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Introduction to insecticides



An agrochemical or agrichemical, a contraction

of agricultural chemical, is a chemical product used

in agriculture.

In most cases, agrichemical refers

to pesticides including insecticides, herbicides, fungicids and ne

maticides.

It may also include synthetic fertilizers, hormones and other

chemical growth agents, and concentrated stores of raw

animal manure.

What are agrochemicals?



WHAT IS PEST ?

An insect (or any other living being) whose population increases

to such an extent as to cause economic losses to crops or a

nuisance and health hazard to man and his livestock will be

declared a pest.



WHAT IS A PESTICIDES ?

According to the Environmental Protection Agency (EPA), the

government body that regulates pesticides in the U.S., a pesticide

is any substance or mixture of substances intended for

preventing, destroying, repelling or mitigating any pest.

OR

A pesticide is defined as

any substance or mixture

of substances intended for

preventing, destroying,

repelling, or mitigating

any pest according to

federal and state law.



CHARACTERISTICS OF ECO-FRIENDLY PESTICIDES/IDEAL

PESTICIDES

 Non-phytotoxic.

 Selective action (selectivity).

 Quick toxic action (with knock down effect).

 High toxicity to pests and less toxicity towards mammals.

 Stability (moderate) on treated surface (from safety angle).

 Toxicity to as many stage of insects (egg, larvae, adults) as

possible.

 Compatibility with other group of pesticides.

 Harmless to beneficial soil fauna and flora and its no

accumulation in soil.

 Effective in small doses per unit of surface area or material

covered.

 Reasonable stability in storage and transport (i.e. shelf life).

 Availability for use in as many form desired such as D, WP, GR,

EC at economic prices.

 Non-inflammatory and non-corrosive action on metals.



CLASSIFICATION OF

PESTICIDES



Q. Pesticides used to control plant pests are called 

1. Toxicols

2. Fungicides

3. Weed agents

4. Herbicides

Q. Pesticides designed to kill birds are called

1. Herbicides

2. Birdicides

3. Aviacides

4. Miticides

Q. The potential of a pesticide for causing damage to plants is its

1. Defoliation ability

2. Chronicity

3. Lethal dose 

4. Phytotoxicity

Q. Compound which prevents fungal growth without killing fungus is termed as  

1. Fungicide           

2. Fungi static                

3. Fumigant                   

4. None of the above



CLASSIFICATION OF INSECTICIDES

Based on chemical composition 

Based on mode of action 

Based on the mode of entry of insecticides into the body of 

the insect 

Based on toxicity 

Based on stage specificity



1. Based on chemical composition

Calcium arsenate

Lead arsenate

Marine 

annelid

Nereistoxin

Neonicotinoid

Imidacloprid



2. Based on the mode of entry of the insecticides into the body of the 

insect 

 Contact poisons: These insecticides are capable of gaining entry

into the insect body either through spiracles and trachea or through

the cuticle itself. Injure the target organism by physical contact or

skin absorption, rather than inhalation or indigestion. Eg: DDT.

 Stomach poisons: The insecticides applied on the leaves and other

parts of plants when ingested act on the digestive system of the insect

and bring about the kill of the insect. Eg: Calcium arsenate, lead

arsenate.

 Fumigants: A fumigant is a chemical substance which is volatile at

ordinary temperatures and sufficiently toxic to the insects. Eg:

Aluminium phosphide, Carbon disulphide, essential oils.

 Systemic insecticides: Chemicals that are capable of moving

through the vascular systems of plants irrespective of site of

application and poisoning insects that feed on the plants. Eg: Methyl

demeton, Phosphamidon, Acephate.



Movement of Systemic insecticides/pesticides

Basipetal: Movement of pesticide from tips of plant to roots. It is

known a phloem transport or symplastic movement.

Acropetal: Movement of pesticide from roots to leaves. It is known as

xylem transport or apoplastic movement.



Physical poisons: Bring about the kill of insects by exerting a physical effect. Eg:

Heavy oils, tar oils etc. which cause death by asphyxiation. Inert dusts effect loss of

body moisture by their abrasiveness as in aluminium oxide or absorb moisture

from the body as in charcoal.

Protoplasmic poisons: A toxicant responsible for precipitation of protein especially

destruction of cellular protoplasm of midgut epithelium. Eg. Arsenical compounds.

Respiratory poisons: Chemicals which block cellular respiration eg. hydrogen

cyanide (HCN), carbon monoxide etc.

Nerve poisons: Chemicals which block Acetyl cholinesterase (AChE) and effect the

nervous system. Eg. Organophosphorous, carbamates.

Chitin inhibitors: Chitin inhibitors interfere with process of synthesis of chitin due

to which normal moulting and development is disrupted. Ex Novaluron,

Lufenuron, Buprofezin.

General Poisons: Compounds which include neurotoxic symptoms after some

period and do not belong to the above categories. Eg.Chlordane, Toxaphene.



Acetyl cholinesterase (AChE) inhibition 



4. Based on toxicity





Q.  Insecticides that act by permeating the entire plant are called 

1. Systemic insecticides

2. Porous insecticides

3. Contact poisons

4. Penetrating insecticides

Q. The compound responsible for the killing action of the pesticides is called as 

the

1. Toxic facor

2. Lethal factor

3. Killing agent 

4. Active ingredient

Q. Highly toxic insecticide, according to WHO classification, are coded as –

1. Red

2. Green

3. Yellow

4. Blue





Insect attractants. Attractants are chemical substance, which cause orientation of cts towards the source of attraçtant. Orientation of insect towards food, egg laying and mating sites has sites has been included as one of the important measures for the management of cect nests. The attractants also include the substances, which are released by insect itself 1gino attraction individuals of the same _species and are termed as pheromones or ectohormones. 

Naturally occurring attractants are present in plants like Sinigrin which is presentin crucifers which attracts Cabbage buttertly, Pieris brassicae

Similarly some natural enemies gets attracted to plants like Chrsoperla carnea which is 
relased from cotton plant 

Table 1: Some important attractants 

Important attractants 

Trimedlure 

Insect attracted 

Mediterranean fruit fly-Ceratitis capitata 
Melon fly- Dacus cucurbitae Cue-lure 

(4-Acteoxyphenyl-2-butanone) 

Methyl Eugenol 
Heptyl Butyrate 
Geraniol and Eugenol 
Butyl hexonate 

Ethyl 3-isobutyl-2,2-dimethyl- Cocunut rhinoceros beetle. Oryctes 

cyclopropane carboxylate 

Cinnamaldehyde 

Oriental fruit fly- Dacus dorsalis 
Yellow jacket wasp- Vespula spp_ 
Japanese beetle, Popillia japonica 
Apple maggot fly, Rhagoletis pomnonella 

rhinoceros 

Spotted cucumber beetle, Diabrotica 

undecimpunctata 

The use of fermenting sugars and syrup, as attractant for moth and butterflies is 

known since long time. The attractantsare highly specific in nature so, they can be used for 

a particularpest speciesonly. Due to the specific nature of attractants it was very difficult to 

aiscover the attractant of a particular pest species. A variety of cucurbitacins, extracted from 

Cucurbitaceous plants, which attract different pest species damaging cucurbitaceous plants,

are known. 
T the environmental or physiological conditions are not ideal and vapour concentration is 

Lne attractant may fail to attract the pest species. The attractants are used as bait in the 

cto attract the insects at particular place where they can be killed easily by applying 

nechanical measures by spraying suitable insecticide. The attractants are found to be 

pecially suitable for evaluating the population density of pest in the particular field. 

epellents. The substances, which may not be active poisops or mildpoisons, 

plants or animals by making the food or living conditions of insects unattractive or 

knoun 
offensive of them are called as repellents. There are another class or repellents commonly 

Was physical repellents for example, waxes on leaf surfaces and oils on different plant 
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parts also repel insects. The auditory type repellents like amplified sound producing devices 
USed to repel mosquitoes,fleas will also come under category of insect repellents.
Naturally occurring feeding repellent is 6-methoxybenzoxalinone (6-MBOA) a major 

factor in corn varieties resistant to fecding by European corn borer, Ostrinia nubilalis 

Table 2: List of repellents used to repel various insect species 

Repellent 
Deet (Diethyl-m- toulamide) 

Insect repelled 
Mosquitos, blackflies,
biting flies, mites and 

ticks 

Oil of citronella
Napthalene and Para dichlorobenzene balls | Cloth moth 

Dimethyl phthalate 

Mosquito 

Mosquitoes and ticks 

Bordeaux mixture and tetramethylthiuram | Foliage feeders 

disulfide 
Creosote or 4,6-dinitro-o-cresol Chinch bugs, Blissus 

leucopterus leucopterus 

Termites Pentachlorophenol 

Insect Antifeedants: 

Antifeedants are substances, which make the plant distasteful to the insects feeding on it. 

The insect after feeding only finds the food material distasteful to it. The insect may die 

because of the presence of the antifedant compound in plants. 

Table 3: Important insect Antifeedants 

Target insects 
Desert locust and other insects 

Flea beetles and leaf hoppers 
Potato cutworm, Agrotis ipsilon 

Leaf beetles and spider mites 

Antifeedant 

Azadirachtin (Neem) 
Bordeaux mixture 

Triphenyltins 
Cucurbitacins (Cucurbits) 

These are chemicals that are known to cause reproductive sterility in insects. 

Some of these compounds inhibit ovarian growth and development, while others induce 

fundamental changes in the chemical structure of nucleic acids like DNA and RNA. These 

changes or mutations prevent cell division or obstruct normal embryonic 
development. 

These chemosterilants are applied directly to the insect or 
sometimes incorporated 

into diet. 

Chemosterilants 
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Chemosterilants also cause cancer, birth defects and other mutations in humans and 

domestic animals. 

Among insects, housefly is mainly used as the test insect for chemosterilants. 
HEMPA and HEMEL are effective male housefly chemosterilants 
Thio-tepa is effective chemosterilant for male mosquito, Culex pipens fatigans 

Table 4:Classification of chemosterilants 
Compound 
5-Fluoruracil 

Group 
Antimetabolites 

Aminopterin 
TEPA Alkalating agents 
METEPA4 

Apholate 
Tris-s-triazine I Triazines 

Organotins 
Phosphorus amides 
|Antibiotics 

Triphenyl tin chloride 
HEMPA, HEMEL 
Cycloheximide 
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Chapter 9 1NSECT GROWTH REGULATORS IN PEST MANAGEMENT 

or synthetic) Insect growth regulators (IGRs) may be defined as the chemicals (natural or 

that regulate growth in insects. 

Insects growth and development are controlled by three principal hormones nam 
brain hormone, juvenile hormone and moulting hormone. 

Brain hormone 
It is seereted by neurosecretory cells and liberated into the hemolymph thro 

Corpora Cardiaca (CC). The brain and prothoracic glands act as endocrine system, with the 

brain releasing a tropic hormone that stimulates the prothoracic glands whose secretion 

initiates the development. 
Moulting hormone (Ecdysone) 
It is a steroid produced by prothoracic glands. Prothoracicotropic hormone (PTTH) is 
synthesized in neurosecretory cells of the brain. It is stored and released from Corpora 
Cardiaca. Again, PTTH is released from neurohaemal portion of the Corpora Cardiaca. 
PTTH stimulates the prothoracic glands to release ecdysone into hemolymph. Prothoracic 
glands are also called by other names, including ventral glands and ecdysial glands. In 
Diptera, it is part of a ring gland. Ecdysone is not the active molting hormone. Various 
tissues, including fat body convert ecdysone to 20-hydroxyecodysone, the active form of 
molting hormone. The cells of the epidermis respond to 20-hdroxyedysone with initiation of 
the process of molting. Cholesterol acts as the precursor for ecdysone synthesis. 
Cholesterol(C27)- á-ecdysone B-ecdysone (20-0H ecdysone). 
(Precursor) 
Juvenile hormone (JH) 

It is a terpene secreted by Corpora allata (CA). Wigglesworth (1936) showed that JH inhibits metamorphosis and stimulates ovarian development. The idea of using JH as insecticide was given by Williams in 1956. Slama and Williams in 1966 discovered Paper Factor' from American Balsam fir, Abies balsamea that was found to highly effective in causing morphogenetic deformities and also suppressing reproduction in Pyrrhocoris apterus. However, it was Bowers et al. (1966) who chemically identified the Paper Factor' and named it as Juvabione. Professor Williams in 1967 gave the term "Third Generation Pesticides" to these chemicals. 

y the 

The amount of juvenile hormone (JH) released from Corpora allata determines the form of new cuticle that is deposited. When JH is present in high concentrations, the new cuticle is larval and when JH is present in low concentrations, the new cuticle is pupal. Adult cuticle is formed in the absence of JH. Carol Williams gave JH its name. JH is also active in adult stages of insect life. JH plays an important role or regulation of vitellogenin synthesis in adult female fat bodies JH acts directly upon follicular epithelia of ovaries to facilitate uptake of yolk proteins. JH is also active in adult males, where it regulates development of reproductive tract accessory glands.



The nrinciple underly1ng the use of hormones in pest management is that insect 
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grow and development are controlled by specific titresaf hormones gement 
viz., juvenile 

1s that 

hormone 
insect 

and ecdysone. Bringing about changes in titres of timely application of these hormones will 
a ahnormal development and ultimate death of insect. Application of JH to an insect rino moulting process prevents cellular differentiation and maturation. JH is known to heak diapause in insects. Methoprene (AltoSid") is the first IGR registered and approved by ronmental Protection Agency of USA for mosquito control and also as a first biorational insecticide. 

Juvenoids as insecticides available commercially are 

Products and their formulations Target pest Name 
Fenoxycarb 

R) 
Insegar, Logic", 
(WP/RB/EU) 

Torus Blatellidae, Coccoidae, 

Culicidae, Lepidoptera 
Psyllidae, Ants & 

Siphonaptera, 
Admiral |Blatellidae, Coccoidae, 

Diptera & Siphonaptera
Sumilarv,
(EC/GR/WG)

Pyriproxyten

Anti-juvenile hormones: 

These anti-juvenile hormones act on Corpara Allata, and JH biosynthesis. 
Precocenes are a group of compounds that are known to act like anti-juvenile hormones, 
extracted from seeds of Ageratum conzoides, which when administered to larvae of 
OncopeltuS spp caused precocious metamorphosis. The precocious metamorphosis 

following the application of precocenes leads to emergence of miniature adults that fail to 

reproduce. Hence these compounds have valuable in insect control. This compound of 

Ageratum was later identified as 6, 7- dimethoxy-2, 2-demethyl chromine, which acts to shut 

off the Corpus Allatum. 

Ecdysones as insecticides 
Karlson and Butenandt (1954) isolated pure crystalline moulting hormone, ecdysone 

O Silkworm pupae. After a decade, Naka Nishi et al., isolated a steroid, Ponasterone-A 

from Podocarpus nakaii. 

Ecdysteroid Bisacylhydrazine Agonists as insectieides 

(Non-
-849-First compound to bind with ecdysteroid receptors causing (Non

steroidal) hyperecdysonism syndrome. 

S51sacylhydrazine ecdysteroid agonist was discovered serendipitously by Rohm 

and Haas Company scientists in 1983. 
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Various Ecdysteroid Bisacylhydrazine Agonists as Insecticides 

Compound 
1. RH-5849 

Trade name 

First Bisacyhydrazine compound to bind with 

ecdysteroid receptors 
MIMIC", CONFIRM", ROMDAN 
MACH2 

2. RH-5992 (Tebufenozide) 
3. RH-0345 (Halofenozide) 

4. RH-2485 (Methoxyfenozide) 
Chitin Synthesis Inhibitiors (CSI) 

We know that major component of the insect cuticle is chitin, a structural 

polysaccharide consisting of N-acetyl glucosamine units. These compounds (CSI) inhibit 

chitin synthesis and deposition. The CSI to be specfic inhibits the enzyme. Chitin 
synthetase. Feeding of these compounds to larval forms result in disturbances in moulting 

This is due to malformed cuticle of the new instar that cannot withstand the internal pressure 

during ecdysis and/or cannot give sufficient support to the muscles involved. The inability 

of these insects to shed off the old cuticle and synthesize new cuticle leads to the death of 

the larvae. 

These compounds are substituted 1, benozyl-3-phenyl ureas of which Diflubenzuron 

Dimilin) is of promise as IGR, as mosquito larva is highly sensitive to this compound. 

Table of Important chitin synthesis inhibitors 
Chitin synthesis Trade 
inhibitor 
Buprofezin 

Target pests 
name 

highly Homoptera, 
effective against brown 

plant hoppers, white flies 

Applaud 

and scales 

Colocoptera, lepidoptera, 
white flies 

Lepidoptera, psyllidae 

and mites 

Teflubenzuron Nomolt 

Flufenoxuron Cascade 

Lepidoptera, Coleoptera, 

Diptera, Psyllidae 
Thysanoptera, 
Aleyrodidae, bectles and 

caterpillars 

Homoptera, 
Coleoptera 
Thrips, Siphonaptera 

Triflumuron Alsystin 

Chlorfluazuron Atabron 

Consult Diptera, Hexaflumuron 

Match Lutenuron 
Flucyclouron Andalin Mites 
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Chapter 10 SEMIOCHEMICALS 

SEMIOCHEMICALS 

ALLELOCHEMICALS 
PHEROMONES 

PRIMER RELEASER 

T 
SEX AGGREGATION ALARM TRAIL EPIDIECTIC TERRITORIAL 

SEXUAL MATURATION 
DEVELOPMENT 

PHYSIOL0GICAL STATE 

KAIROMONE SYNOMONE ANTIMONES 
APNEUMONES ALLOMONE 

(BENEFICAIL TO RELEASER) (BENEFICIAL TO RECIEVER) (BENEFICIAL To (NON ADVANATGE 

RECIEVER & EMITTER) TO BOTH, RECIEVER 

&EMITTER) 

Chemicals involved in communication are termed as semiochemicals 

Semiochemicals are divided into intraspecific and interspecific communication 
chemicals. 

Pheromone: 
In 1959, Karlson and Luscher proposed the term pheromone to represent chemicals used 

for intraspecific communication. 
Pheromone: A substance that is secreted by an organism to the outside environment and 
causes a specific reaction in a receiving organism of the same species. 
Sex pheromone: A substance generally produced by the female to attract male for the 
purpose of mating. 
Sex pheromones are among the most powerfül of chemical attractants. 
They were first discovered by A. A. Butenandt in 1959 from silkworm moths, Bombyx mori i.e. Bombykol 

These chemicals have great potential as pest control agents. 
Pheromones are packaged (or encapsulated) in slow-release dispensers (rubber septa, hollow fibres, or rope wicks) that are used as lures in traps of various designs. 
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At low densities, these pheromone traps are a valuable monitoring toot 

information on the density and distribution of pest populations. 

At high densities, they can be used for mass trapping sexually active adults (ustall.. 

in efforts to reduce population density and lower a pest's reproductive potential ales) 
Slow-release formulations of sex pheromones can also be tused for mating disruptio 

providing 
ally males) 

on. 

cotton Majority of sex pheromones are released are relased by female species 

Mediterranean 
excent oos 

bollweevil Anthonomus grandis, cabbage looper Trichoplusia ni and 

fruit fly, Ceratitis capitata where males produce sex pheromones 
Sex phermones are relased form specailised glands which opens on the terminal segmen 

of the female abdomen and are perceived by chemosensillary of the male antenna 

Pheromones are further divided into two categories i.e. releasers, which induce an 
immediate behavioural change, and primers, which initiate changes in development, such 

as several maturation and do not result in sudden behavioral changes. 

Table 1: Pheromones of insect pess 
Important insect pests 
American Bollworm Helicoverpa armigera | (Z)-11-hexadecenal and (Z)-9-hexadecenal 

Pink bollworm Pectinophora gossypiella (2,Z) and (Z,E) 7,11-hexadecadienyl 

Pheromone 

acetate (1:1) 
(Z, E) -9,11-tetradecadienyl acetate and 

(Z,E)-9,12-tetradecadienyl acetate (10:1) 
(Z)11-hexadecenal, 11-hexadecanyl acetate 

and (Z)11-hexadecenol (5:5:1) 
4-allyl-1,2-dimethoxybenzone 
4(p-hydroxy phenyl) 2-butanone acetate 

Tobacco cut worm Spodoptera litura 

Diamond backmoth, Plutella xylostella 

Oriental fruitfly, Dacus dorsalis 
Melon fly, Dacus cucurbitae 

Some examples of sex phermones 
Grandlure of Cotton boll weevil, Anthonomus grandis 

Gossyplure of Pink bollworm is a natural sex pheromone whereas Hexalure is 

parapheromone 
Helilure of Helicoverpa armigera 

Alarm pheromones: 
A substance produced by an inscect to repel and disperse other insects in the area. 

These pheromones are reported in Homoptera, Isoptera and Hymenoptera and are released| 
by organs such as mandibular, anal, Dufour's and poison glands in ants, cephalic glands in 
termites, sting apparatus and mandibular glands of worker bees and cornicles or siphunculi

in aphids. They produce effects like dispersion, attraction or aggression. An individual also 
releases them when an enemy (predator) attacks. 

Aggregation pheromones 
A substance produced by one or both sexes that brings both sexes together fot 

feeding and reproduction. These are the chemicals that allow insects to congregate 1 
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feeding and other activities. These are released by members of one sex only but C responses in members of both sexes of a species e.g, bark and ambrosia beetles of the family Scolytidae etc. 

Trail marking pheromones 
Trail marking pheromones are substances of low persistence that are released and erceived by individuals in a trail. These pheromones are specially found in social insects 

it 

perceived by individuals in a trail, These 1W persistence that are released and 

ike hymenopterans and termites. The ants, formica rufa uses formic acid as a trail marker. They facilitate migration of a colony to new site in search of food. Epidiectic pheromones 
These compounds function in the regulation of population density by controlling the dispersion of individuals. 

Territorial pheromones 
Secreted by males of some species and attract both males and females for e.g. males 

af bumblebees and carpenter bees demarcate the territory for foraging activity. Sex 
pheromones are useful in integrated pest management in three distinct ways viz., monitoring

of insect populations, mass trapping and mating disruption. 

Parapheromones 
When a chemical not found in an insect or it is not naturally occuring in insect but 

has a pheromone like action, artificially synthesized, then it is often referred to as 

Parapheromone. 
Use of pheromones in insect pest management 

Monitoring 

Mass trapping 
Mating disruption 

Monitoring 
Monitoring helps us to detect population and level of infestation. Developing trap 

baited with sex pheromones on a large scale can do the monitoring of the insect pest. 

Mating Disruption 
The effective use of sex pheromones in pest management is by confusing insect to 

ind their sexual counterparts for mating. The natural sex attractant emanating from the 

ICmale is masked, thereby confusing males in locating females which ultimately results in 

yng or unfertilized eggs and subsequent suppression of pest population. The first 

cesSTul demonstration of the practically of mating disruption was With the pnk 

LWOm, Pectinophora gossypiela using the parapheromone 
"hexalure" (7-hexadecenol 

CCtate) which is more active than naturl pheromone, "gOSsyplure 

Mass trapping 

reduce the number of males for mating. In such cases, 
suficient traps are to be used to 

ge 
number of pheromone traps can be used to capture 

adult moths and thus 

pe as many insects as possible over a large area to avoid any 
immigration 

of insects 



67 
from adjoining arcas. The traps can be impregnated with insccticides to kill insect falling in 

traps. 
Allelochemicals 

Chemicals involved in interspecific communication were termed as 

allelochemicals 
R.H. Whittaker coined the term Allelochemicals in 1970. 

Allelochemicals are defined as non-nutrient substances originating from an organism 

(plant or animal), which affect the behaviour, physiological condition or ecological 
welfare of organisms of another species. 

Allelochemicals affect the survival, growth and development of us insects as well as their 

natural enemies. 

Allomone - A substance produced or acquired by an organism that, when it contacts an 

individual of another species evokes in the receiver a behavioral or physiological reaction 

that is adaptively favourable to the emitter but not to the receiver. 

Kairomone - A substance produced or acquired by an organism that, when it contacts an 

individual of another species evokes in the receiver a behavioral or physiological reaction 

that is adaptively favourable to the receiver but not the emitter. 

Synomone - A substance produced or acquired by an organism that, when it contacts an 

individual of another species evokes in the receiver a behavioural or physiological reaction 

that is adaptively favourable to both emitter and receiver. 

Apneumone- a substance emitted by a non-living material which evokes a behavioural or 

physiological reaction that is adaptively favourable to a receiving organism but detrimental 

to an organism of another species that is found in or on the non-living material. 



CHAPTER1 

Introduction 

DIFFERENT methods have been adopted for plant disease control. These include 
0 restricting the movement of diseased plant material from one region to another 

through legislation, (i) adopting appropriate cultural practices which would 
either enable a crop to escape from disease or reduce the inoculum potential of 

pathogen, (ii) growing disease resistant varieties, and (iv) using chemicals to 
save the crops from diseases. Generally speaking, no one method is exclusively 

effective in controlling a disease. In the recent past, considerable work has been 

done in the field of disease control through chemicals. Although chemicals have 
been used in the control of diseases caused by fungi, bacteria, nematodes, viruses, 

and nutritional deficiencies, their use in controlling fungus diseases has been a 

good deal more than other diseases. 

WHAT IS FUNGICIDE? 

The word fungicide has originated from two latin words: namely, fungus and caedo. 
The word caedo means 'to kil!'Thus literally speaking a fungicide would be any 
agency which has the ability to kill a fungus. According to this meaning. physical 

agencies like heat and ultraviolet light should also be called fungicides. However, 
that is not so. By common usage, the word is restricted to chemicals. Hence the 

word fungicide should mean a chemical capable of killing fungi. 

Some chenmicals do not kill fungi. They simply inhibit fungus growth temporarily. 
If the fugus is freed from such substances, it would revivè. Such a chemical is 

called a fungistae and the phenomenon of temporarily inhibiting the growth is 

called fungistasis, Some other chemicals, like certain phenanthrene derivatives 

and Bordeaux mixture, may inhibit spore production without affecting the growth 

of vegetative hyphae. These are called 'anti-sporulants. Even though fungistats and 

antisporulants do not kill' fungi, they are included under the broad term fungicide, 

because by common usage, the word fungicide has been defined as a chemical 

Substance which has the ability to prevent damage caused by fungi to growing 

crops and their products. Some workers prefer the use of the term fungitoxicant 

instead of fungicide. 
1 



CLASSIFICATION OF FUNGICIDES 
There are various methods of classifying fungicides. Broadly speaking, classificatio. is done on the basis of their: (i) chemical nature, (11) mode of action against fungi or (ii) general uses. ngi, 

The classification according to the chemical nature is given on the next sta. age. On the basis of mode of action, fungicides are classified as given below: 

Protectants and Therapeutants 

Fungicide which is effective only if applied prior to fungal infection is callecta 
protectant, for example, zineb and sulphur. On the other hand, fungicide which is 
capable of eradicating a fungus after it has caused infection, and thereby 'curing the 
plant, is called a therapeutant, for example, 1.4-0xathiin derivatives, 8-quinolihol 
and antibiotics like Aureofungin. 

a 

Horsfall3l in his book "Principles of fungicidal action'" has correctly classified 

protectant fungicides into two groups, namely, contact and residual. Contact 

fungicide is the one which is aimed to seek out the fungus at rest, either before 

or after the fungus has found the host. Fungicides Commonly included under 
'eradicants' can be included under this group. A residual fungicide is the one which 
is applied as a stationary layer on the outside of the host, there to lie in wait for 

the mobile fungus, for example, zineb and maneb. 

Protectants and Eradicants 

Eradicants are those which remove pathogenic fungi from an infection cour 

(area of the host around a propagating unit of a fungus in which infection could 

possibly occur), for example, organic mercurials, lime-sulphur and dodine. Since 

eradicants' also protect the host from infection, this classification does not hold 

much ground. 

Systemic and Non-Systemic 

Systemic fungicides are those which act by entering into the system of the plans 
Most of the chemotherapeutants act this way, for example, 1,4-oxathiin derivatives 
All other fungicides which do not act systemically are called non-systemic. 

On the basis of general uses, fungicides are classified as follows: 

Seed protectants 

Captan, thiram, organic mercurials, etc. 

Soil fungicides (Preplant) 

Chloropicrin, formaldehyde, vapam, etc. 
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Soil fungicides (for growing plants) 
Captan, PCNB, thiram, etc. 

Foliage and blossom protectants 
Captan, ferbam, zineb, etc. 

Fruit protectants 

Captan, maneb, etc. 

Eradicants 
Organic mercurials, lime-sulphur, etc. 

Tree wound dressing fungicide 
Bordeaux paste, Chaubattia paste, etc. 

Antibiotics 
Actidione, Griseofulvin, etc. 



Sulphur 
Fungicides 

ELEMENTAL sulphur has been in use as a fungicide for a long time and even 
today it is one of the best for the control of powdery mildew diseases. The sulphur 

fungicides can be classified as follows: 

Sulphur fungicides 

Inorganic Organic 

Carbamate fungicides 

Elemental Lime-sulphur 
sulphur 

dust wettable 

INORGANIC SULPHUR FUNGICIDES 

Elemental Sulphur 

Elemental sulphur occurs widely and abundantly in nature, both in the free 
state and in combination. Deep in the earth it is found in the elemental state as 
sulphides and sulphates. As far as its fungicidal value is concerned, the elemental 
sulphur is the most important of all these natural sources. It occurs in many 

areas, often as chemically pure crystals but more often mixed with gypsum and 
limestone. Elemental sulphur is imported to a large extent in India every year for 

the formulation of fungicides. 

Types of elemental sulphur fungicides 

The elemental sulphur fungicides are available in two types of formulations, namely, 
sulphur dusts and wettable sulphurs. 

Of the different types of sulphur dust formulation, the 'ground sulphur is the 
most common form available in India. One of the common methods by which 
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ground elemental sulphur is produced is the "air-blast separation proCee. 
which mechanically ground sulphur is fractionated in an airblast, the hea 

particles falling down, and the smaller particles being carried over in the airhi.. 
Mechanically ground sulphurs have a tendency to form small aggregates which 

may be overcome by the addition of small amounts of inert materíal such. as 

Kaolin or lead arsenate. The fungicidal efficiency of a sulphur dust depends on 

the fineness of its particles; a high proportion should pass a 200 or 300-mech 

sieve (particles not exceeding 74 and 47 microns, respectively, in diameter), and 

still finer division is preferable. 

In recent years wettable sulphurs have become more popular. They form uniform 
suspension in water and are meant for use as sprays. Though this can be in two 

forms, namely, paste or powder, the latter i$ the one which is most commonly 
available in India. Any form of sulphur/such as ground sulphur, can be made into 

wettable sulphur by grinding with protective colloidal materials such as sulphite 
, casein and bentonite clay. There are many proprietary products consisting of 

wettable sulphur which are available in India. 

There are different types of wettable sulphurs. The one more commonly available 
in India is the 'micronised sulphur. It is prepared by the use of a microniser 
mill, in which a shallow circular grinding chamber is fitted with a series of high 
pressure jets. Air pressure of 100 lbs per square inch is fed through these jets intoo the grinding chamber resulting in rapid rotation of the contents of the grinding chamber. Coarse sulphur is fed into the grinding chamber through feed injectors situated on the upper side of the mill. The grinding action is accomplished by the impact of particles against each other. Micronised sulphur can be easily recognised by the ovoid shape of their particles. 

in airblast, the heavie 
olast. 

Lime-Suiphur 
Lime-sulphur, or a mixture of calcium polysulphides and calcium thiosulphate (empirical formulation CaS.Sx) is the product obtained by the combination of lime with sulphur. It has been used widely for more than 50 years and is still 
used for some of the common fruit diseases. Lime-sulphur is used mainly as a 
dormant spray. 

Varied proportions of lime and sulphur are mixed in water to get the lime 
sulphur. One of such formula is: 

Rock lime 
20 lbs 

Sulphur 15 Ibs 
Water 

50 gallons The required amount of lime is placed in an open metal container and to this is 

added about five gallons of water. The required amount of sulphur is then added. 

Heat from an open fire is applied to boil the mixture for one hour. After boiling 
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the mixture is allowed to settle for several hours and the clear supernatent is then 
filtered off. Such a lime-sulphur preparation has comparatively low poly sulphide content (7 to 10 per cent) and a relatively high thiosulphate content (2 to 3 per cent). 

A standard liquid lime-sulphur should have a Baume density of 31-33 degrees 
at 60°F and should contain not less than 20 per cent calcium polysulphides. It is 
true that home-made lime-sulphur has a low polysulphide content as mentioned 
above than the standard one. However, standardised commercial formulations of 

lime-sulphur, available in some other countries are not available in India. 

Mechanism of Fungicidal Action 

The mechanism of action of elemental sulphur has been a subject of interest for 

many years. In the past, various theories were advanced and later refuted. One of 

the earliest theories was the "oxidised sulphur theory" Mach and Portelle first 

suggested that sulphur dioxide accounted for the fungicidal activity of sulphur. 

Marcelle"l suggested that the sulphur oxidised even further in the air to so 
Young in l1922 said that pentathionic acid, an oxidised derivative of sulphur, was 

important in the action. The theory lost its ground when Roach and Glynnel and 
Wilcoxon and McCallan20 showed that pentathionic acid, sulphur dioxide, and 
sulphur trioxide were no more toxic than could be accounted for by the hydrogen 

ion concentration of their solutions in water 

Another theory was the "hydrogen sulphide theory". As early as 1875, Pollacci 
first suggested that H,S was the active compound, Marsh! found that hydrogen 

sulphide was toxic to spores. This finding was confirmed and supported by various 
workers. In 1953, Miller et al. finally refuted this theory. They found that when 

dosage was accurately controlled, colloidal sulphur was five to 50 times, depending 
on the fungus, more fungi toxic on a molar basis than hydrogen sulphide. Their 

experiments clearly indicated that the formation of hydrogen sulphide from 

elemental sulphur was not detrimental to the germination of the spores concerned 

until relatively large quantities were evolved on a spore weight basis. 

Another theory is the 'direct action theory. According to this, sulphur acts as 

a hydrogen acceptor in metabolic systems and, in doing so disturbs the normal 

hydrogenation and dehydrogenation reactions in the cell. This theory is based 

on the presumption that sulphur, being next to oxygen in the periodic table, acts 

much like oxygen and since fungus cells are accustomed to being permeated by 

oxygen, they should be permeable to sulphur too. Sciarini and Nords pointed 

out that Fusarium confuses' oxygen and sulphur and forms H,S instead of H,O in 

the fermentation reaction. It would appear, then, that sulphur becomes all mixed 

up in the compounds of the Krebs cycle, causing thereby a metabolic disturbance. 

The process by which fungus tissues reduce sulphur to hydrogen sulphide is 

not fully understood. Practically all plant tissues reduce small amounts of sulphur 

to hydrogen sulphide which may be a direct chemical reaction between sulphur 
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and the ubiquitous glutathione to form the disulphide of the latter. The reaction 

in fungus spores takes place much more rapidly when sulphur and glutathione 
are brought together. Moreover, spores of some species will reduce quantities of 

sulphur equivalent to several per cent of their weight in a few hours. It was shown 

by McCallen and Miller0 and confirmed by Tweedy1 that extra quantities of 
carbon dioxide were produced at the same time. The work of Tweedy indicates 

that the cytochrome system is involved in the reduction of sulphur. 

Owens advocated an interesting theory that polysulphide free radicals, 
produced in metabolic breakdown of 8-membered rings of elemental sulphur to 

HS, might be responsible for toxicity. He suggested that the reactive polysulphides 
free radicals might form stable cross-linkages with protein and other cellular 
components. 

Thus it would appear that the basis of toxic action of sulphur in the cell is 
still not clear, and it presents one of the most intriguing unsolved problems in 
fungicidal mechanisms. 

Sulphur fungicides emit sufficient vapour to prevent the growth of fungus 
spores at a distance of several mm from deposits on leaves. This is an advantage 
in sulphur fungicides as compared to many others because vapour phase activitry 
ensures protection of gaps on leaf surfaces resulting from weathering or expansion of leaf areas. 



ORGANIC SULPHUR (CARBAMATE) FUNGICIDES 
The carbamate fungicides form a very important group among fungicides. Most of these are foliage fungicides, while some are used for soil and seed treatments. Tisdalel2 first demonstrated the fungicidal possibilities of the carbamates in 1931 in the laboratories of E.l. DuPont Company, the U.S.A., but the commercial production started about a decade later. 

All the carbamate fungicides at present available commercially are derivatives 
of dithiocarbamic acid. This organic acid does not occur in the free state and 
was synthesised in the twenties to accelerate the action of sulphur in vulcanisingg rubber. This acid has the structural formula: 

H 
S 

N-C-S-H 

The fungicidal derivatives of this compound can be classified into three groups: 

Dithiocarbamic Acid 

Metallic dithiocarbamates Thiutam Bisdithiocarbamates 

disulphides 
S HS 

R 
N-C-SMetal 

R 
N--s-s-t-N 

R 

H 
C-N-C-S-Metal 

H -R 
H 

N-C-S-Metal 
H HS 

e e.g. 
thiram ziram 

ferbam 

e.g. 
nabam 

maneb 

zineb 

Mechanism of Action 

The mode of action of dithiocarbamates has been discussed in detail by Thorne 

and Ludwig!ll and Rich and Horsfall. 

Dithiocarbamates are devided into two groups primarily on the basis ofevidence 

for two different mechanisms of action. Structurally these groups are: 

S R 
N-C-SNa I (thiram, ziram, ferbam) 

R 
S 

R-N-Ë-SNa ll (nabam, maneb, vapam, zineb) 

H 
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The first (1) group. 
the 

dialkyldithiocarbamates, 
includes COm 

like 
sodium 

dimethyldithiocarbamate 
and 

tetramethylthiura 

pounds 

and tetramethylthiuram disulphide 

dialkyl amines, whereas the second (I1) 

es, 
includes compunds like sod 

ounds 

(thiram) 
which are 

derived 
from dialkyl 

amines, whereas the 

group. 
the 

monoalkyldithiocarbamates, 
includes compunds like 

sodium ethylenebisdithiocarbar (nabam) 
methyldithiocarbamate (vapam) and sodium 

ethylenebisdithiocarbamate 

(noh. 

which are 
derived from monoalkyl 

amines. 

Dialkyldithiocarbamates 

Dialkyldithiocarbamates 
are strong chelating agents and it was thought for somne 

time that they acted by depriving the cell of needed metals. However, it is indicated 

that a heavy metal ion is required for high toxicity of these fungicides. 249 

For example, upon interaction of copper ions and dimethyl dithiocarbamate 

(DDC) ions, two complexes are formed namely the 'unsaturated' positively charged 

1:1 complex and the saturated' uncharged 1:2 complex. 

According to Goksøyr, the 1:1 complex is responsible for toxicity of 

dialkyldithiocarbamates at low concentrations. This 1.1 (DDCCu)' complex 

presumably attaches to vital components of the cell and thus prevents growth. 

Owens and Rubinstein suggested that free radicals rather than dithiocarbamate 

ions may be the active forms of ferbam and thiram. It has been suggested that 

these are toxic by virtue of their reaction with cellular thiols, which, in turn, result 
in the interference in the activities of sulphydryl requiring enzymes. 

Lowe and Phillips observed that diethyldithiocarbamate and other toxic 
chelating agents catalyse incorporation of copper into the diethyl ester of 
mesoporphyrin, and they suggested that the mode of action of these compounds 

might be associated with the incorporation of copper into a porphyrin precursor 
of an essential haem-type pigment. 

Bates and Tweedyl studied the effect of thiram upon glucose catabolism by Fusarium oxysporum and reported that thiram had no effect upon glycolysis but did inhibit the activity of the pentose pathway and acetate metabolism. 
According to Sislerl the toxicity of dialkyldithiocarbamates in the cell might involve one or more of the following: 

a) Chelation of required heavy metals. 
b) Attachment of a 1:] complex of metal and dithiocarbamate ions to enzymes. c) Attachment of dithiocarbamate ions to metals bound to proteins. d) Reaction of free radical intermediates with cellular components. e) Lethal catalysis' as suggested by Lowe and Phillips. Thus the mechanism of action of dialkyldithiocarbamates in fungus cells s 

remains obscure. 



Monoalkyldithiocarbamates 
A direct consequence of introducing hydrogen at the nitrogen atom ina 

dithiocarbamate structure is a considerably reduced chemical stability. According 

to Kaars Sijpesteijn and van der Kerkl the dithiocarbamates bearing free hydrogen 
at the nitrogen can split off hydrogen sulphide or the HS jon with the formation 

of isothiocyanate groups. 

R-N-C-SH HS +R-N=C=S 
H and 

HS+R-N=C-S S 

Especially in the presence of the ion of heavy metals these equilibria are forced 

to the right because of the formation of insoluble metal sulphides. From the two 

types of decomposition products H,S (or the HS or S ion respectively) and the 

isothiocyanates, only the latter was found to show antifungal activites and spectra 

close to those of the parent dithiocarbamates. 
These workers suggested that the toxicity of these dithiocarbamates was mediated 

via an isothiocyanate which reacted with free SH group in the following manner: 

R-N=C=S + HS- R R-N-C-S-R 
H 

Ludwig and Thornel found ethlyenethiuram monosulphide (ETM) among 

the decomposition products of nabam and thought that ETM might account foor 

the toxicity of nabam solutions. Kaars Sijpesteijn and van der Kerk31 however, 

postulated that this compound was formed via an isothiocyanate intermediate 

and that the two compounds were in equilibrium. 

Formation of volatile methylisothiocyanate from vapam further supports the 

isothiocyanate theory 
Howeve, there is evidence that isothiocyanates may not be entirely responsible 

for toxicity of monoalkyldithiocarbamates. Rich and Horsfallsl on the basis 

of their studies on the fungitoxicity of several isothiocyanates, argued against 

the isothiocyanate theory. Also Wedding and Kendrick!4 found quite different 

toxicological effects between N-methyldithiocarba-mate and methylisothiocyanate. 

The former compound, but not the latter, caused alteration in the permeability of 

the mycelium of Rhizoctonia solani. 
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H S H S 

CH-N-�- SNa CH-N- �- S= 

CH-N C- SNa 

S 

CH2-N C= SNa 

S H H 

H S 
Internal 

CH-N-Ë addition 
S CH-NC S 

CH2-N-G 
H S 

EXera -CH,CH-N-Q-S-C-N 
CH2-N C -SH 

External H 
addition 

H S 
Polyyethylene thiuram monesulphide 

For a more detailed discussion, Torgesons may be consulted. It is evident that more work is needed to clearly understand the mechanism of action of monoalkyldithiocarbamates. the mechanism of action of 
The properties and application of the six commercially available fungicides, namely, ziram, f erbam, thiram, nabam, maneb, and zineb are being described in 

the succeeding parts of this chapter. 



Zineb 

Zineb is the adapted name of zinc ethylenebisdithiocarbamate. It was develoDed 

by Rohm and Haas, Inc. and E.I. du Pont and de Nemours Co. in 1943. The

structural formula is: 

H 

c-N-Ö-s 
H 

Zn 

H 

CN-C-S 
H H 

Some of the common trade names under which zineb is sold are Dithane Z-78, 

Hexathane, Lonacol, Parzate C, and Du Pont Fungicide A. 

Zineb has molecular weight of 275.5. It is soluble in pyridine, but its solubility 
in water is only a little over 10 ppm. It is unstable in the presence of light, heat 
or moisture. Pure zineb is buff or light coloured but the formulated products, like 
Dithane Z-78 are yellowish white. 

Zineb is compatible with most of the common fungicides and insecticides. 
However, it should not be used with any fungicide containing lime. As the presence of calcium may change the residual fungicidal action to eradicant action with a 
loss in residual activity. 

Zineb is toxic to mammals if consumed orally. It may cause irritation to skin, 
nose and throat. Zineb is phytotoxic in case of zinc-sensitive plants. Sometimes it is known to cause defoliation in vines. 

The residual effect of zineb depends to a great extent upon the weather and the season. As mentioned earlier, since zineb is unstable in the presence of light, heat or moisture, its residual action is reduced under conditions of excessive heat or rains: 



It is reported that zineb, in comparison to Bordeaux 
mixture gives better control of 

late blight of potato in the plains of India than in the hills, whereas the reverse is 

true in the hills. One reason could be that in the hills, during the summers when 

potatoes are grown, 
there are frequent rains and therefore the residual action of 

zineb is reduced. It is well known that Bordeaux mixture has a tenacity of its own 

and it may be due to this that it gives better control of late blight in the hills in 

comparison to zineb. Zineb persistence and control of alternaria blight (Alternaria 

brassicae) disease was more on radish followed by turnip and cauli-flower.124 

There is one advantage in using zineb. Some plants like tomato and paddy are 

able to absorb zinc from zineb. Therefore, use of zineb should be of great advantage 

in areas where zinc is deficient in the soil. 

Zineb is mainly used for foliar sprays. However, soil treatments with zineb 

have also been attempted. Solel and Minz!17l found furrow application of zineb to 

give good control of the post-emergence damping-off of cotton seedlings caused 

by Rhizoctonia solani and others. Similarly, Shahare and Asthana103 could obtain 

good control of Rhizome rot of ginger by applying eight gallons of 0.15 per cent 

zineb (65 per cent) per 8' x 5' plot before planting and then giving three similar 

applications after planting at three weeks intervals. When applied to the soil, 

zineb shows nematicidal properties against meloidogyne spp. (Singh and Nikam, 

personal communication). 

Zineb (65 per cent) when applied at the rate of 1.88 gm/1 to the root system 

reduces the relative numbers of Rhizosphere bacteria (Halleck and Cochrane).59 

A report on nitrogen deficiency disease of sugarcane induced by a large number of 

applications of zineb or maneb to the preceding tomato crop was made by Dubey. 

Proprietary mixed formulation containing zineb and other fungicides like 

copper oxychloride are marketed by some companies. For example, Miltox by 
Sandoz contains zineb and copper oxychloride. 

The use of zineb in disease control has been indicated in Table 6. 



Maneb/Mancozeb 
Maneb is the coined name for manganous ethylenebisdithiocarbamate. It was 

developed in 1950 by E.I. du Pont de Nemours and Company, Rohm and Haas 

Company, and Bayer A.G. of Germany. The structural formula is: 

C-N- 

H Mn 

H 

H 

It is sold in the market under the names Dithane M-22, Manzate, MEB 

MnEBD, etc. 

Maneb as such is not marketed in India but it is available in mixture with other 

chemicals. For example, a combined product of zinc ion (2 per cent) and maneb 

(78 per cent) is sold under the name Dithane M-45 (mancozeb). Another mixture 

of maneb (53 per cent), which is not available in India, is with nickle sulphate (19 
per cent) and is sold elsewhere under the name Dithane S-31. 

The molecular weight of maneb is 265.3. Yellow coloured maneb is only slightly 
soluble in water. 

Maneb is compatible with most pesticides except the fixed coppers and Bordeaux 

mixture. It is also compatible with growth promoting substances like the giberellic 
acid.18 It may be phytotoxic to tobacco seedlings and some varieties of apple and 
cucurbits. Excessive applications can be toxic to crops like cauliflower, pepper, 
tomato and lettuce. Mancozeb is claimed to be less phytotoxic. Maneb seems to 

adversely affect pollen germination.08 Prolonged storage of seed treated with maneb 
results in lesser germination.3 Excessive heat or moisture in the storage may cause 

decomposition of maneb. Maneb is toxic to human beings when consumed oraly When inhaled, it causes irritation to nose and throat. 
Maneb has been successfully used against a wide variety of diseases, particular of vegetables. It is very popular with potato and tomato growers for blight contro. It is used most commonly as a foliar spray. However in some cases it has enc been used for foliar dusting or for treating the soil.4il 

er 

On cruciferous plants different protectant fungicides had differential respon for control of alternaria blight (Alternaria brassicae) which was directly correlatco 
to the fungicidal persistence on the host. On raya and radish mancozeb was mo effective and persisted for longer period than on cabbage, cauliflower and turn [1471 Even when initial deposit of mancozeb was equal on different tomato varl 

eties 

by 0.3 per cent spray the persistence was different on different varieties. 



Copper 
Fungicides 

ALTHOUGH the fungicidal activity of copper sulphate was first recognised in 1807 

by Prevost9, it was not until 1885 that this fungicidal property was utilised for the 

protection of foliage from pathogenic fungi. Later copper fungicides predominated 

the field of fungicidal plant disease control for more than 50 years until synthetic 

organic fungicides invaded the market. However, even today copper fungicides are 

used widely in many countries including India. The copper fungicides have been 

used for the control of many vegetables, fruit and flowering plant diseases. They 

have also been commonly used in plantation crops like tea, rubber and coffe. 

The copper fungicides can be classified as follows: 

Copper Fungicides 

Copper Copper sulphate 
preparations carbonate 

preparations 

Bordeaux Bordeaux Burgundy Cheshunt Chaubattia 
mixture paste mixture compound paste 

Cuprous 
oxide 

Copper 
oxychlo- 
ride pre- 

parationss 
prepara 

tions 

e.g 
Perenox 

e.g. 
Fytolan 

Blitox-50 etc 
etc. 

Copper Sulphate Preparations 
Bordeaux mixture 
In 1882 Millardet of France accidentally observed the efficacy of copper ed 

hate 

against the grape downy mildew caused by Plasmopara viticola. 15) He nou 

that grape vines along the roadside at Medoc in Gironde (France) retainea 



leaves at the end of October when all the others had been defoliated by mildew. 

His companion McDavid, steward of Mr. Johnstonis estate in the neighbourhood, 
explained that it was the custom to sprinkle the vines near the road with copper 

sulphate and lime to discourage pilfering. The following year Millardet and David 
confirmed the utility of this practice in checking the disease. Further tests under 

the supervision of Millardet and Gayon, who were professors at the University 
of Bordeaux, were carried out, and in October 1885, they published illustrations 

of treated and untreated vines with analytical data. By 1887 great success was 
reported in the control of the disease. 

This mixture of copper sulphate and lime received wide recognition under the 

name 'Bouillie Bordelaise' (Bordeaux mixture). In 1885 its use for controlling potato 
late blight was suggested and in 1888 its efficacy against the blight was established. 
Bordeaux mixture in the beginning was in the form of a paste to be applied with 
a brush. Millardet had proposed the admixture of 100 litres of water in which8 

kg of bluestone was dissolved with 30 litres of a lime suspension prepared from 

15 kg lime. This formula (8-15-100) was soon found to be too strong and apt to 

cause foliar injury. In 1887 Millardet and Gayon tested a series of formulae ranging 

from approximately 25-50-50 up to 4-1-50 and found that the mixture with the 

lower concentrations of copper sulphate and lime was as effective in preventing 

the germination of the spores of Plasmopara viticola (downy mildew) as those 

with higher concentrations. Since then a wide range of formulae have been tried 

and the one used relatively more often at the present time is 4-4-50. 

The method commonly followed in India for preparing Bordeaux mixture is by 

mixing solutions of copper sulphate and either quick lime or hydrated lime. The 

latter is commercially available in a more finely divided form of greater purity 

than quick lime and has advantages in case of preparation of the mixture. Air 

slaked quick lime is unsuitable. For preparing the mixture, copper sulphate and 

lime are separately added in suficient quantities of water. In case of quick lime, 

slaking is done slowly. These two solutions are then mixed simultaneously intoa 

third container, while agitating thoroughly, and the Bordeaux mixture is ready. 

The containers used should be such which do not react with copper sulphate; for 

example, copper, wooden, or earthen vessels. 

In some European countries Bordeaux mixture is available commercially which 

saves the botheration of preparing the mixture. These preparations are sold in dry 

or paste torms. 

After preparing the Bordeaux mixture, it is desirable to test the finished mixture 

for free copper. Free copper in Bordeaux mixture can be phytotoxic and to avoid 

this more lime would have to be added. To test Bordeaux mixture for free copper, 

a few drops of a 10 per cent solution of potassium terrocyanide are added to a 

small quantity of the prepared Bordeaux mixture. If a reddish brown deposit is 

formed immediately, more lime should be added to the mixture. If potassium 
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ferrocyanide is not available, a clean iron blade could be used by dipping it for 

some time in the mixture and observe if copper deposits on it. 

Bordeaux mixture should be sprayed while fresh. On standing it looses its 

fungicidal property. However, the mixture may be stabilised by adding sugar or 

jaggary at the rate of 0.5 lb in 50 gallons of the mixture. The mixture stabilised in 

this manner will not deteriorate for several days under normal conditions. 

Bordeaux mixture has both merits and demerits. The merits are: (a) its natural 

adhesiveness or tenacity, (b) its relative cheapness, (c) its utility in controlling a 

wide variety of diseases, and (d) its safety to handle. Among the demerits are 

(a) its phototoxicity on certain crops, particularly fruits like apples and peaches 

(b) its tendency to delay ripening, (c) the botheration of preparing, and (d) its 

corroding action on metallic containers of spraying equipment. 

Besides being effective against fungal diseases, the Bordeaux mixture has also 

been found effective in reducing the incidence of certain bacterial diseases like 

citrus canker. 

a) Solubility of Bordeaux mixture 

The inherent solubility of Bordeaux mixture is quite low. According to Goldsworthy 
and Green", Bordeaux mixture in equilibrium with water yields a solution 

containing about 4 ppm of copper. However, McCallan and Wilcoxon!4 found 
that a well-washed 4-4-50 Bordeaux mixture was soluble only to the extent of 

furnishing 1 ppm of copper. After this material was thoroughly dried, as in 

spray film, the solubility decreased to 0.2 to 0.3 ppm. McCallan and WilcoKon 

have shown a comparison between the amounts of Bordeaux mixture and copper 
sulphate required to inhibit the germination of 90 per cent of the spores of a few 

species. The data are given in Table 9. 

Table 9. The Relative Efficacy of Bordeaux Mixture and Copper Sulphate in Inhibiting 

Spore Germination/14 

Cu. mg/litre for LD 
Bordeaux Mixture Copper Sulphate 

Species 

Uromyces caryophyllinus 180 1.74 
Sclerotinia fructicola 120 1.20 

Botrytis paeoniae 390 2.23 
Glomerella cingulata 

500 1.40 
Alternaria solani 

2,400 6.72 

less than I ppm of copper to the solutions with which it is in equilibriun 

ovides 
If Bordeaux mixture or other copper spray or dust of low solubility piis it is 



evident that the concentration of copper is too low for any substantial toxicity. 

A few possible mechanisms have been suggested to explain the manner in which 
copper is brought in soluble form in quantities enough to be toxic to spores. These 

are:(i) action of the atmospheric carbon dioxide and ammonium salts dissolved in 

rain water or dew, (ii) action of the secretions from the fungus, and (ii) secretions 

from the healthy or wounded surface of the host plant. 

Millardet and Gayon1s observed the formation from Bordeaux deposits, after 
carbonation of the excess lime of soluble copper by the action of the carbon 

dioxide and slight traces of ammonium salts present in rain water and dew. This 

hypothesis did not, however, find much support because of stronger evidence in 

support of the other two agencies, particularly the spores themselves. 

The suggestion that spore excretions are involved in the fungicidal action 

of Bordeaux mixture was first made by BarthBl and Swinglel21, McCallan and 

Wilcoxon demonstrated the presence of malic acid and of amino acids in 

washings from spores of Neurospora sitophila. As the spore excretions are almost 

neutral, these workers considered that the salts of hydroxy acids such as malate 

and of amino acids present in spore excretions, act on the Bordeaux deposit to 

form soluble toxic copper hydroxy and copper amino salts. Wain and Wilkinson 
confirmed the solution of copper from dried Bordeaux deposit by the lysate of spores 
of Neurospora sitophila and studied the solvent action of a range of compounds 

likely to be present in the lysate. Active solvents included amino, hydroxy and 
certain dicarboxylic acids and their salts. 

A role of the host plant in bringing copper into soluble form has also been 
suggested. Barthl31 first suggested that host plant secretions might render the copper 

of the spray deposit soluble or available. Barker and Gimingham showed that 
substances exuded from mechanical injuries to the leaf are capable of dissolving 

copper from Bordeaux precipitates. 

The 'solubilisation' hypothesis as a whole has, however, been questioned. 

Somers provided evidence to show that formation of copper complexes, from 
the reaction between leaf or spore exudates with a Bordeaux deposit, reduces 

the uptake of copper by the spores of Neurospora crassa. This suggests that these 

water soluble complexes are less effective in penetrating the spore than is the free 

cupric ion. According to Somers simple accumulation of ionic copper is the 

mechanism by which copper from Bordeaux mixture becomes toxic to spores. 

b) Reaction between the constituents of Bordeaux mixture 

Millardet and Gayon thought that this reaction proceeded according to the 

equation: 
CuSO, +Ca(OH), = Cu(OH), + Cas©, 



However, the reaction between copper sulphate and lime is rather complex 

has been suggested that the reaction proceeds as follows: 
k. It 

Cu -OH 

2 CuSO4 t+ Ca(OH)2 
SO + CasO-I 

Cu -OH 

I Cu - OH HO -CuCu 
- 0- Cu 

SO4 SO4 +H2O-1I 
SO4 SO4 

Cu -O-Cu 

Cu O-Cu-OH 

+CasO4 
II-Cu - 0-Cu 

$O SO + Ca(OH)2-$O4 
Cu-O-Cu Cu-0- Cu-OH 

Thus basic copper sulphate is formed and this remains in suspension. 

Bordeaux paste 
Bordeaux paste consists of the same ingredients as that of Bordeaux mixture 

but it is in the form of a paste. It is primarily used for tree wound dressings to 

prevent fungal attacks, for example, in the control of stem bleeding disease of 
coconut. It is normally prepared by adding 1 lb each of copper sulphate and lime 

in 1 gallon of water. 

Burgundy mixture 

Burgundy mixture was introduced by Mason in 1887 in Burgundy (France) in 
place of Bordeaux mixture. It is prepared in the same way as the Bordeaux mixture 
except that lime is substituted by sodium carbonate crystals. This preparation was 

developed primarily because at that time good quick lime was not easily available 
in Europe. A 4-4-50 formula has been reported to be satisfactory. Now that good 
quality lime is easily available, Burgundy mixture is a thing of the past. Besides, 
it is slightly less effective than Bordeaux mixture. 

Cheshunt compound 
The compound was suggested by Bewley in 1921. It contains two parts of copper sulphate and 11 parts of ammonium carbonate. These two are wel-powdered and thoroughly mixed and the dry mixture is stored in an air-tight receptacle for 
24 hours before using. If left exposed, it gradually loses ammonia and becomes less effective. Thirty grams of this mixture is dissolved in a little hot water and 
the solution is made up to 9 litres with cold water. This solution is then reauy for spraying. 

The Cheshunt compound is used to drench nursery beds for the control or 

damping-off. 



Copper Carbonate Preparations 

Chaubattia paste 
This paste was developed at the Government Fruit Research Station, Chaubattia. 

in the district of Almora of the Uttar Pradesh State.4.251 This was developed as a 

wound dressing fungicide to be applied to pruned parts of apple, pear, and peach 

trees for the control of diseases like stem-black (Coniothecium chomatosporum), 

stem-brown (Botryosphaeria ribis), pink disease (Corticium salmonicolor), and 
stem canker (Monochaetia mail) of apple and pear, and collar rot (Rosellinia sp.) 

of apple, peaches, apricots, and plums. he paste is prepared by mixing copper 

carbonate (800 gm) and red lead (800 gm) in 1 litre of lanolin or raw linseed oil. 

These are mixed in some glass or chinaware pot. The paste has the advantage that 

it is not washed off easily by rain. No better substitute to this paste has so far been 

found for use in the Kumaon hills (Almora and Nainital districts) to control these 

diseases. A ready-made paste is now sold commercially. 

Copper Oxychloride Preparations 
Though Bordeaux mixture was used as a major copper fungicide for many years, in 

view of its toxicity to certain plants, attempts were made to find out some suitable 

substitutes. Starting in approximately the second decade of the present century, 
a series of copper fungicides termed as 'insoluble, 'low-soluble, or fixed coppers 

were found out. In all these the copper is stabilised and rendered less soluble, 

which considerably reduces the phytotoxic properties of copper. These low-soluble 

copper fungicides are much less injurious, but they have not been found to be as 

effective as Bordeaux mixture, because the latter has more natural tenacity. However, 
in view of the convenience in their use, these low-soluble copper fungicides are 

frequently used in place of Bordeaux mixture. The low-soluble copper available in 

India is copper oxychloride. It has been formulated both as wettable powder and 

as a ready-to-use dust. Copper oxychloride (CuCl,. 3Cu (OH),) is readily formed 

by the action of air on cupric chloride solutions or scrap copper. Formulations 

containing 4 to 50 percent metallic copper in the form of copper oxychloride 
are available in India. Copper oxychloride, containing 4 to 12 per cent metallic 

copper is used for dusting and 50 per cent metallic copper for spraying. Some of 

the commercial preparations are: Blimix 4 per cent; Blitox-50; Cupramar; Micop 

D-06; Micop W-50; Fytolan; Vaijfru Tamraghol; and Blue copper 50. 

Cuprous Oxide Preparations 

Horsfall0suggested the use of red oxide of copper as a seed treatment fungiclue 
in 1932. It was used for treatment of vegetable seeds, such as peas, and was also 

used to a limited extent for spraying leaves. 

In 1939, Heuberger and Horsfall reported that the fungicidal and protective 

values of the cuprous oxides vary inversely as the particle size. These vaue 
s 



rom red 

were tound to increase as the colour of the cuprous oxides changes from through orange to yellow. These workers explained that the increased fungicidal and protective values of the cuprous oxides are due to an increase in the area of chemically reactive surface per unit of weight and a corresponding increase in tho 

low 
rate at which soluble copper is released. This research led to the release of yellow cuprous oxide as a seed and foliage protectant. 

One of the commercial preparations, Fungimar, consists of 50 per cent metallic copper in the form of cuprous oxide. Perenox is another example of cuprous oxide preparations.
The low soluble coppers are generally recommended for spraying at the per hectare rate of 3 to 4 Kg of material containing 50 per cent copper in 1000 litres of water. If a copper dust containing 4 to 6 per cent metallic copper is to be used, 

generally speaking 25 to 35 Kg of the dust per hectare would be required to get a good coverage. 

Mechanism of Fungicidal Action 
The form in which copper enters the fungal cell has been discussed earlier. 
Those workers who believe in 'solubilisation' hypothesis presume that the fungal cells accumulate the water soluble copper complex (with amino, hydroxy, or dicarboxylic acids in the spore exudates) which later on dissociate to give ree Cunric ion.3,14.2832 On the other hand some workers suggest with evidence that fungal cells accumulate free ionic copper from Bordeaux mixture and 

26,27 

that no solubilisation is needed. The same behaviour can be expected from the loW soluble copper fungicides. 
what does the free 1onic copper do then? The common explanation of tn toxic action of the heavy metals is based upon the properties of these ions nrecipitating or denaturing proteins. Enzymes are proteins and it would thereto he expected that thne neavy metals would inactivate these catalvsts. However, no enzymes which 

susceptible to ina tible to inactivation by ions of heavy metals. It is therefore quite possibie 
copper kills spo serkills spores by combining with the sulphhydryl groups of certain enzy 

all enzynmes are equauy inacuUvated by low concentrations of heavv metal ions. I 

all ee which require free sulphhydryl groups for activity appear to be esPat be especially 
possible that 

in enzymes. Phytotoxicity 
Copper in Bordeaux mixture 



Systemic 
FungiCides 

wORK on the mineral nutrition of plants carried out during the last two centuries 

1d to the recognition of nutrient deficiency diseases and provided impetus to 

the studies on injection and translocation of compounds into the plant systems. 

Iniections of mineral salts were tried to control nutrient deficiency diseases. In the 

carly twentieth century, investigations were initiated to control fungal and bacterial 
diseases by administering several dyes and disinfectants. In most of the early 

studies on therapy, chemicals were injected into the plants. Surface applications 
to eradicate established infection as well as seed treatments to eradicate internally 

seed-borne inoculum were also tried. Chemical applications through roots to 

control diseases on the above ground parts of the plants were attempted. 

Interest in chemotherapy was revived after the introduction of organic fungicides 

in the thirties like dithiocarbamates and captan. This was mainly due to obvious 

limitations of the protectants in eliminating an established infection, availability 

of a variety of versatile organic compounds, and striking success achieved in the 

held of human disease chemotherapy 1009 In case of the non-systemic chemicals 

there is lack of appreciable surface redistribution; hence the areas missed at the 

ume of application as well as new growth after application remain unprotected. 

e Surtace deposits are subjected to weathering and therefore for continuous 

ection repeated applications are essential. Also inaccessible parts like roots are 

t to protect with such compounds. These disadvantages are not associated 

nesystemic compounds because of their free movement within the plant 

7n trom the point of application to distant untreated tissues. 

Chemotherapy is defined as the control of plant disease by compounds that, 

C their effect upon the host or pathogen, reduce or nullify the effect of the 

causal lagent after it has entered the plant. The compound which is applied to the plant 

be 
for 

on 
this purpos is called chemotherapeutant. A potential 

chemotherapeutant 
would 

is 
Any compou capable of being freely translocated after penetrating the plant 

C Compound or just as systemic. 
Translocation is defined as the 

be one that can pe Can penetrate the plant cuticle and move through cell membranes.14 

is called system 

movement of a compo of application. O applicat:a 
Compound within the plant body to tissues remote from the site 

213 



site are capable of limited penetration leading to the elimination of an establie 

eradicants. 

ways. It need not necessarily be fungicidal in nature. The three recognised h. 

xins 

Fungitoxic chemicals which subsequent to their application at the infees: 

infection are called topical therapeutants or eradicant fungicides or simply eradica. 

us Chemotherapeutants can cause a reduction in disease severity by vari. 

produced by the pathogen without any appreciable effect on the growth of 
that 

categories of chemotherapeutants 
are: (a) compounds that antidote the t 

the 

pathogen, (b) compounds that may alter the host metabolism in such a war 

its resistance to infection is increased, and (c) systemic fungicides. 

A systemic fungicide is defined as a systemic, fungi toxic compound that control 

ted 

therapeutant. A systemic fungicide has a known and restricted mode of action 
cus 

trols 

a fungus pathogen remote from the point of application, and that can be detecta 

or identified. It would be erroneous to use the term as synonym of systemic 

n 

following the application it enters the plant. It is translocated as far as the locu 

of infection, and then acts directly upon the pathogen by virtue of its fungitoxic 

properties. These compounds are absorbed by the plant and get translocated within 

it, thus providing protection as well as eradicating already established infection. t 

is also possible to delay the application of such compounds until disease symptoms 
are apparent, thereby eliminating the need of the pre-symptom applications 

One application cannot be expected to give continuous protection to the whole 

plant because translocation may be limited to certain tissues and the fungicide 
will be subjected to dilution and possible metabolic breakdown in the growing 

plant. Most systemic fungicides are metabolised within the plant tissues and if 

the metabolites are inactive, this will result in steady loss of effectivity4551 The 

environment inside the plant is very different to that of the standard laboratory 
test for in vitro fungitoxicity. Antagonism by cell constituents and irreversibe 

binding to absorption sites can render a powerful in vitro fungitoxicant inactive 
in vitro32 A systemic fungicide must coexist with the cells of the living tissue and 

must exhibit a selectivity which discriminates between the living tissue of the host 

and of the pathogen78 The selectivity can be measured in terms of a therapeute 

index. Therapeutic index is calculated by dividing the minimum curative dose 
by the maximum tolerated (by host) dose. However, a single therapeutic 

ndex 

cannot be assigned to each therapeutant due to the differential susceptibinuc s of 

i the different plant parts to the toxic damage.236 Sometimes application ot a 
vitro non-fungitoxic compound may result in the release of a fungitoxic mo 
preferably at the infection site; such compounds are referred to as masked fung" 

ils 



Benomyl enomyl. Methyl-N-(1-butylcarbamoyl)-2-benzimidazole 

carbamate is known as hes 

by the This compound was developed under the code number of fungicide 1901 he trade 

E.I. du Pont de Nemours and Co., Inc., U.S.A., and is now sold under tha 

name of Benlate 50 WP. The chemical structure of benomyl is: 

N 

C-NH COOCH3 

CO-NH-CH CH2 CHa 

Its empirical formula is C,H,N,O, and molecular weight is 290.3. Benomyl isa 

non-volatile, white crystalline substance having a faint acrid odour and is insoluble 

in water or oil. It is one of the less toxic fungicides to animals; the approximate 

lethal oral dose for male rats is greater than 9,590 mg/kg body weight. Benomyl 

possesses residual, curative and systemic activity against a wide spectrum of disease 

causing fungi, as well as a high level of mite ovicidal activity. Benomyl has been 

reported to be compatible in tank mixes with indole butyric acidl407, fixed copper, 

mercury and carbamate fungicides as well as with common organophosphorus, 

chlorinated hydrocarbon and carbamate insecticides as judged by physical mixing 

disease control, and crop safety. There is a good correlation between the in viro 

fungitoxicity and fungal diseases controlled by benomyl 

Benomyl applications through seed, soil, and stem exhibited systemic actIvy 

against foliar diseases. It is used to control such diverse diseases as Cergos Dora 

leaf spot of sugar beet23, rice blast;463 grey mold; powdery mildew ana 
and black 

spot of roses; scab and powdery mildew of apples; powdery mildews of cu 
urbits 

strawberries171, cereals and beans; stem inoculations of Veriticillium and Ka 
hizoctonia 

in cotton; and spider mites on these hosts. It is also effective against rusts 
smuts 

and many other diseases of grasses. 36,4281 In the U.S.A. Benlate has been Tene 
registered for use on apples as spray at 30 to 60 g/100 1itres of water and a er and a 

tolerance



g of 50 per cent W.P 

interval, the first spray being given when the disease first appears, can be 

also been fixed. As a general recommendation, a rate of 60 er cent W.P. Product/100 litres of water as spray at seven to fourteen 

limit of 7 Ppm has al 

days interval, 

ested to benomyl use. Sprays can be of high volume (approx. 750 litres/ Lctare) covering all plant parts or as of concentrated low volume (approx. 93 to 234 litres/hectare) which have been very promising on row crops. Oils can be used arriers. Emulsifiable oils in water reduce evaporation in aerial sprays and also improve spreading of droplets on foliage and increase penetration. 
Tn early stages, the manufacturers of Benlate used to supply a specific surfactant 

F (Nopco Trem 014) which was recommended for use at the rate of 30 ml/100 
litres of spray volume. The addition of this surfactant was supposed to improve the nerformance of stem applications also. However, the formulations now available 
give satisfactory pertormance without any additional surfactant. Though the 
addition of extra surfactant may still have some value only against some diseases 
or on some hard-to-wet leaves of rosel2631, cabbage, banana, etc. 

When used as a soil treatment, a rate of 60 to 230 g (active) /4,000 row per m 
or broadcast at the rate of 12 to 45 kg (active)/hectare is quite effective provided the roots remain confined to the treated area. 

Benomyl application as pre-harvest spray or post-harvest spray25, dip, or i 
wax treatment effectively control a wide range of diseases of fruits177,362,7031, and 
vegetables904, which are problems during storage, transport and marketing. For 
example, benomyl is used to control rots of citrus379.738, apples913, bananas 15501, 
peaches, etc.; the pre-harvest sprays may be part of normal foliar spray programme for scab, powdery mildew, or brown rot control. The normal application rates 
are 150 ppm (active) to 450 ppm (active) as pre-harvest and 75 ppm to 450 ppm 
(active) as post-harvest spray or dip treatment. For in wax treatment 50 g Benlate 
50 W.P. plus 50 g wax per 100 litres of water is generally used. However, fruit rots
caused by Rhizopus, Alternark912, and Geotrichumn are not controlled by benomyl 
treatment. 

Benomyl seed treatment can control the seed-borne nematode, Aphelenchoides 

besseyi which causes white tip disease in rice. Benomyl seed treatment was also 
etfective in inactivating or killing the feeding Xiphinema americanum larvae and 

nus preventing the spread of this nematode spread virus (Tobacco ring spot) in 
cucurbits.(599)

Benomyl shows very little or no control of diseases caused by phycomycetes 
K late blight of potato and tomato, downy mildew of grapes, onion, cucurbits, 
nd damping-off diseases. Diseases caused by Helminthosporium spp., Alternaria 
PP dclerotium rolfsi, as well as Cedar-apple rust (Gymnosporangium juniperi-
giniane), take all disease of wheat!2, walnut anthracnose (Gnomonia leptosyla), 
rot of apples (Glomerella cingulata), and leaf curl of peaches were not 
COrOled by benomyl. Under field conditions, benomyl was less effective against 



cereal and bean rusts. Because of the ineffectiveness against damping-off diseaset 
(Phythiutn, Phytophthora, etc.) for seed treatment, benomyl is used in combination 

with other seed protectant fungicides.

ases 
tion 

Benomyl is not considered effective against mycoplasmas. There are onl. 

two reports on effective remission of symptoms of sandalwood spike disease (a 
mycoplasma disease) by benomyl bark placement.43,74) 

Benomyl has shown no harmful effects on honey bees and other pollinatina 
insects or on fruit set and therefore can be safely used at bloom. In fact for brown 

rot control in stone fruits, bloom period application is considered important for 

obtaining effective control.128) 

Benomyl when used at the recommended rates does not cause phototoxicity,.li0 
Use of higher amounts especially as drench or soil mix under high temperature 
on some varieties may cause injury. At 0.4 g benomyl/ 10 cm pot having 1:1 
sphagnum peat-organic muck soil caused stunting of cabbage seedling.l9 Use 
of high rate as seed soak or soil application caused phytotoxicity in pea seedling 
in the form of stunting and yellowing. 439 Increased russeting of fruits of certain 
varieties of apple, for example, Golden Delicious, Rome Beauty, Cox's Orange 
Pippin or Worcester Pear-main, or of pear cultivars, Williams Bon Chretien, 
by benomyl sprayings have been reported form the U.S.A. and the U.K.61 The 
problem of russeting may be solved by applying the required quantity of benomyl in smaller quantity of water (that is, use of concentrated low volumes), avoiding the use of surfactants, applying benomyl in combination with thiram, captan or 
maneb at half the recommended rates or using a safener such as Urbacid (bis (dimethyl thiocarbamoylthio)-methylarsine). However, in the case of Cox's Orange Pippin cultivar, lower spray volumes did not reduce russeting.16 A second type of phytotoxic effect as noticed on Rome beauty, Stayman winesap, Sunset, and 
Worcester pearmain cultivars of apple following benomyl sprays is the opalescent finish in which the fruit looks unripe or of unusual colour. 

only 

In chloroform or aqueous solutions as well as in plant tissue, benomyl is 
rapidly hydrolysed to MBC by removal of butyl carbamoyl group.45,493.099 ,860 
MBC is extremely stable both in vitro and within plants and is considered to be partly or even wholly responsible for the fun-gitoxicity of benomyl.oa A rapid uptake and movement of MBC through cotton plant was also reported. The butyi carbamoyl group in benomyl may only be acting as an in-built formulation tacto preventing perhaps too quick an absorption of the fungicide (benomyl) by tne 
plant.8286 Benomyl and MBC were almost equally toxic to both Neurospor crassa and Rhizoctonia solani. However, benomyl was about 30 times more than MBC to Saccharomyces pastorianus. This difference may be due to the poo 

xic 

penetration of MBC into the yeast cells.145) Many workers have confirmea 

orer 

u 
that 

in case of benomyl applications, MBC is the actual active moiety at the sit 
of 

action. In case of cotton plants benomyl was completely transformed to MD 
in 



"9uES 

four weeks after treatment, while in beans this transformation took just five days. oeat and light enhance the decomposition rate of benomyl 49 
On hydrolysis benomy yields MBC plus butylamine with the release of CO. nTn soybean plants Oniy Dutylamine and not the MBC induced phytoalexin hwdroxyphaseolin) production, indicating that butylamine moiety in benomyl is 

(hydroxyphaseoli 

ungitoxic nor miticidal but is rather phytotoxic. From moistened benomyl, 

phytotoxic in nature (c.f. 2671. The parent compound, 2-amino-benzimidazole is 

fungitoxic product effective against Ustilago maydis and Saccharomyces a volatile 

cerev wwuesiae is produced which has been tentatively identified as butylisocyanate. 
267 On reaction with Bordeaux mixture or with NaOH, benomyl is converted 
5triazino-ben-zimidazole which has a similar but less toxic spectrum of f ungitoxicity than benomyll6s3) 

Low concentrations of benzimidazole and benomyl protected Pinto beans from 

0zone injury, indicating that the effect may be associated with benzimidazole 

nucleus.615 Benzimidazole may also be responsible for the very similar in vitro 
spectrum of fungitoxicity of thiabendazole and benomyl. 

Carbendazim 

Carbendazim is the proposed common name for methyl-2-ben-zimidazole 

carbamate (abbreviated as MBC). The chemical structure of carbendazim is: 

N 

- NH-COOCHg 

N 

H 

Its empirical formula is C,H,N,O, and molecular weight 191.2. It is a whitish 

grey powder having a faint acrid odour. Its solubility is less than 10 ppm in oil, 

400 ppm in ethyl alcohol, 300 ppm in acetone and 100 ppm in chloroform. It is 

Soluble in acetic acid and dimethyl formamide. In water its solubility is 28 ppm 

at pH 4, 8 ppm at PH 7 and 7 ppm at PH 8. It is a very stable compound, not 

ecomposing at temperatures up to 50 °C for a period of two years. However, it 

mposes in the presence of acids or alkalies. It is one of the sater fungicides 

nga LD (oral) for rats of more than 6,400 mg/kg body weight. It is harmless 

.he maximum tolerable residue in food stuffs as calculated by the Dutch 

a 1s 18.75 ppm. However, in Federal Republic of Germany, tolerances 

0 ppm to 7 ppm have been fixed on the fruit, vegetable and cereals. Like 

myl, carbendazim is systemic with prophylactic and curative action. It has 

1Ound to be non-phytotoxic at the rates tested. Just like benomyl it shows a 

been 

Inpectrum of fungitoxic activity being effective against Ascomycetes, Fungi 
broad spectrum 
ecti,and various Basidiomycetes.8,989 It is not effective against phycomycetes 

*acteria. Besides the disease control, beneficial side effects like stimulation of 



growth, flowering and yield of plants as well as reduction of mite population on 
the treated hosts have been reported. It is used as sprayl72, seedling dip (five to 
ten minutes), seed dressing, soil drench, or as post-harvest treatment of fruits 
(dip for 0.5 to 1 minute). 

At present, three products based on carbendazim are at different stages of testing 
and development. These are: (i) Bavistin 50 per cent W.P. having an experimental 
number of BAS 3460F of the BASF of Federal Republic of Germany, (i) Derosal as 

60 per cent W.P. or 20 per cent Dispersion having a code number of HOE 17411 
OF of the Hoechst of West Germany and (ii) MBC 50 per cent W.P. of Hindustan 
Mineral Products Co. Pvt. Ltd., of India. 

Out of these three products Bavistin and Derosal have recently been introduced 
in the market for sale. 



Oxathiins and Related Compounds 
This class of systemic fungicides is also called as carboxylic acid anilides, arboxanilides, or simply as anilides. In fact all compounds are the substituted 
Carboxylic acid anilides. The first compound of this class (carboxylic acid anilide) 
having fungicidal activity was the non-systemic salicylanilide, which has activity 
against ascomycetes (eg. Aspergillus sp. and Cladosporium fulvum) and phycomycetes 
(e.g. Plasmopara viticola) but is inactive against basidiomycetes. The structural 
formula of salicylanilide is: 

H 
C 

C- OH HC 

= 
CH ,-C-N-C 

=0. 
HC 

H 

The discovery of the oxathiin fungicides-carboxin and oxycarboxin 
represented a very singificant event in the area of chemotherapy of plant diseases 
The reports regarding successful systemic control of smuts and rust diseases of 
crops generated a great deal of interest in these and related compounds among the 
plant pathologists and chemists alike. Consequently a large number of substituted 
carboxylic acid anilides were synthesised and tested for their systemic fungitoxic 
properties. The substituted carboxylic acid anilides show specific systemic fungicidal 
activity against basidiomycetes. The two essential chemical features of these 
Tungicides with regard to their biological effctivity0 are: (a) the carboxylic acid 
anilide part-in this part the benzene ring may be replaced by cyclohexyl ring 
S0 and (b) a methyl group in the ortho position to the carboxylic acid anilide 
part-this methyl may be replaced by a halogen group also. 

.besides the well-known carboxin and oxycarboxin, some of the other carboxylic 
d anilide derivatives at different stages of testing and development are pyracarbolid, 
urcarbanil, cyclafuramid, mebenil and benodanil. 

This is a group of heterocyclic compounds having systemic fungicidal properties. 

Oxathiins 

ystemic fungicidal activity of oxathiin derivatives was for the first time The systemic fungie 



rst systemic reported by Von Schmeling and Kulkal" in 1966. Though not the first 

mpounds compounds to be developed or tested, the development of these two co mic 

resulted in a sharp revival of plant pathologists interest in chemotherards 

structural formula of oxathiin molecule is 
motherapy. The 

O 

H CH 

HC CH 

are 
The two oxathiin derivatives developed by Von Schmeling and Kulkal00.

now known by their common names carboxin and oxycartboxin. These compour 

are probably the first of the modern systemic fungicides to succeed on a practical 

scale. These compounds are highly systemic fungicides and possess a selective 

action against basidiomycetes of which the rust and smut fungi, and the soil fungu 

ds 

Rhizoctonia solani are the economically important members. 

Carboxin is the common name for the fungicide originally developed under 

code number D-735 and the abbreviation DCMO. With the change in the chemical 
name of carboxin form 2,3-dihydro-5-carboxanilido-6-methyl-1,4,oxathiin to5,6. 
dihydro-2-methyl-1,4-oxathiin-3-carboxanilide, the abbreviation has also been 
changed to DMOC. The structural formula of carboxin is: 

O 
HC C-CH3 

HAC C-C-NH 

The empirical formula is C,H,NSO2 and molecular weight 235. Its solubility at 25°C in different solvents is 0.017 per cent in distilled water, 15 per cent in benzene, 60 per cent in acetone, 21 per cent in methanol, and llper cent in ethano Carboxin is available under the commercial name Vitavax as a 10 per cent au 75 per cent W.P, and 34 per cent liquid suspension. The acute oral LD,, 0 is 3200 mg/kg. Carboxin is a crystalline compound having two crystal struct 

ra ts 

with melting ranges of91.5° to 92.5° and 98° to 100°C. In solution these two ry structures revert to one and biological test shows no difference in activ 
In 

a 
the 

U.S.A. carboxin is registered for use on barley, cotton, oats, peanu leranc 
The Environmental Protection Agency of the U.S.A has establisned logue limit of 0.2 ppm for carboxin residues (as carboxin plus its sulphoxide 

analog gue) 

treatment. Tripathi et al75, using thin layer chromatography" nava 

and wheat 

rance 

in or on cotton seed as well as in or on wheat grain and wheat straw from 
a lower 

seed 



raised Jetect form vitavax 75 W.P. treated wheat seed (0.25 per cent rate). 
detection limit of 0.2 ppm) reported no detectable residues in both grain ors straw 

rais 

ycarboxin is oxin is the common name for the fungicide originally developed under ON mber of -46T and the abbreviation DCMOD. Chemically oxycarboxin code 
number of F-. 

is 3-dihydro-5-carb tnedihydro-5-carboxanilido-6-methyl-I ,4-oxathiin-4,4-dioxide. Its structural the 

formula is: 

H,C C-CHa 
H2C C-C-NH- 

O 

The empirical formula is CHNSO, and molecular weight 267. Its solubility 

at 25 °C in different solvents is 0.1 per cent in distilled water, 3.4 per cent in 

benzene, 36 per cent in acetone, 7 per cent in methanol, and 3 per cent in ethanol. 

Ovvcarboxin is available under the commercial name Plantvax as 5 per cent gránule,
5 per cent liquid (Plantvax-51), 12.5 per cent E.C., 10 per cent dust, and 75 per 

cent W.P. formulations. The acute oral LD for rats is 2000 mg/kg. It has shown 

activity against rusts of oats, safflower, wheat, turf grasses, and on ornaments such 

as carnations, geraniums, roses and snapdragons. In the U.S.A it is registered for 

use on carnations and geraniums in greenhouses. 

Both carboxin and oxycarboxin are active against basidiomycetes such as rusts 

and smuts of cereals, and Rhizoctonia solani, Edgington and his colleagues45.2531, 

confirmed that carboxin was highly toxic to basidiomycetes and only slightly 

or moderately toxic to other fungi with the exception of Verticillium alboatrum 

and Monilia cinerea f. americana. On the other hand oxycarboxin besides being 

toxic to basidiomycetes was also toxic to fungi of other groups. These included 

Bipolaris sorokianum (Helminthosporium sativum), Drechslera sp., Curvularia 

geniculata, Aspergillus spp., Cladosporium sp., Alternaria spp, Botrytis sp, Monilia 

Pand phycomycetous fungi like Cunninghamella echinulata.45.680 Oxycarboxin 

comparatively less fungitoxic to all the species sensitive to both carboxin and 

ycarboxin including Ustilago maydis, Uromyces phaseoli and Monilia sp. Carboxin 

ore tOxic to Rhizoctonia solani than oxycarboxin, benomyl and TBZ.6.312] 

Maxir 
a mfungitoxic activity by oxycarboxin and carboxin was shown at pH 3 and 

to 35°C [342) Carboxin was more toxic than oxycarboxin to Macrophomina 

ht a(Rhizoctonia bataticola) the causal organism of charcoal rot of soybeans 

was inferior to benomyl and TBZ.500) Carboxin showed complete control of 

th R.solani at 2 ug/ml, and ofR. bataticola at 75 yg/ml, while for oxycarboxin 

these values were 
Order of, ere 100 ug/ml and 150 ug/ml, respectively. The descending 

order of activity 
Ox vity of both oxathiin compounds against R. bataticola, Fusariumn 

0xysporum f. sp. Sp. corianderi, and F. oxysporum f. 
cumini was in the order listed.



IS92 Carboxin was more toxic to all the three fungi. The sporulation of both 

Iso were 

. 

fusaria was reduced by 50 per cent by oxathiins at 50 ppm.97 Oxathiins 

33, 
also 

agains 
. 

effective against spore germination of conida of Colletotrichum capsicikss 20 

growth of Dematophora necatrix (causal organism of root rot of temperate fruits 

Deuterophoma on lemon, and Sclerotium rolfsi.e Out of the 10 fungicides use 

against Pythium aphanidermatum the oxathiins (carboxin and oxycarboxin) were 

least effective; however, oxycarboxin was superior to carboxin. At a concentration 

of 500 Hg/ml both carboxin and oxycarboxin inhibited the growth of the chickpea 
nodule bacterium (Rhizobium meliloti) by 90 per cent in in vitro testing. but a 30 

minutes seed dip in the same fungicide concentration had no adverse effect on 

root nodulation.303 

Some of the other substituted oxathiin isomers have been tested for their 

fungicidal activities. The isomer F-427 (2,3-dihydro-5-ortho-phenylcar-boxanilido 
6-methyl-L4-oxathiin) was more toxic to several deutero-mycetes than was carboxin. 

Similarly 2-amino-benzanilide was also toxic to downy mildew of grapes causal 

fungus (Plasmopara viticola), a fungus belonging to Oomycetes (most membes 
of this class are insensitive). 



Metalaxyl 
Metalaxyl is the common name for N-(2,6-Dimethylphenyl)-N-(methoxyacetyl)-

une methyl ester. It is an acylalanine systemic fungicide. It was discovered 

973 and developed under the code name CGA-48988 by Ciba-Geigy, Basle, 

Switzerland. The structural formula for metalaxyl is: 



CH3 
CH3 

CH COOCH 
N 

C-CH OCH3 
CH3 

Its empirical formula is C,H, N0, and molecular weight 279.34. t io 

stable in neutra 
34. It is a white to beige crystalline substance which melts at 71° to 72°C. It is stable 

cent 
and acid media. It is very slightly volatile. Its solubility (at 20°C) is 0.7 na. 

bluble 
in water, 65 per cent in methanol, 55 per cent in benzene, and is readily sohi. 

in most organic solvents. It is only slightly toxic to mammals. The acute oralIn 

and 
for rat is 669 mg/kg body weight. It is practically non-toxic to fish and bees 

only slightly toxic to birds. It has a long self- life of at least three to five years when 

stored dry at low but above freezing temperatures. It is stable to autoclaving (15 
lbs psi, 121C for 20 minutes), pH (within a range of 1 to 8.5), sunlight(up to 
128 hours exposure) and near ultraviolet radiation (360 nm). It decomposes on 

hen 

exposure to UV radiation (255 nm), being more sensitive in aqueous solution than 
in solid form. Presence of photosensitisers (such as rhodamine B and riboflavin) 
enhance its photodegradation.878 The absorption peak (tof metalaxyl is at 205.3 

n methanol and at 196 nm in water. It has medium lipophilicity, having a 
log P of 1.64. Lipophilicity is expressed as the Octanol-water partition coefficient 
(log P or octanol number). A simple bioassay for a large number of small foliar 

samples using Phytophthora boehmeriae for low concentrations of 5 to 50 ng/ml and P. citrophthora for concentration from 50 to 500 ug/ml range has recently been 
reported.i0 For residue analysis TLC, TLC-spectrophotometric, GLC, high pressure 

max 

liquid chromatographic and autobiographic methods have been published (c.f976) 
Apron 25 WP, Ridomil 2E, Subdue 2E are some of the trade names for metalaxy It is formulated as wettable powder (WP), emulsifiable concentrate (EC) Seee 

dressing (SD), and granular (G). Commercially it is also available in combinatio with mancozeb, folpet, captan, copper oxychloride, etc. It is compatible with insecticides, acaricides and fungicides in common use. However, the tank n 
ot 

metalaxyl with other agrochemicals may not be saved for use on some otne dav 
Except for some ornamentals metalaxyl is well tolerated by plants. Metalaxyl is highly specific to peronosporales being etfective bon and in vivo against all fungal pathogens in this order. 162.274,8l6,985 In vitro 

he inhibits mycelial growth and chlamydospore and sporangium tor ation 
The 

chlamydospore formation is most sensitive followed by sporangium and mycelial growth stages in the order. The action on fungi is ru ination 
4897 

fungi is fungistatic. Fungus growth and sporulation are more sensitive to metalaxyl than gc ho 
nation 

of different fungus propagules. It has little effect on germinationhited 
of hyp swellings of Pythium splendens but subsequent growth is significanuy 
inhibited. 



15 
HERBICIDE CLASSIFICATION BASED ON 

USE/MISCELLANY 
Herbicide classification has been presented in this book in three different ways, viz., based on 

use/miscellany, based on chemistry (both inorganic and organic) and based on mode of action. These 
classifications have some specific purposes, which are likely to be dealt in the respective classifícation. 
Classification based on use/miscellany satisfies the basic queries about herbicides before their use in the 
field and makes a person more familiar with practical aspects of herbicide use. of course, herbicide 
selectivity to crops has to be taken into consideration before their use. 

15.1 HERBICIDE CLASSES ACCORDING TO USE/MISCELLANY 
Herbicide classes based on a number of aspects or uses/miscellany have been given in Figure 15.1 followed by their discussion in appropriate heads. 

15.1.1 Based on Time of Application 
Herbicides may be classified into three broad groups viz., pre-planting/pre-transplanting, pre- 

emergence and post-emergence based on the time of their application (Figures 15.1 & 15.2). This 
classification on principle relates the time of herbicide application strictly with the planting or emergence of seeded or direct-seeded field crops. But, in case of certain herbicides, the emergence of both crop and weeds may equally dictate the time of their application and in that case, the emergence of both crop and weeds may be taken into consideration for recommending the time of application of herbicide. For example, pendimethalin application should be pre-emergence to both crop and weeds. In transplanted situation, another grouping of herbicide has been made using pre-emergence or pre-planting herbicides (Figure 15.1) 
15.1.1.1 For direct-sown/planted crops 

)Pre-planting herbicides 
Pre-planting herbicides (Figure 15.2) usually have higher vapour pressure/volatility and applied in 

Tinally-prepared levelled soil one day before or just before planting of a crop. Then stirring/wrecking of y onion-hoe or by some secondary tillage implements follows to ensure incorporation of the nerbicide. The incorporation will minimize vapour drift hazard, which may cause damage to crops in tne 
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nearby fields. That's why it is called as pre-plant incorporation (PPI). Fluchloralin, trifluralin and EPTC 
are good examples of PPI herbicides. Almost all dinitroanilines except pendimethalin are pre-planting 
herbicides by nature. Pendimethalin, through trial and error in the field, has been found more effective 
when it is applied as pre-emergence than as PPI. Clomazone could be used as PPI, but more effective 
when applied as pre-emergence. Similarly chlorimuron-p-ethyl is more effective when applied as pre- 

emergence or post-emergence (in soybean) although it could be used as PPI. They have systemic, 
contact or both actions. 

Herbicides Based on Use/ Miscellany 

1. Bascd on time of 

application 

2. Based on selectivity Direct sown/ Transpkanted crop planted crop 

Pre-transplanting| 
pre-emergence Pre-planting 

Non-selective Selective Post-trasplanting 
pre-emergence Pre-emergence 

Post-emergence (Post-transplanting 
post-emergence 

3. Based on spectrum of| 4. Based on site of weed control 
application 

Narrow-spectrumn Broad-spectrum Soil-applied/active Foliage-applied/active 
5. Based on mode of 

action 
6. Based on window of 

application 

Systemic J Contact 

Narrow-window Wider-window 
7. Based on residual 

action 

8. Based on duration of 
weed control 

Non-residuai Residual 

Pemanent soil Temporary soill 
sterilants sterilants 

Fig.15.1.Classification of herbicides based on use or miscellany ii) Pre-emergence herbicides 

Pre-emergence herbicides are applied 1-2 days after planting or immediately after planting of a 
crop but before the emergence of crop (Figure 15.2). Although the emergence of crop is taken into 
consideration, the emergence of weeds is equally important for designating many herbicides pre-emergent. 
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It is frequently observed in the field that manv weeds are hardly controlled if they have already emerged 
and at very early seedling stage with two small cotvledonary leaves or three leaves when pre-emergence application is made. Therefore, the use of pre-emergence herbicide once weeds have emerged dy prove futile in many cases/instances. The time of pre-emergence application, however, may vary dependg on the crop species, which take variable time for their germination. Therefore, it would be ideal il pre emergence application is made on the same day of sowing or within 1-2 DAS under sufficient moisture 
in soil. It should not be unnecessarily delayed. Under delayed/late application even though it is accomplishea before emergence of a crop, germinating crop may receive phytotoxicity and weeds won't be controled 
satisfactorily. For example, delaying pre-emergence application of metribuzin may affect even soybean. Pendimethalin should be applied as pre-emergence to both crop and weeds. Several other pre-emergence herbicides are clomazone, atrazine, alachlor, metolachlor, butachlor, nitrofen, oxadiazon. chlorimuron- 
p-ethyl, etc. While pendimethalin is strictly a pre-emergent one, metribuzin could be used as pre-emergence as well as post-emergence depending on crop. It is both pre-and post-emergent in soybean while post- emergent in wheat. Similarly isoproturon is pre-emergent in potato but post-emergent in wheat. They 
are mostly systemic, but some herbicides have contact action too. Some may have even both actions. 

-Weed seed 

Crop seed 

Pre-plant application Pre-emergence application 

Crop Weed . 

Post-emergence application Directed post-emergence 

application 
Fig. 15.2 Different times of application of herbicides 

ii) Post-emergence herbicides 
Post-emergence herbicides are applied after the emergence of crop and weeds both, although on 

principle it is after the emergence of crop. The time of application is usually between 15-30 days after 
planting of a crop, although it varies depending on crop species, level of weed infestationand nature of 

herbicides. In wheat, post-emergence application is usually recommended at 30-35 DAS for most of the 
herbicides, whereas in soybean at around 20 DAS and in maize at the early stage of 15-20 DAS. In sone 
herbicides post-emergence application also varies depending on crop. For example, isoproturon is applied 
as ealy post-emergence in mustard, whereas at 30-35 DAS in wheat. Several post-emergence herbicides 
are 2,4-D, isoproturon,. fluazifop-p-butyl, fenoxaprop-p-ethyl, clodinafop-propargyl. chlorsu 
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sulfosulfuron. lactofen, tralkoxydim, butachlor, atrazine, etc. They may have both contact and systemic 
actions. 

15.1.1.2 For transplanted crops 

Under transplanted condition too, three obvious times of application of herbicides arc in convention. 
for example. pre-transplanting pre-cmergence. post-transplanting pre-emergence and post-transplanting 
post-emergence (Figure 15.1). 

i) Pre-transplanting pre-emergence herbicides 
There is as such no separate time of application of herbicides as pre-transplanting for transplanted 

situation rather recommemiation is made largely as pre-emergence application. The term pre-emergence 
therelore. in transplanted vegetables may be changed to pre-transplanting since the rop is of prime 

consideration in recommending the time of application of herbicide and the application is usually made 
before transplanting of seedlings/ saplings. In this situation, pre-emergence application may also hold 

correct, but it would be solely based on the emergence of weeds. There is also no separate group of 

herbicides recommended as pre-transplanting rather herbicides, which are pre-planting or pre-emergent 
ones are normally recomnmended for weed control in these situation. Their application is suggested 
before transplanting so that crop seedlings do not receive any damage by herbicides. The application 
thus becomes pre-transplanting with respect to crop, but pre-emergence with respect to weeds. Therefore, 
recommendation as pre-transplanting pre-emergence would be more appropriate in this case and as 
usual pre-planting or pre-emergence herbicides could be used. For many vegetables, herbicide is applied 
first on the soil foBlowed by irrigation and then transplanting of seedlings/saplings is advocated for 
ensuring seedlings safety, e.g., tomato. cabbage, cauliflower etc. 

ii) Post-transplanting pre-emergence herbicides 
In rice, onion and some other vegetables, early post-transplanting at 2-5 DAT (days after 

transplanting) is usually practised with some pre-emergence or pre-planting herbicides. In this case, irrigation is applied first and then follows transplanting, Herbicide is applied at 2-5 DAT on moist soil. 
The application is thus post-transplanting with respect to crop but pre-emergence with respect to 
weeds. This, however, depends on herbicides 

ii) Post-transplanting post-emergence herbicides 
This application is made at the later dates usually at 15, 20, 25, 30 or 35 DAT depending on crop species, herbicides, and whether early transplanting or pre-transplanting application made. In rice at 30- 35 DAT, 2, 4-D or metsulfaron-methyl is invariably applied to control broad-leaved weeds. A herbicide applied as late post-iransplanting is always post-emergence to crops and weeds both. Therefore, late post-transplanting application is synonymous with post-emergence application and transplanting or crop's emergence as applicable is considered for recommendation. 

15.1.2 Based on Selectivity 
Herbicides control/kill plants among plants, more specifically weed plants out of crop plants. Therefore, selectivity is a most-preferred criterion of a herbicide. Based on selectivity, herbicides may be classified into selective and non-selective ones. 

i) Selective herbicides 
The herbicide which kills selectively a particular species/group of plants (weeds) in a mixed stand/population of plants (erop and weeds) is called a selective one. All pre-planting, pre-emergence
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and post-emergence herbicides recommended for wecd control in crops are selective to the respective 

crop on which they are applied. Atrazine, pendimethalin, 2.4-D, butachlor, lactofen, fenoxaprop-p-etny. 

fluazifop-P-Duyl, tralkoxydim, isoproturon, metribuzin, chlorsulfuron, metsulfuron-methyl are examples 
of selective herbicides. Pendimethalin, although strictly a pre-emergent one, is an excellent herbICIae 

because of its selectivity to more than 60 different crops which include cereals, pulses and legumes, 

oilseeds etc. However, the selectivity of any herbicide is dose-dependent, crop-dependent, crop variety- 

dependent and crop3 stage-dependent. Therefore, a herbicide selective to a crop may become non- 

selective to it if dose higher than recommended used and/or applied at wrong stage of that crop. 

it) Non-selective herbicides 

The herbicide which kills indiscriminately any species/group of plants irrespective of weeds and 

crop is called a non-selective one. They are, therefore, preferred for weed control in roadsides, industrial 

and factory premises and other non-crop areas. Paraquat, glyphosate, glufosinate-ammonium, acrolein. 

picloram, amitrole, chlorfenac/fenac, metham, sodium chlorate (NaCIO,) are examples of non-selective 

herbicides. Among them, glyphosate and paraquat are exclusively used for weed control under zero- 

tillage condition, which is differently known as chemical ploughing. As if selective herbicides can 

become non-selective, so as non-selective herbicides may become selective if special protection shield 

used or their application method'device modified. 

15.1.3 Based on Spectrum of Weed Control 

i) Narrow-spectrum herbicides 

Narrow-spectrum herbicides control a particular group of weeds, vi.. grasses, broad-leaved or 

sedges. They even usually do not control all weeds of a particular group. Their range of activity (spectrum 

of control) is narrow. For example, 2,4-D is basically a broad-leaved killer herbicide, however, it has 

some sedge (Cyperus sp) killing activity. Other broad-leaved killers are metsulfuron-methyl, bentazo. 

lactofen etc. Diclofop-methyl, flufenacet, fluazifop-p-butyl. fenoxaprop-p-ethyl. clodinafop-propargyl 

are grass-killer ones, recommended particularly for wild oat (Avena ludoviciana/fatua) and little seed 

canary grass (Phalaris minor/paradoxa) control. Continuous use of narrow-spectrum herbicide in the 

same field for years together may cause shift in weed flora and/or develop r�sistance in weed species. 

They could be useful against a specific problem weed, but their manufacture/development proves 

remunerative only wlhen the susceptible noxious weed is of national or global importance. 

ii) Broad-spectrum herbicides 

Broad-spectrum herbicides control a wider array of weeds constituting grasses, 
broad-leaved 

and/or sedges. Their range of activity (spectrum of control) over the species of weeds is broad. However, 

this does not mean that each and every weed present in the crop fields will be controlled by a broad- 

spectrum herbicide. For example, atrazine although broad spectrum is basically a broad-leaved killer and 

kills most-broad-leaved weeds and few grasses; pendimethalin is basically a grass killer and kills most 

grasses and few broad-leaved weeds. By virtue of this sort of killing activity, they are called broad- 

Spectrum herbicide. Most broad spectrum herbicides are of this nature except the non-selective total 

Killer ones, e.g. glyphosate, paraquat etc. Of course, the non-selective herbicide are not used in crops. 

Several other broad-spectrum
herbicides are metribuzin, isoproturon, chlorsulfuron, alachlor, butachlor,

metolachlor, pretilachlor,
sulfosulfuron, chlorimuron-ethyl, clomazone, imazethapyr etc used in cropped 

Siruations, while glyphosate, paraquat, diquat in non-crop 
situations. Their use, however, may 

check to 

SOme extent weed flora shift and delay/linger the development of resistance in weeds. 
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15.1.4 Based on Surface/Site of Application
i) Soil-applied/soil-active herhicides

Soi-appliced soil-active herbicides are applied to soil or active through soil and kill germinating or 

prouting weed seeds, rhizomes. stolons, tubers, corms, etc. and thereby eliminate the chance of early 

Ce competition in the field. All pre planting and pre-emergence 
herbicides. viz. fluchloralin, trifluralin, 

pendimethalin, metribuzin, atrazinc. simazine, alachlor or EPTC, recommended tor crops are basically 

So1-active ones. Of course, some post-emergence herbicides are also active through soil. For example, 

Soproturon acts mainly through soil although it has foliar activity. The same applies to 2,4-D, which is 

usuaity a post-cmergence herbicide and could also be used as pre-emergence. Its Na/K and amine salt 

formulations are taken up more through roots, while ester formulations are active exclusively through 

foliages. On the contrary, pendimethalin is exclusively a soil-active one and its foliar absorption is very 
iimited. Soil-applied herbicides have systemic, contact or both actions. They are mostly taken up by 

roots and their movement is mainly apoplastic (through xylem) from base to apex of the plants. 

The soil-active herbicides (mostly pre-emergent) have become highly popular to the farmers, 

because: a) they control weeds even before they germinate and thus eliminating early weed competition, 

b) maintain weed free situation for a considerable period of time equal to or close to the length of critical 

period of weed competition in most crops, c) often prOvide better selectivity to the treated crops 

through depth protection. 
ii) Foliage-applied/foliage-active herbicides 

Almost all post-emergence herbicides, which are applied to the canopy/foliage of plants, on 

principle. should be foliage-active ones. Paraquat, diquat, glyphosaie, 2,4-D, fenoxaprop-p-ethyl, 
clodinafop-propargyl, tralkoxydim, sulfosulfuron, tribenuron-methyl, flufenacet, chlorsulfuron, 
metsulfuron-nmethyl etc are good example of herbicides, which are targetted to the foliages and active 

mainly through foliages. Some pre-emergence herbicides, for example, metribuzin, atrazine, may also 
have foliar activity if applied as post-emergence. In fact, foliage-active post-emergence herbicides have 

chances of being taken up by plants through both foliage and soil since considerable amount of spray 
droplets falls on the ground when sprayed. Some herbicides, namely isoproturon, atrazine, metribuzin,

2,4-D, pyrazon (post-emergence) have both soil and foliage activity. Phytobland oil (mustard oil) increases 
atrazine's contact activity on the foliage of plants. The movement of foliage-active herbicides is mainly 
symplastic (through phloem) from apex to base of the plants. However, there is exception, e.g. isoproturon.2,4-D. Foliage-active herbicides have systemic, contact or both actions. 

15.1.5 Based on Mode of Action 
i) Contact (but with limited/restricted mobility) herbicides 
Contact herbicides on principle should control weeds by means of contact with germinatingseeds, radicles/roots and/or plumules/shoots/foliages. However, in strict sense, contact herbicides are not purely contact in nature. They have at least some degree of mobility, may be restricted within a leaf, a petiole etc. Otherwise, how does the ultimate drying/dying-up effect of herbicides on plants bring about? What actually happens may be explained in the following way: 
Numerous small droplets of herbicide spray initially fall on the leaves and try to get spread as much as possible over the leaf surface. Thus the area of influence of each droplet increases on the leaf surface and it leads the active ingredient to move with water almost on all around the droplet. This little 
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whole leat area. As a result, the whole leaf gets died up by herbicide. Thus herbicide mobility is there 
from each droplet, may be negligible or very much limited. Bromoxynil, ioxynil, paraquat, diquat, propan, 
Oxadiargyl, endothall, DNOC, DNBP/dinoseb, oxyfluorfen are ideal examples of contact herbiciaes i) Translocated/systemic herbicides 

Translocated herbicides move from the site of application (soil, plant foliage) to site of action, 
where they inhibit/jeopardize a particular or a number of bio-chemical reactions and bring about the ultimate herbicidal effect. For example, pendimethalin, trifluralin, fluchloralin, 2,4-D, isoproturon, glyphosate, glufosinate-ammonium, atrazine, metribuzin, nitrofen, etc. However, atrazine, pyrazon and 
nitrofen have both contact and systemic actions. Atrazine is mainly root-translocated (when applied to soil as pre-emergence, but shoot-contact (when applied to foliage as post-emergence). Similarly, Pyrazon and nitrofen are root-translocated, but shoot-contact. 

One problem inherent or recurrent with the contact herbicides towards controlling perennial weeds is that they have very limited or no mobility in the plant system. Therefore, both contact and translocated herbicides differ in their efficacy on weeds (Table 15.1). Similarly translocated foliage-active herbicides have certain bearing in controlling perennial weeds over translocated root active ones. 

Table 15.1. Contact versus translocated herbicides 
SN Contact herbicides 

Translocated herbicides 

Herbicides are highly mobile through plant system. 
Herbicides are not absolutely contact, but 
have limited mobility. 

1. 

For an effective control, weed plants need to be 
fully wetdrenched with contact herbicide. 

Even a small portion of the plant foliage if is wet 
with these herbicides. effective control of weeds can 

2. 

be achieved. 

Non-selective translocated herbicides compared to 
non-selective contact ones are more risky in cropped- 
situation if applied by mistake. 

3. Non-selective contact herbicides compared to 
non-selective translocated ones offer less risk 
in cropped-situation if applied by mistake.

Less efficient in controlling perennial weeds having 
under-ground vegetative structures. 

More efficient in controlling perennial weeds having 
under-ground vegetative structures. 

. 

Example ofa non-selective contact herbicides 
are paraquat, diquat, glufosinate-AM. 

Example of a non-selective translocated herbicide is 
glyphosate. 

. 

a) Translocated foliage-active versus translocated root-active herbicides 

Perennial weeds having deep, extensive and proliferated roots with more or less suberization, 
ignification in roots and other under-ground vegetative structures, not at all killed by contact herbicide 
even though they are fully drenched with herbicide solution. Of course, their top growth is desiccated or 

plants become defoliated. They resume growth or have new growth later. The same happens to when 

Translocated soil-active herbicides are applied. The reasons may be : i) old mature root is very much 

resistant to be injured by these herbicides, ii) suberization, lignification of roots due to maturity may 
prevent penetration of these herbicides into the roots, and as a result, the uptake of applied herbicide 
would be less, and ii) the germination stage of weeds particularly of perennial weeds is most susceptible 
Tor attack by soil-applied herbicides irrespective of their contact or translocative nature. Theretore 

rdnslocated foliage-active herbicides and not soil-active ones and not at all contact herbicides should be 

recommended for controlling old established weeds, perennial weeds or shrubs/trees.
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15.1.6 Based on Window of Application 

Having low technical know-how and secing the field weed-free at the time of sowing of crop. 
farmers often forget the pre-emergence application of herbicides. They search for herbicide when they 
ind weeds have germinated in good number and growing vigorously in the crop field. At that time no 
option is left except adopting for post-emergence application. But, the post-emergence herbicides, which 
are selective and could safely be used at the later growth stages, are very small in number or hardly 
available across crops. Therefore, it is very difficult to recommend a suitable herbicide for applicationat 
that time and even if recommended it proves equally risky if their selectivity does not work on the
ground of herbicidal rate used or due to faulty application technique. 

This has propagated the idea of wider window herbicide far and near in the world. The window 
of application means the length of time span in the ontogeny of a crop from sowing up to which a 
herbicide could safely be used without considerable phytotoxicity to crop. A wider window herbicide 
should have very high degree of selectivity to the respective crop across its growth stages so that it could 
be used as pre-emergence. post-emergence and even its repeated applications can be undertaken over a 
ong period as long as weeds prove highly detrimental to crop growth. Thus their application can be 
made even beyond 30-35 DAS to control weeds for greater part of the life cycle of a crop. However, no herbicide developed till date which could be truly designated as a wider-window herbicide. 

Few herbicides having both pre-and post-emergence activities available in the market may serve the purpose to a small extent. Otherwise, most herbicides have either pre-emergence or post-emergence activity and crops being dose-sensitive/dependent, their application is highly crop stage-dependent. Therefore, achieving higher selectivity often faces problem. 
i) Narrow-window herbicide 
Narrow-window herbicides have length/range of time of application highly reduced/limited to just before sowing or from sowing to before emergence of crop or a specific time period after crop emergence as post-emergence. They are, therefore, pre-planting, pre-emergence or post-emergence herbicides, e.g. trifluralin, fluchloralin, pendimethalin, fenoxaprop-p-ethyl, clodinafop-propargy sulfosulfuron, tralkoxydim etc. Once a crop is left untreated at the periods specified almost all these herbicides cannot be used in other growth stages of that crop. They may have no activity on weeds or may result in very poor weed control, but cause considerable crop phytotoxicity if applied beyond their recommended time of application. 

ii) Wider-window herbicide 
Wider-window herbicides as desired should have length/range of time span of application wider, for example, from before sowing or after sowing to longer period of crop growth may be up to 40 days after emergence of crop in certain cases. They, therefore, are herbicides with extended period of activity along the crop growth cycle. In fact, there is hardly any herbicide which is wider-window in true sense. Atrazine and butachlor because of their pre- and post-emergence activities may loosely be held as wider- window herbicides. Chlorimuron-p-ethyl can be used as PPI, pre-emergence or post-emergence in soybean and may be assumed a wider-window herbicide Ior soybean. clodinafop-propargyl, fenoxaprop-p-ethyl and sulfosulfuron are not recognized as wider-window herbicides, but they can control wild oat (Avena ludoviciana Dur.) and susceptible or resistant littleseed canary grass (Phalaris minor Retz.) effectively even when applied at 42 DAS and there was no phytotoxicity to wheat. Thus their days of activity may extend/range from 28-30 DAS (which is the usual time of application) to 42 DAS in wheat.However, their pre-emergence activity is hardly reported. It has also been observed that metribuzin
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could be applied at 42 DAS in some varieties, namely Kundan, HD 2329 of wheat without having 

phytotoxicity (Das and Yaduraju, 2002). Its usual time of application is 28-30 DAS in wheat. now 
difference in tolerance of wheat varieties to metribuzin cannot be ignored. 

15.1.7 Based on Residual Action in Soil 

i) Non-residual herbicides 

Non-residual herbicides usually leave no or less residue in soil and get quickly inactivated or 
metabolized upon falling in soil. They do not have extended period of activity in soil. They are useful for 
quick removal of existing wceds under non-crop situations, e.g. fallow and wasteland. roadsides, canal 

banks, etc. and may be used for chemical ploughing, chemical fallowing and zero tillage before planting 

or germination of crop. Paraquat, diquat, glyphosate, clodinafop-propargyl, DSMA and amitrole are 

non-residual herbicides. Amitrole has both symplastic and apoplastic movement. 

They are called non-residual because they get usually adsorbed to soil colloids as soon as they fall 
on the ground and become inactivated. The droplets falling on soil are simply a waste. Therefore, they 
should be targetted mainly to the canopy/foliage of weeds. They, however, may be toxic to plants when 

released from the colloids through desorption and cause pollution in _oil and water as evidenced in case 
of paraquat in Thailand. Long-term persistence of paraquat has also been reported in sandy loam soi 

(Fryer et. al. 1975). The secondary metabolite of glyphosate AMPA (aminomethyl phosphinic acid) is 
more toxic and has been detected in well water of USA. Thus non-residual herbicide is a relative term 

and hardly any herbicide existing in the word is non-residual in true sense. 

a) Chemical ploughing: Chemical ploughing is suitable and advised for the areas where erosion 

problem exists and when zero/minimum tillage is likely to be practised. It requires less energy and 

thereby the cost of operation may be low. Without mechanical ploughing, seeds are sown aer Spraying 

the field with paraquat, diquat, glyphosate or glufosinate-AM, which kills weeds completely by desiccation. 

They should be applied over the foliage at active vegetative stage of weeds. They, however, should not 

be applied to soil since they get quickly deactivated on adsorption to soil colloids and lose their activity. 

b) Chemical fallowing Chemical fallowing is of paramount importance in the rainfed and 

dryland agriculture where moisture conservation is practised during rainy season and crops are grown 

during winter season on the conserved residual moisture in soil. The land is sometimes kept fallow and 

no tillage is advocated or done. Therefore, weeds come out and grow luxuriantly in those lands and 

remove a considerable amount of conserved moisture from soil for transpiration and other metabolic 

activities. Weeds also deplete nutrients status of soil. Therefore, weed growth should be prevented. 

Otherwise, the very purpose of "fallowing" the land all through the season is defeated. Therefore. 

herbicide such as paraquat, diquat, glyphosate or glufosinate-AM is sprayed on the standing wezds, 

which indiscriminately kills annual and perennial grasses, sedges and broad-leaved weeds and helfis to 

conserve moisture in soil. This is chemical fallowing. 

ii) Residual herbicides 

Residual herbicides after application usually maintain their phytotoxic effect in soil for a considerable

period of time but not the whole crop growing season. Therefore, they offer good control of weeds an 

rops tor sufficient period at least for the critical period of weed competition. Their residues, however 

ud not persist beyond the crop-growing season. Then herbicide's selectivity may be lost and the 

CrOp 1n sequence may be affected. Therefore, generally 5-6 weeks persistence/activity is good tor 

anerbicide to be recommended for application in crops. Atrazine, pendimethalin, isoproturon, fluchloraln 



Weed Science: Basics and Applications322 
trifluralin, 2,4-D, metribuzin, simazine, alachlor, EPTC -all recommended for weed control in crops do certainly have residual action (Table 15.2). The methoxy-triazines, chloro-triazines and ureas are active 
for relatively long period in soil, while carbamates, phenoxyalkanoic acids and chloroaliphatic acids 
(dalapon) are active for relatively short period in soil. 

Table 15.2 : Persistence of herbicide (in months) in soil (WSSA,1994; Gautam, 1995) 

Persistence* 
SN Herbicides Persistence* SN Herbicides 

1-10 1.Fluazifop-p-butyl 0.25 8. Chlorimuron-ethyl 

3-6 
. Bentazon 0.5 9. Clomazone 
3. Glyphosate, Paraquat 

10. Linuron 
4 

4. 2,4-D; 2,4-DB 
1 11. MCPA 

3-6 
5. Metolachlor 

1-3 12. Trifluralin 

2-8 
6. Alachlor 

1-2 13. Atrazine
7. Diuron 2-3 14. Ametryne 6-12 

* More about persistence is in chapter 22 

15.1.8 Based on Duration of Weed Control (Mainly Under Non-crop Situation) 
Herbicides, which are soil sterilants and fumigants offer longer period of weed control. They uSually sterilize/disinfect the soil and prevent germination and growth of plants as long as they are active in soil. However, the soil sterilizing effect may be temporary or relatively permanent. 1) Temporary soil sterilant/fumigant herbicides 
Temporary soil sterilants sterilize the soil for relatively short period of time usually for 15-16 weeks. They are basically fumigants. High volatility is always preferred for fumigant's action. Methyl bromide (MB), metham (vapum"), carbon disulfide (CS,), chlorfenac, chloropicrin/tear gas (CCINO,), methyl isothiocyanate, dazomet (DMTT) are good examples of temporary soil sterilant or fumigant. Their action is like Celphos tablet which contains aluminium phosphide (AIP) and produces the dangerous phosphin (PH,) gas on incorporation into soil. Similarly zinc phosphide (Zn,P2) and calcium phosphide (CaP) release phosphin and act as rodenticide. The phosphin kills the rats and rodents. Temporary soil sterilants are also volatile and form fume/vapour, when incorporated into soil. The vapour is heavier than air and moves through soil system within few days to few weeks of application and kills all plants, plant parts, e.g. roots and vegetative parts, weed seeds, hibernating insects, pathogens, nematodes etc. inside the soil coming in contact with it. Temporary soil sterilants/fumigants could be used in the nursery beds for rice, tobacco and transplanted vegetables. 
i) Permanent soil sterilant herbicides 
Permanent soil sterilants remain active in soil for relatively long period of time, sometimes for 

two or more seasons/years. Triazines, phenylureas (e.g. linuron) or sodium chlorate (NaCIO,) at very 
high dose act as permanent soil sterilant. They are recommended mainly for industrial and non-crop 
areas. Permanent soil sterilants are as such not new herbicide, but some available herbicides having 
extended period of persistence in soil when applied at very high rate. For example, in cropped areas, 
simazine (triazines) is used@1.0-2.0 kg/ha depending on soil type, soil pH and organic matter content, 
but the same as a soil sterilant, may be used at 40 kg/ha or more on pathways, roadsides, fence lines, 
industrial and factory premises and other non-crop areas. Higher pH may reduce crop-tolerance or 
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simazine's selectivity. In higher pH. simazine will be less adsorbed to the soil colloids. As a result, it will 
remain more in solution phase and would be taken up more by plants. In sandy soil and in high pH soil 
of the dry land areas, simazine may damage even a normally tolerant crop like maize, sorghum. Under 

moisture stress condition, its persistence may be longer in soil due to its less solubility in water. The 

solubility of simazine is even 5 times lower than atrazine. Atrazine is, therefore, preferred to simazine for 
controlling weeds in maize, sorghum in dry (moisture-deficient) areas. Simazine is also a potent algaecide 
and safe to fish. 

Inorganic soil sterilants such as sodium chlorate (NaCI0,) are very expensive to use mainly 
because of their rate of application is very high, usually in hundred or thousand killogrammes per 

hectare. Similarly the organic soil sterilants are also used at higher rates. They, therefore, pose higher 

pollution hazards to the environment. Also eradication or complete sterilization of soil, unless sheer 

urgency or some extreme situation, is hardly advocated now-a-days. These chemicals, however, havee 

been widely used under non-crop situation if not in cropped areas, in the earlier days mainly because of 

the unavailability of suitable organic chemicals in the market. At present, there are more than 400

herbicides in the world and some of them particularly glyphosate, paraquat and glufosinate-AM have 

less/negligible residue build-up in soil for a medium short period of time (but not for a very long period). 

They are quite effective and applied at very low dose cor pared to the inorganic herbicides of the earlier 

days. Therefore, the use of inorganic compounds for controlling weeds (as herbicides) has become 

obsolete. 



16 
HERBICIDE CLASSES BASED ON CHEMISTRY 

INORGANIC CLASSIFICATION 

Before the discovery of organic herbicides, there were some inorganic compounds, which had 

been used to kill vegetation. They were predominantly desiccant/dehydrant, defoliant and non-selective. 
They were, therefore, hardly recommended in crops or widely used across the world. 

16.1 INORGANIC CLASSIFICATION 

16.1.1 Sulphur Compounds 

) Sulphuric acid (H,So) 
Sulphuric acid was highlighted for weed control in 1897 mainly because of its role as a desiccant, dehydrant apart from being a reclaimant of alkali soils. It is contact and non-selective. It has, however, 

some selective pre-and post-emeregence activities (Bolley, 1908). It controls annual weeds by disrupting cuticle and cellulose. Broad-leaved weeds are more susceptible than grasses. It may be used in onion, cereals, carrot and asparagus. Onion is tolerant at low concentration to it when applied post-emergence to onion at flag stage. Also used as pre-enmergence to other crops. Bolley (1908) reported the selective application of sulphuric acid in small grain cereals. Dilute sulphuric acid @ 6-10% was used for broad- leaved weed control in cereals for a quite long period in Europe. However, being a strong mineral acid, sulphuric acid is a skin-irritant, corrosive to containers, sprayers and accessories and risky/dangerous to handle. Therefore, the salts/compounds of H,SO, are used for non-selective weed control. i) Ferrous sulphate (Fes0,7H,0) 
Ferrous sulphate is called "green vitriol." It is used for controlling moss and other vegetation. It is non-selective and causes scorching in plants and has less or no soil activity. ii) Copper sulphate (CuSO.5H,0) Like ferrous sulphate (FeSO,7H,0), copper sulphate is known as "blue vitriol." The herbicidal property of copper sulphate was discovered first in France. Bordeaux mixture, applied for the control of downy mildew of grapes, was found to have controlled some broad-leaved weeds. It was established 

that copper sulphate, an ingredient in bordeaux mixture, was responsible for it. Copper sulphate is also 
used as algaecide as well as potato dehaulming agent at 1.0 ppm. The treated areas in ponds/lakes, rice 
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fields, ditches look greyish white. It is applied as a spray or the entire amount is kept in a cloth bag and 

then towed behind a boat to the entire area. This concentration is tolerable by fish and even the water is 

safe for irrigation. 
iv) Carbon disulfide (CS,) 

Carbon disulfide is both an insecticide as well as a herbicide. It was first used in 1854 as an 

insecticide. It is to be injected into the soil and then sealed in by tamping and moistening the surface 

layer. It moves in vapour phase inside the soil killing weed seeds, plant roots and vegetative parts, 

insects and pathogens coming in contact with it. It offers several pros and cons to crop and soi. 

a) Advantages 

i) Carbon disulfide contains 84% S, which oxidises to SO and serves as available form of 

S for plant nutrition. 

i) Sulphate (SO,) on hydrolysis produces H,SO, which dissolves other plant nutrients 

from parent rocks/materials and makes available in soil. 

ii) Usual increase in crop yield in CS,-treated plots. 

iv) No residue problem or harmful effect on soil. 

v) Soil alkalinity may be corrected or reclaimed to some extent.

b) Disadvantages 

i) Carbon disulfide is highly expensive (both material and application costs are involved). 

ii) ts vapour is highly inflammable and causes explosion/fire hazard when mixed with air. 

iii) The rate of application is very high, usually over 3500 kg of the product is to be applied for 

one hectare of land. 

iv) The vapour movement in soil is highly inhibited by moist and compact soil or shallow hard 

cankerous pan. 

v) Ammonium sulfamate (AMS; NH,SO NH) 

Ammonium sulfamate is a post-emergent, non-selective and both contact and translocated 

herbicide. It is highly soluble in water and rapidly breaks down in soil with moisture and high temperature.

It is a total weed killer and used mainly under non-crop situation. Its LDs is 3900 mg/kg. The rate of 

application is usually 1.5 kg/ha. 

H-N-S-0-NH4 

H O 

Ammonium sulfamate 

16.1.2 Cyanates, Thiocyanates and Cyanamides 

These chemical compounds are mostly inorganic in nature (except calcium cyanamide) and have 

herbicidal activity. They have different functional groups/radicals such as cyanate, thiocyanate, isocyanate, 

isothiocyanate, cyanamide etc (Table 16.1). However, they all are non-selective type and their mammalian 

toxicity is very high. 
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Table 16.1. Cyanate, thiocyanate, cyanamide and other functional groups/radicals 

Functional groups 
Chemicalforulae |Chemical compounds 

Potassium cyanide (KCN); Sodium cyanide (NaCN): Not used as herbicide. 

Calcium cyanamide (CaCN,) 
Potassium cyanate (KOCN): Sodium cyanate (NaOCN); Ammonium 

cyanate (NH,OCN) 
Potassium thiocyanate (KSCN); Sodium thiocyanate (NaSCN); Ammonium 

thiocyanate (NH SCN) 

-CN Cyanide 
-CN Cyanamide 

-OCN Cyanate 

Thiocyanate -SCN 

MIC (Methyl isocyanatc: 11,C-N=C=0); Not used as herbicide. It was the 

cause of Bhopal Gas Tragedy in India. 
Isocyanate -NCO 

Isothiocyanate -NCS MIT (Methyl isothiocyanate: H,C-N-C-S): Not used as herbicide. 

)Potassium cyanate (KOCN) 
Potassium cyanate has more water-solubility and, therefore, the chance of leaching down is 

greater. The rate of application is 100 kg/ha as contact herbicide. It is used as post-emergence herbicide 

in onion and defoliant in cotton and soybean. It also controls Digitaria sanguinalis (crab grass) in turf. 

Its LDso value is 841 mg/kg. 
i) Sodium eyanate (NaOCN) 

It has more water-solubility and thereby is more leachable. 

ii) Ammonium cyanate(NH OCN) 

It has more water-solubility and thereby is more leachable. 

iv) Calcium cyanamide (CaCN,) 

Calcium cynamide is used as fertilizer, defoliant in cotton and a herbicide. It is a non-volatile ar 

on-flammable compound having LDsgr-1400 mg/kg. The rate of application is 140-1 60 kg/ha in croppr 
situation. It is, however, applied as granules 8000-9000 kg/ha for turf and tobacco nursery and 

mixed thoroughly with the top layer of soil. After herbicide application, sufficient time (15 -30 day. 
should elapse before sowing of the nursery. 

N N 
Ca N-C =N or Ca C Ca C or 

N N 
Calcium cyanamide 

The other compounds in this group reported having herbicidal action are v) sodium thiocyanate (NaSCN), and vi) ammonium thiocyanate (NH,SCN). 

16.1.3 Chlorates/Chlorine Compounds 
The Na and Mg salts of chloric acid (HCIO,) show herbicidal activity and accordingly they form a group of inorganic herbicides. 
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)Magnesium chlorate |Mg(CIO,),6H,O1 
It is a defoliant and desiccant. In presence of light, it ignites. 
i) Sodium chlorate (NaCIO) 
Sodium chlorate is a non-selective herbicide and mainly used as a soil sterilant. It ignites in 

presence of hght, sometimes spontaneously. Therefore, it is very difficult to handle it and is usually 
mixed with borate/borax or CaCl, to reduce fire hazard. It should not be used around buildings or 

housing premises because it may cause fire. 

Sodium chlorate shows contact action when applied to leaves, but is translocated when applied 

to sol. It may be applied as a spray to the foliage or directly to the soil as dry crystals/granules. It causes 

scorching and chlorosis of the treated foliage. 
It is quite persistent, although there is more leaching due to higher solubility in water. Higher 

leachability reduces its efficiency in high rainfall areas. Its persistence in soil, however, depends ona 
host of factors such as rate of application, soil type, fertility, organic matter content, rainfall and other 

climatic variables. 

The mode of action of sodium chlorate is not wel1-established, but it is believed that sodium 

chlorate increases respiration and thereby depletes food reserve in plants. it also decreases catalase 

activity (Muzik, 1970). Its toxicity to plants is directly related to CIO (chlorate) uptake/concentration 
in plants. The CIO," ions compete with NO," ions for metabolic sites/absorption by plants and, therefore. 
the toxicity of NaCIO, is inversely related to NO, content in soil. The lower the NO, content in soil 
higher is the toxicity of sodium chlorate in plants. Therefore, it is normally recommended to be applied
in the fall season after harvest, when crop has depleted sufficient nutrient (mainly NO,) reserve from 
soil. The usual practice is that the field should be ploughed shallow after harvest of a crop and then 
NaCIO, is applied and the land is kept fallow for 7-8 months before next crop is sown. The CIO ion 
also competes with sulphate (SO,2), phosphate (H,PO,", HPO, or PO) and other anions in soil 
for anionic adsorption/absorption. 

Animals may be poisoned after eating the treated foliage. Sodium chlorate makes soil more prone 
to erosion. Its LDs0 value is 1200-7000 mg/kg. 

i) Chloropicrin (CCI,N0) 
Chloropicrin (Trichloronitromethane) so-called tear gas was used earlier in 1908 as insecticide/ 

nematicide. It is a colourless liquid, slightly soluble in water, volatile and used as soil sterilant for control 
of weeds, insect pests, fungi and nematodes. It is injected into soil either by punching holes or by special 
soil injection tool. It is expensive because it involves both material and application costs. Chloropicrin is 

produced by nitration of chloroform. 

CIc-N 

Chloropicrin 
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16.1.4 Inorganic Arsenicals 

There are generally three kinds of arsenic acid (Table 16.2) and several inorganic oxidesof 

arsenic. Sodium arsenite and arsenic trioxide are mainly in use. Arsenic acid may be used as desiccant. 

Inorganic arsenicals are highly persistent and are mainly used as soil sterilant. Arsenic gets adsorbed to 

the soil colloids and as a result, its dose varies in soil, higher dose in heavy soils, whereas lower dose in 

light soils. Arsenic trioxide may be used @300-400 kg/ha in a light soil, whereas, 900-1000 kg/ha may 

be recommended in a heavy soil for total weed killing action. 

Table 16.2. Different inorganic arsenic compounds 

Chemical structures 

Chemical names Chemical formulae 

Arsenous trioxide As,O 
As-0--As 

O 
Arsinic acid HgAsO 

HO- As-OH 

OH 

Ca,(AsO) 
HAsO 

Calcium arsenate 

Arsonic acid 

HO--As-OH 

H 

Arsenic acid HAsO 

As-OH 

Sodium arsenite NaAsO, O 

As-ONa 

Inorganic arsenicals have been withdrawn from the market for a variety of reasons.

a) They pose high mammalian toxicity; 

b) they are highly persistent in soil and as a result, may cause arsenic deposition/pollution in soil 
and water and bio-magnification in fishes. Arsenic deposition takes place maximum in the 
human hair, 

c) they have high rate of application, and 

d) they are highly non-selective in nature. 

i) Sodium arsenite (NaAsO,) 
Sodium arsenite is a long-residual herbicide, used for soil sterilization and submerged weed control in still water in pond and lake. It has contact action on leaves as well as translocated action when applied to soil. Its LDs0 is 10-50 mg/kg. 
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i) Calcium arsenate |Ca,(AsO) 21 
It is persistent and used as sterilant. 

16.1.5 Borates 

i) Sodium tetraborate/borax (Na,B,O,10H,0) 
Sodiun tetraborate is a non-corrosive, non-volatile, non-selective chemical used as a soil sterilant. 

It is a micro-nutrient fertilizer at extremely low concentration, but at higher dose, a herbicide. It is 
available as desert lake deposit or ore. It is quite persistent and has long residual action mainly because 

at the rate it is lethal to plants, also lethal to microorganisms. Therefore, the microbial degradation of 

borax is inhibited to a great extent. Its decomposition in soil is very slow and causes the plants to be 

yellow and then dried up. Sufficient moisture in soil accelerates its uptake by plants and brings about 

iethal action. It is used as spray or granules @ 1000-3000 kg/ha for complete sterilization of soil. 

Grasses are more tolerant than broad-leaved weeds. Its LD50 value is 2000-5560 mg/kg 
The other compounds in this group reported having herbicidal action are ii) Ammonium metaborate 

[ONH),B,O1. ii) Sodium metaborate (Na,B,O,). 















































































































































Chapter 12 BOTANICALS 
In nature more than 2,400 plant species are reported to have pesticidal properties 

important families having pesticidal properties are The 

Number of plants 
having pesticidal 

property 
>500 

Plant family 

Meliaceae 
Myrtaceae 72 
Asteraceae 70 

65 Euphorbiaceae
|Leguminosae
Fabaceae 

60 

55 
1. Indian Neem Tree: Azadirachta indica 

Neem is native to India and Burma 
The active ingredients is a mixture of Azadirachtin, melantriol, salannin,nimbin and nimbidin and these all belong to group of tetranortriterpenoids (limonoids)
The main active ingredient that has potential insecticidal activity present in Neem is azadirachtin, which is present in seeds and leaves and it varies from 2-4mg/g kernal 
Azadirachtin has several stereoisomers, but so far 7 stereoisomers have been reported viz., AZA (A-G). constitutes 85% followed by Azadirachtin B almost 14% Neem has various efftects on insects, viz., antifeedant action, Insect growth regulatory activity inhibits juvenile hormone synthesis, oviposition deterrent, repellent action, reduction of life span of adults and intermediates are formed giving rise to larval-pupal, nymphal-adults, and pupal-adult intermediates.
Neem based products are sensitive to UV light ie., they degrade when exposed to sunlight 

The commercial insecticidesof neem available in market are based on neem seed kernal extract (NSKE) some of pro commonly used are Gronim, Neemazal., Achook, Nimbeced1ne

group of 

Azadirachtin A 

products are 
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2. Rotenone: 

It is a resin derived from roots of leguminous plants Lonchocarpus spp 
(South american plant) and Derris eliptica (Malaysia) 

.It is a broad spectnim contact and stomach poison 

It affects nerve and muscle cells in insects and sometimes causes insects 

to stop fecding 
.It inhibits respiratory metabolism

It is used as dusts containing 0.75-1.5% rotenone and effective against 

beetle and caterpillars

It is extremely toxic to fish 

3. Sabadilla 

.It is a alkaloid found in seeds of tropical lily Schoenocaulon officinale

(Family: Liliaceae)
The alkaloids mainly, cevadine and veratridine act as nerve poisons 

It is a primarily contact poison 

Sabadilla is harmful to pollinators, honey bees 

4. Ryanodine: 
It is a alkaloid derived from woody stems of south American shrub, 

Ryania speciosa ( Family: Flacourtaceae) 

Activity: Ryanodine acts as muscular poison by blocking the conversion 

of ADP to ATP in striated muscles 

It acts as slow acting stomach poison and causes insects to stop feeding 

after they eat it 

lt is reportedly effective against thrips and worms 

It is used as dust( 20-40%) 

4. Nicotine: 

Nicotine is obtained from tobacco plants, Nicotiana tobaccum andN. 

rustica (Family: Solonaccae) to the extent of 2-8% 

Actovty: Mimics acetylcholine in the nerve synapse, causing 

tremors, loss of corodiantion and eventually death 

lt is extremely fast acting, causing sever disruption and failure 

of nervous system 
Sold commercially as a fumigant (Nicotine) or as a dust 

(Nicotine sulphate) 
lt is commercially available as nicotine sulphate 40% 

(Black leaf 40) and manufactured in India only for export purpose 

It is used as fumigant in greenhouses
It acts as contact poison 
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It is effective against soft bodied sucking insects like thrips, leaf hoppers 

mealy bugs and leaf miners 

5. Pyrethrum 
"Pyrethrum" refers to powdered dried flowers of Chrysantheum

cinerarifolium and "Pyrethrins" are all the toxic constituents of the 

pyrethrum flowers and "Pyrethroids" are the synthetic analogue of 

pyrethrins 
Chrysantheum cinerarifolium is native of Dalmatian mountains, Croatia 

Kenya is the largest producer of pyrethrum 
Pyrethrins are esters formed by combination of two acids 1.e. 

chrysanthemic acid and pyrethric acid with three alcohols namely, 

pyethrolone, cinerolone and jasmolone. The esters of chrysanthemic acid 

are pyrethrin I, cinerin I, and jasmolin I and are combined together known 

as pyrethrins I. The esters of pyrethric acid are pyrethrin II, cinerin II and 

jasmolin III and are together known as pyrethrins II. These six active 

principles together are responsible for toxicity and knockdown action 

Pyrethrins mode of action is similar to DDT and has fast acting knock 

down effect 
It breaks down quickly from sunlight 

The commonly used synergist to synergies pyrethrins is piperonyl 

butoxide (PBO) 
6. Limonene and Linanool: These are citrus peel extracts which cause 

insect paralysis. They evaporate quickly in environment and are used to 

control aphids, mites and fleas 



V-SYNTHETIC PYRETHROIDS

Pyrethroids are synthetic derivatives of natural pyrethrins 

Pyrethroids are developed for the purpose of improving 

photostability and insecticidal activity 
All pyrethroids are lipophilic compounds 
Allethrin, Prothrin and Natural pyrethrin I are used in mosquito 

coils 

Pyrethroids are effective as contact insecticides and less effective as 

stomach poisons 
In 1949, the first synthetic pyrethrum analogue allethrin commerciall; 

introduced 
Allethrin is ideal for use in mosquito coils for repellent, biting 

deterrence and control of adult mosquitoes because of its heat 
stability, volatility and rapid knockdown action 

Mode of action of pyrethroids is similar to that of DDT 
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Chapter - 5 

The Impact of Chemical Fertilizers on our Environment 

and Ecosystem 

Chandini, Randeep kumar, Ravendra kumar and Om Prakash 

 

 

Abstract 

Though the chemical fertilizer increases the plant growth and vigour, 

hence meets the food security of the world, but the plants grown in this way 

does not develop good plant characters such as, good root system, shoot 

system, nutritional characters and also will not get time to grow and mature 

properly. Chemically produced plant will accumulate in the human body, 

toxic chemicals, which are very dangerous. The deleterious effect of the 

chemical fertilizers will itself start from the manufacturing of these 

chemicals, whose products and byproducts are some toxic chemicals or 

gases like NH4, CO2, CH4 etc. which will cause air pollution. And when the 

wastes from the industries are disposed off untreated into nearby water 

bodies it will cause water pollution. It also includes the most devastating 

effect of chemical waste accumulation in the water bodies i.e., the water 

eutrophication. And when added in soil, its continuous use degrades the soil 

health and quality hence causing the soil pollution. Therefore, this is high 

time to realize that this crop production input is depleting our environment 

and ecosystem. Hence its continuous use without taking any remedial 

measure to reduce or judicious use will deplete all the natural resources one 

day and will threaten all the life from the earth. The adverse effect of these 

synthetic chemicals on human health and environment can only be reduced 

or eliminated by adopting new agricultural technological practices such as 

shifting from chemical intensive agriculture which includes the use of 

organic inputs such as manure, biofertilizers, biopesticides, slow release 

fertilizer and nanofertilizers etc. which would improve the application 

efficiency as well as use efficiency of the fertilizers. Opting organic farming 

will create a healthy natural environment and ecosystem for the present as 

well as future generation.  

Keywords: Chemical fertilizers, environment and ecosystem, plant growth 

and maturity, organic agriculture 
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1. Introduction 

The industrial revolution followed by the green revolution which 

fulfilled the food demands of the growing population caused an increase in 

yield per unit area in crop production, but they also increased the use of 

synthetic fertilizers in agriculture. Less soil fertility is one of the most vital 

constraints in improving the agricultural production [1]. But the intensive use 

of inorganic fertilizer in agriculture worldwide for ensuring the world food 

security caused so many health problems and unrecoverable environmental 

pollution. 

Total world consumption of nitrogen (N), phosphorus (P), and 

potassium (K) in 1998/1999 was 81, 14, and 18 Tg/yr, respectively [2]. Fifty-

five per cent of the nutrients were used for cereal production, 12% for 

oilseed crops, 11% for grassland, 11% for commodities (e.g., cotton, sugar, 

and coffee), 6% for root cropps, and only 5% for fruit and vegetable 

production. In 1950, fertilizers comprised only a small percentage of the 

nutrients needed for grain production, most of the supply being provided by 

the “natural fertility” of the soil and added manure [3]. By 2020, more than 

70% of the grain yield will have to depend on fertilizers. The demand for 

plant nutrients is expected to increase continuously with population growth 
[4]. According to Keeney (1997), world population is expected to increase by 

about 2.3 billion by 2020 and double by the year 2050. If meat and food 

consumption in developed countries are matched by the rest of the world by 

the mid-21st century, then grain and nutrient demand are expected to triple 
[5]. Keeping in mind that the amount of land used for food production 

changed very slightly over the past few decades [3], and may even have 

decreased in parts of the world due to urbanization [5], the nutrient load per 

unit area is steadily increasing. All this implies that food production will 

have to be much more intensive and efficient than ever before. 

Thus, to reduce and eliminate the adverse effects of Synthetic fertilizers 

on human health and environment, nowadays a new agricultural practice has 

been developed called as organic agriculture, sustainable agriculture or 

ecological agriculture [6]. Organic fertilizers are primarily cost-effective, 

easily available from locality products than chemical fertilizers [7]. Organic 

matter is the basis of soil fertility [8]. Microbial fertilizers are distinctly 

environment-friendly, non-bulky, cost-effective which plays a significant 

role in plant nutrition [9]. On the other hand, inorganic fertilizers are known 

for their high cost and their negative environmental effects if managed 

poorly [10]. All these give rise to reduced crop yields as a result of soil 

degradation and nutrients imbalance [11]. Some other technologies and 
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management practices such as integrated nutrient management (INM), using 

slow release fertilizer or Nano-fertilizers, conservation tillage, cover 

cropping etc. can be adapted to supply balanced nutrients to plants. 

Fertilizers are very important for the crop growth, yield, quality parameters, 

even for soil health only when applied in optimum recommended dose or 

when used judiciously. Fertilizer improves the nutrient status and quality of 

soil by enriching it with nutrients which it lacks. Crop plants require 

nitrogen, phosphorous and potassium to maintain the normal physiological 

function of the cell. In a similar way according to [12] lack of nitrogen results 

in poor growth and slow growth, but the excess use of nitrogen results in 

delayed maturity and low quality of leaf [13]. However intensive fertilizer 

application causes serious environmental problems, (for e.g. eutrophication 

of waters, loss of biodiversity, global warming and stratospheric ozone 

depletion), soil and plant health problems as some fertilizers also contains 

heavy metals, excess use of which leads fertilizer to enter the food chain via 

absorption from soil. Thus, fertilization leads to water, soil and air pollution. 

2. Fertilizer Basics 

A fertilizer is any material of natural or synthetic origin (other 

than liming materials) that is applied to soils or to plant tissues to supply one 

or more plant nutrients essential to the growth of plants or to overcome the 

plant nutrient deficiency. Many sources of fertilizer exist, both natural and 

industrially produced. Any natural or manufactured material that contains at 

least 5% of one or more of the three primary nutrients – nitrogen (N), 

phosphorous (P), or potassium (K) – can be considered a fertilizer. 

Industrially manufactured fertilizers are sometimes referred to as 

“mineral” fertilizers. Fertilizers contain varying proportions of plant 

essential major (N, P, K, etc.) and minor (Zn, Mn, Fe, etc.) elements, as well 

as impurities and other non-essential elements. This definition includes 

both inorganic (mineral) and organic fertilizers and also soil conditioners, 

such as lime and gypsum, which may promote plant growth by increasing 

the availability of nutrients that are already in the soil or by changing the 

soil's physical structure. 

Fertilizers typically provide following nutrients in varying proportions: 

Three Main/Primary Macronutrients 

 Nitrogen (N), is a major constituent of several of the most important 

plant substances like chlorophyll hence causes leaf growth. 

 Phosphorus (P), is involved in many vital plant processes like 

energy transfer, Development of roots, flowers, seeds, fruit. 

https://en.wikipedia.org/wiki/Proportionality_(mathematics)
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 Potassium (K): serves as an activator of enzymes used in 

photosynthesis and respiration, strong stem growth, movement of 

water in plants, promotion of flowering and fruiting. 

Three Secondary Macronutrients 

 Calcium (Ca), regulates the transport of other nutrients into the 

plant and is also involved in the activation of certain plant enzymes, 

is also involved in photosynthesis and plant structure. 

 Magnesium (Mg), in plant nutrition, is as a constituent of the 

chlorophyll molecule. As a carrier, it is also involved in numerous 

enzyme reactions as an effective activator. 

 Sulphur (S), is a structural component of some amino acids and 

vitamins, and is essential for chloroplast growth and function; it is 

found in the iron-sulfur complexes of the electron transport chains 

in photosynthesis. It is needed for N2 fixation by legumes, and the 

conversion of nitrate into amino acids and then into protein. 

And Micronutrients 

  Copper (Cu), is important for photosynthesis, involved in the 

manufacture of lignin (cell walls) and involved in grain production. 

  Iron (Fe), is necessary for photosynthesis and is present as an 

enzyme cofactor in plants. 

 Manganese (Mn), is necessary for photosynthesis, including the 

building of chloroplasts. 

 Molybdenum (Mo), is a cofactor to enzymes important in building 

amino acids and is involved in nitrogen metabolism. 

 Zinc (Zn), is required in a large number of enzymes and plays an 

essential role in DNA transcription. 

 Boron (B), has many functions within a plant: it affects flowering 

and fruiting, pollen germination, cell division, and active salt 

absorption. 

 Silicon (Si), strengthen cell walls, improve plant strength, health, 

and productivity. 

 Cobalt (Co), essential for nitrogen fixation by the nitrogen-fixing 

bacteria associated with legumes and other plants. 

 Vanadium (V), may be required by some plants, but at very low 

concentrations. It may also be substituting for molybdenum. 

https://en.wikipedia.org/wiki/Silicon
https://en.wikipedia.org/wiki/Cobalt
https://en.wikipedia.org/wiki/Vanadium
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3. Fertilizers Classification 

The term fertilizer is defined in the Act. No. 156/1998 Coll., as 

amendment. So fertilizers are required and thus applied to replenish nutrients 

taken away from the soil by crop harvest and so they are applied to 

supplement more nutrients to boost crop yield [14]. Plant nutrients are 

essential for the production of healthy crops for the world’s increasing 

population. Plant nutrients are therefore a vital component of sustainable 

agriculture. Increased crop production largely depends on the type of 

fertilizers used for supplementing the essential plant nutrients [15]. The nature 

and the function of nutrient released from inorganic, organic and 

biofertilizers are different, also each type of fertilizer has its own advantages 

and limitations with regard to crop growth and soil fertility. Thus a sound 

fertilizer management must be done to ensure both an enhanced and 

safeguarded environment; therefore, a balanced fertilization strategy that 

combines the use of chemical, organic or biofertilizers must be developed 

and evaluated [32]. Fertilizers can be classified in numerous ways, like for eg; 

on the basis of a number of nutrient elements present, on the basis of the type 

of essential nutrient present, etc. [17]. 

I. On the Basis of Its Nature 

Types Examples 

Inorganic 

fertilizer 

These include industrially synthesized fertilizers. e.g., CO (NH2)2 

(Urea) 45-46% nitrogen, chile saltpetre with 15% nitrogen. 

Organic 

fertilizer 

Fertilizers derived from living or formerly living materials. e.g., animal 

wastes, plant wastes from agriculture, compost, and treated sewage 

sludge. Beyond manures, animal sources can include products from the 

slaughter of animals-blood meal and bone meal. 

Biofertilizers 

Fuentes-Ramirez and Caballero-Mellado (2005) defined a biofertilizer 

as “a product that contains living microorganisms, which exert direct or 

indirect beneficial effect on plant growth and crop yield through 

different mechanisms”. E.g., AM fungi, N-fixer, P solubilizer and K 

solubilizer. 
 

II. On the Basis of Form of the Fertilizer 

Types Examples 

Solid 

1. Powder (single superphosphate) 

2. Crystals (ammonium sulphate) 

3. Prills (urea, diammonium phosphate, superphosphate) 

4. Granules (Holland granules) 

5. Supergranules (urea supergranules) 

6. Briquettes (urea briquettes) 

Liquid 
1. Liquid fertilizers are applied with irrigation water or for direct 

application. 
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2. Ease of handling, less labor requirement and possibility of mixing with 

herbicides have made the liquid fertilizers more acceptable to farmers 
 

III. On the Basis of Complexity of Fertilizers 

Types Examples 

Single nutrient or 

straight fertilizer 

Supplies only one primary plant nutrient, namely nitrogen or 

phosphorus or potassium. E.g. Urea, ammonium sulfate, 

potassium chloride and potassium sulfate. 

Multinutrient or 

complex fertilizer 

1. Binary 

2. NPK 

Supplies two or three primary plant nutrients of which two 

primary nutrients are in chemical combination. These fertilizers 

are usually produced in granular form. E.g. DAP, nitro-

phosphates and ammonium phosphate. 

Mixed fertilizers 
physical mixtures of straight fertilizers, contain two or three 

primary plant nutrients 
 

IV. On the Basis of the Type of Nutrient Present 

Types Examples 

Macronutrient fertilizer Contains either one or two essential macronutrient. 

Micronutrient fertilizer Contains either one or two micronutrient. 
 

V. On the Basis of Application of Fertilizer 

Types Examples 

Foliar fertilizer 
Water soluble straight nitrogen fertilizer is applied directly to the 

leaves or fruits of high value crops. 

Controlled & 

Slow released 

fertilizer 

Slow and controlled-release fertilizers are fertilizers containing a 

plant nutrient in a form which either 

a) Delays its availability for plant uptake and use after application, 

or b) which is available to the plant significantly longer than a 

reference ‘rapidly available nutrient fertilizer’ such as 

ammonium nitrate or urea, ammonium phosphate or potassium 

chloride (AAPFCO, 1995), the microbially decomposed N 

products, such as UFs (Urea-Formaldehydes), are commonly 

referred to in the trade as slow-release fertilizers and coated or 

encapsulated products as controlled-release fertilizers. 

Nitrogen based 

fertilizer with 

certain chemicals 

that enhance 

their efficiency 

Nitrification inhibitor suppresses the conversion of ammonia to 

nitrate that is more prone to leaching. Eg, 1-carbamoyl-3-

methylpyrazole (CMP), nitrapyrin (2-chloro-6-

trichloromethylpyridine) and 3, 4-Dimethylpyrazole phosphate 

(DMPP). 

Urease inhibitor slows the hydrolytic convertion of urea into 

ammonia, which is prone to evaporation as well as nitrification. 

Eg, urea ammoniums nitrate (UAN). 
 

4. Impact of Chemical Fertilizers on Natural Resources 

The World agricultural systems is using a large number of chemicals 



 

Page | 77 

such a fertilizers, pesticides, herbicides to achieve more production per unit 

area but using more doses than optimum or recommended of these chemicals 

and fertilizers leads to several problems like environment pollution (soil, 

water, air pollution), reduced input efficiency, decreased food quality, 

resistance development in different weeds, diseases, insects, soil 

degradation, micronutrient deficiency in soil, toxicity to different beneficial 

living organism present above and below the soil surface, less income from 

the production, etc. Despite these many problems, there is also a challenge to 

meet the food demands of the world’s growing population. Therefore, there 

is a need to produce nutrition rich and chemicals free agricultural produce 

for the human and animal consumption without deteriorating are natural 

resources that is why emphasis should be laid on the production of food rich 

in quality as well as quantity.  

Fertilizer use is no doubt beneficial to plant in providing deficient 

nutrients; also they have several other conveniences such as the cheaper 

source of nutrient, higher nutrient content and its solubility hence immediate 

availability, then it’s required in less amount, which makes it more 

acceptable than organic fertilizer. There is abundance of evidence that 

inorganic fertilizers can improve the yield of crop significantly [18]. Fertilizers 

raise soil fertility so that the yield of crops is independent and no longer be 

limited by the deficient amounts of plant nutrients [19]. Despite these benefits, 

fertilizer has several negative effects on the environment because of its 

growing consumption and lowering nutrient use efficiency. Therefore, the 

major challenge in intensive agricultural production systems is to combine 

intensive cultivation with high nutrient use efficiency. 

4.1 Deleterious Effects of Chemical Fertilizers 

Soil nutrient level gets decreased over time when crop plants get 

harvested, and these nutrients get replenished either through natural 

decomposition process or by adding fertilizers. Hence fertilizer is an 

essential component of modern agriculture. 

But though chemical fertilizers are the major cause of sufficient crop 

production for the world population, their overuse is bringing serious 

challenges to the present and future generations like polluted air, water, and 

soil, the degraded lands, depleted soils and increased emissions of 

greenhouse gases. These synthetic fertilizers are not only becoming 

hazardous for our environment but also to humans, animals and to the 

microbial life forms too. It’s high time that everyone understands the ill 

effects of using excess chemical fertilizers and take initiatives for reducing 
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the use of chemical fertilizer and pesticides substituting it with other organic 

amendments like organic manures which not only provides essential 

nutrients to the plants but also maintains the soil health for the subsequent 

crops. There are so many other technologies developing like slow or 

controlled released fertilizers, prilled or granulated fertilizer, nitrification 

inhibitors, Nano-fertilizer etc., all these are the promising options we can use 

to overcome these serious challenges and can save our environment as well 

as the ecosystem. Let us now learn about the different hazards occurring due 

to excessive use of chemical fertilizers used for enhancing the crop 

production. 

4.1.1 Effects of Chemical Fertilizers on Water Pollution 

As the nutrient use efficiency of the chemical fertilizer is very less hence 

these are applied in quantities much more actually required and when these 

are applied in unfavorable environmental condition then these get lost in the 

environment by different ways. These can be leaching, drainage or surface 

flow, for example, in most cultivated upland soils, mineral N is likely to be 

oxidized to nitrate due to microbial activity. As a result, relatively high 

fractions of the applied N may potentially be leached or removed from the 

root zone into the surface and groundwater [20]. Even when these chemicals 

are applied in ideal conditions, plants use only up to 50% of the N fertilizer 

applied, 2-20% gets volatilized, 15-25% reacts with organic compounds in 

the clay soil and the remaining 2-10% interfere surface and groundwater [21]. 

One of the most important parameters of the pollution of water is nitrate 

which is the basic component of fertilizer. Nitrate is the most common form 

of dissolved nitrogen present in groundwater or other water bodies. When 

nitrate concentration exceeds 50 mg NO3
-/L in drinking water or high nitrate 

accumulation can lead to (i) 'blue baby syndrome' (acquired 

methemoglobinemia in infants) and in ruminants; (ii) gastric cancer, for 

which a possible link with nitrite or nitrosoamines has been suggested; (iii) 

other diseases such as goiter, birth defects, and heart disease; and (iv) 

eutrophication of surface water [21]. 

Major deleterious effect of the intensive use of fertilizers (mainly 

nitrogen and phosphorus) is water eutrophication. The primary factor 

responsible for eutrophication is phosphate. Surface waters should contain ≤ 

50 μg/liter phosphorus. Nitrogen can also become a factor for eutrophication 

when increased biomass growth takes place [17]. Eutrophication result in 

increased growth of aquatic plants and algae in the water body covering the 

whole water body leading to the loss of other aquatic living species like 

fishes due to the reduced oxygen supply. Hence eutrophication can lead to 

https://en.wikipedia.org/wiki/Blue_baby_syndrome
https://en.wikipedia.org/wiki/Methemoglobinemia
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the killing of aquatic life, the proliferation of unwanted species, and loss of 

recreation due to bad odour, polluted water etc. 

4.1.2 Effects of Chemical Fertilizers on Air Pollution 

High application rates of chemical fertilizer for enhancing crop 

production is generating numerous harmful greenhouse gases, depleting the 

protective ozone layer hence exposing the humans to harmful ultraviolet rays 
[22]. Agriculture accounts for 60% of anthropogenic N2O emissions, and 

agricultural soils are the dominant source [23]. The greenhouse gases like 

CO2, CH4 and N2O are produced during the manufacture of nitrogenous 

fertilizer. The effects can be combined into an equivalent amount of CO2. 

Nitrogen fertilizer can be converted by soil bacteria into nitrous oxide, a 

greenhouse gas. Nitrogen fertilizer whose excess use results in an emission 

of nitrogen oxides (NO, N2O, NO2) is responsible for severe air pollution [24]. 

Other gases also responsible for the ozone depletion are water vapour, 

carbon dioxide, methane, hydrogen sulfide and chloro-fluoro hydrocarbons 
[14]. Nitrous oxide (N2O) has become the third most important greenhouse 

gas after carbon dioxide and methane. Its global warming potential is 310 

times more than that of carbon dioxide. The main concern regarding the 

emission of nitrous oxides has to do with the effect of global warming and 

the role of nitrous oxides in ozone destruction that consequently leads to 

atmospheric “holes,” thus exposing humans and animals to excessive 

ultraviolet radiation [25]. Ammonia volatilized or emitted from fertilized 

lands, gets deposited in atmosphere and oxidized to become nitric acid, 

sulfuric acids, creating acid rain after the chemical transformations. Acid 

rain can damage vegetation, buildings; also can damage organisms that live 

in both lakes and reservoirs [14]. Methane emissions from transplanted paddy 

fields are also a serious concern, as methane is a potent greenhouse gas and 

its concentration is increased by the application of ammonium-based 

fertilizers. All these emissions contribute to global climate change [16].  

4.1.3 Effect of Chemical Fertilizer on Soil Pollution 

The Soil is the natural body and a medium for plant growth. The Soil is 

a habitat of soil organisms, is a nutrient recycling system, and provides many 

other ecosystem services. The over-use of chemical fertilizers can lead to 

soil acidification and soil crust thereby reducing organic matter content, 

humus content, beneficial organisms, stunting plant growth, can change the 

soil pH, increase pests, and even contribute to the release of greenhouse 

gases. The soil acidity diminishes phosphate intake by crops, increases the 

toxic ion concentration in the soil, and inhibits crop growth [20]. The 
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depletion of humus in the soil reduces its ability to store nutrients. 

Greenhouse gases derived from excess nitrogen fertilizer harm the climate. 

Nitrogen applied to fields in large amounts destroys the balance between the 

three macronutrients, N, P and K over time which would result in lack of 

micronutrients; it also damages topsoil, resulting in reduced crop yields. 

Sandy soils are much more prone to soil acidification than are clay soils. 

Clay soils have an ability to buffer the effects of excess chemical 

fertilization. Repeated applications of chemical fertilizer may result in a 

toxic buildup of heavy metals such as arsenic, cadmium, and uranium in the 

soil. These toxic heavy metals not only pollute the soil but also get 

accumulated in food grains, fruits and vegetables. For example, Fertilizers 

like Triple superphosphate has trace elements like cadmium and arsenic that 

accumulate in plant and through food chains reach to human that may cause 

health problems. The effects of chemical fertilizers on soil are great and 

irreversible [26]. 

Fertilizer application without the using soil testing recommendation can 

lead to implications such as soil degradation, nutrient imbalance, destruction 

of soil structure, increasing bulk density [27]. Fertilizers, more than the 

recommended amounts causes formation, accumulation and concentration of 

mineral salts of fertilizers which leads to compaction layer and soil 

degradation in the long-term. 

4.1.4 Other Deleterious Effects of Chemical Fertilizers 

1. Excessive use of chemical fertilizer, especially N, can contribute to 

crop tip browning, lower leaf yellowing, wilting and crop lodging. 

When fertilizer scorches roots, the root may blacken and go limp. 

All these symptoms occur due to salt accumulation in the soil which 

would cause difficulty in water absorption by plants. 

2. Using higher doses of N fertilizers in malt barley may cause 

undesirable effect on quality of the beer. 

3. Over-application of chemical fertilizer to plants may cause the 

leaves to turn yellow or brown, damaging the plant and reducing the 

crop yield. 

4. The excessive accumulation of nitrate or nitrite in plant parts 

consumed by humans or animals is likely to cause the same 

detrimental effects associated with nitrate contamination of water 

sources [28]. 

5. Over-fertilization effects reduce the biodiversity resulting from 

ammonia deposition in forests and waters [29]. 
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6. They reduce the mycorrhizal root colonization and inhibit symbiotic 

N fixation by rhizobia due to high N fertilization. 

7. Nutrients are easily lost from soils through fixation, leaching or gas 

emission and can lead to reduced fertilizer efficiency [32]. 

5. Other Alternatives Besides Using the Chemical Fertilizers 

Excessive use of the chemical fertilizer for a long time on the same soil 

may lead to soil degradation, loss of beneficial soil microorganisms, and 

many other losses as discussed above [30]. Therefore, to ensure both the 

enhanced and sustainable agricultural production and to safeguard the 

environment integrated use of different types of nutrient suppliant such as 

chemical fertilizer, organic manures, biofertilizers and other slow released or 

controlled released fertilizers should opt [31]. The use of organic fertilizers 

together with chemical fertilizers, compared to the addition of organic 

fertilizers alone, had a higher positive effect on microbial biomass and hence 

soil health [15]. 

a) Biofertilizer: It is defined as a substance which contains living 

micro-organisms and is known to help with the expansion of the 

root system and better seed germination. A healthy plant usually has 

a healthy rhizosphere which should be dominated by beneficial 

microbes. 

Biofertilizers differ from chemical and organic fertilizers in the sense 

that they do not directly supply any nutrients to crops and are cultures of 

special bacteria and fungi. The production technology for biofertilizers is 

relatively simple and installation cost is very low compared to chemical 

fertilizer plants [32]. 

b) Slow-Release Fertilizers: It involves the release of the nutrient in a 

slower manner than common fertilizers. However, the rate, pattern, 

and duration of release are not well controlled. But the rate, pattern, 

and duration of release are well known in controlled release 

fertilizers [35]. Different types of slow or controlled release 

fertilizers are: 

1. Organic-N Low-Solubility Compounds for e.g. Urea-formaldehyde 

(UF) and Isobutyledene-diurea (IBDU). 

2. Fertilizers in Which a Physical Barrier Controls the Release for e.g., 

the coated fertilizers coated with organic polymer coatings that are 

either thermoplastic or resins and fertilizers coated with inorganic 

materials such as sulfur- or mineral-based coatings etc. 



 

Page | 82 

3. Inorganic Low-Solubility Compounds: Fertilizers such as metal 

ammonium phosphates and partially acidulated phosphates rock 

(PAPR). 

c) Nanofertilizers: “Nanofertilizers are synthesized or modified form 

of traditional fertilizers, fertilizers bulk materials or extracted from 

different vegetative or reproductive parts of the plant by different 

chemical, physical, mechanical or biological methods with the help 

of nanotechnology used to improve soil fertility, productivity and 

quality of agricultural produce. Nanoparticles can be made from 

fully bulk materials. For example, nano-TiO2 treated seed produced 

plant recorded more dry weight, higher photosynthetic rate, 

chlorophyll-a formation compared to the control [34]. 

d) Application Efficiency: Application of any fertilizer should be 

done at an economic rate other than optimum rate. Also application 

from right source, rate, placement & time will reduce the adverse 

effect on both the crop and the environment.  

Various techniques that maintain and enrich the soil fertility & the soil 

humus content should be used like using compost, manure, agro-forestry, 

green manure, mulch manure etc. 

Conclusion 

Fertilizers application is very vital for today’s agricultural crop 

production system as it restores the soil nutrient and promotes crop growth & 

yield [14]. But, to reduce the different kinds of hazards taking place due to 

excessive use of fertilizers, judicious and sustainable use of fertilizers should 

be made for that firstly soil testing and analysis should be done properly and 

then, fertilizer should be given to soil. Therefore, to ensure both the 

enhanced and sustainable agricultural production and to safeguard the 

environment, integrated use of different types of nutrient suppliant such as 

chemical fertilizer, organic manures, biofertilizers and other slow released or 

controlled released fertilizers should be adopted. To eliminate the pollution 

hazards due to chemical fertilizers, improved nutrient use efficient fertilizers 

particularly nitrogen should be adopted by using organic manures, 

controlled-release or slow-release fertilizers. Using different Nano-fertilizers 

which have the greater role in enhancing crop production this will reduce the 

cost of fertilizer for crop production and also minimize the pollution hazard. 

Current resources should be overhauled in favour of the sustainable use of 

resources, also boosting the production simultaneously. 
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Abstract 

Pesticides are the agents that are used to control pests such as fungi, 

bacteria, insects, rodents, mites, weeds etc. Pesticides having quick action 

and broad spectrum of activity are very important part of agriculture and 

household. But on the other hand, pesticides in the environment may have 

diverse ecological effects ranging from long term to short-lived effects or 

chronic to acute toxic effects. Pesticides are in general capable of harming all 

forms of life that is targeted pest as well as non-targeted species. Pesticides 

may have different fates in the different components of the environment such 

as soil, air, water, and biota and also may have various deleterious effects on 

environment and public health.  

Keywords: Pesticides, Agriculture, Household, Mode of Action, 

Ecological effects, Environment, Public health. 

1. Introduction 

Pesticides as per defined by food and agricultural organization (FAO) 

“any substance or mixture of substances intended for preventing, destroying, 

or controlling any pest, including vectors of human or animal disease, 

unwanted species of plants or animals, causing harm during or otherwise 

interfering with the production, processing, storage, transport, or marketing 

of food, agricultural commodities, wood and wood products or animal 

feedstuffs, or substances that may be administered to animals for the control 

of insects, arachnids, or other pests in or on their bodies. The term includes 

substances intended for use as a plant growth regulator, defoliant, desiccant, 

or agent for thinning fruit or preventing the premature fall of fruit. Also used 

as substances applied to crops either before or after harvest to protect the 

commodity from deterioration during storage and transport”. [1] 

Pesticides are classified based on the target organism they acted upon 

such as insecticides for insects, fungicides for fungus, and herbicides for 

weeds. Further these broad classes of pesticides are classified on the basis of 
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their chemical nature such as: Insecticides: organochlorines, 

organophosphorus, carbamates, synthetic pyrethroids, neonicotenoids etc. 

Fungicides: sulphur fungicides, copper fungicides, oxathiines, 

benzemidazoles, phthalimides etc. Herbicides: bipyridilliums, triazines, 

dinitroanilines, glycine, chloroacetanilides, phenoxyalkanoic acids, 

imidazolinones, phenyl ureas etc. Although it’s not fully elaborated 

classification but the chapter intended to focus on the pesticides that are most 

prevalent in the field of agriculture. 

Keeping in mind the global population need for food, chemical 

pesticides served as a boon in agriculture production and acted as a major 

factor for green revolution in the world as well as India but also as a bane to 

environment as well as public health in various ways briefed in the chapter. 

The major drawback towards pesticides use in agriculture is due to its 

deleterious effects on environment such as soil, air, water and biota. Many 

pesticides once popularized for its quick mode of action and broad spectrum 

of activity but later banned for its toxic effects. The chapter is a brief 

introduction to different pesticides, its classification, mode of action and 

ecological effects. 

2. Insecticides 

2.1 Organochlorines 

Organochlorines are the group of chlorinated hydrocarbons that are 

extensively used as pesticides. These pesticides first introduced in the 1940s 

in Australia and later on widely popularized during 1950s to 1960s, the most 

widely used pesticides at the time of the green revolution. This class of 

pesticide includes DDT, HCH, heptachlor, chlordane, methoxychlor, Endrin, 

Isodrin and Aldrin, etc. According to a review statistics it revealed that 40% 

of all the pesticides used in agriculture belongs to the organochlorines [2, 3]. 

Organochlorines were started to be prohibited to use since the 1970s to 

1980s and nowadays it is mostly banned in developed countries. 

The reason for its wide-scale adoption worldwide is that it is of low cost 

and have a broad spectrum of activity against most of the insects that prevail 

in fields as well as household. 

   

DDT    HCH  DIELDRIN  
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2.1.1 Mode of Action: Holan proposed that organochlorines such as 

DDT, acts as a molecular wedge that directly affects Na gated 

channel and keeps it in open position resulting in delaying in 

nerve impulse transmission. Mullin proposed that gamma isomer 

of HCH is found to be most toxic as its molecular diameter is 8.5 

Å enabling it to enter lipoprotein interspaces and disrupt the pore 

space and excitation of the nerve impulse. Another 

Organochlorine i.e. Heptachlor directly affects the central 

nervous system by inhibiting GABA receptors. It also affects Cl 

gated channel and prevents nerves to maintain ionic gradient.  

2.1.2 Ecological Effects: Organochlorines were banned due to the fact 

that it belongs to the class Persistent Organic Pollutants (POPs) 

which is highly persistent and shows bioaccumulation in the food 

chain. These pesticides insoluble in water but soluble in organic 

solvents, fats & oils and hence build up in fatty tissue and results 

in bioaccumulation as it can be ingested via fish, dairy products 

& other fatty foods. 

2.2 Organophosphorus 

Organophosphorus another broad class of pesticides are basically esters 

of phosphoric acid having insecticidal & herbicidal action. The class of 

pesticides also found to be very efficient during the 1950s to 1960s. The 

class of insecticides includes dimethoate, malathion, parathion, phorate, 

chlorpyriphos, diazinon, dichlorvos, azinophos-methyl, fenitrothion, 

acephate, ethion, fenamiphos, fonofos, etc. 

    

Chlorpyriphos   Malathion  Phorate  Dimethoate 

2.2.1 Mode of Action: Organophosphorus acts by irreversible 

inhibition of acetylcholine esterase activity during nerve impulse 

transmission. The pesticides generally mimic acetylcholine 

esterase and bind with its receptors by competitive inhibition 

process, disabling the enzyme to cleave acetylcholine resulting in 

its accumulation causing blockage of nerve impulse transmission. 

2.2.2 Ecological Effects: The ill effects of Organophosphorus use are 

that it is the most common cause of poisoning worldwide [4]. 

Organophosphorus poisoning was reported for the first time in 
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1962 [5]. Around 15% of people die as a result of its poisoning [4]. 

Around 3 million poisoning per year occurs worldwide that 

results in 2 lakhs death [4, 6]. Health indices of widely used 

organophosphorus that are Methyl chlorpyriphos, Ethyl 

chlorpyriphos, Monocrotophos, Dichlorvos are found to be more 

than one and it is highest in case of Methyl chlorpyriphos [7]. 

Organophosphorus was found to have a residual effect in food 

products that can cause health hazards. According to a study on 

residue, it was found that residue recovered ranges from 88% of 

methyl parathion in tomato to 105% of dichlorvos in eggplant [7]. 

2.3 Carbamates 

Carbamates are organic compounds basically a carbamic acid 

derivatives having a broad spectrum of activity against a wide range of 

insects and mites. Carbamate insecticides class includes aldicarb, carbofuran, 

carbosulfan, methomyl, carbaryl, aldoxycarb, propoxur, fenburacarb and 

oxamyl, etc. The carbamate pesticides were introduced in 1956 and became 

very popular very quickly at that time because of the fact that first, it has low 

mammalian toxicity as well as low oral and dermal toxicity. And secondly 

due to its broad spectrum of insects control. And hence its wider adaptability 

as garden, lawns and household insecticides. 

    

Aldicarb   Carbofuran  Carbosulfan  Carbaryl 

2.3.1 Mode of Action: The mode of action is very similar to that of 

organophosphorus that it binds with acetylcholine esterase 

receptors by competitive inhibition process and disables the 

acetylcholine esterase enzyme to cleave acetylcholine resulting 

accumulation of acetylcholine and blockage of nerve impulse 

transmission. But the only difference is that the binding is 

reversible in case of carbamates while it is irreversible in case of 

organophosphorus. And can be concluded that organophosphorus 

is more toxic than that of carbamates. 

2.3.2 Ecological Effects: Carbamates having lesser toxicity produces 

more pronounced symptoms as compared to carbamates having 

more toxicity at equal lethal dose but on cessation of exposure 

disappearance of symptoms occurs more rapidly in case of 
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organophosphorus with respect to carbamates [8]. Majority of 

carbamate poisoning is due to Aldicarb, Carbofuran, and 

methomyl. These pesticides were found to extremely toxic to 

birds. Extensive research on carbamate poisoning shows that 

more pronounced anaesthetic effect with respiratory failure is 

shown on intravenous exposure but no as such effect shown on 

oral administration. Carbamate insecticides were found to be 

comparatively lesser persistent in nature as these compounds are 

relatively unsound in the environment and liable to degradation 

within weeks or months.  

2.4 Neonicotinoids 

Neonicotinoids are an important class of insecticides that are chemically 

similar to nicotine having potential nerve action. The class of insecticides 

includes acetamiprid, imidacloprid, thiamethoxam, thiacloprid, clothianidin, 

nithiazine, etc. The class neonicotinoids were first introduced in 1990 and 

today the class includes the most extensively used insecticides [9, 10]. Of all 

the insecticides that prevail in agriculture, worldwide imidacloprid is the 

most widely used insecticides now a days [11]. 

  

 Acetamiprid  Imidacloprid 

2.4.1 Mode of Action: Just like botanical insecticide, nicotine; 

neonicotinoids binds with the nicotinic acetylcholine receptors of 

a cell that is present in both central nervous system and peripheral 

nervous system in case of mammals while the only central 

nervous system in insects. Acetylcholine esterase can’t cleave 

neonicotinoids and its binding is irreversible [12]. Nervous 

stimulation occurs on low or moderate exposure while it causes 

blockage of receptors on overexposure causing paralysis and 

death [11, 12]. 

2.4.2 Ecological Effects: Ecological effects of these pesticides shows 

that it is comparatively lower toxic to birds and mammals with 

respect to other insecticides of class carbamates and 

organophosphorus [13]. Another study on the effects of these 

insecticides on honeybee revealed that it causes colony collapse 

disorder (CCD) in honeybee and also causes loss of birds with the 
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reduction in insects population [14]. Neonicotinoids are highly 

water soluble and thus the crop consumption of the applied 

insecticides accounts for only 5% [15]. And the rest left as residue 

in pollen, nectar and also can cause groundwater contamination. 

On exposure of these insecticides to pollen and nectar, it can 

affect honeybee navigation [16]. And also queen production [17]. 

And hence the reduction in pollinators population. On a large 

scale application of these insecticides, it can be highly persistent 

as residue in soil and can also affect invertebrates [18] as well as 

vertebrates [19]. 

2.5 Synthetic Pyrethroids 

Synthetic pyrethroids are the class of insecticides that are basically the 

derivatives of naturally occurring pyrethrins obtained from chrysanthemum 

flowers. The class includes insecticides such as allethrin, cypermethrin, 

permethrin, resmethrin, cyfluthrin, tetramethrin, fenvalerate, deltamethrin, 

fluvalinate, bifenethrin, etc. as an important insecticide that is widely used in 

the field of agriculture. 

   

Cypermethrin   Permethrin       Fenvalerate 

2.5.1 Mode of Action: Synthetic pyrethroids have its insecticidal 

activity due to its effective toxic action on insects nervous 

system. These insecticides are classified into two types as type I 

includes compounds such as allethrin, resmethrin, etc. that causes 

restlessness incoordination, hyperactivity leading to paralysis on 

overstimulation. Type II includes compounds such as 

cypermethrin, deltamethrin, fenvalerate, etc. that causes 

convulsions, contractions like symptoms. Synthetic pyrethroids 

mainly disturb Ca-Mg & Co ATPase enzyme system, Na-Ca 

exchange & Ca pumping system that are necessary to maintain 

ionic gradient in neuron cells. 

2.5.2 Ecological Effects: Among all synthetic pyrethroids, allethrin & 

permethrin is found to be more toxic. Some cases of toxic 

symptoms have been reported on oral administration but it is less 

prevalent in the dermal introduction [20]. Generally, the class of 

insecticides has varied residual action in the environment as (+) - 
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Trans resmethrin decomposes very rapidly within a few hours in 

indoor conditions while permethrin takes more than 20 days to 

decompose in the thin film [20]. Synthetic pyrethroids were 

reported to have toxicity symptoms in fishes and arthropods more 

than that of carbamates and organophosphates [20] but is lesser 

toxic to birds. 

3. Herbicides 

3.1 Bipyridilium 

Bipyridiliums class of herbicides includes compounds having post-

emergence, non-selective but contact action and are less residual in nature. It 

also has a broad spectrum of activity against a wide range of annual grasses 

and broad-leaved weeds and also perennial weeds up to some extent. It is 

potent fast acting and shows its effect within minutes of application. The 

class of herbicide includes paraquat, diquat etc. 

   

 Paraquat  Diquat 

3.1.1 Mode of Action: Bipyridiliums serves as electron diverters in 

photosystem I. In photosynthesis when light harvesting complex 

transfers excitation energy to P700 then the excited electrons 

moves to Fe-S centres and finally to ferredoxin which catalyzes 

the reduction of NADP+ to NADPH which is essential for CO2 

fixation into glucose. The herbicide diverts this electron 

generated in photosystem that would have been utilized in CO2 

fixation and hence inhibit photosynthesis. Bypyridiliums on 

intercepting electrons from free radicals which on auto-oxidation 

forms superoxide ion and hydrogen peroxide which on 

combination forms toxic free hydroxide free radicals that are 

toxic to cellular metabolism causing the death of plants.  

3.1.2 Ecological Effects: On ingestion, these compounds are found as 

highly toxic to mammals and can affect alveolar epithelial cells of 

lungs and can cause respiratory distress syndrome. Persistent 

paraquat exposure to mammals can cause lung failure within 

several days to several weeks and in the case of overstimulation, 

it can even cause death up to 30 days after exposure. 
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3.2 Triazines 

Triazines are the most important herbicides group based on its extensive 

use worldwide. It is broad spectrum herbicides but mainly a broad-leaved 

killer herbicide with some potent action on grasses. These are both the 

systemic and contact type and can be used as both pre-emergence as well as 

post-emergence herbicides. The class of herbicides includes atrazine, 

metribuzine, simazine and propazine, etc. 

   

Atrazine    Simazine    Metribuzine 

3.2.1 Mode of Action: Triazines kills the weeds by inhibiting electron 

transport in photosystem II by inhibiting the electron transport 

between plastoquinone A to plastoquinone B [21]. A triazine is 

non-reducible in nature and can’t be reduced by plastoquinone A 

and acts as an analogue of plastoquinone B which can’t be 

replaced by plastoquinone B and hence electron transport and 

photosynthesis stops. 

3.2.2 Ecological Effects: Triazines are reported to be less toxic when 

applies on the soil surface but extremely toxic when incorporated 

in the soil. Simazine on incorporation in soil induces high 

seedling mortalityand hence lack of germination. Phytotoxic 

symptoms that appeared at the earlier stages of exposure seems 

like chlorosis and growth inhibition. 

3.3 Dinitroanilines 

Dinitroanilines are low water-soluble, highly volatile and pre-plant soil 

incorporated herbicides except for Pendimethalin that is more toxic and 

selective when used as pre-emergent weedicide. They are liable to be readily 

decomposed on exposure to sunlight and are less persistent in nature. They 

are basically effective against grassy weeds and mainly annual weeds but can 

control broad-leaved weeds up to some extent and in general, have a broad 

spectrum of activity. The class of herbicides includes pendimethalin, 

fluchloralin and trifluralin etc. 

  

Pendimethalin  Fluchloralin 
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3.3.1 Mode of Action: Dinitroanilines herbicides inhibits cell division 

process by inhibiting the microtubule assembly. Dinitroaniline 

binds to tubulin heterodimer in the cytoplasm results in an 

uneven thickness of the cell wall, the absence of division plane 

and chromosomal movements. And hence growth arrests and 

elongation of roots and shoots cesses. Among all triazines, 

atrazine found to be highly toxic while iprazine shows least 

toxicity. 

3.3.2 Ecological Effects: Depending on the amount of organic carbon 

and clay in the soil, dinitroaniline can persist in soil and can 

strongly adsorb to soil colloids. It is highly persistent in soil 

containing less organic matter [22]. On persistent it can cause root 

growth inhibition, swollen roots, & cracked stems near the soil 

surface.  

3.4 Glycine 

Glycine class of herbicides includes compounds such as glyphosate that 

is a total weed killer. It is non-volatile in nature but slower in action with 

respect to paraquat and diquat because of its systemic activity. It is post-

emergent, systemic, non-selective, broad-spectrum action against all annual, 

biennial, & perennial weeds. 

 

Glyphosate 

3.4.1 Mode of Action: Glyphosate inhibits 5-Enolpuruvylshikimate-3-

phosphate synthase (EPSP synthase) enzyme that is responsible 

for the biosynthesis of three aromatic amino acids that are 

phenylalanine, tryptophan, and tyrosine and hence directly 

inhibits protein synthesis. Indirectly it also inhibits production of 

flavonoids, anthocyanins, alkaloids having the role in growth and 

defence mechanisms in plants. 

3.4.2 Ecological Effects: Glyphosate has a tendency to adsorb in soil 

and the residue recovery may be expected as it is immobile in soil 

and hence the limited possibility of groundwater contamination 
[23]. It is found to extremely persistent in the soil as well as water 

as its half-life ranges from 2-197 days and in general it is 47 days 

in soil and 91 days in water. Also possess considerable degree of 
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mammalian toxicity and effects within 30-120 min after exposure 

leads to bradycardia, tachycardia, depressions [24]. 

3.5 Chloroacetanilides 

The class of herbicides includes propanil, alachlor, metalachlor, 

butachlor, etc. Propanil is having broad-spectrum activity, contact action and 

used as the post-emergence herbicide in rice. Alachlor & butachlor are a pre-

emergence herbicide. Butachlor has widely used herbicide in rice. 

Pretilachlor is a broad spectrum grass killer of both narrow & broad-leaved 

weeds.  

   

Butachlor   Alachlor    Pretilachlor 

3.5.1 Mode of Action: Chloroactanilides works as a cell division 

inhibitors by inhibiting germination and seedling growth. 

Metolachlor is also found to inhibit protein synthesis and hence 

inhibits root growth [25]. It also reported that inhibiting both cell 

elongation as well as cell division as the primary mode of action 

of metolachlor [26]. 

3.5.2 Ecological Effects: Chloroacetamides reported to, be 

substantially toxic at low to high doses. On exposure on a long-

term basis, it causes skin irritation and allergic reaction to eyes 

also. On exposure to high heat conditions, it may evolve some 

hazardous gases like nitrogen oxides. 

3.6 Phenoxyalkanoic Acids 

The group of herbicide includes 2, 4-D, 2, 4, 5-T, MCPA etc. This class 

is exclusively effective against broad-leaved weeds and also found to have 

pronounced activity against sedges such as Cyperus rotundus. It can be 

applied in non-crop areas also and can kill even aquatic weeds also.  

 

2, 4-D   MCPA 

3.6.1 Mode of Action: The herbicide like 2, 4-D mimics auxins or 
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indole acetic acid and competes with auxin to bind with its 

receptors present on plasma membrane [27]. In susceptible weeds, 

it causes the release of ethylene causing proliferation in plant 

tissues and hence kills weeds like cancer. 

3.6.2 Ecological Effects: 2, 4-D is liable to rapid biodegradation in an 

aquatic environment but under aerated conditions, its half-life is 

found to be estimated around one week to several weeks. The 

compound is readily translocated through leaves, stems and roots 

but found to be non-persistent in nature [28]. MCPA is reported to 

be comparatively less toxic and found as non-toxic to aquatic 

organisms and also to bees [29, 30]. 

3.7 Imidazolinones  

This class of herbicides includes imazapyr, imazaquin and imazethapyr, 

etc. It is a new class of herbicide that can prove its toxicity at a very low 

dose with respect to other herbicides. It is used as post-emergence herbicides 

and is effective against a variety of broad-leaved weeds. These herbicides are 

safe and selective for use in maize, soybean, & groundnut. 

    

Imazapyr   Imazethapyr 

3.7.1 Mode of Action: Imidazolinones work by inhibiting 

Acetohydroxy Acid Synthase (AHAS) or Acetolactate Synthase 

(ALS) enzymes responsible for the biosynthesis of three branched 

chain amino acids i.e. leucine, isoleucine, & valine. 

3.7.2 Ecological Effects: Imidazolinones are neither liable to be lost 

by leaching nor by volatilization losses and remain weakly to 

moderately adsorbed to soil and hence its residual impact occurs. 

And the biodegradation is not so prevalent in imidazolinones 

losses from the soil [31]. The compounds are readily translocated 

through the roots and aerial parts through xylem and phloem 

tissues resulting residue accumulation in growing parts [31, 32]. 

3.8 Phenyl Urea 

Phenylureas are mainly preferred to be the grass killer herbicides but 

can also be effective against broad-leaved weeds. The class of herbicide have 



Page | 110 

a broad spectrum of activity having some amount of foliar activity but can 

also be effective as soil acting as well as soil sterilant herbicide. The class of 

herbicides includes compounds such as monouron, diuron, isoproturon and 

fenuron, etc. 

    

Diuron   Isoproturon 

3.8.1 Mode of Action: Phenylureas have the same kind of mode of 

action as that of triazines as it also interferes with the electron 

transport process between Plastoquinone A and Plastoquinone B 

resulting disruption of the photosynthetic process which is very 

vital metabolism in plants.  

3.8.2 Ecological Effects: The herbicides such as Diuron are readily 

absorbed and translocated in plants causing disease symptoms 

like foliar chlorosis around veins or sometimes interveinal also 

and in extreme case it may result into necrosis [33]. Phenylureas 

are found to be moderately to highly persistent in soils. As per the 

application rates of diuron, it can persist from 90 days to more 

than one year in the soil [34]. Diuron is reported to be toxic to fish 

and aquatic invertebrates at a very low concentration of 4.3 to 42 

mg/L in fish, and 1 to 2.5 mg/L for aquatic invertebrates [35].  

4. Fungicides 

4.1 Sulphur Fungicides  

Sulphur fungicides were discovered to be one of the earliest fungicides 

that were recognized around 170 years ago for its fungitoxic action but 

widely popularised for its fungicidal activity against powdery mildew in 

grapes. Sulphur fungicides classified as inorganic fungicides consisting of 

lime-S i.e. the most widely used one, elemental sulphur, wettable sulphur, 

etc. and the organic sulphur consisting of ziram, thiram as dithiocarbamates 

and nebam, maneb, firbam as ethylenebisdithiocarbamates. These fungicides 

can be applied as dusts and sprays. With the introduction of many systemic 

fungicides, the use of sulphur fungicides declined but today widely used 

powdery mildew, apple and pear scab.  
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Ziram      Thiram       Maneb 

4.1.1 Mode of Action: Earlier it was proposed that its fungitoxic 

action is due to its reduced form that is H2S but later on 

contradictory hypothesis proposed that the fungitoxic activity is 

due to the oxidized form of sulphur that is SO2, SO3, H2SO4, 

pentathionic acid. Finally accepted theory proposed that fungal 

spores take up a large amount of Sulphur that releases H2S which 

acts as H2 acceptor that disrupts vital hydrogenation and 

dehydrogenation reaction in fungal cells. Dithiocarbamates have 

its fungicidal activity due to its ability to chelate certain metal 

ions. Ethylenebisdithiocarbamate lead to oxidative decomposition 

of chemicals present on the leaf to toxic compounds such as 

thiuram disulphide, CS2. 

4.1.2 Ecological Effects: Among all the metallic dithiocarbamate 

fungicides reported, Ziram is found to be the most stable and it 

persists for a relatively long duration in the soil as it binds to soil 

and is toxic to bacteria, and hence slow biodegradation. Ziram 

persists in the form of aerosol or dust in the environment and 

degradation occurs by ultraviolet light [36]. On the other hand, 

Maneb is practically non-toxic to birds [37] but also reported to be 

highly toxic to fish but non-toxic to bees [38]. Maneb's half-life in 

soil was reported around four to eight weeks [39] and hence have 

the less residual impact in the soil. 

4.2 Copper Fungicides  

Copper as fungicides was recognized in the 18th century but later on 

popularized after the introduction of bordeaux mixture by Millardet in 1882. 

Bordeaux mixture was widely used and established as the most fungitoxic to 

vine downy mildew, the disease introduced from the USA to France. Among 

the all heavy metals constituting fungicides, copper was reported to be the 3rd 

most toxic of all after silver and mercury. Cu fungicides include compounds 

like copper oxychloride, bordeaux mixture, chaubattia paste, burgundy 

mixture and bordeaux paste etc.  

4.2.1 Mode of Action: The active ingredient in the Bordeaux mixture 

resulting fungitoxicity is basically CuSO4 not the cupric 
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hydroxides. Wain [40] reported that exudates released from both 

leaf surfaces and fungal spores solubilize and chelates copper 

from the fungicides due to the presence of amino and hydroxyl 

acids to solubilize insoluble copper and hence its toxicity.  

4.2.2 Ecological Effects: Copper sulfate an active ingredient of 

Bordeaux mixture poses significant toxicity towards birds than to 

other animals but found to be highly toxic to fish [41]. Copper 

sulphate after application may have three fates in the soil i.e. (a) 

percolating through the ground to reach groundwater; (b) partly 

adsorbed to soil colloids, and (c) partly transformed different 

metabolites, or degradation products [38] and hence residual in 

nature. 

4.3 Oxathiines 

Oxathiines compounds as fungicides were introduced in 1966. These 

compounds have systemic action as well as a broad spectrum of action 

against rusts, smuts, and bunts of cereals. These fungicides can be used as a 

foliar spray as well as seed dressing fungicides. The class of fungicides 

includes compounds like carboxin or vitavax, oxycarboxin or plantvax. 

   

Carboxin  Oxycarboxin 

4.3.1 Mode of Action: The fungicides owe its fungicidal activity due 

to strong and fast inhibition of glucose and acetate oxidative 

metabolism. And on higher exposure, it can lead to inhibition of 

DNA and RNA synthesis also. These compounds have also 

reported to inhibit or inactivate the activity succinate 

dehydrogenase enzyme that leads to accumulation of succinate 

and hence its fungitoxicity [42]. 

4.3.2 Ecological Effects: Like other pesticides, carboxin is also found 

to be highly toxic to fish but not to bees [43]. Carboxin on 

degradation yields carboxin sulfoxide in soil but not adsorb to 

soil and both compounds are very mobile in soil may lead to 

groundwater contamination on leaching [44]. 

4.4 Benzimidazoles 

Benzimidazoles include the most important group of systemic 
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fungicides. And the most important compound of this group is Benomyl and 

others compounds such as thiabendazole, carbendazim and fuberidazoles etc. 

These are the broad spectrum fungicide having its toxicity against diseases 

like powdery mildew, black spot on roses, verticillium rot on cotton. It can 

be applied as both soils applied as well as seed dressing fungicide. 

Thiabendazoles is an effective fungicide against bunt of wheat and is most 

popular for post-harvest diseases.  

   

Benomyl   Carbendazim  Thiabendazole 

4.4.1 Mode of Action: Fungicidal mode of action of benzimidazoles is 

due to inhibition of DNA synthesis because of the reason that it 

structurally resembles purine bases i.e. Adenine and Guanine. 

4.4.2 Ecological Effects: In an experiment on some bird species like 

Bobwhite quail and mallard ducks, redwing blackbirds, revealed 

that that benomyl is moderately toxic to birds [45] but also 

reported to be non-toxic to bees [46] and even the decomposed 

product of carbendazim also found to be non-toxic to bees. 

Carbendazim is having the relatively less residual impact in the 

soil as on successive application it doesn’t persist for more than 

one year in soil [47]. 

4.5 Phthalimide 

Phthalimides such as captan, folpet, difoltan etc. are the heterocyclic 

compounds that are very effective and persistent and foliage spray fungicides 

which is widely used to control soil and seed-borne diseases such as apple 

and pear scab, black spot on roses, stem rot, fruit rot etc.  

  

Captan    Folpet 

4.5.1 Mode Of Action: Its fungicidal mode of action reported by 

Lukens and Sissler [48] who state that captan reacts with thiols 

contained in the cell that lead to the production of thiophosgene 

which combines with amino or hydroxyl containing enzymes to 
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produce its toxicity. Another hypothesis by Rich [49] states that 

fungitoxicity is due to imide group present in its chemical 

structure which forms transition molecule n-chloro tetrahydro 

phthalimide, molecule for inactivation of vital enzymes of most 

of the fungal cells. 

4.5.2 Ecological Effects: Captan is found to have less residual effects 

in the soil as it has a half-life of one to ten days in the majority of 

soils [47]. Honeybees being susceptible to captan are affected at 

low concentrations of Captan. It has its toxic effects on fertility 

and hatchability but not on eggs produced but are reported to be 

highly toxic to fish [47].  

5. Conclusion 

Pesticides in general disturbs the balance between species that are vital 

for the functioning of ecosystem. Pesticides are now being found to persist in 

drinking water, in food and in the air. This is because of the reason that we 

don’t aware of the consequences of the large-scale pesticides use, 

precautional approach of the use of the pesticides, and also reducing our 

dependence on chemicals for pest control and enhancing ecologically sound 

pest management.  

The most important of these is the concept of integrated pest 

management (IPM), which combines minimal use of the pesticides, and 

promoting biological and cultural methods of minimizing pest population. 

There has been a growing concern towards the promotion of organic farming 

which focusses on the methods such as green manuring, composting, crop 

rotation, and biological methods of pest control to maintain soil productivity 

and to sustain environment. 
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