, potassium, selenium), and antioxidants. They 
are low in fat and calories, making them a healthy food choice.

2.	 Income Generation: Mushroom farming is a profitable business 
with minimal investment. Farmers, especially in rural areas, can grow 
mushrooms as a secondary source of income.

3.	 Food Security: Mushrooms serve as an excellent source of food, especially 
in regions facing protein deficiency. They can supplement diets with high-
quality protein and essential nutrients.

4.	 Waste Recycling: Mushroom cultivation uses agricultural and organic 
wastes like straw, sawdust, and husks as substrates, contributing to effective 
waste management and environmental sustainability.

5.	 Employment Opportunities: Mushroom farming creates job opportunities 
in cultivation, processing, packaging, and marketing, thereby supporting 
rural development.

6.	 Short Cultivation Cycle: Mushrooms have a short cultivation period, 

Mushroom Cultivation
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allowing for quick returns compared to other crops.

7.	 Medicinal Properties: Many mushrooms, such as Ganoderma and 
Cordyceps, have medicinal properties and are used in the pharmaceutical 
industry for their anti-cancer, anti-inflammatory, and immune-boosting 
properties.

8.	 Export Potential: Cultivated mushrooms like button mushrooms, oyster 
mushrooms, and shiitake have high demand in international markets, 
providing export opportunities.

Scope of Mushroom Cultivation

1.	 Global Demand: Mushroom consumption is increasing globally due to 
their nutritional and medicinal benefits. This presents an opportunity for 
large-scale commercial production.

2.	 Diverse Cultivation Methods: Mushrooms can be grown in a wide 
range of environments, including indoors, outdoors, and under controlled 
conditions, making it adaptable for different regions.

3.	 Utilization of Marginal Land: Mushroom farming does not require fertile 
land. It can be practiced in unused spaces like sheds, warehouses, or even 
small rooms, making it accessible to small-scale farmers.

4.	 Wide Variety of Mushrooms: Different types of mushrooms, such as 
button, oyster, shiitake, and paddy straw mushrooms, can be cultivated 
based on market demand and climatic conditions.

5.	 Value Addition: Mushrooms can be processed into dried mushrooms, 
mushroom powder, pickles, and soups, increasing their shelf life and 
market value.

6.	 Sustainable Agriculture: Mushroom farming contributes to sustainable 
agriculture by promoting the use of organic waste, reducing chemical 
inputs, and supporting eco-friendly practices.

7.	 Research and Innovation: Advances in biotechnology and research have 
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opened new avenues for developing high-yield varieties and improved 
cultivation techniques.

8.	 Government Support: In many countries, including Nepal, governments 
and agricultural organizations promote mushroom cultivation through 
subsidies, training programs, and research initiatives.

9.2	 Enumeration of Poisonous and Non-Poisonous Mushroom
Non-Poisonous (Edible) Mushrooms

Non-poisonous mushrooms are safe for human consumption and are widely used 
as food due to their high nutritional value. These mushrooms are cultivated or 
collected from the wild and are a good source of protein, vitamins, and minerals. 
Common examples include:

1.	 Button Mushroom (Agaricus bisporus)

•	 Most commonly cultivated mushroom worldwide.

•	 Used in soups, curries, and salads.

2.	 Oyster Mushroom (Pleurotus ostreatus)

•	 Popular for its mild flavor and ease of cultivation.

•	 Commonly grown in Nepal for commercial purposes.

3.	 Shiitake Mushroom (Lentinula edodes)

•	 Known for its umami flavor and medicinal properties.

•	 Used in Asian cuisines.

4.	 Paddy Straw Mushroom (Volvariella volvacea)

•	 Grown in tropical and subtropical regions.

•	 Often used in stir-fries and soups.

5.	 Milky Mushroom (Calocybe indica)

•	 Suitable for cultivation in warm climates.

•	 High protein content makes it a popular choice in diets.
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Poisonous Mushrooms

Poisonous mushrooms contain toxic compounds that can cause severe symptoms, 
including gastrointestinal distress, liver failure, or death if consumed. These 
mushrooms often resemble edible ones, making identification crucial.

1.	 Death Cap (Amanita phalloides)

•	 Among the most toxic mushrooms globally.

•	 Contains amatoxins that cause liver and kidney damage.

2.	 Destroying Angel (Amanita virosa)

•	 A white, highly toxic mushroom resembling edible varieties.

•	 Causes delayed symptoms leading to organ failure.

3.	 Panther Cap (Amanita pantherina)

•	 Contains neurotoxins that affect the central nervous system.

•	 Symptoms include hallucinations and seizures.

4.	 False Morel (Gyromitra spp.)

•	 Resembles edible morels but contains toxic hydrazine compounds.

•	 Can cause nausea, vomiting, and neurological symptoms.

5.	 Fly Agaric (Amanita muscaria)

•	 Bright red mushroom with white spots.

•	 Causes hallucinations and severe neurological effects.

Safety Measures for Identifying Mushrooms

1.	 Rely on Experts: Always consult experienced mycologists or local experts 
before consuming wild mushrooms.

2.	 Cultivated Mushrooms: Prefer consuming mushrooms that are cultivated 
commercially to avoid accidental poisoning.

3.	 Avoid Unknown Varieties: Do not consume mushrooms that you cannot 
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positively identify as edible.

4.	 Cooking Does Not Neutralize Toxins: Cooking or boiling does not 
eliminate toxins in poisonous mushrooms.

Identification Poisonous Mushrooms

Identifying poisonous mushrooms is critical to avoid serious health risks, 
including gastrointestinal distress, organ damage, or even death. Many poisonous 
mushrooms resemble edible varieties, making proper identification challenging. 
Below are guidelines and characteristics to help distinguish poisonous 
mushrooms, though reliance on expert advice is always recommended:

1.	 Physical Characteristics of Poisonous Mushrooms

1.	 Coloration: Many poisonous mushrooms have bright or unusual 
colors. For example, the Fly Agaric (Amanita muscaria) is bright red 
with white spots. However, not all brightly colored mushrooms are 
poisonous, and some toxic mushrooms appear dull.

2.	 Cap and Gills:

•	 Poisonous mushrooms like the Death Cap (Amanita phalloides) 
have white gills, whereas many edible mushrooms have pink or 
brown gills.

•	 The gills of poisonous mushrooms may not easily detach from the 
cap.

3.	 Presence of Volva and Ring: Toxic mushrooms, especially in the 
Amanita family, often have a volva (a cup-like structure at the base) 
and a ring on the stem. Digging around the base of the mushroom can 
reveal these structures.

4.	 Texture and Odor: Some poisonous mushrooms emit an unpleasant 
or acrid odor, though not always. Their texture may also feel slimy or 
sticky when touched.
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2.	 Habitat and Growth Patterns

•	 Unusual Growth Locations: Poisonous mushrooms may grow in 
diverse environments such as decaying wood, grasslands, or forests. 
Be cautious of mushrooms growing in areas contaminated by industrial 
waste or pollutants.

•	 Cluster Formation: Some toxic varieties grow in clusters, while others 
are solitary.

3.	 Distinctive Features of Common Poisonous Mushrooms

1.	 Death Cap (Amanita phalloides):

•	 White gills and cap ranging from green to pale yellow.

•	 Presence of a volva and a skirt-like ring.

•	 Often found near oak and other trees.

2.	 Fly Agaric (Amanita muscaria):

•	 Bright red cap with white spots.

•	 White gills and a ring on the stem.

•	 Causes neurological effects and hallucinations.

3.	 False Morels (Gyromitra spp.):

•	 Irregular, wrinkled cap that resembles a brain.

•	 Brown or reddish color.

•	 Found in spring in moist environments.

4.	 Panther Cap (Amanita pantherina):

•	 Brown cap with white spots.

•	 White gills and a prominent ring.

•	 Toxic to the nervous system.

4.	 Symptoms of Poisonous Mushroom Ingestion

Recognizing symptoms can also aid in identifying a toxic mushroom if consumed 
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accidentally. Symptoms vary depending on the type of mushroom but may 
include:

•	 Nausea, vomiting, and diarrhea.

•	 Abdominal pain and cramps.

•	 Hallucinations, confusion, or seizures.

•	 Organ failure, particularly liver or kidney damage, in severe cases.

5.	 Safety Tips to Avoid Poisonous Mushrooms

1.	 Rely on Experts: Always consult a mycologist or local expert when 
collecting wild mushrooms.

2.	 Avoid Look-Alikes: Some poisonous mushrooms resemble edible 
varieties (e.g., false morels and true morels). Do not consume 
mushrooms unless you are certain of their safety.

3.	 Test Safely: If unsure, avoid tasting, as cooking does not neutralize 
toxins in poisonous mushrooms.

4.	 Stick to Cultivated Mushrooms: Prefer commercially grown 
mushrooms like button, oyster, and shiitake to avoid the risks associated 
with wild mushrooms.

5.	 Field Guides and Apps: Use field guides or identification apps to 
cross-check mushroom features, though these are not foolproof.
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9.3	 Types of Mushroom and its cultivation (oyster, button & shitake)

Cultivation of Oyster Mushroom 

Oyster mushroom (Pleurotus spp.) cultivation is becoming a popular agricultural 
practice in Nepal due to its adaptability, low production cost, and high market 
demand. The cultivation process is simple and uses readily available agricultural 
waste, making it suitable for Nepalese farmers. Below is a detailed description of 
the production technology of oyster mushrooms in the context of Nepal.

1.	 Substrate Preparation

The substrate serves as the primary growing medium for oyster mushrooms. 
In Nepal, commonly used substrates include paddy straw, wheat straw, maize 
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stalks, sugarcane bagasse, and banana leaves, which are widely available and 
inexpensive.

Steps for Substrate Preparation

1.	 The substrate is chopped into small pieces of 2-4 cm to increase the 
surface area for mycelial growth.

2.	 The chopped substrate is soaked in water for 8-12 hours to soften it and 
make it suitable for fungal growth.

3.	 Pasteurization is carried out to eliminate contaminants. This can be 
done by:

•	 Immersing the substrate in hot water (60°C) for 1-2 hours.

•	 Steam pasteurization in a closed container.

4.	 The substrate is allowed to cool to room temperature before the 
spawning process begins.

2.	 Spawn Preparation and Spawning

Spawn is the mushroom seed material required for cultivation. High-quality 
spawn, which is essential for successful production, can be purchased from 
commercial suppliers in Nepal.

Steps for Spawning

1.	 Spawn is mixed with the prepared substrate at a ratio of 1-2% of the 
substrate’s wet weight.

2.	 The substrate-spawn mixture is packed into perforated polythene bags 
to ensure proper aeration during the growth process.

3.	 Incubation

The incubation phase is crucial for mycelial colonization. During this period, the 
mycelium spreads throughout the substrate.

Conditions for Incubation

•	 The temperature should be maintained at 20-25°C.
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•	 Humidity levels should be kept between 85-95%.

•	 No light is required during this phase, as mushrooms do not need light 
to grow at this stage.

•	 Moderate ventilation should be provided to avoid the accumulation of 
carbon dioxide.

The incubation period lasts for 2-3 weeks, during which the substrate becomes 
fully colonized by the white mycelium.

4.	 Fruiting

The fruiting phase begins after the incubation period, during which the 
mushrooms start developing.

Conditions for Fruiting

1.	 The temperature should be maintained between 18-25°C.

2.	 Humidity levels should be kept at 80-90% to facilitate mushroom 
growth.

3.	 Indirect light should be provided for 12 hours a day to aid in fruiting 
body development.

4.	 Proper ventilation is required to reduce carbon dioxide levels and 
ensure healthy mushroom growth.

Small slits are made in the polythene bags to allow the mushrooms to emerge. 
Fruiting generally begins within 5-7 days after transferring the bags to the 
fruiting chamber.

5.	 Harvesting

Oyster mushrooms are harvested when the caps are fully developed but not yet 
flattened. This usually occurs 3-4 days after pinhead formation. Mushrooms are 
gently twisted and pulled from the substrate to avoid damage, which allows for 
multiple flushes. On average, 3-4 flushes can be harvested within 30-45 days.
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6.	 Yield and Byproducts

The average yield of oyster mushrooms is approximately 0.8-1 kg of fresh 
mushrooms per kilogram of dry substrate. The spent substrate, after cultivation, 
can be used as animal feed, organic fertilizer, or as a base for biocontrol agents 
such as Trichoderma.

7.	 Pests and Disease Management

1.	 Green Mold (Trichoderma spp.)

•	 Symptoms: Green patches appear on the substrate.

•	 Management: Proper sterilization and hygiene should be maintained 
during substrate preparation.

2.	 Insect Infestation (Sciarid Flies)

•	 Symptoms: Larvae feed on the substrate and mycelium, reducing 
yield.

•	 Management: Use yellow sticky traps and maintain cleanliness in 
the cultivation area.

3.	 Bacterial Rot

•	 Symptoms: Slimy and discolored mushrooms develop, reducing 
marketability.

•	 Management: Avoid overwatering and ensure proper ventilation 
in the fruiting chamber.

8.	 Climatic Suitability in Nepal

Oyster mushrooms are highly adaptable to Nepal’s climatic conditions. The 
optimum temperature for their growth is between 20-25°C, and the ideal 
humidity level is 85-90%. Different varieties of oyster mushrooms can be grown 
based on the season:

•	 Summer Varieties: Pleurotus sajor-caju and Pleurotus flabellatus.

•	 Winter Varieties: Pleurotus ostreatus and Pleurotus florida.
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Production Technology of Button Mushroom in Nepal

Button mushroom (Agaricus bisporus) cultivation is one of the most popular 
and profitable agricultural activities in Nepal. Button mushrooms are widely 
consumed for their nutritional value, excellent flavor, and versatility in cooking. 
Their cultivation requires precise environmental control and specific substrate 
preparation. Below is a detailed explanation of the production technology of 
button mushrooms suitable for Nepalese conditions.

1.	 Compost Preparation

Button mushrooms require well-prepared compost as the growing medium. The 
compost acts as a source of nutrients for mushroom growth.

Steps for Compost Preparation

1.	 Collect raw materials such as wheat straw, poultry manure, gypsum, 
and urea, which are commonly available in Nepal.

2.	 Chop the wheat straw into small pieces to facilitate decomposition.

3.	 Soak the chopped straw in water for one day to soften it.

4.	 Mix the straw with poultry manure and gypsum in layers and create a 
heap. Allow the heap to decompose for 15-20 days.

•	 Turn the heap every 3-4 days and sprinkle water to maintain 
moisture.

•	 The decomposition process generates heat, which helps break down 
the organic matter.

5.	 After the decomposition process, pasteurize the compost by heating it 
at 60°C for 4-6 hours to kill pests, weed seeds, and pathogens.

2.	 Spawning

Spawning is the process of mixing mushroom seed (spawn) into the compost. 
High-quality spawn can be purchased from commercial suppliers.

Steps for Spawning

1.	 Mix the button mushroom spawn with the prepared compost at a rate 
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of 0.5-0.75% of the compost's wet weight.

2.	 Spread the spawn-mixed compost evenly in wooden trays or beds to 
ensure uniform colonization.

3.	 Incubation

During the incubation phase, the mycelium grows and spreads throughout the 
compost.

Conditions for Incubation

•	 Maintain the temperature at 23-25°C.

•	 Ensure proper moisture levels in the compost to facilitate mycelium 
growth.

•	 Keep the incubation area dark, as light is not required during this phase.

•	 Provide moderate ventilation to prevent the accumulation of carbon 
dioxide.

The incubation period lasts for 2-3 weeks, during which the white mycelium 
completely colonizes the compost.

4.	 Casing

Casing is the application of a protective layer over the compost to trigger the 
fruiting phase of button mushrooms.

Steps for Casing

1.	 Prepare a casing mixture using sterilized soil, peat moss, sand, or 
decomposed cow dung.

2.	 Spread a 3-5 cm thick layer of casing material evenly over the colonized 
compost.

3.	 Lightly water the casing layer to maintain moisture levels.

The casing layer provides a microenvironment for mushroom fruiting and 
prevents the compost from drying out.
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5. Fruiting

Fruiting begins after the casing stage under controlled environmental conditions.

Conditions for Fruiting

1.	 Reduce the temperature to 16-18°C to stimulate fruiting.

2.	 Maintain humidity at 85-90% by spraying water lightly in the fruiting 
area.

3.	 Ensure good ventilation to reduce carbon dioxide levels and promote 
healthy mushroom development.

4.	 Provide indirect light during the fruiting stage to support fruiting body 
formation.

Mushrooms start appearing 2-3 weeks after the casing is applied.

6.	 Harvesting
Button mushrooms are ready for harvesting when the caps are fully formed and 
remain closed. Harvesting should be done carefully by twisting the mushrooms 
gently and pulling them out without damaging the compost. Multiple flushes can 
be harvested over 30-45 days, with the first flush providing the highest yield.

7.	 Yield and Byproducts

•	 Yield: On average, 15-20 kg of fresh button mushrooms can be 
harvested from 100 kg of compost.

•	 Byproducts: Spent compost can be used as organic fertilizer or soil 
conditioner in crop fields.

8.	 Pests and Disease Management

Effective pest and disease management is essential for successful button 
mushroom cultivation.

1.	 Dry Bubble Disease (Verticillium fungicola)

•	 Symptoms: Dry, brown patches appear on mushrooms, reducing 
their marketability.
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•	 Management: Use sterilized casing material and maintain hygiene 
in the growing area.

2.	 Fungus Gnats and Sciarid Flies

•	 Symptoms: Larvae feed on the mycelium, affecting mushroom 
growth and yield.

•	 Management: Use yellow sticky traps to monitor and control fly 
populations.

3.	 Green Mold (Trichoderma spp.)

•	 Symptoms: Green patches appear on the compost or casing material.

•	 Management: Ensure proper pasteurization of the compost and 
maintain cleanliness in the cultivation area.

9.	 Climatic Suitability in Nepal

Button mushrooms thrive in specific climatic conditions that are suitable 
for many regions in Nepal, particularly during the winter season. Controlled 
environments, such as polyhouses or growing chambers, can also be used for 
year-round production.

Climatic Requirements:

•	 Temperature: 16-25°C during different growth stages.

•	 Humidity: 85-90% for proper fruiting.

•	 Ventilation: Essential for maintaining a healthy growing environment.

Production Technology of Shiitake Mushroom in Nepal

Shiitake mushroom (Lentinula edodes) cultivation is gaining popularity in Nepal 
due to its high nutritional value, medicinal properties, and premium market price. 
Shiitake mushrooms are known for their rich umami flavor and are traditionally 
grown on hardwood logs. Below is a detailed explanation of the production 
technology of shiitake mushrooms, tailored to Nepalese conditions.
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1.	 Substrate or Log Preparation

Shiitake mushrooms are primarily grown on hardwood logs or supplemented 
sawdust blocks. The logs act as the substrate and are the key to successful 
cultivation.

Steps for Log Preparation

1.	 Selection of Logs: Use freshly cut hardwood logs from trees like oak, 
chestnut, or alder. The logs should be:

•	 1-2 meters in length.

•	 10-20 cm in diameter.

2.	 Preparation: Soak the logs in water for 24-48 hours to increase their 
moisture content.

3.	 Sterilization: Ensure the logs are clean and free from competing fungi 
by sun-drying or steaming if necessary.

For sawdust cultivation, the substrate is prepared by mixing sawdust with wheat 
bran and sterilizing it.

2.	 Spawn Preparation and Inoculation

High-quality shiitake spawn is essential for successful cultivation. Spawn can be 
purchased from certified suppliers.

Steps for Inoculation

1.	 Drill holes 2-3 cm deep and 15 cm apart along the length of the log.

2.	 Insert shiitake spawn (available as wooden dowels or grain spawn) into 
the drilled holes.

3.	 Seal the holes with melted wax to prevent contamination and moisture 
loss.

For sawdust blocks, spawn is mixed thoroughly with the sterilized sawdust 
substrate and packed into bags or containers.
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3. Incubation

During the incubation phase, the mycelium colonizes the logs or sawdust blocks.

Conditions for Incubation

•	 Temperature: Maintain 20-25°C.

•	 Humidity: Ensure 70-80% humidity to prevent the logs from drying 
out.

•	 Light: Incubation does not require light; keep logs in a shaded area.

•	 Ventilation: Moderate airflow is necessary to avoid the buildup of 
harmful gases.

The incubation period lasts for 6-12 months, depending on the temperature and 
log quality. During this time, the mycelium will spread throughout the log.

4.	 Fruiting

After the mycelium has fully colonized the logs or sawdust blocks, fruiting can 
be induced by creating favorable environmental conditions.

Steps for Fruiting:

1.	 Soaking Logs: Soak the colonized logs in cold water for 24-48 hours 
to trigger fruiting.

2.	 Fruiting Environment

•	 Temperature: Maintain 15-22°C.

•	 Humidity: Keep humidity at 85-90% to support mushroom growth.

•	 Light: Provide indirect natural light or artificial light for 12 hours 
per day.

•	 Ventilation: Ensure proper airflow to reduce carbon dioxide levels 
and prevent diseases.

Mushrooms begin forming within 7-14 days after soaking.
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5.	 Harvesting

Shiitake mushrooms are harvested when the caps are fully opened but the edges 
remain slightly curled. This stage ensures maximum quality and shelf life. 
Mushrooms should be harvested by cutting or twisting them gently without 
damaging the substrate. Multiple harvests (flushes) can be obtained from the 
same logs over 3-5 years.

6.	 Yield and Byproducts

•	 Yield: On average, 1 kg of fresh mushrooms can be harvested from a 
log over several flushes. The total yield depends on the log size and 
mycelium colonization.

•	 Byproducts: Spent logs can be used as compost material or for 
mulching in agricultural fields.

7.	 Pests and Disease Management

Shiitake mushrooms are susceptible to several pests and diseases, which can 
significantly reduce yields if not managed properly.

1.	 Log Mold (Fusarium spp.)

•	 Symptoms: Green or black patches appear on the logs.

•	 Management: Use fresh logs and maintain proper moisture levels.

2.	 Slug and Snail Damage

•	 Symptoms: Slugs and snails feed on young mushrooms, leaving 
holes and scars.

•	 Management: Use physical barriers like salt or sand and handpick 
pests regularly.

3.	 Insect Infestation

•	 Symptoms: Insects burrow into the logs or damage fruiting bodies.

•	 Management: Cover logs with fine mesh or netting and maintain 
cleanliness.
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4.	 Bacterial Spot

•	 Symptoms: Brown, water-soaked spots appear on mushrooms.

•	 Management: Avoid overwatering and ensure good ventilation.

8.	 Climatic Suitability in Nepal

Shiitake mushrooms thrive in Nepal's temperate regions, particularly in areas 
with abundant hardwood forests. The ideal climatic conditions are:

•	 Temperature: 15-25°C, making it suitable for mid-hill regions of 
Nepal.

•	 Humidity: 80-90%.

•	 Light and Ventilation: Indirect light and moderate airflow are essential 
for optimal growth.
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Exercise

Choose the correct answer from the given alternatives.
1.	 What is the primary substrate used for oyster mushroom cultivation in 

Nepal?

a. Sand		  b. Paddy straw

c. Clay soil		  d. Fertilizer

2.	 Which mushroom is known for its umami flavor and medicinal properties?

a. Button mushroom	 b. Shiitake mushroom

c. Oyster mushroom	 d. Paddy straw mushroom

3.	 What toxic compound is found in the Death Cap mushroom (Amanita 
phalloides)?

a. Amatoxins		  b. Hydrazine

c. Neurotoxins		  d. Sterols

4.	 Which phase in mushroom cultivation involves the spread of mycelium 
through the substrate?

a. Fruiting		  b. Harvesting

c. Incubation		  d. Spawning

5.	 What is the typical incubation temperature range for oyster mushrooms?

a. 10-15°C		  b. 20-25°C

c. 30-35°C		  d. 5-10°C

6.	 Which mushroom is commonly grown on hardwood logs in Nepal?

a. Button mushroom	 b. Shiitake mushroom

c. Oyster mushroom	 d. Milky mushroom

7.	 What is a key step in the casing stage of button mushroom cultivation?
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a. Mixing spawn with compost	 b. Applying a protective soil layer

c. Sterilizing the logs	 d. Harvesting the mushrooms

8.	 Which mushroom is considered poisonous and contains hydrazine toxins?

a. Fly agaric		  b. False morel (Gyromitra spp.)

c. Death Cap		  d. Destroying Angel

9.	 Why is pasteurization done during substrate preparation for mushrooms?

a. To enhance nutrient content

b. To kill pests and pathogens

c. To increase moisture retention

d. To improve texture

10.	 What is the main advantage of mushroom cultivation in Nepal?

a. Requires fertile land

b. Provides high protein content

c. Needs expensive equipment

d. Grows only in controlled environments

Write short answer to the following questions. 

1.	 Define mushroom cultivation and list its benefits for rural farmers.

2.	 Name three poisonous mushrooms and the toxic compounds they contain.

3.	 Explain the importance of pasteurization in mushroom cultivation.

4.	 What are the climatic requirements for oyster mushroom cultivation?

5.	 Describe the role of casing in button mushroom production.

6.	 List two key steps in the spawning phase of mushroom cultivation.

7.	 What safety measures should be taken to avoid consuming poisonous 
mushrooms?
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Write long answer to the following questions.

1.	 Discuss the importance and scope of mushroom cultivation with examples.

2.	 Compare the cultivation practices of oyster, button, and shiitake 
mushrooms.

3.	 Explain the identification methods for poisonous mushrooms and the 
symptoms of their ingestion.

4.	 Describe the step-by-step process of cultivating oyster mushrooms and the 
common pests and diseases associated with it.

5.	 Evaluate the role of mushroom farming in sustainable agriculture and 
waste recycling.

Project Work
1.	 Field Visit 

Visit a local mushroom farm and observe the cultivation practices for 
oyster, button, or shiitake mushrooms. Prepare a report.

2.	 Practical Demonstration

Set up a small-scale oyster mushroom cultivation project using paddy 
straw as a substrate.

3.	 Identification Exercise 

Collect samples of wild and cultivated mushrooms, and classify them as 
poisonous or non-poisonous based on physical characteristics.

4.	 Case Study Analysis

Analyze a successful mushroom cultivation enterprise in Nepal and present 
its economic and environmental impact.

5.	 Awareness Campaign 

Design an infographic or poster highlighting the nutritional and economic 
benefits of mushroom cultivation.
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