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Series 1: Weed Characteristics and Classification 
Series outline 

• Part 1: Defining Weeds 

o Sub-Part 1.1: General Characteristics of Weeds 

o Sub-Part 1.2: Distinguishing Weeds from Crops 

• Part 2: Classification of Weeds 

o Sub-Part 2.1: Morphological Classification 

o Sub-Part 2.2: Ecological and Life Cycle Classification 

• Part 3: Weed Biology 

o Sub-Part 3.1: Growth and Reproduction 

o Sub-Part 3.2: Adaptation and Survival Strategies 

 

Introduction 

Weeds are often seen as unwanted plants, yet their presence in agricultural fields has far-reaching 
consequences for crop productivity and farm management. They compete with crops for nutrients, 
water, light, and space, and their persistence can significantly reduce yields. Understanding the 
characteristics and classification of weeds is therefore a vital foundation for weed science, as it 
equips learners with the knowledge to identify, categorise, and anticipate weed behaviour in 
farming systems. This Series sets the stage for effective weed control by first examining what 
weeds are and how they differ from crops. 

The aim of this Series is to provide you with the ability to define weeds clearly, classify them 
according to recognised systems, and explain their biological traits that make them resilient and 
competitive in agricultural environments. 

We shall commence this Series by exploring the definition and general characteristics of weeds, 
including how they differ from cultivated crops. Next, we will examine the classification of weeds, 
considering both morphological and ecological perspectives. Finally, we will wrap up by studying 
weed biology, focusing on their growth, reproduction, and survival strategies. This sequential 
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approach will help you build a strong conceptual foundation for later Series on weed control 
methods and herbicide applications. 

Series Learning Outcomes 

Upon completing this Series, you should be able to: 

• SLO 1.1 define weeds and explain their general characteristics, 

• SLO 1.2 distinguish weeds from crops using specific criteria, 

• SLO 1.3 classify weeds based on morphological features, 

• SLO 1.4 classify weeds according to ecological and life cycle patterns, 

• SLO 1.5 analyse the biological traits of weeds in terms of growth and reproduction, and 

• SLO 1.6 evaluate the adaptation and survival strategies that enable weeds to persist in 
farming systems. 

 

1.1 Defining Weeds 

1.1.1 General characteristics of weeds 

A weed is any plant that grows where it is not wanted and interferes with the utilisation of land and 
water resources. Weeds are characterised by their ability to compete aggressively with crops for 
nutrients, water, light, and space. They often possess rapid growth rates, high seed production, 
and efficient dispersal mechanisms. Many weeds also exhibit strong adaptability to diverse 
environments, making them difficult to eradicate. 

Weeds are typically hardy plants with survival traits such as resistance to drought, pests, and 
diseases. Their persistence in agricultural fields is a major factor contributing to reduced crop 
yields. For example, weeds like Imperata cylindrica (spear grass) can spread quickly through 
underground rhizomes, making them difficult to control. 

Fill in the blank: A plant is considered a ______ when it grows in an area where it is not wanted and 
competes with crops for essential resources. 
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Diagram showing common characteristics of weeds such as rapid growth, seed dispersal, and 
adaptability. Figure 1.1: General characteristics of weeds 

1.1.2 Distinguishing weeds from crops 

While crops are deliberately cultivated for food, fibre, or other economic uses, weeds are 
unwanted plants that reduce productivity. The distinction lies in their purpose and impact. Crops 
are selected for desirable traits such as yield, nutritional value, and market demand, whereas 
weeds are identified by their negative effects on farming systems. 

Weeds often have traits that make them more competitive than crops, such as faster germination, 
tolerance to poor soils, and the ability to produce seeds over extended periods. Crops, on the other 
hand, usually require more care and management to thrive. For instance, maize is cultivated for its 
grain, but if Striga hermonthica (witchweed) grows alongside it, the weed parasitises the crop roots 
and drastically reduces yield. 

Fill in the blank: Crops are cultivated for their ______ value, while weeds are identified by their 
negative impact on farming systems. 



 

 LA-NET | ONLINE LEARNING VIDEO PLATFORM FOR POST-SECONDARY & HIGHER INSTITUTION STUDENTS 

Photograph showing a maize field with visible weed infestation. Plate 1.1: Distinguishing weeds 
from crops in a maize field  

Pilot questions 1.1 

1. Which of the following best defines a weed? a) A plant cultivated for food b) A plant growing 
where it is not wanted c) A plant resistant to drought d) A plant with high nutritional value 

2. Which characteristic is typical of weeds? a) Low seed production b) Slow growth rate c) 
High adaptability to environments d) Dependence on human care 

3. What is the main distinction between crops and weeds? a) Crops are unwanted plants, 
weeds are cultivated b) Crops are cultivated for economic value, weeds reduce productivity 
c) Crops grow faster than weeds d) Crops are more adaptable than weeds 

4. Which weed parasitises maize roots and reduces yield? a) Spear grass (Imperata cylindrica) 
b) Witchweed (Striga hermonthica) c) Water hyacinth (Eichhornia crassipes) d) Nut grass 
(Cyperus rotundus) 

5. Which resource do weeds compete with crops for? a) Market demand b) Nutritional value c) 
Light, water, and nutrients d) Storage facilities 

 

1.2 Classification of Weeds 

1.2.1 Morphological classification 

Weeds can be classified according to their morphology, which refers to their external form and 
structure. This system groups weeds based on visible features such as leaf shape, stem type, and 
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root system. For example, broadleaf weeds like Amaranthus species have wide leaves with distinct 
veins, while grasses such as Imperata cylindrica possess narrow leaves and fibrous root systems. 

Morphological classification is practical because it allows farmers and agronomists to quickly 
identify weeds in the field without specialised equipment. However, it may sometimes be limited, 
as different species can share similar external features. 

Fill in the blank: Weeds with wide leaves and distinct veins are commonly referred to as ______ 
weeds. 

Diagram comparing broadleaf weeds and grass weeds. Figure 1.2: Morphological classification of 
weeds  

1.2.2 Ecological and life cycle classification 

Another important system is ecological classification, which groups weeds based on the 
environment in which they thrive. For instance, aquatic weeds such as Eichhornia crassipes (water 
hyacinth) grow in water bodies, while terrestrial weeds like Chromolaena odorata dominate dry 
land areas. 

Weeds can also be classified by their life cycle, which refers to the duration of their growth and 
reproduction. Annual weeds complete their life cycle within one year, biennial weeds take two 
years, and perennial weeds persist for several years through structures such as rhizomes or tubers. 
This classification is crucial for designing effective control strategies, since perennial weeds often 
require more intensive management than annual weeds. 

Fill in the blank: Weeds that complete their life cycle within one year are known as ______ weeds. 

[Insert Table here] Table 1.1: Classification of weeds by life cycle 
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Pilot questions 1.2 

1. Which feature is used in morphological classification of weeds? a) Growth duration b) 
External form and structure c) Soil type d) Water requirement 

2. Broadleaf weeds are characterised by: a) Narrow leaves and fibrous roots b) Wide leaves 
with distinct veins c) Tubers and rhizomes d) Aquatic growth habit 

3. Which weed is an example of an aquatic species? a) Imperata cylindrica b) Chromolaena 
odorata c) Eichhornia crassipes d) Amaranthus spp. 

4. Annual weeds complete their life cycle in: a) One year b) Two years c) Several years d) A few 
months only 

5. Which type of weed requires more intensive management due to persistence? a) Annual 
weeds b) Biennial weeds c) Perennial weeds d) Morphological weeds 

 

1.3 Weed Biology 

1.3.1 Growth and reproduction 

Weeds exhibit remarkable abilities in growth and reproduction, which are key reasons for their 
persistence in farming systems. Growth refers to the increase in size and biomass of the plant, 
while reproduction is the process by which weeds produce offspring to ensure continuity of their 
species. Many weeds grow faster than crops, enabling them to dominate fields quickly. 

Reproduction in weeds can occur through seeds, vegetative structures such as rhizomes, stolons, 
tubers, or bulbs. For instance, Cyperus rotundus (nut grass) reproduces through underground 
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tubers, making it difficult to eradicate. Seed production is often prolific, with some species 
producing thousands of seeds per plant. These seeds may remain viable in the soil for years, 
forming what is known as a seed bank, which ensures future infestations even after control 
measures. 

Fill in the blank: The underground storage structures that enable nut grass to reproduce are called 
______. 

Diagram showing weed reproduction methods: seeds, rhizomes, stolons, tubers. Figure 1.3: 
Growth and reproduction strategies of weeds  

1.3.2 Adaptation and survival strategies 

Weeds are highly adaptable plants, capable of surviving under diverse and often harsh conditions. 
Adaptation refers to the ability of weeds to adjust to environmental stresses, while survival 
strategies are the mechanisms they use to persist despite control efforts. 

Some weeds develop resistance to herbicides, making chemical control less effective. Others 
produce allelopathic substances, which are chemicals released into the soil that inhibit the growth 
of nearby crops. Weeds also adapt by producing seeds that germinate at different times, ensuring 
that even if some seedlings are destroyed, others will emerge later. 

Perennial weeds, such as Imperata cylindrica, survive through underground rhizomes that 
regenerate even after the above-ground parts are removed. Aquatic weeds like Eichhornia 
crassipes float on water surfaces and spread rapidly, covering large areas. These strategies make 
weeds formidable competitors in agricultural systems. 

Fill in the blank: Chemicals released by some weeds that inhibit the growth of nearby crops are 
known as ______ substances. 
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Box 1.1: Examples of weed survival strategies 

Pilot questions 1.3 

1. Which weed reproduces through underground tubers? a) Imperata cylindrica b) Cyperus 
rotundus c) Eichhornia crassipes d) Amaranthus spp. 

2. What is the term for seeds that remain viable in the soil for years? a) Seed bank b) Seed 
dormancy c) Seed reserve d) Seed storage 

3. Which survival strategy involves weeds releasing chemicals that inhibit crop growth? a) 
Herbicide resistance b) Allelopathy c) Seed dormancy d) Rhizome regeneration 

4. Which weed survives through underground rhizomes? a) Striga hermonthica b) Imperata 
cylindrica c) Eichhornia crassipes d) Amaranthus spp. 

5. Aquatic weeds such as water hyacinth spread by: a) Underground tubers b) Floating and 
rapid vegetative growth c) Seed dormancy d) Allelopathic substances 

 

Series Summary 

This Series has introduced you to the fundamental aspects of weeds, focusing on their definition, 
classification, and biological traits. The purpose was to establish a strong foundation for 
understanding how weeds differ from crops and why they pose significant challenges in 
agricultural systems. 

We began by defining weeds and examining their general characteristics, then moved on to 
distinguishing them from cultivated crops. Following that, we explored classification systems, both 
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morphological and ecological, including life cycle categories such as annual, biennial, and 
perennial weeds. Finally, we studied weed biology, highlighting their growth, reproduction, and 
survival strategies. By completing this Series, you should now be able to define weeds, distinguish 
them from crops, classify them using different systems, analyse their biological traits, and evaluate 
their adaptation strategies, as outlined in the Series Learning Outcomes. 

Series Glossary 

• Allelopathy: The release of chemical substances by plants that inhibit the growth of 
neighbouring plants. 

• Annual weeds: Weeds that complete their life cycle within one year. 

• Biennial weeds: Weeds that complete their life cycle within two years. 

• Morphology: The external form and structure of plants, used in classification. 

• Perennial weeds: Weeds that persist for several years, often through underground 
structures such as rhizomes or tubers. 

• Rhizome: An underground stem that grows horizontally and produces new shoots and 
roots. 

• Seed bank: The reserve of viable seeds present in the soil, capable of germinating over 
time. 

• Weed: Any plant growing where it is not wanted, competing with crops for resources. 

Concept Check Questions [Series 1] 

Objective questions 

1. Define a weed in one sentence. (Linked to SLO 1.1) 

2. Which classification system groups weeds by external form and structure? (Linked to SLO 
1.3) 

3. What type of weed completes its life cycle in two years? (Linked to SLO 1.4) 

Short-answer questions 

4. Explain one key difference between crops and weeds. (Linked to SLO 1.2) 

5. Describe the concept of a seed bank and its importance in weed persistence. (Linked to 
SLO 1.5) 

Long-answer questions 

6. Analyse the survival strategies of perennial weeds and explain why they are difficult to 
control. (Linked to SLO 1.6) 
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o Basic response: Perennial weeds survive through underground structures such as 
rhizomes and tubers, which regenerate even after the above-ground parts are 
removed. 

o Value-added response: Outstanding learners may further explain how perennial 
weeds combine multiple strategies such as seed dormancy, allelopathy, and 
herbicide resistance, making them highly resilient in diverse farming environments. 

Answers to Concept Check Questions [Series 1] 

1. A weed is any plant growing where it is not wanted and competes with crops for resources. 

2. Morphological classification. 

3. Biennial weeds. 

4. Crops are cultivated for economic value, while weeds reduce productivity. 

5. A seed bank is the reserve of viable seeds in the soil, ensuring future infestations even after 
control measures. 

6. Basic response: Perennial weeds regenerate through underground structures such as 
rhizomes and tubers. Value-added response: They also employ strategies like seed 
dormancy, allelopathy, and herbicide resistance, making them especially difficult to 
manage. 

Answers to Pilot Questions [Series 1] 

Part 1.1 

1. b) A plant growing where it is not wanted 

2. c) High adaptability to environments 

3. b) Crops are cultivated for economic value, weeds reduce productivity 

4. b) Witchweed (Striga hermonthica) 

5. c) Light, water, and nutrients 

Part 1.2 

1. b) External form and structure 

2. b) Wide leaves with distinct veins 

3. c) Eichhornia crassipes 

4. a) One year 

5. c) Perennial weeds 
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Part 1.3 

1. b) Cyperus rotundus 

2. a) Seed bank 

3. b) Allelopathy 

4. b) Imperata cylindrica 

5. b) Floating and rapid vegetative growth 

References and Attributions [Series 1] 

• Course document: CPS 405: Weed Science and Control. 

• Figure 1.1: General characteristics of weeds. Suggested AI prompt: “Illustration of weed 
characteristics: rapid growth, seed dispersal, adaptability”. Search string: “weed 
characteristics diagram OER”. 

• Plate 1.1: Distinguishing weeds from crops in a maize field. Suggested AI prompt: “Photo of 
maize field with weed infestation”. Search string: “maize field with weeds OER image”. 

• Figure 1.2: Morphological classification of weeds. Suggested AI prompt: “Diagram 
comparing broadleaf weeds and grass weeds”. Search string: “broadleaf vs grass weeds 
diagram OER”. 

• Table 1.1: Classification of weeds by life cycle. Suggested AI prompt: “Table showing 
annual, biennial, and perennial weeds with examples”. Search string: “weed life cycle 
classification OER table”. 

• Figure 1.3: Growth and reproduction strategies of weeds. Suggested AI prompt: “Diagram of 
weed reproduction methods: seeds, rhizomes, stolons, tubers”. Search string: “weed 
reproduction diagram OER”. 

• Box 1.1: Examples of weed survival strategies. Suggested AI prompt: “Box listing weed 
survival strategies with examples”. Search string: “weed survival strategies OER”. 

 

 

 

Series 2: Biology and Impact of Weeds 
Series outline 

• Part 2.1: Weed biology fundamentals 

o Sub-Part 2.1.1: Physiological processes of weeds 
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o Sub-Part 2.1.2: Reproductive strategies of weeds 

• Part 2.2: Competitive interactions with crops 

o Sub-Part 2.2.1: Resource competition (nutrients, water, light) 

o Sub-Part 2.2.2: Allelopathic effects 

• Part 2.3: Agricultural and economic impacts 

o Sub-Part 2.3.1: Yield losses due to weeds 

o Sub-Part 2.3.2: Increased production costs 

• Part 2.4: Environmental and social impacts 

o Sub-Part 2.4.1: Weeds and biodiversity 

o Sub-Part 2.4.2: Health and social concerns 

 

Introduction 

Weeds are not only unwanted plants but also living organisms with complex biological processes 
that enable them to thrive in diverse environments. Their biology determines how they grow, 
reproduce, and compete with crops, while their impact extends beyond the farm to economic, 
environmental, and social dimensions. By studying the biology and impact of weeds, you will gain 
insight into why they are persistent and how they influence agricultural productivity and human 
livelihoods. 

The aim of this Series is to equip you with the knowledge to explain the biological processes of 
weeds, analyse their competitive interactions with crops, and evaluate their agricultural, 
economic, environmental, and social impacts. 

We shall commence this Series by examining the biological fundamentals of weeds, focusing on 
their physiological processes and reproductive strategies. Next, we will explore how weeds interact 
competitively with crops, including resource competition and allelopathic effects. Following that, 
we will consider their agricultural and economic impacts, such as yield losses and increased 
production costs. Finally, we will conclude by discussing the environmental and social impacts of 
weeds, including their effects on biodiversity and human health. 

Series Learning Outcomes 

Upon completing this Series, you should be able to: 

• SLO 2.1 explain the physiological processes that support weed growth, 

• SLO 2.2 describe the reproductive strategies that enable weeds to persist, 

• SLO 2.3 analyse how weeds compete with crops for resources, 
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• SLO 2.4 evaluate the allelopathic effects of weeds on crop performance, 

• SLO 2.5 assess the agricultural and economic impacts of weeds, including yield losses and 
production costs, and 

• SLO 2.6 discuss the environmental and social impacts of weeds, particularly their 
influence on biodiversity and human health. 

 

2.1 Weed Biology Fundamentals 

2.1.1 Physiological processes of weeds 

Weeds possess unique physiological processes, which are the internal functions that sustain 
their growth and survival. These include photosynthesis, respiration, nutrient uptake, and water 
absorption. Many weeds are highly efficient in photosynthesis, enabling them to produce energy 
rapidly and outcompete crops. Their root systems are often extensive, allowing them to absorb 
water and nutrients from deeper soil layers. 

Some weeds also exhibit adaptations such as tolerance to drought or poor soils, which makes 
them resilient in environments where crops struggle. For example, Imperata cylindrica (spear 
grass) can survive in nutrient-poor soils due to its strong root system. 

Fill in the blank: The process by which weeds convert sunlight into energy for growth is called 
______. 

Diagram showing physiological processes of weeds: photosynthesis, respiration, nutrient uptake. 
Figure 2.1: Physiological processes of weeds  

2.1.2 Reproductive strategies of weeds 
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Weeds employ diverse reproductive strategies, which are methods by which they produce 
offspring to ensure survival. These strategies can be sexual, through seed production, or asexual, 
through vegetative structures such as rhizomes, stolons, tubers, and bulbs. 

Seed reproduction is particularly effective, as many weeds produce large numbers of seeds that 
can remain viable in the soil for years. This forms a seed bank, which ensures future infestations 
even after control measures. Vegetative reproduction is equally important, as weeds like Cyperus 
rotundus (nut grass) regenerate from underground tubers, making them difficult to eradicate. 

Fill in the blank: The underground stems that grow horizontally and produce new shoots are known 
as ______. 

Table 2.1: Reproductive strategies of weeds 

Pilot questions 2.1 

1. Which physiological process enables weeds to convert sunlight into energy? a) Respiration 
b) Photosynthesis c) Transpiration d) Germination 

2. Which weed survives in nutrient-poor soils due to its strong root system? a) Cyperus 
rotundus b) Imperata cylindrica c) Amaranthus spp. d) Eichhornia crassipes 

3. What is the term for the reserve of viable seeds in the soil? a) Seed dormancy b) Seed bank 
c) Seed reserve d) Seed storage 

4. Which reproductive structure allows nut grass to regenerate underground? a) Rhizomes b) 
Tubers c) Stolons d) Bulbs 

5. Which weed reproduces through horizontal stems above ground? a) Amaranthus spp. b) 
Cynodon dactylon c) Imperata cylindrica d) Striga hermonthica 
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2.2 Competitive Interactions with Crops 

2.2.1 Resource competition (nutrients, water, light) 

Weeds compete directly with crops for essential resources, including nutrients, water, and light. 
Their extensive root systems often absorb nutrients more efficiently than crops, depriving 
cultivated plants of what they need for growth. Similarly, weeds can consume large amounts of 
water, leaving crops stressed and less productive. Above ground, weeds shade crops by growing 
taller or spreading wider leaves, reducing the amount of sunlight available for photosynthesis. 

This competition results in reduced crop vigour, lower yields, and poor quality of harvest. For 
example, Striga hermonthica parasitises cereal crops by attaching to their roots and absorbing 
nutrients and water, leading to severe yield losses. 

Fill in the blank: When weeds grow taller and shade crops, they reduce the amount of ______ 
available for photosynthesis. 

Diagram showing competition between weeds and crops for nutrients, water, and light. Figure 2.2: 
Resource competition between weeds and crops  

2.2.2 Allelopathic effects 

Some weeds exert influence through allelopathy, which is the release of chemical substances into 
the soil that inhibit the growth of nearby crops. These chemicals may reduce seed germination, 
stunt growth, or even kill sensitive plants. For instance, Parthenium hysterophorus produces 
allelopathic compounds that suppress the growth of crops such as maize and sorghum. 
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Allelopathic effects are particularly challenging because they are invisible and often overlooked. 
Farmers may notice poor crop performance without realising that the cause is chemical 
interference from weeds. This makes allelopathy a subtle but powerful form of competition. 

Fill in the blank: The release of chemical substances by weeds that inhibit crop growth is known as 
______. 

Box 2.1: Examples of allelopathic weeds 

Pilot questions 2.2 

1. Which resource is NOT typically competed for between weeds and crops? a) Nutrients b) 
Water c) Light d) Market demand 

2. Which weed parasitises cereal crops by attaching to their roots? a) Parthenium 
hysterophorus b) Striga hermonthica c) Imperata cylindrica d) Cyperus rotundus 

3. What is the term for chemical substances released by weeds that inhibit crop growth? a) 
Photosynthesis b) Respiration c) Allelopathy d) Transpiration 

4. Which weed produces allelopathic compounds that suppress maize and sorghum growth? 
a) Parthenium hysterophorus b) Avena fatua c) Eichhornia crassipes d) Cynodon dactylon 

5. Which effect of weeds is often invisible and overlooked by farmers? a) Shading crops b) 
Allelopathic interference c) Nutrient competition d) Water absorption 

 

2.3 Agricultural and Economic Impacts 

2.3.1 Yield losses due to weeds 
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Weeds are a major cause of yield losses in agriculture. By competing with crops for nutrients, 
water, and light, they reduce the vigour and productivity of cultivated plants. In severe cases, 
weeds can cause complete crop failure, especially when parasitic species such as Striga 
hermonthica infest cereal fields. Yield losses vary depending on the type of weed, crop, and level of 
infestation, but they are often significant enough to threaten food security. 

For example, uncontrolled weed growth in maize fields can reduce yields by more than half. This 
makes weed management a critical factor in ensuring sustainable crop production. 

Fill in the blank: Severe infestations of parasitic weeds such as ______ can cause complete crop 
failure in cereals. 

Diagram showing yield reduction in maize fields due to weed infestation. Figure 2.3: Yield losses 
caused by weeds  

2.3.2 Increased production costs 

Weeds also contribute to higher production costs in farming. Farmers must invest in labour, 
herbicides, and equipment to manage weeds effectively. In some cases, repeated applications of 
herbicides or mechanical weeding are required, which increases expenses. 

Additionally, weeds can reduce the efficiency of harvesting operations, leading to further costs. For 
instance, dense weed growth may clog harvesting machines or contaminate harvested produce, 
requiring extra cleaning and sorting. These costs accumulate and reduce the profitability of farming 
enterprises. 

Fill in the blank: Farmers often spend more on ______ and equipment to manage weeds effectively. 
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Cost 
factor 

Description Example 

Labour Manual weeding and field maintenance 
Hiring workers for hand 

weeding 

Herbicides Chemical control measures 
Purchase of selective 

herbicides 

Equipment Tools and machinery for weed control 
Mechanical weeders, 

sprayers 

Harvesting 
Reduced efficiency due to weed 

contamination 
Extra cleaning of produce 

Table 2.2: Examples of increased production costs due to weeds 

Pilot questions 2.3 

1. Which factor is directly reduced by weed competition in crops? a) Market demand b) Yield 
c) Storage capacity d) Transport efficiency 

2. Severe infestations of which parasitic weed can cause crop failure in cereals? a) Imperata 
cylindrica b) Striga hermonthica c) Cyperus rotundus d) Parthenium hysterophorus 

3. Which of the following is NOT a production cost associated with weed management? a) 
Labour b) Herbicides c) Equipment d) Crop breeding 

4. What problem can dense weed growth cause during harvesting? a) Increased seed 
dormancy b) Clogging of machines and contamination of produce c) Reduced soil fertility d) 
Faster crop maturity 

5. Why do weeds reduce farm profitability? a) They increase biodiversity b) They require 
additional labour, herbicides, and equipment c) They improve soil structure d) They reduce 
pest infestations 

 

2.4 Environmental and Social Impacts 

2.4.1 Weeds and biodiversity 

Weeds can significantly affect biodiversity, which refers to the variety of plant and animal life in a 
given environment. Some invasive weeds dominate ecosystems, reducing the diversity of native 
species. For example, Chromolaena odorata spreads rapidly in tropical regions, displacing 
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indigenous plants and altering habitats. Aquatic weeds such as Eichhornia crassipes (water 
hyacinth) cover water surfaces, blocking sunlight and reducing oxygen levels, which harms fish and 
other aquatic organisms. 

This reduction in biodiversity can destabilise ecosystems, making them less resilient to 
environmental changes. Farmers and communities often face long-term consequences when 
weeds disrupt ecological balance. 

Fill in the blank: Aquatic weeds such as water hyacinth reduce oxygen levels in water, which harms 
______ organisms. 

Diagram showing the impact of invasive weeds on biodiversity in terrestrial and aquatic 
ecosystems. Figure 2.4: Effects of weeds on biodiversity  

2.4.2 Health and social concerns 

Weeds also pose health and social concerns. Some species produce allergens or toxic 
substances that affect human health. For instance, Parthenium hysterophorus causes skin 
irritation, respiratory problems, and allergic reactions in people exposed to it. Aquatic weeds can 
create breeding grounds for mosquitoes, increasing the risk of malaria in affected communities. 

Socially, weeds reduce the aesthetic value of landscapes and recreational areas. They also 
increase labour demands for farmers, leading to stress and reduced quality of life. In rural 
communities, the burden of weed management often falls on women and children, affecting 
education and social development. 

Fill in the blank: The weed Parthenium hysterophorus can cause ______ problems and allergic 
reactions in humans. 
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Box 2.2: Examples of health and social impacts of weeds 

Pilot questions 2.4 

1. Which invasive weed reduces biodiversity in tropical regions by displacing native plants? a) 
Imperata cylindrica b) Chromolaena odorata c) Cyperus rotundus d) Striga hermonthica 

2. Aquatic weeds such as water hyacinth reduce oxygen levels, affecting which organisms? a) 
Birds b) Fish c) Mammals d) Insects 

3. Which weed is known to cause skin irritation and respiratory problems in humans? a) 
Eichhornia crassipes b) Parthenium hysterophorus c) Amaranthus spp. d) Cynodon 
dactylon 

4. What social impact can weeds have on rural communities? a) Increase in biodiversity b) 
Reduction in labour demands c) Increased burden on women and children d) Improved 
recreational value 

5. Which disease risk is heightened by aquatic weed infestations? a) Tuberculosis b) Malaria 
c) Cholera d) Typhoid 

 

Series Summary 

This Series has explored the biology and impact of weeds, highlighting why they are persistent and 
problematic in agricultural systems. We began by examining their physiological processes and 
reproductive strategies, which enable them to grow rapidly and reproduce effectively. Then, we 
considered their competitive interactions with crops, including resource competition and 
allelopathic effects. Following that, we analysed their agricultural and economic impacts, such as 
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yield losses and increased production costs. Finally, we discussed their environmental and social 
impacts, focusing on biodiversity, health, and community concerns. 

By completing this Series, you should now be able to explain weed physiology, describe 
reproductive strategies, analyse competition with crops, evaluate allelopathic effects, assess 
agricultural and economic impacts, and discuss environmental and social consequences, as 
outlined in the Series Learning Outcomes. 

Series Glossary 

• Allelopathy: The release of chemical substances by plants that inhibit the growth of 
neighbouring plants. 

• Biodiversity: The variety of plant and animal life in a given environment. 

• Physiological processes: Internal functions such as photosynthesis, respiration, and 
nutrient uptake that sustain plant growth. 

• Reproductive strategies: Methods by which weeds produce offspring, including seed 
production and vegetative structures. 

• Resource competition: The struggle between weeds and crops for nutrients, water, and 
light. 

• Seed bank: The reserve of viable seeds present in the soil, capable of germinating over 
time. 

• Yield losses: Reduction in crop productivity caused by weed competition or infestation. 

Concept Check Questions [Series 2] 

Objective questions 

1. Which physiological process enables weeds to convert sunlight into energy? (Linked to SLO 
2.1) 

2. What is the term for underground stems that produce new shoots? (Linked to SLO 2.2) 

3. Which parasitic weed attaches to cereal roots and absorbs nutrients? (Linked to SLO 2.3) 

Short-answer questions 

4. Explain how allelopathic weeds affect crop performance. (Linked to SLO 2.4) 

5. Describe one way weeds increase production costs for farmers. (Linked to SLO 2.5) 

Long-answer questions 

6. Discuss the environmental and social impacts of invasive weeds, providing examples. 
(Linked to SLO 2.6) 
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o Basic response: Invasive weeds reduce biodiversity by displacing native species 
and can cause health issues such as allergies or respiratory problems. 

o Value-added response: Outstanding learners may further explain how aquatic 
weeds disrupt ecosystems by reducing oxygen levels, creating mosquito breeding 
grounds, and increasing social burdens such as labour demands on rural 
households. 

Answers to Concept Check Questions [Series 2] 

1. Photosynthesis. 

2. Rhizomes. 

3. Striga hermonthica. 

4. Allelopathic weeds release chemicals into the soil that inhibit crop germination and growth. 

5. Farmers spend more on labour, herbicides, and equipment to manage weeds. 

6. Basic response: Invasive weeds reduce biodiversity and cause health problems. Value-
added response: They also disrupt ecosystems, encourage mosquito breeding, and 
increase social burdens on rural communities. 

Answers to Pilot Questions [Series 2] 

Part 2.1 

1. b) Photosynthesis 

2. b) Imperata cylindrica 

3. b) Seed bank 

4. b) Tubers 

5. b) Cynodon dactylon 

Part 2.2 

1. d) Market demand 

2. b) Striga hermonthica 

3. c) Allelopathy 

4. a) Parthenium hysterophorus 

5. b) Allelopathic interference 

Part 2.3 

1. b) Yield 
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2. b) Striga hermonthica 

3. d) Crop breeding 

4. b) Clogging of machines and contamination of produce 

5. b) They require additional labour, herbicides, and equipment 

Part 2.4 

1. b) Chromolaena odorata 

2. b) Fish 

3. b) Parthenium hysterophorus 

4. c) Increased burden on women and children 

5. b) Malaria 

References and Attributions [Series 2] 

• Course document: CPS 405: Weed Science and Control. 

• Figure 2.1: Physiological processes of weeds. Suggested AI prompt: “Diagram of weed 
physiological processes: photosynthesis, respiration, nutrient uptake”. Search string: 
“weed physiology diagram OER”. 

• Table 2.1: Reproductive strategies of weeds. Suggested AI prompt: “Table showing weed 
reproductive strategies with examples”. Search string: “weed reproduction strategies OER 
table”. 

• Figure 2.2: Resource competition between weeds and crops. Suggested AI prompt: 
“Diagram showing weeds competing with crops for nutrients, water, and light”. Search 
string: “weed crop competition diagram OER”. 

• Box 2.1: Examples of allelopathic weeds. Suggested AI prompt: “Box listing examples of 
allelopathic weeds with crops affected”. Search string: “allelopathic weeds examples 
OER”. 

• Figure 2.3: Yield losses caused by weeds. Suggested AI prompt: “Diagram showing maize 
yield reduction due to weed infestation”. Search string: “weed yield loss diagram OER”. 

• Table 2.2: Examples of increased production costs due to weeds. Suggested AI prompt: 
“Table showing increased production costs due to weeds with examples”. Search string: 
“weed management costs OER table”. 

• Figure 2.4: Effects of weeds on biodiversity. Suggested AI prompt: “Diagram showing 
invasive weeds reducing biodiversity in land and water ecosystems”. Search string: “impact 
of invasive weeds biodiversity OER diagram”. 
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• Box 2.2: Examples of health and social impacts of weeds. Suggested AI prompt: “Box listing 
health and social impacts of weeds with examples”. Search string: “health impacts of 
weeds OER”. 

 

 

 

Series 3: Weed Control Methods and Challenges 
Series outline 

• Part 3.1: Cultural and mechanical methods 

o Sub-Part 3.1.1: Crop rotation and tillage 

o Sub-Part 3.1.2: Manual and mechanical weeding 

• Part 3.2: Biological methods 

o Sub-Part 3.2.1: Use of natural enemies 

o Sub-Part 3.2.2: Integrated biological approaches 

• Part 3.3: Chemical methods 

o Sub-Part 3.3.1: Selective and non-selective herbicides 

o Sub-Part 3.3.2: Limitations of chemical control 

• Part 3.4: Challenges in weed control 

o Sub-Part 3.4.1: Herbicide resistance 

o Sub-Part 3.4.2: Environmental and socio-economic constraints 

 

Introduction 

Weed control is one of the most critical aspects of crop production, as unchecked weed growth 
can lead to severe yield losses, increased costs, and long-term ecological challenges. Farmers and 
researchers have developed a variety of methods to manage weeds, ranging from traditional 
practices to modern technologies. However, each method comes with its own strengths and 
limitations, and the challenges of weed control continue to evolve with issues such as herbicide 
resistance and environmental concerns. 

The aim of this Series is to introduce you to the major methods of weed control, including cultural, 
mechanical, biological, and chemical approaches, while also highlighting the challenges that 
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complicate effective management. By the end of this Series, you will be equipped to evaluate 
different control strategies and understand the constraints that influence their success. 

We shall commence this Series by examining cultural and mechanical methods such as crop 
rotation, tillage, and manual weeding. Next, we will explore biological methods, focusing on the 
use of natural enemies and integrated approaches. Following that, we will consider chemical 
methods, including selective and non-selective herbicides, as well as their limitations. Finally, we 
will conclude by discussing the challenges in weed control, such as herbicide resistance and 
socio-economic constraints. 

Series Learning Outcomes 

Upon completing this Series, you should be able to: 

• SLO 3.1 explain cultural and mechanical methods of weed control, 

• SLO 3.2 describe biological methods of weed control, including natural enemies and 
integrated approaches, 

• SLO 3.3 evaluate chemical methods of weed control, distinguishing between selective and 
non-selective herbicides, 

• SLO 3.4 assess the limitations of chemical weed control, 

• SLO 3.5 analyse the challenges of weed control, including herbicide resistance, and 

• SLO 3.6 discuss environmental and socio-economic constraints that affect weed 
management. 

 

3.1 Cultural and Mechanical Methods 

3.1.1 Crop rotation and tillage 

Crop rotation is the practice of growing different crops in succession on the same land to disrupt 
weed growth cycles. Since many weeds are adapted to specific crops, rotating with unrelated 
crops reduces their chances of survival. For example, rotating cereals with legumes can break the 
life cycle of weeds such as Striga hermonthica. 

Tillage refers to the mechanical manipulation of soil to prepare it for planting. It can bury weed 
seeds, uproot seedlings, or expose underground structures like rhizomes to desiccation. However, 
excessive tillage may damage soil structure, so it must be applied judiciously. 

Fill in the blank: Growing different crops in succession on the same land to disrupt weed cycles is 
called ______. 
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Diagram showing crop rotation cycle with cereals, legumes, and root crops. Figure 3.1: Crop 
rotation as a weed control method 

3.1.2 Manual and mechanical weeding 

Manual weeding involves physically removing weeds by hand or with simple tools such as hoes. It 
is labour-intensive but effective for small-scale farms. Manual weeding allows farmers to target 
specific weeds without disturbing crops. 

Mechanical weeding uses equipment such as weeders, cultivators, or tractors to remove weeds. 
This method is more efficient for large-scale farming but requires investment in machinery. 
Mechanical weeding can also be combined with other practices, such as mulching, to improve 
effectiveness. 

Fill in the blank: Removing weeds by hand or with simple tools is referred to as ______ weeding. 
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Photograph showing farmers manually weeding a maize field. Plate 3.1: Manual weeding in a maize 
field  

Pilot questions 3.1 

1. Which practice disrupts weed growth cycles by alternating crops? a) Tillage b) Crop rotation 
c) Mulching d) Herbicide application 

2. What is the main advantage of tillage in weed control? a) Improves soil fertility b) Uproots 
weeds and buries seeds c) Reduces crop rotation needs d) Increases herbicide efficiency 

3. Which method of weed control is labour-intensive but effective for small farms? a) 
Mechanical weeding b) Manual weeding c) Chemical control d) Biological control 

4. What equipment is commonly used in mechanical weeding? a) Hoes and cutlasses b) 
Weed sprayers c) Tractors and cultivators d) Irrigation pumps 

5. Which weed control method can be combined with mulching for greater effectiveness? a) 
Manual weeding b) Mechanical weeding c) Crop rotation d) Herbicide application 

 

3.2 Biological Methods 

3.2.1 Use of natural enemies 

Biological control involves using living organisms to suppress weed populations. Natural enemies 
such as insects, fungi, and grazing animals can reduce weed growth by feeding on them or causing 
disease. For example, the leaf-feeding beetle Zygogramma bicolorata has been used to control 
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Parthenium hysterophorus in some regions. Similarly, certain fungi attack weed roots, weakening 
their ability to compete with crops. 

This method is environmentally friendly because it reduces reliance on chemicals. However, it 
requires careful selection of agents to avoid unintended effects on non-target plants or 
ecosystems. 

Fill in the blank: The beetle Zygogramma bicolorata is used to control the weed ______. 

Diagram showing insects and fungi acting as natural enemies of weeds. Figure 3.2: Biological 
control using natural enemies  

3.2.2 Integrated biological approaches 

Integrated biological approaches combine different biological agents or link biological control with 
other methods such as cultural practices. For example, grazing animals may be used alongside 
crop rotation to reduce weed populations. Similarly, fungi can be introduced in fields where 
mechanical weeding has already weakened weed growth. 

This integrated approach enhances effectiveness and sustainability. It also reduces the risk of 
weeds developing resistance, which is a common problem with chemical methods. Farmers 
benefit from lower costs and improved ecological balance when biological methods are integrated 
into weed management systems. 

Fill in the blank: Combining biological agents with cultural practices is referred to as ______ 
biological approaches. 
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Box 3.1: Examples of integrated biological approaches 

Pilot questions 3.2 

1. Which insect is used to control Parthenium hysterophorus? a) Grasshopper b) Zygogramma 
bicolorata c) Ladybird beetle d) Termite 

2. Which of the following is an advantage of biological weed control? a) It is labour-intensive 
b) It reduces reliance on chemicals c) It requires heavy machinery d) It increases herbicide 
resistance 

3. What is the main risk of using biological agents? a) High cost of herbicides b) Unintended 
effects on non-target plants c) Reduced soil fertility d) Increased crop rotation needs 

4. What term describes combining biological agents with cultural practices? a) Selective 
control b) Integrated biological approaches c) Mechanical control d) Chemical control 

5. Which method reduces the risk of weeds developing resistance? a) Sole reliance on 
herbicides b) Integrated biological approaches c) Manual weeding only d) Excessive tillage 

 

3.3 Chemical Methods 

3.3.1 Selective and non-selective herbicides 

Herbicides are chemical substances used to kill or suppress weeds. They are classified into two 
main types: 
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• Selective herbicides target specific weeds while leaving crops relatively unharmed. For 
example, atrazine is used in maize fields to control broadleaf weeds without damaging the 
maize plants. 

• Non-selective herbicides kill all vegetation they come into contact with. Glyphosate is a 
common example, often used to clear fields before planting. 

The choice between selective and non-selective herbicides depends on the crop type, weed 
species, and farming objectives. 

Fill in the blank: Herbicides that kill all vegetation they contact are called ______ herbicides. 

Diagram showing selective herbicide application in maize versus non-selective herbicide clearing a 
field. Figure 3.3: Selective vs non-selective herbicides  

3.3.2 Limitations of chemical control 

While chemical methods are effective, they have several limitations. Over-reliance on herbicides 
can lead to herbicide resistance, where weeds evolve to survive chemical applications. This 
makes future control more difficult and costly. 

Chemical control also poses environmental risks, such as contamination of soil and water, and 
potential harm to non-target organisms. Additionally, herbicides may leave residues in crops, 
raising health concerns for consumers. Farmers must therefore use herbicides responsibly, often 
in combination with other methods, to achieve sustainable weed management. 

Fill in the blank: The ability of weeds to survive repeated herbicide applications is known as 
herbicide ______. 
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Box 3.2: Limitations of chemical weed control 

Pilot questions 3.3 

1. Which type of herbicide targets specific weeds without harming crops? a) Non-selective 
herbicides b) Selective herbicides c) Contact herbicides d) Residual herbicides 

2. Glyphosate is an example of which type of herbicide? a) Selective b) Non-selective c) 
Residual d) Contact 

3. What is the main risk of over-reliance on herbicides? a) Increased soil fertility b) Herbicide 
resistance c) Faster crop maturity d) Reduced biodiversity 

4. Which environmental issue can arise from chemical weed control? a) Soil contamination b) 
Increased crop rotation c) Reduced tillage needs d) Improved biodiversity 

5. Why should herbicides be used in combination with other methods? a) To reduce crop 
rotation b) To achieve sustainable weed management c) To increase herbicide dosage d) To 
eliminate manual labour 

 

3.4 Challenges in Weed Control 

3.4.1 Herbicide resistance 

One of the most pressing challenges in modern weed management is herbicide resistance. This 
occurs when weed populations evolve to survive repeated applications of herbicides that once 
controlled them effectively. Resistance develops through natural selection, as resistant individuals 
survive and reproduce, passing on their traits. 
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Examples include Amaranthus species in maize and soybean fields, which have developed 
resistance to glyphosate. Herbicide resistance reduces the effectiveness of chemical control and 
forces farmers to use higher doses or alternative products, increasing costs and environmental 
risks. 

Fill in the blank: The survival of weeds after repeated herbicide applications is known as herbicide 
______. 

Diagram showing the development of herbicide resistance in weed populations. Figure 3.4: 
Herbicide resistance in weeds  

3.4.2 Environmental and socio-economic constraints 

Weed control is also limited by environmental and socio-economic constraints. 
Environmentally, excessive use of herbicides can contaminate soil and water, harm non-target 
organisms, and reduce biodiversity. Mechanical methods may degrade soil structure if overused, 
while biological methods require careful ecological balance. 

Socio-economic factors include the high cost of herbicides and machinery, limited access to 
technology, and labour shortages. In many rural communities, weed control relies heavily on 
manual labour, which can be time-consuming and physically demanding. These constraints 
highlight the need for integrated weed management strategies that balance effectiveness, 
sustainability, and affordability. 

Fill in the blank: Excessive use of herbicides can contaminate ______ and water, harming non-target 
organisms. 
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Box 3.3: Environmental and socio-economic constraints in weed control 

Pilot questions 3.4 

1. What is the term for weeds surviving repeated herbicide applications? a) Herbicide 
tolerance b) Herbicide resistance c) Herbicide persistence d) Herbicide dormancy 

2. Which weed species has developed resistance to glyphosate in maize and soybean fields? 
a) Striga hermonthica b) Amaranthus spp. c) Parthenium hysterophorus d) Cyperus 
rotundus 

3. Which environmental issue arises from excessive herbicide use? a) Soil contamination b) 
Increased crop rotation c) Reduced tillage needs d) Improved biodiversity 

4. What socio-economic factor limits weed control in rural communities? a) High biodiversity 
b) Labour shortages c) Increased soil fertility d) Improved technology access 

5. Why is integrated weed management necessary? a) To reduce crop rotation b) To balance 
effectiveness, sustainability, and affordability c) To eliminate manual labour completely d) 
To increase herbicide dosage 

 

Series Summary 

This Series has examined the diverse methods of weed control and the challenges that accompany 
them. We began with cultural and mechanical approaches such as crop rotation, tillage, and 
manual or mechanical weeding. We then explored biological methods, including the use of natural 
enemies and integrated approaches. Following that, we considered chemical methods, 
distinguishing between selective and non-selective herbicides while noting their limitations. 
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Finally, we discussed the challenges of weed control, focusing on herbicide resistance and 
environmental or socio-economic constraints. 

By completing this Series, you should now be able to explain cultural and mechanical methods, 
describe biological approaches, evaluate chemical methods, assess their limitations, and analyse 
the broader challenges of weed control, as outlined in the Series Learning Outcomes. 

Series Glossary 

• Biological control: The use of living organisms such as insects, fungi, or grazing animals to 
suppress weed populations. 

• Crop rotation: The practice of growing different crops in succession on the same land to 
disrupt weed cycles. 

• Herbicide resistance: The ability of weeds to survive repeated applications of herbicides. 

• Manual weeding: The physical removal of weeds by hand or with simple tools. 

• Mechanical weeding: The use of equipment such as tractors or cultivators to remove 
weeds. 

• Non-selective herbicides: Chemicals that kill all vegetation they contact. 

• Selective herbicides: Chemicals that target specific weeds while leaving crops relatively 
unharmed. 

• Tillage: The mechanical manipulation of soil to prepare it for planting and control weeds. 

Concept Check Questions [Series 3] 

Objective questions 

1. Which practice disrupts weed growth cycles by alternating crops? (Linked to SLO 3.1) 

2. What type of herbicide kills all vegetation it contacts? (Linked to SLO 3.3) 

3. What is the term for weeds surviving repeated herbicide applications? (Linked to SLO 3.5) 

Short-answer questions 

4. Explain one advantage of biological weed control. (Linked to SLO 3.2) 

5. Describe one limitation of chemical weed control. (Linked to SLO 3.4) 

Long-answer questions 

6. Analyse the environmental and socio-economic constraints that affect weed control. 
(Linked to SLO 3.6) 

o Basic response: Environmental constraints include soil and water contamination, 
while socio-economic constraints include high costs and labour shortages. 
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o Value-added response: Outstanding learners may further explain how biodiversity 
loss, health concerns, and unequal access to technology compound these 
challenges, making integrated weed management essential. 

Answers to Concept Check Questions [Series 3] 

1. Crop rotation. 

2. Non-selective herbicides. 

3. Herbicide resistance. 

4. Biological control reduces reliance on chemicals and is environmentally friendly. 

5. Chemical control can lead to herbicide resistance and environmental contamination. 

6. Basic response: Weed control is limited by soil and water contamination, high costs, and 
labour shortages. Value-added response: It also involves biodiversity loss, health risks, and 
unequal access to technology, requiring integrated management strategies. 

Answers to Pilot Questions [Series 3] 

Part 3.1 

1. b) Crop rotation 

2. b) Uproots weeds and buries seeds 

3. b) Manual weeding 

4. c) Tractors and cultivators 

5. b) Mechanical weeding 

Part 3.2 

1. b) Zygogramma bicolorata 

2. b) It reduces reliance on chemicals 

3. b) Unintended effects on non-target plants 

4. b) Integrated biological approaches 

5. b) Integrated biological approaches 

Part 3.3 

1. b) Selective herbicides 

2. b) Non-selective 

3. b) Herbicide resistance 



 

 LA-NET | ONLINE LEARNING VIDEO PLATFORM FOR POST-SECONDARY & HIGHER INSTITUTION STUDENTS 

4. a) Soil contamination 

5. b) To achieve sustainable weed management 

Part 3.4 

1. b) Herbicide resistance 

2. b) Amaranthus spp. 

3. a) Soil contamination 

4. b) Labour shortages 

5. b) To balance effectiveness, sustainability, and affordability 

References and Attributions [Series 3] 

• Course document: CPS 405: Weed Science and Control. 

• Figure 3.1: Crop rotation as a weed control method. Suggested AI prompt: “Diagram 
showing crop rotation cycle with cereals, legumes, and root crops”. Search string: “crop 
rotation diagram OER”. 

• Plate 3.1: Manual weeding in a maize field. Suggested AI prompt: “Photo of farmers 
manually weeding maize field”. Search string: “manual weeding maize field OER image”. 

• Figure 3.2: Biological control using natural enemies. Suggested AI prompt: “Diagram 
showing insects and fungi controlling weeds”. Search string: “biological weed control 
natural enemies OER diagram”. 

• Box 3.1: Examples of integrated biological approaches. Suggested AI prompt: “Box listing 
examples of integrated biological weed control approaches”. Search string: “integrated 
biological weed control OER”. 

• Figure 3.3: Selective vs non-selective herbicides. Suggested AI prompt: “Diagram 
comparing selective herbicide in maize and non-selective herbicide clearing field”. Search 
string: “selective vs non-selective herbicides diagram OER”. 

• Box 3.2: Limitations of chemical weed control. Suggested AI prompt: “Box listing limitations 
of chemical weed control”. Search string: “limitations of herbicide weed control OER”. 

• Figure 3.4: Herbicide resistance in weeds. Suggested AI prompt: “Diagram showing 
herbicide resistance development in weed populations”. Search string: “herbicide 
resistance weeds diagram OER”. 

• Box 3.3: Environmental and socio-economic constraints in weed control. Suggested AI 
prompt: “Box listing environmental and socio-economic constraints in weed control”. 
Search string: “weed control environmental socioeconomic constraints OER”. 
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Series 4: Herbicides: Chemistry, Selectivity, and 
Application 
Series outline 

• Part 4.1: Chemistry of herbicides 

o Sub-Part 4.1.1: Classification by chemical families 

o Sub-Part 4.1.2: Modes of action 

• Part 4.2: Selectivity in herbicides 

o Sub-Part 4.2.1: Basis of selectivity (crop vs weed response) 

o Sub-Part 4.2.2: Factors influencing selectivity 

• Part 4.3: Application techniques 

o Sub-Part 4.3.1: Methods of herbicide application 

o Sub-Part 4.3.2: Safety and environmental considerations 

• Part 4.4: Challenges in herbicide use 

o Sub-Part 4.4.1: Herbicide resistance 

o Sub-Part 4.4.2: Regulatory and socio-economic issues 

 

Introduction 

Herbicides are among the most widely used tools in modern agriculture for managing weeds. Their 
effectiveness depends on understanding their chemistry, the principles of selectivity, and the 
proper application techniques. However, herbicide use also presents challenges, including 
resistance, environmental risks, and socio-economic considerations. 

The aim of this Series is to provide you with a comprehensive understanding of herbicides: how 
they are classified chemically, how they act on weeds, why they are selective, and how they should 
be applied safely and effectively. We will also examine the challenges that complicate herbicide 
use, such as resistance and regulatory issues. 

We shall commence this Series by exploring the chemistry of herbicides, including their 
classification into chemical families and their modes of action. Next, we will study herbicide 
selectivity, focusing on the basis of crop versus weed response and the factors influencing 
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selectivity. Following that, we will consider application techniques, including methods of 
application and safety considerations. Finally, we will conclude by discussing the challenges in 
herbicide use, such as herbicide resistance and socio-economic constraints. 

Series Learning Outcomes 

Upon completing this Series, you should be able to: 

• SLO 4.1 explain the chemistry of herbicides, including classification and modes of action, 

• SLO 4.2 describe the basis of herbicide selectivity and the factors influencing it, 

• SLO 4.3 evaluate herbicide application techniques, including safety and environmental 
considerations, and 

• SLO 4.4 analyse the challenges in herbicide use, including resistance, regulatory, and 
socio-economic issues. 

 

4.1 Chemistry of Herbicides 

4.1.1 Classification by chemical families 

Herbicides are grouped into chemical families, each with distinct properties and mechanisms. 
Common families include: 

• Phenoxy acids (e.g., 2,4-D): mimic plant hormones, causing uncontrolled growth in 
broadleaf weeds. 

• Triazines (e.g., atrazine): inhibit photosynthesis, widely used in maize and sorghum. 

• Glyphosate (a non-selective herbicide): blocks amino acid synthesis, killing most plants. 

• Sulfonylureas: interfere with enzyme activity, effective at very low doses. 

Understanding chemical families helps farmers choose herbicides suited to specific crops and 
weeds. 

Fill in the blank: Herbicides that mimic plant hormones and cause uncontrolled growth in broadleaf 
weeds belong to the ______ acid family. 

Family Mode of Action Example 

Phenoxy acids Mimic plant hormones 2,4-D 

Triazines Inhibit photosynthesis Atrazine 
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Family Mode of Action Example 

Glyphosate Block amino acid synthesis Glyphosate 

Sulfonylureas Interfere with enzyme activity Chlorsulfuron 

Table 4.1: Classification of herbicides by chemical families 

4.1.2 Modes of action 

The mode of action describes how a herbicide affects plant physiology. Key modes include: 

• Photosynthesis inhibitors: prevent plants from converting sunlight into energy (e.g., 
triazines). 

• Growth regulators: disrupt hormonal balance, leading to abnormal growth (e.g., phenoxy 
acids). 

• Amino acid synthesis inhibitors: block essential enzymes, halting protein production 
(e.g., glyphosate). 

• Cell membrane disruptors: damage plant tissues directly, causing rapid death (e.g., 
paraquat). 

Modes of action are critical for designing integrated weed management strategies and preventing 
resistance. 

Fill in the blank: Herbicides that block essential enzymes and halt protein production are known as 
______ synthesis inhibitors. 
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Diagram showing herbicide modes of action: photosynthesis inhibition, growth regulation, amino 
acid synthesis inhibition, and cell membrane disruption. Figure 4.1: Modes of action of herbicides  

Pilot questions 4.1 

1. Which herbicide family mimics plant hormones to cause uncontrolled growth? a) Triazines 
b) Phenoxy acids c) Sulfonylureas d) Glyphosate 

2. Atrazine belongs to which herbicide family? a) Phenoxy acids b) Triazines c) Sulfonylureas 
d) Glyphosate 

3. Glyphosate kills plants by blocking which process? a) Photosynthesis b) Amino acid 
synthesis c) Hormonal regulation d) Cell membrane disruption 

4. Which herbicide mode of action damages plant tissues directly? a) Growth regulators b) 
Photosynthesis inhibitors c) Cell membrane disruptors d) Amino acid synthesis inhibitors 

5. Why is understanding herbicide modes of action important? a) To reduce crop rotation b) To 
design integrated weed management and prevent resistance c) To increase herbicide 
dosage d) To eliminate manual labour 

 

4.2 Selectivity in Herbicides 

4.2.1 Basis of selectivity (crop vs weed response) 

Herbicide selectivity refers to the ability of a chemical to kill weeds while leaving crops relatively 
unharmed. This selectivity is based on differences in plant physiology and metabolism. Crops may 
detoxify herbicides more efficiently, or their leaf structure may prevent absorption. For example, 
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atrazine is selective in maize because maize plants can metabolize it, while broadleaf weeds 
cannot. 

Fill in the blank: The ability of crops to survive herbicide application while weeds are killed is known 
as herbicide ______. 

Diagram showing selective herbicide action: maize metabolizing atrazine while broadleaf weeds 
are suppressed. Figure 4.2: Basis of herbicide selectivity  

4.2.2 Factors influencing selectivity 

Several factors influence herbicide selectivity, including: 

• Plant morphology: Leaf shape, thickness, and waxiness affect herbicide absorption. 

• Metabolic capacity: Crops may break down herbicides faster than weeds. 

• Application method: Correct dosage and timing ensure crops are less affected. 

• Environmental conditions: Temperature, humidity, and soil type influence herbicide 
behaviour. 

Understanding these factors helps farmers apply herbicides effectively without damaging crops. 

Fill in the blank: Leaf shape, thickness, and waxiness are examples of plant ______ that influence 
herbicide selectivity. 
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Box 4.1: Factors influencing herbicide selectivity 

Pilot questions 4.2 

1. What term describes the ability of crops to survive herbicide application while weeds are 
killed? a) Herbicide resistance b) Herbicide selectivity c) Herbicide tolerance d) Herbicide 
persistence 

2. Why is atrazine selective in maize? a) Maize leaves are waxy b) Maize metabolizes atrazine 
efficiently c) Maize absorbs less water d) Maize roots are deeper 

3. Which factor influences herbicide selectivity by affecting absorption? a) Metabolic capacity 
b) Plant morphology c) Application method d) Environmental conditions 

4. Which factor ensures crops are less affected by herbicides through correct dosage and 
timing? a) Plant morphology b) Application method c) Metabolic capacity d) Environmental 
conditions 

5. Which environmental condition can influence herbicide behaviour? a) Crop rotation b) Soil 
type c) Manual weeding d) Herbicide family 

 

4.3 Application Techniques 

4.3.1 Methods of herbicide application 

Herbicides can be applied using several methods, each suited to different crops and farming 
systems: 
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• Foliar application: Spraying herbicides directly onto leaves, effective for post-emergence 
weed control. 

• Soil application: Applying herbicides to the soil surface or incorporating them, targeting 
weed seeds or seedlings. 

• Pre-emergence application: Herbicides applied before weeds germinate, forming a 
protective barrier. 

• Post-emergence application: Applied after weeds have emerged, often selective to avoid 
crop damage. 

The choice of method depends on the crop type, weed species, and stage of growth. 

Fill in the blank: Spraying herbicides directly onto leaves is known as ______ application. 

Diagram showing foliar, soil, pre-emergence, and post-emergence herbicide applications. Figure 
4.3: Methods of herbicide application  

4.3.2 Safety and environmental considerations 

Proper herbicide use requires attention to safety and environmental considerations. Farmers 
must wear protective clothing to avoid skin contact and inhalation. Herbicides should be applied at 
recommended dosages to prevent crop injury and environmental contamination. 

Environmental concerns include herbicide drift, which can damage nearby crops or ecosystems, 
and runoff into water bodies, which harms aquatic life. Responsible application practices, such as 
using calibrated sprayers and avoiding windy conditions, help minimize risks. 

Fill in the blank: Herbicide drift can damage nearby crops and ______. 
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Box 4.2: Safety and environmental considerations in herbicide application 

Pilot questions 4.3 

1. Which method involves spraying herbicides directly onto leaves? a) Soil application b) 
Foliar application c) Pre-emergence application d) Post-emergence application 

2. Which application method targets weed seeds before they germinate? a) Foliar application 
b) Soil application c) Pre-emergence application d) Post-emergence application 

3. What protective measure should farmers take when applying herbicides? a) Increase 
dosage b) Wear protective clothing c) Spray during windy conditions d) Mix herbicides with 
fertilizers 

4. What environmental risk is associated with herbicide drift? a) Increased soil fertility b) 
Damage to nearby crops and ecosystems c) Faster crop maturity d) Reduced biodiversity 
loss 

5. Why should sprayers be calibrated before herbicide application? a) To increase herbicide 
dosage b) To ensure accurate application and minimize risks c) To reduce crop rotation 
needs d) To eliminate manual labour 

 

4.4 Challenges in Herbicide Use 

4.4.1 Herbicide resistance 

A major challenge in herbicide use is herbicide resistance, where weeds evolve to survive 
repeated applications of chemicals that once controlled them. Resistance develops through 
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natural selection: resistant individuals survive treatment, reproduce, and gradually dominate the 
population. 

Examples include glyphosate-resistant Amaranthus species in soybean and maize fields. This 
reduces the effectiveness of chemical control, forcing farmers to use higher doses or alternative 
herbicides, which increases costs and environmental risks. 

Fill in the blank: The ability of weeds to survive repeated herbicide applications is known as 
herbicide ______. 

Diagram showing the spread of resistant weed populations after repeated herbicide use. Figure 
4.4: Development of herbicide resistance  

4.4.2 Regulatory and socio-economic issues 

Herbicide use is also constrained by regulatory and socio-economic issues. Governments 
regulate herbicide approval, usage, and residue limits to protect human health and the 
environment. Farmers must comply with these rules, which may restrict access to certain 
products. 

Socio-economic factors include the high cost of herbicides, limited access to technology, and lack 
of training in safe application. In many rural communities, herbicide use is minimal due to 
affordability issues, leading to reliance on manual labour. These challenges highlight the need for 
integrated weed management strategies that balance chemical, cultural, and biological methods. 

Fill in the blank: Governments regulate herbicide approval and usage to protect human health and 
the ______. 
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Box 4.3: Regulatory and socio-economic issues in herbicide use 

Pilot questions 4.4 

1. What is the term for weeds surviving repeated herbicide applications? a) Herbicide 
tolerance b) Herbicide resistance c) Herbicide persistence d) Herbicide dormancy 

2. Which weed species has developed resistance to glyphosate in maize and soybean fields? 
a) Striga hermonthica b) Amaranthus spp. c) Parthenium hysterophorus d) Cyperus 
rotundus 

3. Why do governments regulate herbicide approval and usage? a) To increase crop rotation b) 
To protect human health and the environment c) To reduce manual labour d) To improve 
soil fertility 

4. Which socio-economic factor limits herbicide use in rural communities? a) High 
biodiversity b) Labour shortages c) High costs and limited access d) Improved technology 
access 

5. Why is integrated weed management necessary in herbicide use? a) To balance chemical, 
cultural, and biological methods b) To eliminate manual labour completely c) To increase 
herbicide dosage d) To reduce crop rotation 

 

Series Summary 

This Series has explored the chemistry, selectivity, and application of herbicides, as well as the 
challenges associated with their use. We began by classifying herbicides into chemical families 
and examining their modes of action. Next, we studied herbicide selectivity, focusing on crop 
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versus weed responses and the factors that influence selectivity. We then considered application 
techniques, including foliar, soil, pre-emergence, and post-emergence methods, alongside safety 
and environmental considerations. Finally, we discussed challenges such as herbicide resistance 
and regulatory or socio-economic issues. 

By completing this Series, you should now be able to explain herbicide chemistry, describe 
selectivity principles, evaluate application techniques, and analyse the challenges of herbicide 
use, as outlined in the Series Learning Outcomes. 

Series Glossary 

• Amino acid synthesis inhibitors: Herbicides that block enzymes needed for protein 
production. 

• Foliar application: Spraying herbicides directly onto plant leaves. 

• Herbicide resistance: The ability of weeds to survive repeated herbicide applications. 

• Herbicide selectivity: The ability of herbicides to kill weeds while leaving crops unharmed. 

• Phenoxy acids: Herbicide family that mimics plant hormones, causing uncontrolled growth 
in broadleaf weeds. 

• Pre-emergence application: Applying herbicides before weeds germinate. 

• Triazines: Herbicide family that inhibits photosynthesis. 

• Herbicide drift: Movement of herbicides away from the target area, potentially damaging 
nearby crops or ecosystems. 

Concept Check Questions [Series 4] 

Objective questions 

1. Which herbicide family inhibits photosynthesis? (Linked to SLO 4.1) 

2. What term describes the ability of crops to survive herbicide application while weeds are 
killed? (Linked to SLO 4.2) 

3. Which method involves spraying herbicides directly onto leaves? (Linked to SLO 4.3) 

Short-answer questions 

4. Explain one factor that influences herbicide selectivity. (Linked to SLO 4.2) 

5. Describe one safety consideration in herbicide application. (Linked to SLO 4.3) 

Long-answer questions 

6. Analyse the challenges of herbicide use, including resistance and socio-economic issues. 
(Linked to SLO 4.4) 
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o Basic response: Resistance reduces effectiveness, while socio-economic issues 
include high costs and limited access. 

o Value-added response: Outstanding learners may further explain how 
environmental contamination, regulatory restrictions, and lack of training 
compound these challenges, making integrated weed management essential. 

Answers to Concept Check Questions [Series 4] 

1. Triazines. 

2. Herbicide selectivity. 

3. Foliar application. 

4. Plant morphology, such as leaf waxiness, influences herbicide absorption. 

5. Farmers should wear protective clothing to avoid skin contact and inhalation. 

6. Basic response: Herbicide resistance reduces effectiveness, and socio-economic issues 
limit access. Value-added response: Environmental contamination, regulatory restrictions, 
and lack of training further complicate herbicide use, requiring integrated management 
strategies. 

Answers to Pilot Questions [Series 4] 

Part 4.1 

1. b) Phenoxy acids 

2. b) Triazines 

3. b) Amino acid synthesis 

4. c) Cell membrane disruptors 

5. b) To design integrated weed management and prevent resistance 

Part 4.2 

1. b) Herbicide selectivity 

2. b) Maize metabolizes atrazine efficiently 

3. b) Plant morphology 

4. b) Application method 

5. b) Soil type 

Part 4.3 

1. b) Foliar application 
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2. c) Pre-emergence application 

3. b) Wear protective clothing 

4. b) Damage to nearby crops and ecosystems 

5. b) To ensure accurate application and minimize risks 

Part 4.4 

1. b) Herbicide resistance 

2. b) Amaranthus spp. 

3. b) To protect human health and the environment 

4. c) High costs and limited access 

5. a) To balance chemical, cultural, and biological methods 

References and Attributions [Series 4] 

• Course document: CPS 405: Weed Science and Control. 

• Table 4.1: Classification of herbicides by chemical families. Suggested AI prompt: “Table 
showing herbicide families, modes of action, and examples”. Search string: “herbicide 
classification chemical families OER table”. 

• Figure 4.1: Modes of action of herbicides. Suggested AI prompt: “Diagram showing 
herbicide modes of action in plants”. Search string: “herbicide modes of action diagram 
OER”. 

• Figure 4.2: Basis of herbicide selectivity. Suggested AI prompt: “Diagram showing maize 
metabolizing atrazine vs broadleaf weeds suppressed”. Search string: “herbicide selectivity 
maize atrazine diagram OER”. 

• Box 4.1: Factors influencing herbicide selectivity. Suggested AI prompt: “Box listing factors 
influencing herbicide selectivity”. Search string: “factors influencing herbicide selectivity 
OER”. 

• Figure 4.3: Methods of herbicide application. Suggested AI prompt: “Diagram showing 
foliar, soil, pre-emergence, and post-emergence herbicide applications”. Search string: 
“herbicide application methods diagram OER”. 

• Box 4.2: Safety and environmental considerations in herbicide application. Suggested AI 
prompt: “Box listing safety and environmental considerations in herbicide application”. 
Search string: “herbicide safety environmental considerations OER”. 
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• Figure 4.4: Development of herbicide resistance. Suggested AI prompt: “Diagram showing 
resistant weed populations spreading after repeated herbicide use”. Search string: 
“herbicide resistance weed populations diagram OER”. 

• Box 4.3: Regulatory and socio-economic issues in herbicide use. Suggested AI prompt: 
“Box listing regulatory and socio-economic issues in herbicide use”. Search string: 
“herbicide regulation socioeconomic issues OER”. 

 

 

 

Series 5: Herbicides, Environment, and Safety Practices 
Series outline 

• Part 5.1: Environmental impacts of herbicides 

o Sub-Part 5.1.1: Soil and water contamination 

o Sub-Part 5.1.2: Effects on biodiversity and ecosystems 

• Part 5.2: Human health and safety concerns 

o Sub-Part 5.2.1: Acute and chronic health effects 

o Sub-Part 5.2.2: Occupational exposure risks 

• Part 5.3: Safety practices in herbicide use 

o Sub-Part 5.3.1: Protective equipment and handling 

o Sub-Part 5.3.2: Safe storage, transport, and disposal 

• Part 5.4: Regulatory frameworks and sustainable practices 

o Sub-Part 5.4.1: National and international regulations 

o Sub-Part 5.4.2: Sustainable alternatives and integrated approaches 

 

Introduction 

Herbicides are powerful tools in weed management, but their use raises important questions about 
environmental sustainability and human safety. While they can improve crop yields and reduce 
labour, improper use can contaminate soil and water, harm biodiversity, and pose health risks to 
farmers and consumers. Safe practices and regulatory frameworks are therefore essential to 
balance productivity with environmental and social responsibility. 
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The aim of this Series is to examine the environmental impacts of herbicides, the health and 
safety concerns associated with their use, and the best practices for safe handling, storage, 
and disposal. We will also explore the role of regulatory frameworks and sustainable 
alternatives in ensuring herbicide use remains effective and responsible. 

We shall commence this Series by analysing the environmental impacts of herbicides, including 
soil and water contamination and effects on biodiversity. Next, we will consider human health and 
safety concerns, focusing on acute and chronic health effects and occupational exposure risks. 
Following that, we will study safety practices in herbicide use, including protective equipment, 
handling, and safe storage. Finally, we will conclude with regulatory frameworks and sustainable 
practices, highlighting national and international regulations and integrated alternatives. 

Series Learning Outcomes 

Upon completing this Series, you should be able to: 

• SLO 5.1 explain the environmental impacts of herbicides, including soil, water, and 
biodiversity effects, 

• SLO 5.2 describe human health and safety concerns related to herbicide use, 

• SLO 5.3 evaluate safety practices in herbicide handling, storage, and disposal, and 

• SLO 5.4 analyse regulatory frameworks and sustainable alternatives for herbicide use. 

 

5.1 Environmental Impacts of Herbicides 

5.1.1 Soil and water contamination 

Herbicides can contaminate soil and water when applied excessively or improperly. Residues may 
persist in the soil, affecting microbial activity and reducing fertility. Runoff during rainfall can carry 
herbicides into rivers, lakes, and groundwater, harming aquatic ecosystems. For example, atrazine 
has been detected in water bodies long after application, raising concerns about its persistence. 

Fill in the blank: Herbicide runoff during rainfall can contaminate rivers, lakes, and ______. 
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Diagram showing herbicide runoff from farmland into nearby water bodies. Figure 5.1: Soil and 
water contamination by herbicides  

5.1.2 Effects on biodiversity and ecosystems 

Herbicides also affect biodiversity and ecosystems. Non-target plants may be damaged, 
reducing habitat diversity. Herbicide drift can harm nearby vegetation, while residues in soil and 
water may affect insects, birds, and aquatic organisms. Over time, this reduces ecosystem 
resilience and disrupts food chains. 

For example, glyphosate use has been linked to declines in milkweed populations, which are 
critical for monarch butterflies. Such impacts highlight the need for careful herbicide management 
to protect biodiversity. 

Fill in the blank: Declines in milkweed populations due to glyphosate use threaten the survival of 
______ butterflies. 
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Box 5.1: Effects of herbicides on biodiversity 

Pilot questions 5.1 

1. What environmental issue arises when herbicides are carried into rivers and lakes by 
rainfall? a) Soil fertility increase b) Water contamination c) Biodiversity improvement d) 
Crop rotation reduction 

2. Which herbicide has been detected in water bodies long after application? a) Glyphosate b) 
Atrazine c) Paraquat d) 2,4-D 

3. Herbicide drift can harm which type of plants? a) Target weeds only b) Non-target plants c) 
Crops only d) Aquatic weeds only 

4. Declines in milkweed populations due to glyphosate use threaten which species? a) 
Honeybees b) Monarch butterflies c) Earthworms d) Ladybird beetles 

5. Why do herbicides reduce ecosystem resilience? a) They increase soil fertility b) They 
disrupt food chains and habitats c) They improve crop rotation d) They enhance biodiversity 

 

5.2 Human Health and Safety Concerns 

5.2.1 Acute and chronic health effects 

Herbicides can cause both acute (short-term) and chronic (long-term) health effects. 

• Acute effects occur immediately after exposure, such as skin irritation, eye damage, 
nausea, or respiratory distress. For example, paraquat exposure can cause severe lung 
damage if inhaled. 
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• Chronic effects develop over time with repeated exposure, including increased risks of 
cancer, reproductive disorders, and neurological problems. Atrazine, for instance, has 
been linked to endocrine disruption in humans and animals. 

Fill in the blank: Health effects that occur immediately after herbicide exposure are called ______ 
effects. 

Diagram showing acute vs chronic health effects of herbicides. Figure 5.2: Acute and chronic 
health effects of herbicides  

5.2.2 Occupational exposure risks 

Farmers and agricultural workers face occupational exposure risks when handling herbicides. 
Risks include inhalation of spray droplets, skin absorption during mixing or spraying, and 
accidental ingestion. Without proper protective equipment, workers are highly vulnerable to both 
acute and chronic effects. 

Occupational exposure is especially concerning in regions where safety training and protective 
gear are limited. Preventive measures such as wearing gloves, masks, and protective clothing, as 
well as following recommended application procedures, are essential to reduce risks. 

Fill in the blank: Farmers are most vulnerable to herbicide exposure when they lack proper ______ 
equipment. 
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Box 5.2: Occupational exposure risks in herbicide use 

Pilot questions 5.2 

1. What type of health effects occur immediately after herbicide exposure? a) Chronic effects 
b) Acute effects c) Residual effects d) Delayed effects 

2. Which herbicide is known to cause severe lung damage if inhaled? a) Atrazine b) Paraquat 
c) Glyphosate d) 2,4-D 

3. Atrazine has been linked to which type of disruption? a) Neurological b) Endocrine c) 
Respiratory d) Digestive 

4. Which group is most vulnerable to occupational exposure risks? a) Consumers b) Farmers 
and agricultural workers c) Urban residents d) Wildlife 

5. What preventive measure reduces occupational exposure risks? a) Increasing herbicide 
dosage b) Wearing protective equipment c) Spraying during windy conditions d) Mixing 
herbicides with fertilizers 

 

5.3 Safety Practices in Herbicide Use 

5.3.1 Protective equipment and handling 

Safe herbicide use requires protective equipment and careful handling. Farmers should wear 
gloves, masks, goggles, and protective clothing to prevent skin contact, inhalation, or accidental 
ingestion. Equipment should be checked regularly to ensure it is in good condition. 
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When mixing or spraying herbicides, workers must follow recommended procedures and avoid 
eating, drinking, or smoking. Washing hands and clothing immediately after application reduces 
the risk of exposure. 

Fill in the blank: Farmers should wear gloves, masks, goggles, and protective clothing to prevent 
herbicide ______. 

Diagram showing farmers wearing protective equipment while spraying herbicides. Figure 5.3: 
Protective equipment in herbicide use  

5.3.2 Safe storage, transport, and disposal 

Herbicides must be stored, transported, and disposed of safely to prevent accidents and 
environmental contamination. 

• Storage: Keep herbicides in locked, labeled containers away from food, water, and 
children. 

• Transport: Use sealed containers and avoid carrying herbicides with food or passengers. 

• Disposal: Dispose of empty containers properly—never reuse them for food or water. 
Follow local regulations for chemical waste disposal. 

Improper storage or disposal can lead to poisoning, contamination, and long-term environmental 
damage. 

Fill in the blank: Herbicides should be stored in locked, labeled containers away from food, water, 
and ______. 
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Box 5.3: Safe storage, transport, and disposal of herbicides 

Pilot questions 5.3 

1. Which protective equipment should farmers wear when spraying herbicides? a) Gloves, 
masks, goggles, and protective clothing b) Casual clothes and sandals c) Sunglasses only 
d) No equipment is necessary 

2. Why should farmers avoid eating, drinking, or smoking while handling herbicides? a) To 
reduce fatigue b) To prevent accidental ingestion c) To increase herbicide effectiveness d) 
To save time 

3. Where should herbicides be stored? a) In unlocked containers near food b) In locked, 
labeled containers away from food and water c) In reused food containers d) In open sheds 

4. Why should herbicide containers never be reused for food or water? a) They are too small b) 
They may cause poisoning and contamination c) They are not durable d) They are expensive 

5. What is the purpose of following local regulations for herbicide disposal? a) To reduce crop 
rotation b) To ensure safe chemical waste management c) To increase herbicide dosage d) 
To eliminate manual labour 

 

5.4 Regulatory Frameworks and Sustainable Practices 

5.4.1 National and international regulations 

Herbicide use is governed by national and international regulations designed to protect human 
health and the environment. Governments set maximum residue limits (MRLs) for herbicides in 
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food crops, regulate product approval, and monitor compliance. International bodies such as the 
FAO and WHO provide guidelines for safe use and residue management. 

These regulations ensure that herbicides are used responsibly, but they also restrict access to 
certain chemicals that may pose risks. Farmers must stay informed about local laws and 
international standards to avoid penalties and ensure safe production. 

Fill in the blank: Governments set maximum ______ limits (MRLs) for herbicides in food crops. 

Diagram showing regulatory framework: government approval, monitoring, and international 
guidelines. Figure 5.4: National and international regulation of herbicides  

5.4.2 Sustainable alternatives and integrated approaches 

To reduce reliance on herbicides, farmers are encouraged to adopt sustainable alternatives and 
integrated approaches. These include: 

• Integrated weed management: Combining cultural, mechanical, biological, and chemical 
methods for balanced control. 

• Reduced herbicide use: Applying herbicides only when necessary, at recommended 
dosages. 

• Biological alternatives: Using natural enemies or cover crops to suppress weeds. 

• Precision agriculture: Employing technology to target herbicide application, minimizing 
waste and environmental impact. 

These approaches improve sustainability, reduce costs, and protect ecosystems while maintaining 
effective weed control. 
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Fill in the blank: Combining cultural, mechanical, biological, and chemical methods for balanced 
weed control is known as ______ weed management. 

Box 5.4: Sustainable alternatives to herbicide use 

Pilot questions 5.4 

1. What do governments set to regulate herbicide residues in food crops? a) Maximum dosage 
limits b) Maximum residue limits (MRLs) c) Minimum application rates d) Crop rotation 
schedules 

2. Which international organizations provide herbicide safety guidelines? a) FAO and WHO b) 
IMF and WTO c) UNESCO and UNICEF d) OPEC and AU 

3. What is the term for combining cultural, mechanical, biological, and chemical methods for 
weed control? a) Precision agriculture b) Integrated weed management c) Reduced 
herbicide use d) Biological alternatives 

4. Which sustainable approach uses technology to minimize waste and environmental 
impact? a) Integrated weed management b) Precision agriculture c) Reduced herbicide use 
d) Manual weeding 

5. Why are sustainable alternatives important in herbicide use? a) To reduce crop rotation b) 
To balance effectiveness, sustainability, and ecosystem protection c) To increase herbicide 
dosage d) To eliminate manual labour 

 

Series Summary 
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This Series has examined the environmental, health, and safety dimensions of herbicide use. We 
began with the environmental impacts, focusing on soil and water contamination and effects on 
biodiversity. Next, we explored human health concerns, distinguishing between acute and chronic 
effects and highlighting occupational exposure risks. We then studied safety practices, including 
protective equipment, handling, and safe storage, transport, and disposal. Finally, we discussed 
regulatory frameworks and sustainable practices, emphasizing national and international 
regulations and integrated alternatives. 

By completing this Series, you should now be able to explain herbicide impacts on the 
environment, describe health and safety concerns, evaluate safe practices, and analyse regulatory 
and sustainable approaches. 

Series Glossary 

• Acute effects: Immediate health impacts from herbicide exposure, such as skin irritation 
or nausea. 

• Chronic effects: Long-term health impacts from repeated exposure, including cancer or 
endocrine disruption. 

• Herbicide drift: Movement of herbicides away from the target area, potentially harming 
nearby crops or ecosystems. 

• Integrated weed management: Combining cultural, mechanical, biological, and chemical 
methods for sustainable weed control. 

• Maximum residue limits (MRLs): Regulatory limits on herbicide residues in food crops. 

• Occupational exposure: Risks faced by farmers and workers when handling herbicides. 

• Protective equipment: Clothing and gear (gloves, masks, goggles) used to reduce 
exposure risks. 

• Sustainable alternatives: Practices that reduce reliance on herbicides, such as biological 
control or precision agriculture. 

Concept Check Questions [Series 5] 

Objective questions 

1. Which herbicide has been detected in water bodies long after application? (Linked to SLO 
5.1) 

2. What type of health effects occur immediately after herbicide exposure? (Linked to SLO 
5.2) 

3. Where should herbicides be stored to ensure safety? (Linked to SLO 5.3) 

Short-answer questions 

4. Explain one way herbicides affect biodiversity. (Linked to SLO 5.1) 
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5. Describe one occupational exposure risk for farmers. (Linked to SLO 5.2) 

Long-answer questions 

6. Analyse regulatory frameworks and sustainable practices in herbicide use. (Linked to SLO 
5.4) 

o Basic response: Regulations set residue limits and sustainable practices reduce 
reliance on herbicides. 

o Value-added response: Outstanding learners may further explain how international 
guidelines, integrated weed management, and precision agriculture balance 
productivity with environmental protection. 

Answers to Concept Check Questions [Series 5] 

1. Atrazine. 

2. Acute effects. 

3. In locked, labeled containers away from food and water. 

4. Herbicides reduce biodiversity by damaging non-target plants and disrupting habitats. 

5. Farmers risk inhalation of spray droplets or skin absorption during mixing and spraying. 

6. Basic response: Regulations set residue limits, and sustainable practices reduce reliance 
on herbicides. Value-added response: International guidelines, integrated weed 
management, and precision agriculture balance productivity with ecosystem protection. 

Answers to Pilot Questions [Series 5] 

Part 5.1 

1. b) Water contamination 

2. b) Atrazine 

3. b) Non-target plants 

4. b) Monarch butterflies 

5. b) They disrupt food chains and habitats 

Part 5.2 

1. b) Acute effects 

2. b) Paraquat 

3. b) Endocrine 

4. b) Farmers and agricultural workers 
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5. b) Wearing protective equipment 

Part 5.3 

1. a) Gloves, masks, goggles, and protective clothing 

2. b) To prevent accidental ingestion 

3. b) In locked, labeled containers away from food and water 

4. b) They may cause poisoning and contamination 

5. b) To ensure safe chemical waste management 

Part 5.4 

1. b) Maximum residue limits (MRLs) 

2. a) FAO and WHO 

3. b) Integrated weed management 

4. b) Precision agriculture 

5. b) To balance effectiveness, sustainability, and ecosystem protection 

References and Attributions [Series 5] 

• Course document: CPS 405: Weed Science and Control. 

• Figure 5.1: Soil and water contamination by herbicides. Suggested AI prompt: “Diagram 
showing herbicide runoff contaminating rivers and groundwater”. Search string: “herbicide 
runoff soil water contamination diagram OER”. 

• Box 5.1: Effects of herbicides on biodiversity. Suggested AI prompt: “Box listing effects of 
herbicides on biodiversity and ecosystems”. Search string: “herbicides biodiversity 
ecosystem effects OER”. 

• Figure 5.2: Acute and chronic health effects of herbicides. Suggested AI prompt: “Diagram 
comparing acute and chronic health effects of herbicides”. Search string: “acute chronic 
health effects herbicides diagram OER”. 

• Box 5.2: Occupational exposure risks in herbicide use. Suggested AI prompt: “Box listing 
occupational exposure risks in herbicide use”. Search string: “occupational exposure risks 
herbicides OER”. 

• Figure 5.3: Protective equipment in herbicide use. Suggested AI prompt: “Diagram showing 
farmers using protective equipment while spraying herbicides”. Search string: “herbicide 
protective equipment farmers diagram OER”. 
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• Box 5.3: Safe storage, transport, and disposal of herbicides. Suggested AI prompt: “Box 
listing safe storage, transport, and disposal practices for herbicides”. Search string: 
“herbicide safe storage transport disposal OER”. 

• Figure 5.4: National and international regulation of herbicides. Suggested AI prompt: 
“Diagram showing herbicide regulation framework with government and international 
guidelines”. Search string: “herbicide regulation framework diagram OER”. 

• Box 5.4: Sustainable alternatives to herbicide use. Suggested AI prompt: “Box listing 
sustainable alternatives to herbicide use”. Search string: “sustainable alternatives 
herbicide use OER”. 

 

 


