Pesticides “”ﬁ
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insecticide Fungicide Herbicide

The history of man is replete with (quite full of) stories of his battles

th pests.  More than 10,000 species, of insects 60) weed species,
4500 plant diseases and 1500 species of nematodes (r yund worms) are
nown 10 be Injurious at least to some degree to man, plants and animals.

The use of chemicals to control pests has been practised for
enturies, For example, Greeks are said to have used sulphur to control
certain plant diseases. In the early 19th century Pasteur discovered
that microbes were the cause of certain plant and animal diseases.
Copper - comaining Bordeaux mixture, lime and sulphur mixtures and
arsenic sprays have been used for the prevention of disease and insect
damage. Naturally occuring insecticides such as rotenone and pyrethring
were also extensively used. It was the discovery of the insecticidal
properties of D.D.T. in 1939 and the herbicidal effect of 2.4D in 1941
that truly began the chemical revolution in agriculture. Modern pesticides
are a boon to the world impoverished by the ravages of an overwhelming
number of insects rats, mice and other pests. In a tropical country like,

ich promotes optimal growth and multiplication of pests their
india, Wi roblem. World - wide losses from pests and
control has always besn & P ted between 15 and 35% of all
plant - diseases have been estimated between an o a

.qncuhuul prod ’

Definition " \de may be defined as any substance of mixture of

A pest C; ended for preventing, destroying, repelling or mitigating
substances. i as insects, rodents, nematodes, fungi, weeds or other
any pest such jonable plant or animal life. Pesticide is the term used to
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: for controlling various kindsg of
toxic chemical used
ﬂ:: cgt:‘ir:::;r of pesticides have been developed in recem year
cengt,ral of pests which destroy crops and stored food graing

S for q,' ’
Classification of pesticides (insecticides fungicides ang herbije

Pesticides may be classified in three different ways,

1¢70n the basis of mode of action @ '

a. Fumigants : o ’
Chemicals used in enclosed spaces for gwt'ng out fumes or Vapoyry |
with lethal effects. e.g.. BHC, HCN, CS,, nicotine, etc.,

b. Contact Poisons -

Chemicals which kill by actual contact with the bOfiy of the Pest -
€.g., DDT, pyrethrins, lime sulphur, oil emulsions, para hion etc..

C. Stomach Poisons :

Chemicals which kill on in
green, etc., -

o}

gesticn by pests, e.g., lead arsenate, parig
d. Systemics -

translocated to other parts of
texic to certain species of insect.

€.g. nicotine Preparions.
€. Repellents :

’ |
Chemicals which repal the pests.

€.8., dimethy| and dibutyl 1
phthalates. .‘;
f. Desiccants :

Chemicals which ki

Il by dehydration €.9. calcium Phosphate, -
activated clays etc. _

This classification is useful, as it

Serves to give SOme ideg of how
pesticides act ar.d therafore how they

should be used.
z n the basis of chemical nature

a. Inorganic: :
. Arsenicals, mercurials, borates, fluorides.

b. Natural organic : | |
Nicotine, pyrethrum, rotenone, petrolieum oils_
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, organic :

net'®. ns
5yﬂ;h‘or‘nated hydrocarbons : €.9. DDT. BHC, chiordané

methoxycmor.

gan® phosphorus compounds : E.g. malathion, parathion.
i camama‘;es - e.g. carbaryl, propoxuf.

il i sceraneous . e.g. thanite.

V-

e bast of the type of Pests aganist which they

. ysed

oV
Ins€

' Used ad

ctici(;c-;s; '
g st insects : €.8. DDT, BHC, pyrethrins.

Fungicides :
ysed ageainst fungi or moulds €.g.. sulphur, copperoxychloride.

Harbicides {or weedicides ) :
Used against weeds e.g., alachlor 2,4-D compounds.

d. Acaricides :
Used against ticks and mites belonging to the class acarina €.9-

malathion.

e. Rodent‘tcides 2
Used ag ainst rodents (rats, mice, etc.) .9 zinc phosphide.

Generai methods of preparation and application :

Only srr 3l concentrations of pesticides are required for any situation
and nO pestr-ide can be used in its pure form generauy. Hence it is
ary 10 provide themina variety of effective for mulations. A wide

i is nowW available for most of the pesticides. The

>3 Of formulations are dusts, emulsions, solutions, wettable

y made py diluting the toxicant with finely divided,
lant materials, such as wheat or walnut shell flours or with
ucn as talc, clays and sulphur. Coarse of granular formulations

_iso made 10 pe used by aircraft and for ground applications.

-

: is one liquid dispersed in another liquid, each
s original identity. Emulsions are made by dissolving the
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an organic solvent thus mak;j

yicant @l
::;;tlmmbla concentrates. These are
.pmya.
Solutions : '

Solutions consist of molecular mixtures of the toxicant with a soly i
such as water, of with petroleum distillates such as kerosene. T hsm ]
may be applied by sparying by dipping or impregnating or by br;!sh- ey’ 3

toxic and often constitute a fire hazard ing.

Oil solutions are phyto

Wettable powders :
e toxicants adsorbed or absorbed on powd
ers

Wettable poweders ar
that can be readily mixed with water because a wetti
ng or z
agent has been added. These form suspension type gpra::’;dl:oning
nd must

be constantly agitated to give uniform coverage

Aerosols :
A _ v _
erosols are suspensions of solid or liquid part
articles of

ultramicroscopic size which i
remain suspended f
or long periods. T :
. They

may be the liquefied gas t ili
ype utilized the :
methyl chlorid ; propelling a
y ide or mechanically generated oil clouds ogrec?);s F(reon B
r fogs (mechanical

fogging).

Insecticide mixture :
Often the spraying or dusti

one applicati r dusting operation is desi -

el ;F;ﬁusago:‘? thl:ar\;el;’afl msect. pests and often sd:r:':i?:n:odf:ontrol, by

deleterious effects are pr f;‘atenals can be used advaﬁtage 'lseases as

are combined and appi;l,e(c)i U.Ced when different it sectcide:s an(:;lfs v . i

If the combination, ca simulaneously, they are said tc be ungicides

?ffeCﬁVenesS of thé cous.es any kind of injury to the hosi or 'c ompatible,
" itis said to be non - co mpOl:\ents, or results in any other adv owered the

and cryolite is sai mpatible. e.g. ; a combination of c .erse effects,
said to be non - compatible. caicium arsenate

ﬂ‘o/x.’icity » %3'2 .

Toxicit - 4 '
St.udies a"eyr:;:: sticide refers to the poisonous nature. Th
differens SoRtioid on test animals, usually white rats. ‘.'he te ?°Xicity
administr a“o“-thes has been measured separately for two :)X'C“Y of
- “oral” and “ derma:?ugh. ff)oc! and through the skin. These are e)(outes of
values are statisti tOxnc.;lty in terms of LD, values (Tatle “6) Pressed
ical estimates of the dosages in milligran of th;g :”:ese
; O sOﬂ

W an amulsifying agent in
diluted with water and applied
as




~ il ity welght |
iyt anm o UM, resgiilien 9 bl B6 o
l’;m,,unn ol the tesl wniiul Whdler 4 e Pw
p

fhe LU, valuss ssive ss & b

sootding to thelr relative (PITRT TP Fhe "m“— m;mp..w
' ¢ * o i

grioity 10 tast animals whaen 1he COMBING Concers

o the animal in one singles dose Mese y “h“;. ";“ ‘64 s administereqg

ho actusl hazards involyved wi

Ve NG indication of
9 B pesticigs g Used under '
w son & varigus

8 161 the clasein

Table - 16

and Dermal LD,, values of ¢
Female white rats

Actual Oral |
Oome pesticides for

_Compund  type oral LD, (maika) Dermal LD, (marc
:‘;h|ordano | WCH “43: 9)_ ~m-ﬂ- L:;("fy@
m v 118 2510
indane OH o1 o0
Malathion Op 1000  4sss
Methoxychlor CH 6000 > 8000
Parathion op 5.0 -
Pyrethrins B 584 > 4800

OH - Chlorinated Hydrocarbon

OP - Organo Phosphorus Compound
B - Botanical.

The following hazards have come to

light as a result of the routine
use of pesticides: :

1. Direct toxic effects (both immediate and delayed) on man and animas.

2. Disturbance of ecological equilibria, giving rise to uninhibitied growth
of certain pests. -

3. Environmental pollution, with resultant deterioration in the quality of
food, water, soil and air. :

4. Development of pest resistance to pesticides leading to loss of
property and disease:

These are two types of Poisoning - acuate or immediate and chronic

- or cumulative.
;
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In the acute type, the effects are immediate and there will be clinicg)
symptoms needing prompt medical attention. BatAh organophosphory,
and carbamate of pesticides cause this type of poisoning. :
li. Chronic toxicity does not mainfast itself immediately. It is the reg;
of a gradual accumulation of pesticides in the human system, following
exposure to the chemicals over a long period. Organo chloring

pesticides such as DDT and aldrin generally caue this type of :
poisoning.

All pesticides are toxic in one way or the other and a{most every :
country in the world has imposed restriction and regulations in regard to
their production, storage and use.

W

aféty measurfs when using pesticides

Pesticides being toxic to human beings and domestic @nimals should

be handled with ulmost care the following precautions should be
., Observed:

1.  The pesticides should always be stored in their originél containers
- and kept in locked cupboards. (They should not be placed with in
the reach of the chlidren and domestic animalsO.

They should be kept away from food or food stuffs and medicine.
Bags and containers of pesticides should be cut o
knife.

4. The empty containers should be destroyed and shoul
into some other use. ,

5. Inhaling of pesticides sprays or dusts and smokin
or drinking while mixing or applying the chemicals

6. Particles or drops of pesticides, which may ac
eyes, should be flushed out immediatel
water. -

7. Protective clothings and devices should be used while

» N

pen with a separate

d not be put

g chewing, eating
should be avoided.

cidentally get into
y with large volumes of clean

i : handling
poisonous chemicals to avoid exposure to sprays or drifts .
8. Dusting or spraying should never be done against, the wing and it
is preferable to have them in cool and clam weatt. .
9. After handling pesticides hands, face and body should be washeq

and clothing changed.
10. Persons engaged in handing pesticides should under go

eQUlar
medical check - up.




Insecticides

pefinition :
An insectide is defined as any substance intended for killing insects.

Insects are the most abundant from of animal life on earth. They
are found nearly everywhere in the world except in the oepn seas and
some parts of the polar regions. Whether they are considered helpful
harmful or netural to man depends on whether man is co - operating,
. competing or indifferent to their presence. .

Insects may be helpful to man by producing materials of economic
value, such as silk. honey, beeswax, shellac etc., and by aiding in the
production of flowers, fruits, vegetables and seeds because of pollinizing -
activity. Insects may be harmful to man and cause great economic loss
by dgmaging or destroying agricultgral crops and other valuable'plants
by aiding in the spread of bacteria, fungi, protozoa and virus organisms
" that ‘produc'e diseases of plants ; by annoying man or other animals in -
various ways : and by destroying stored foods, other products and
ions. For example, insects such as beetles, weevils and borers
| ¢ stored food. especially cereals, pulses and their flours.
. ally consume the starchy endosperm and other nutritive
depleted of fnuch of its vitamins and other esseptial

parts, |eaving the food
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. plant products

s . : £
ﬂlc insecticide cals such as nicotine and pyrethrum have bee,
| plant chem Rotenone and oils such a4

y long time. :
tar oils are , perhaps |ater additions. Kerosene oil hee
d tar ’

petroleum an ince its introudction as an illuminant. Highly refined ol
(white oils) came into use only by 1924.

/

- N H '
‘@W’L Nicotine Cyo™1 2/a:oid of tobacco plant (Nicotinlana tobacum),

Nicotine is the chief alk

he plant leaves as slats of malic acid and citric acid to the

it occurs in t
extent of 4 to 5%.

pyrrolidin - 2- yI) pyridine, mar . |
and nicotine sulphate (40% alkaloids). They are prepared commercially

from waste tobaccon by steam distillation in the presence of alkali. The
predominant component of the crude alkaloid is (-) nicotine..

O \l}l) |
N .
_CH,
o Nicotine
Nicotine is a mobile colourless liquid (b.p. 247°C) turning brown

?hnedtg;ally black bf&(foming. more viscous. It is a well defined base (In
acco plant it is combined with malic and citric acids). .

i. Action :

»

Itis a . ' . 4
but to high::"; persistent contact poison. It is toxic not only to insects
Mucous memb:lmals also.. It is readily absorbed through the skin and
safely useq (o ?ne?, causing paralysis of nevers. However, it may be
effect is ourely :l;mgate green houses as it volatilises quickly and its
nicotine shreda mporary. Fumlgation may also bg done by burning

= Pyrthrum

=) , :
Dyreth::“u;::m Powder is obtained by crushing the flowerheaqg
and two ofr, erarine folium (originally known as Dalmatian insect flo
Good quamer Species, grown mainly in Japan, Kenya and Eggy

Y pyrethrum flowers usually contain 0.5 to 1.5% of Wi

Wers)
Africa.
activa

Nicotine is the trivial name for (s) - 3 - (1 - methy 1
keted as.crude nicotine (95 - 98% alkaloids)
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/ g drying, a part of the active ingredients
L ,; pe lost. The powder formed by grinding the dried flowers is calleld
" ethrum. It retains its insecticidal property for varying periods of time
e loss of potency depends on the fineness of the powder and the

. the l0sS.
seriod of exposure to sunlight and heat. Anti oxidants such as tannic
nol have been used to retard this loss of

d. hydroguinone, and rescrci
,activity.
" The powder is usually
rated. The extract C

redients. pyrethrins. Durin

extracted with kerosené and the extract is
ontains all the insecticiedal ing_redients of
redients are esters ; the pyrethrins (pyrethin
nerin | and Il). These aré the esters of two
and two acids (e.g. pyrethric acid).
thrum as the monomethyl ester is
(E) - 2 methoxy carbonyl
boxylic acid.

concent
- pyrethrum. All the active ing

- 1and Il) and the cinerins (Ci
ketonic alcohols (e.9. pyrethrolone)

; known as pyrethric acid. Itis (I-R) -trans - 3-[
. prop - 1 -enyl) 2,2 dimethyl cyclo propane car

C/ C(CHa)z

"HO-C -H , CH

. ' 3

'(') \CHCH=C/ |
\COOCH,

es the cinerins as well. They aré

The general term pyrethrins includ
drolysed by alkalies with loss of

-~ all un_stable to sunlight and quickly hy
. insecticidal properties.
. Action : | _ _

Most insects are killed by sprays having 0.002-0.004% pyrethrins.

The pyrethrins are powerful contact poisons causing @ rapid paralysis or
‘knock-down’ effect on insects owing to their effect on the nervous system.
sects but not appreciably

They have the unique quality of being toxic to in
s. Pyrethrumis especially useful in control
Also the insects do not usually develop

so to plants and higher animal
of cockroaches and mosquitoes.
However, pyrethrum powder can cause
ns can be dangerously toxic

i physiological resistance to it.
led or ingested or brought in

dermatitis in some people and the pyrethri
when introduced intravenously. When inha
f contact they are relatively non-toxic to man.

jii. Rotenone : C,,H,,0,
Rotenone is the trival name given to the insecticide isolated from
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L ing resivtant 1o Ihem. in developing countries ke indis, these e
Leed becAuss of Iheir low cost, sasy ovatobity ond ¢

' veness fof 1ong periods. (The svers "y Sl
M aines 027 Mg of DOT) 6gs deily diet of an indien

é ,U?{T (C MYy (S

~ The funmm DOY " Om the compound’'s commercsl name
| pichloro Diphenyl Trichloro ethane. The commoundis 1 1. 1, - trchiors-
9, 2-bits (chlorophenyl) athane. |

D.D.T.

The insecticidal properties of D.D.T. were first discovered in 1984
by P. Muller. It became popular during the last war and has remained
so, as it is cheap and has proved immensely useful in the control of
flies, cosquitoes and other disease-bearing insects,

D.D.T. is prepared by heating chlorobenzene with chioral CCICHO,
in presence of conc. sulphuric acid (2 molecules of chiorobenzene

condense with 1 molecule of chloral).

H
2C 4+ o=—Cc—CCj —
Chioral CCL
' l
Cnlorobenzene C C Ct
-
D.D.T
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the soiled compoundg o, §
lies. On heating Vol
?: 78’:; with-loss of insecticidaj properties, |, h“:
zicny for various insects such as the houge fy

by aqueous acids a
HCI gas, forming @
high and specific to

mosquito.

Acf',? ?,’, powerful stomach and contact insecticide and larvicide 1

has little action on carpet beetles, red spiders, cotton be weevils, som,
species of ants and the common cockroach'. Poured on fstagna.nt Water
it quicly destroys mosquito larvae. It could eliminate, with rapidity ang |
officiency, fies, mosquitoes, bugs, lice, caterpillars, leaf hoppers, clofh
moths and their larve. But with continued use, these insects are becommg
Immune to it. It is not ordinarily toxic to man in small concentrations byt -_
tends to build up in body fats. When dissolved in vegetable oil, it is

more readily absorbed through the skin and hence can become doubly -
toxic, - |



M’e{n#me hexa chloride, (B.H.C) CGHGCIB/‘@ |

The compound was diecovered by Faraday in 1825, but its
,secticidal activity was first evaluated only in 1942. If is known by the
ommercial name BHC or 666 derived from its formula C HCl. itis
1.2,3,4,5,6 Hexa chloro cyclo hexane (HCH).

Cl
C\ Cl
Cl \ClI
Cl
BHC

\t can exists in 16 isomeric forms, of which only 6 have been isolated
and studied SO far. Of these the alpha form is the major constituent of
technical BHC (65 - 70%) but it has no toxicity. The beta isomer

(5 - 6%) is highly toxic to higher animals, while the delta isomer (6%) is
known 10 irritate eyes and mucous membranes. The gamma from is
called Gamexane and it canstitutes roughly 13% of BHC. Itis this isomer

which is the insecticide.




Gammexaneé

addition product when benzene is ¢,

as an ,
BHC Is obtained of sunlight. Itis an amorphous buﬁ%‘?‘

esence 5

characteristic musy odour. It is insoluble in water
and kerosene. It is stable towards light, air, heg ang

in the presence of alkalies.

with chloriné in the pr
substance with a
soluble in penzene

acids, but decomposes

Cl
c Cl
+ 3Cl, ——-—-—’::
’ c Cl
Cl
Benzene ' BHC

The property of one molecule of BHC to liberate 3 atoms of chlorine

on reacting with alcoholic potash is made use of in the determination of
the compound. ’

c,&faCl6 + 3KOH —> CGHSCla + 3KCI + 3H20
Action :

BHC is a persistent stomach and contact poison. It is effective

against soil ingects
pests, in th ' grasshoppers, cottpn pests, storage and household

higher concentrati
Certain crops serious|

FQI’mulations .
1.

y (e.g., potato)

DUBtlng
o .
Water dil: wdersg containing 5 and 10% active ingredient
2 perSib!e p0wd . S.
3 Gfanules havi er containing 50% active ingredi ents
vVing 6 and 10% active ingredients. )
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L'ﬂd&_ng ¢ 18
, . _ 1

~ the tra Pure gam
de ma BHC. The compound was introduced under

Name
Gr
ammexane. It is prepared by the selective

- crystalizat
E . On of crude R
. u
. n water and in det de BHC, It forms colourless crystal, sparingly souble
rolium oils, but readily soluble in acetone. it is stable
ked by strong acids

~ to air, light |
» heat and carbondioxide, and is not attac

it is more readily excreted

rochlorinat
by the human body. ed BHC or DDT since



Fungicides and Herbicides

”é:::ides ,
‘ gic.:ides are chemica|§ used for killing fungi which are responsible
 producing many plant diseases. Fungicides are used primarily to

ontro! the field di'.?eases of fruits and vegetabies. They are also usedto
counteract seed diseases of co

mon crops and crotect harvested fruits
and Veggtab|es from decay and ro QN -

mor'ganic fungicides |
sulphur compo_un@/) | i.
i, Sulphur:

It is primarily a fungicide and acaricide, but may serve as a diluent
for insecticidal dusts. It is usually formulated as a fine dust 95% with
10% inert material. The flow of the dust is also made more free by the
addition of 3% tricalcium phosphate. Itis also formulated as a wettable

powder. Effectiveness increases with the fineness of sulphur particles.
It is generally non - toxic, but irritating to eyes.
ii. Lime sulphur:

It is the aqueous solution of calcium polysulphides. It is prepared
by sulphur solution in calcium, hydroxide suspensions preferably under—
pressure in the absence of air. Calcium pentasulphide and calcium

" tetrasulphide present in the mixture are responsible for the insecticidal
activity. Lime sulphur is still extensively, applied as a fungicide for
orchards.

copper compoun}s_;-)

|, BordeauX mixture :

. itisa complex compound containing copper and calcium that has
peen used for many years in the control of foliage diseases. It is
essenﬁﬁ“y a mixture of lime (CaO) and copper sulphate. Standard
5_5_50 Bordeaux mixtures are made up by dissolving 5 pounds of copper
<ulphate in 25 gallons of water ; 5 pounds of fresh hydrated lime are

asted I W?tef ?nfl made up to 25 gallons. The two solutions are poured
. tod ether while stirring. These mixtures are used as fungicides by spraying
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On fruite, the fatio s dlwayy

W vines , \
::;’9; :f' coppel sulphate, 1o, 46700, Toqay tharg

for Bordeaux mixtures that only require Mirrin
.m ready for application g
-y Cu (OH), + CaBO,

on potatoaes, tom

glaked lime to ev
many substitutes

er before they @

exists
into wat

Bordoaui mixture

Dry Bordeaux contain 2

P
has been controlled by app

dry Bordeaux per 100 gallons of water,

ii. Copper Oxychloride :
This is another fungicidal material that has been developed with

success as a substitue for Boadeaux mixture. Blisrer blight of teg
Hemeleia of coffee, late blight of potatoes and leaf spot of bananas ané
tobacco are among the foliage diseases that have been controlled by

applications of this material.

lii. Cuprous Oxide :

com :’g:z::‘o blight, sugarbeet leaf spot and downy mildew of onions aro‘

matoro ,et d‘lseases which have been controlled by applications of this

ol s usually marketed either as dusts (containing 6 - 25%
or as wettable powders (containing 50% copper) g6 -

L]

iv, g;ganltc Copper Compounds :
ng the past few years, experi
voial o , experiments have been taki
oxine (8 -r'g‘a(r;lc coppfar fungicides. Copper oxinate is the cr::g iy W"f;
ydroxy quinoline). It has been used as a wettablepppoe\:/ds E"ti'o
er for

fruit diseas
es
o » @nd also on vegetables and flowers.

k| il ). ;

6% copper and Is usually marketed ag fi,

owder. Leaf spot of beans, beet, carrots, peas, potatoes and tomatogy
lications of sprays containing 6 pounds {5

R et - A e S AT L N ST P i S N
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HERBICIDES

lntrodcﬁ?n : |
‘A weed is a plant ’growing where it is not desired or a pian .
place. Herbicides may be defined as substances or mixture of SUbStU
used to destroy the unwanted weeds which complete with the maj,, '
for. food and light. Starting with 2,4 - D (Chlorinated ph’enox
acid), dozens of other chemicals in literally hundreds of fOrmyIa(?e
gsvsatigen _glaced on .themarket. These include friazine$, phen Tat'o
o ep biolgeacu:’s, carpamates, dinitroanilines and dipyri dyl»_ Heybt'"?a
foxicly Sscl)r:‘ea:rl: :;feTo§t of t.hem are relatively low in ma;r’:cﬁ

- t.o fish-and perhaps to other wildlife "

'S of particy|
ar advg
Pre - €mer n.tage for r
genc . eally e - techni
Method for ee: application of 2 Y early weed contr ol. For ex:r?:gll;e

ain typeg N
by S of he"bic

. ides
® Majority of o | O €XaMple, cotton js

t - -
he Weed killers. All Cerealg
ar
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.

&

©~
v

1.

2.

t :
e -nemicals at concentrations adequate to kill weeds if this is done

il

2256
jerin

e
.

g stage, some weeks after planting. Earlier spraying cause

2ge and reduce yields. On the other hand, maize which is more

m
f’s sptible than the small cereals, can only be sprayed by the pre -
e

or 62 . w
and 2t what concertration they can be safely applied. (The herbicides

e not so much used in India because the labour is cheap here)

rgence technique, Its is, therefore, of the first importance to know
h crop the chemicals that can be used and at what stage of growtn

classification : Herbicides may be classified

according to their chemical nature
a. Inorganic herbicides and
b. Organic herbicides.

according to their mode of action.
a. Selective, comprising compounds

damaging the crop.
b. non-selective comprising compounds which kill all vegetation

with which they come into contact.

Selectivity is depedent upon many factors such as growth stage.
ty and formulation of the herbicide.

which kill weeds only, without

species and varie
emergence treatments are made overall to crop and weeds.

Post - e _
ments may be subdivided into

These treat
contact herbicides and

translocated herbicides.

herbicides are those that kill plant tissues only in the vicinity
of the point of contact. Translocated herbicides, however, may be moved
within the plant to distrub metabolic processes in other parts of the plant.
They tend to act more slowly than contact herbicides.

| JORGANIC HERBICIDES

i.
ii.
contact

Arsenic compounds
& godium arsenite has been used for many years as a non selective
icide- It is solid as an aqueous solution containing about 10ib

b .
‘: genious oxide (AS,0,) equivalent per galion, or as a water - soluble
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ssualy marketed n the form of a powder that can be heated on sie. g
PHES ¥ 23 SMOAS DENSTIIONS.

Jii. Parathion
i
&0)p—p—0 NO,

fv. Maiathion
MeQ), - p ‘
2~ P - S - chcooc
i I 5
s CH,COOC H,
Ha!athim! 'S S <1 difetho

dithioay Xy carbonliyl) ethyl o-o di
| ""‘N\pha(e Ris a1 (“)§(-1: 1%“0., ‘methyt
Wnish lidquid with an obnoxious Odoy o
- B e an
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' ' it is both
iicide and acaricide of low mammalian toxicity. Because it I8

o and safe, the U.S. Department of Agriculture has sapcﬁonod
occurring in 90 field, vegetable

d to be a popular rat repellent.

KeCﬁV
.z, ,se for controlling more than 100 pests

;nd fruit csops. In India malathion has prove
, drawback of malathion is that it is highly toxic to bees.

One of the most important methods of controlling insects is be means

of chemicals. Applicaiton of chemicals for killing insects implies the use
of insecticides. The word * insecticide” means insect-killer’ materials
which kill insects are called in-secticides, and these may be inorganic or
organic compounds. Chemicals for insect control are classified in various
ways. e.g., stomach poisons, contact poisons, fumigants, repellents and

attractants "
)
.. \EM hu ¢

Redenticides are chemicals which are used against rodents like rats.
mice, etc. Several inorganic compounds are used as rodenticides. e.g.,
Zinc. phosphide, Barium carbonate. Thallium sulphate (i) Barium
Carbonate BaCOa, causes haemorrhage of gastor-intastinal tract and
kidneys and muscular paralysis ii) Thallium sulphate. TI(SO,) is a slow-
acting rodenticide as well as an ant poison. iii) Zinc phosphide, Zn4P2,
has been in long use as a rat poison, It is a grey powder with garlic
odour. Though a stable compound, it decomposes slowly in moistair. It
is used as a 2% bait for the control of field rats. Zinc phosphide ingested
along with the bait reacts with the hydrochloric acid of the rodent stomach

and releases phosphine gas which is extremely reactive and poisonour
LD, for rats; oral 45.7. ’

2. Attrac:gapa/:\ | ~ |
chemical substances which attract insects towards their source are

called attractar?ts. Many substance s attract insects byolfactory
- gtimulation. The insects are attracted by the odours emanating from the

food oF from tt.\e opposite sex and from prey. Attractants are useful in
yring insects into traps or to poisons. '

-

A mbs:t;l;e o; gleraniol and eugenol (1:1) serves as food lure and
yracts o e aar: ts. Moths and butterflies are attracted by fermenting
ps sag and molasses. The hornworm moths of tomato and

sy i 2
co are lured by isoanyl sali‘cytate Ammonia attracts the wal nut

toba°



husk fly. Protein hydrolysates are uaed in balls for “‘“’“‘“‘“‘9 .

In poison baits for snails and slugs metaldehyde is used g ik ::“::‘ |
o
Ay

3. mpoluntn/l
Materials which plevent migration, oviposition (laying of

feeding of insects are described as being repsllent or having oas
properties. This effect is made manifest by thenegative 881 "
insects the physical and chemical properties of these varioys su:)‘ T“ ”
when applied to plants., Many of the better repsllents are r;t::;::,“
Al

producing lethal effects, if the concentrat,
- on is h
insects unable to move away rapidly. ah ,‘mouqh 8Nd i the |
i

Bordeaux mixture is very re
pellent to pata
hoppers; sulphur applied to the body is a chigger re

F —
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Properties of Soil

Agricultural chemistry or agrochemistry, is the scientific diSCip"n

ned with the interaction of plants, soil and fertilizerg in :
con.der. n of crops. The objective of agrochemistry is to study the Cyely
s: r‘:::‘:zgzts in agriculture and find ways to influence the nhemicai Proceg,
occuiring in the soil and plants with a view to enhannmg the yields o
crops. Application of fertilizers is by far the most drastic way of alterin,

(S

this cycle. |
Soils are the natural bodies on which plants grow. Man is dependent

on soils; he enjoys and uses the plants because of their beauty ang
because of their ability to supply fribre and food for himself and hjg
animals, Man’s standard of living is often determined by the quality of
soils, and the kinds and quality of plants and animals grown on them.

Defipjtion of soils : M

\ The terms ‘soil’ (derived from the Latin word ‘'solum’) means floor
orground. The formulation of a simple definition of soil is made difficulty
by the great diversity of soils in the world. In general, soild refers to the
loose surface of earth as distinguished from solid rock.. 2m Cz)

perficial loose covering of the earth’s

Soil may be defined as the su
rmed by the wearthering of the rocks

surface; the soil layer has been fo
in the distant past.

Soil has been defined (by Allee, Parn and Park) as the shallow upper
layers of earth that the‘ formed by weathering of underlying rocks in
become a Suitable habitat for plants and animals.

~ Treshow (1970) defined the soil as a complex physica] biologicaj
System Providing Support, water nutrients and oxygen for the Plants.

Soil is often refer ' '
red - lex and highly h
colloigal iy to as a comp gnly EterogenOUS
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Volume Composition of
A = Air
w = Water
M = Mineral matier i
|\
The approximate volume composition of
of soil is as follows. 4
iy Mineral matter about 45% g
_ Organic matter - 5% o
iii) Soil water * 25% [y
iv) Soil air * 25%
2
it in interesting to note that about i1alf the volume is per space viZ
a.

air and water (Figure 1). The four major components of the normal SO

exist in an intimately mixed conditions. This encourages both simple

and complex reactions vnﬂunmegroupsandpemntsan ideal environment o]

for the growth of plants. :
; |

Proportions of the components vary from time to time and from
place to place. The volume of water and air bear a direct reciproca/ By
relationship with each other. Entrance of water into the soil excludes B
air. As water is removed by drainage, evaporation or plant growth
space which was occupied by water becomes filled with air once agam' P°"e s
Sub soils contain less organic matter than surface soils | h

, ot




| soils contain water. Even the “dry s  oil” contains a certain
amount of water. However, the amount of water present in soils varies

considerably. Different soils absorb and retain different quantities of
waterf)

4. iil water : ’Uﬂ 3/ )
Al

importance of soil water :

Soil water plays an important role in the growth of plant. Water
Serves as a solvent and carrier of food nutrients; it self acts a nutrient
Plants transpire large quantities of water, which they continuously absorb
through their roots and give out from the leaf surface. Thus a growing
Plant requires large quantities of water. It is necessary for a plant to
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‘ in the soil during the growth periog, &
oisty con i t factor affecting the plant growth 6
have opuml: ne most ! 4 by th amount of water availably
|
ke B mor n delo jements. »
the yield ** fcienc f other 00 :
i . 8 : o
than by the dé tor from cain, SNOW dew Of irrigation. A part of &
soil obt2 v:h ground ; the rest of it runs over the sun;face of ¢
the wate” 2 4 is carried away in streams: The watertha': :hC:tS hﬂ:::ht‘hg &
! ground ® down into the lower layers wetting the SOl ¥ g ch !
ground ravele & ¢ this water is drained away and the rest is retained by
it passe> ,/:-p,:: oof the total amount of water that reaches the, a very
the soil P2 ined i 4 made available to the
mall fraction is actually retained in the soul' an
growing plant.
tion depend on water. |

thering and soil forma
The downward movement of substances from the surface layer and their
accumulation in the layer take place through the agency of water. The
micro-organisms in the soil also require water for their metabolic
activities. Thus water indirectly effects plant growth though its effects on

soil and micro-organisms.

The processes of wea

Retention of water by soild :
Soil particles, like almost all substances, poSS€ss the power to

absorb moisture (water vapo.ur) from the atmosphare. If a dry soil is

exposed to moist atmosphere, it absorbs a certain amount of water. The

absorption of moisture is due to the condensation of water vapour on

the suﬁ?ce of the soil particles. The soil goes on absorbing moisture till

;?;o?:;:::r; 50 _a.bsorbed is in equilibrium with moisture in the

o absorbin. is mamly the clay or colloc.lial particles that are responsible
g water. Silt and stand particles do not absorb water.

. reZ?;:,ev;aitnert ;'Sesub.jlected to.two P’?YSiC3| forces as a result of which !
urfaces due to th: ?c')l;cThe o paﬂl'CIes try ta hovd the waler o thet
ravity tries to pul i d:; of absorption (or attraction) while the force ©f
e force of gravity. D nwards. The surface force is far greater than

y. Depending on the maganitude of the resultant forc®

Cting onit th

"I, the water may remai

ownwards i main a i i

ards in to the lower layers nached fathe-aok pagicle.of movt

#
5
3

|
;
!
|
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goil water may be divided into three categories depending upon the
sical forces at play and the mode of retention ; i) Hygroscopic water
i capillary water and iii) gravitational water.
' «

Hygroscopic water :

The water held on the surface of clay (colloridal) particles by the
dipole orentation of ites molecles is known as hygroscopic water. The
jayer of hygroscopic water so fored is extremely thin (thickness varies
from 8A to 28 A and is made up of three to ten layers of water molecules.
on account of the great force (about 10,000 atmosphere) with which it is
held in the soil, it is incapable of any movement. It is held so strongly by
soil particles that plants cannot make use of it. Piant roots are unable to
jraw up this water from the soil. Hygroscopic water cannot be separated
om the soil unless it is heated. (1 05° to 110C?%)

The amount of hydroscropic water absorbed by soil depends on
i) its ‘texture, ii) the amount and nature of colloidal material iii) the
humidity and, iv) the temperature of atmosphere. The amount of water
varies inversely with the size of soil particles ; the smallier the particle
the greater the amount of hygroscopic water it adsorbs. Fine-textured
soils like clays contain more hygroscopic water than coarse textured
soils.

The presence of human which is a colloidal material also increases
the amount of hygroscropic water in a soil: the greaterthe amount of
organic matter, the greater is hygroscopic moisture.

When the humidity of air increases, the amount of hygroscopic
moisture adsorbed by a soil also increases. On the other hand, an
increaase in temperature decreases the amount of water adsorbed and
vice versa. |

~

Hygroscopic Coefficient is the maximum amount of hygroscopic
water adsorbed by 100 gm of dry soil under standard conditions of
humidity and temperature. '

li. Capillary water :
If more water is supplied to a soil that has reached its maximum
hYQroscopic capacity, it begains to adhere to the



Film Capillary wate,
Soil particle

surface of the soil particles as liquid water in t:e tf(t)r::fl?l:nas :Zzuf:":'
This film of water is known 2 capillary water. . At firs o s
thin rings around the soil particles. As the monstur-e conten |§ mcrfee‘ased,
the rings become thicker and the films around adjac;ent particles j.Ol.n.up
and become continuous. When the films around three or more adjoining
particles join up a part of the soil pore-space occupied by water and the
remains full of air (Fig 4). A part of the capillary water exists as film
round thes soil particles and the rest as interstitial water in the interstital
spaces between them; a major bulk of the capillary water is present in
the interstices. B :

The capillary water is not held as firmly as hygroscopic water.

fowever it is held so strongly that gravity cannot separate it from the

soil parti .
are 5:;;:::; J]he,m‘f'ecu'es of capillary water are free and mobile and
ordirary temperaet liquid §tate. Due to this reason it evaporates easily at

- ure unlike hogroscopic water. Plant roots are able to

r'AAr?s':‘i’; etase in surface tension increases
afallin the amo €mperature lowers the surface
sater the amo, unt of capillary water. The finef
Oreat surface 5,0. O CaPillary water it holds; this

©2 and a large numhar f intestidl

apillary water
US causeg '

: , soil, th
I$ mainly qye to thee gr
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A clay soll, therefore, carries a greater amount of capillary water
gnan 8 sandy so8.

e also affects the amount of capillary water. A clayey soil
having granuiated structure has more interstitial space than one having
5 single - grain structure, hence it contains more capaillary water. The
presence organic matter helps to increase the capillary capacity of a
g0l Undecomposed organic mater is generally porous having a large
imemal surface area which helps 1o hold more capillary water. The humus
that is formed on decomposition has a grea! capacity for aborbing and

nolding water.

The capacity of a soil to hold the maximum amount of capillary
water is known as its maximam capillary capacity. It represents the
maximum amount of capillary water that a soil can hold. Soils having 3
fine texture have a high maximum capillary capacity.

Water-holding capacity :

The capacity of a soil to hold the maximum amount of total water
is known as its water-holding capacity. It represents the maximum
amount of water that the soil can hold against the gravitational pull. The
water-holding capacity varies with the size of the soil particle. Finely-
textured soils have a higher-holding capacity than coarse-textured soils.

iii. Gravitational water :

When the amount of water in a soil is increased beyond its maximum
capillary capacity, the additional water appears as free by soil particles
and therefore, comes under the influence of gravity. Hence this water is
called gravitational water. The water moves downward through the soil
due to the force of gravity and this downward movement is known as
percolation. A part of this water moves through cracks formed in (clayey)
soils due to shrinkage or through channels and cavities formed by
decaying plant roots, burrowing animals, insects and worms. This wate

is known as seepage water.

If the soil is pervious (penetrable), the gravitational water percolates
f‘Wﬂ into the fewer layers and drains away. However, if the soil has an
impervious layer through which water cannot penetrate, the water collects
OVer it. If this process continues, the gravitational water begins to
accumulate. The soil above the impervious water begins to accumulate.




ins free water and is said 1o be ; ;
ed soil mass is full of ;g

. impervious 18Y®" t

The soumowtmm sore space in '::mi:ﬁarea is known as water
gatualad- ] IGW' ofwaw’ in the he 'eve[ of water-!ab'e rises and
down, watertablé rises righ_t. up to the

plants growing in such

watef-loggi"g‘ and the
i gets water 100929 807 ", the development of

ntrolling the rate of

¢ part in CO )
sost P ris propomonal to

Texture and structure play ag
novement of gravitational water. The ﬂo.w of “fate s fohes e
e of the particles. Because of the bigger siz€ of po
her:: etes mo:: rapidly in sa n clay soils; The structure
yercola |
s also an important factor in percolation. Because of closgr arrangen!em
e slowly in clayey soils than Is sandy soils.

water percolates much mor

Soil moisture constants : |
The whale range of soil moisture is divided into three broad classes,

viz, hygroscopic water, capillary water, and gravitational water. The
I under

hydgroscopic and capillary waters are in equilibrium with the Soi
given conditions. The hygroscopic coefficient and the maximum capillary

capacity are the two equilibrium points when the soil contains the
maximum amount of hygroscopic and capillary waters respectively. The
amount of water that a soil contains at each of these equilibrium points
known as a soil moisture constant. Two more soil coristants viz, field
capacity and wilting coefficient, have been introduced to express the
soil-plant-water relation as it found to exist under field conditions

Filed capacity : -
When water is applied to a dry field, it moves down rapidly and

wets th il ma istributi
um.fmme ?l:; suff:oeTTe distribution of moisture in the wet soil is not
S ayer usually contai om i
which slowly mo ; InS some gravitational water
y moves down into the lower layers. After sometime e('zxsuatl.:! %

It is not easy to determi
- ermine a :
field conditions. A | CCurately the
. Alabora exact fi :
tory method of measuring me'eld capa:,;y unde:
power of differen
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‘ has been devised by submitting a thin layer of the
fore of 1000 imes the force of gravity in a suitable
t (pementage) of water retained by a soil when

treatment is known as moisture equivalent. The moisture
is practically the same as field capacity for all

oy field capacity and moisture equivalent vary with the
: greater the moisture equivalent. Addition of organic matter

wilting coefficient :
A growing plant requires water fo
1akes water from the soil through its roots by the process of osmosis.

As long as the soil contains sufficient moisture it supplies water to the
plant to meet is reached whe the water is SO firmly held by the soil particle

that plant roots are unable to draw water. The loss by transpiration cai
no longer be met. The plantis unable to keep up its turgor and begins tc
wilt (wither). At this stage even if the plant is kept in a saturatec
stmosphere, it does not regan its stage at which this occurs is called the
wilting point, and the percentage amount of water held by the soil at this
stage is known as the wilting coefficient. The wilting point represents

the point at which the soil is unable to supply water to the plant.

¢ its growth and development. it

The wilting coefficient is influenced by the texture of the soil and the |
type of plant grown in it. Fine-textured soils have a higher wilting
coefficient than coarse soils. Generally soil that have a higher water-

holding capacity also have a higher wiltirg coefficient.

Available and unavailable water :
it is evident that all the water present in a soil is not available for

the use of plants. The total amount of water that a soil absorbs gives no

indication of its crop-producing power. Even all the capillary water. that

is considered to be losely held by the soil particles, is not utilised by the

plants; only a part of it is actually available for the use of plants.

According to state of availability, the whole range of soil moisture
can be divided into three parts: (1) The unavailable water includes the

::"_"e of hygroscopic water plus a part of the capillary water below the
lting point. Though the latter is free liquid water, it is held so firmly by
by plant roots.

Ei tzhe soil particles that it can not be absorbed
) Theavailable water is that water which lies between wilting
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and field capacity. It is obtained by substracting wilting coefficient g,
field capacity. It is obtained by substracting wilting coefficient from
moisture equivalent, 3) The water beyond the field capacity stage |y
said to be super-available (super-fluous). It includes gravitatonal watg,
plus a part of capillary water removed from larger interstices. This Water
Is also unavailable for the use of plants. |

In addition to three forms of water, soil particles contain water of
Crystallisation which forms a parts of the clay minerals. Water exists in
the soil also in the gaseous phase as water vapour which always saturates
the soil air except when it is dry. '



J,
oil emp;rature TS ‘l ‘)
~ (The soil derives its heat directly fr e sun and loses much of it by
' radiation back in the sky. The sun has an effective radiation surface
~ temperature of 6000K. The temperature of the surface layer of 2 bare
 soil on a clear sunny day is controlled by the rate at which it is absorbing
solar energy. Only a part of the incoming radiation received by the soil

‘» absqrbed.’) -

- The movement or transfer of heat in soil takes place mainly by
onductjon. The heat absorbed by the surface soil penetrates into the
lower layers, and thus heats up the soil profile. During the day, the heat
Moves downwards as the temperature at the surface is greater than in
he lower layers. At night it moves upwards towards the surface.
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NWWW“N e acoelerated when thare is an inoraase in soil

e abrorption of water by the roots and the maximum
a of the plants take place usually batween 207 and

i 0 & Lowering of temperature below 20°C causes an appreciable

E
B eaction M e rate of abrorption and tranaport of water and nutrient
{ water is almost nil at freezing temperature.

‘ P he absomption ©

Lo SO wmerefore, causes poor vegetation and the plants tend to be

Aaart o™ soils of the tropics, on the other hand, support tall frees.
ne prevaiting soil remperature in South India i very favourable for plant

and microbial activity.
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ractors Controlling Soil Temperature :
The temperature of soil is affected by a number of factors :

soil. soil moisture, plant cover, to pography and climate.

nature of

¢+ Nature of soil :
The capacity of the soil to absorb beat varies with the relative

aroportions of the constituents - mineral and organic matter. The specific
~aat of mineral substances (iron, copper, quartz, kaolin, marble, etc.,) is
2ss than that organic materials (lika wood ; peat ; humus) and their
neat conductivity is very high. Hence mineral soils get heated more readily
than organic Soils such as peat.

ed by soil texture. Sandy soils warm
ted soils. Soil structure also affected
re space or the amount of air in
dition warm up more rapidly then

Soil temperature is also influenc
up quicker then clayey of fine - grain
soil temperature by controlling the po
soils. Soils having good structural con
when the structure is impaired.

The temperature of the soil is influenced by soil colour. Dark coloured
soils usually warm up more readily than light coloured soils. Hence
- black and brown soils are warmer than grey and white soils. Red and
yellow soils are intermediate in this respect.

2. Soil moisture :
Moist soils have a highs specific heat that dry ones. S0 @ moist soils
gets haatad mare slowlv and has a lower temperature than dry soil.
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over :
3. P‘:"'mi, are covered with vegetation absorb l68s heal thay,
Soils

re bare. Vegetation absorbs the incident radiation and thus s B
ma;: insulating agent and ratards the warming of the soll surface
as

4. Topography : |
The direction and position of ground slope in relation to the sun v,

considerable effect on soil temperature. This Is due 1o the angle
incidence of the sun’s rays. The absorption of heat is the greatest wh,,
the rays are at right angles to the surface.

5. Climate :

Soils in temperate and cool arctic regions are cooller than those in
tropical and semi - tropical regions. There is an increase in soll
lemperature as one proceeds from the arctics to the equator.

Measurement of soil Temperature :

For measuring the soil temperature a thermometer known as soll
thermometer is being used. Soil thermometer is nothing but the ordinary
*hermometer with divisions in celsius (°C) and the thermometer i
endos?d In @ hard tubular container, We have to just insert the bulb o
the soil thermometer to the required depth into the soll wait for minute:

and recrod the temperature (S
- (Soll thermometers
ar
Messers lustruments ang Eduipments Co., Madras) ¢ Svaleble wit

Unlvonlty Questions



Soil Acidity and Buffer Action \§ ) |

ﬂoi! acidity:‘ S‘V’ (&D

Soil acidity is primarily a function of the colloidal fraction of soils,
but soluble acids may also contribute to the condition. It has been
‘estimated that 95% of the acidity of mineral soils is due to the
~ exchangeable hydrogen and / oraluminium associated with.the colloidal
~ material. | B '
i Traces of inorganic acids such as HNQ,, HNO,, H,SO, and H, PO,
. May be present. CO, is present in moist soils and with water produces

2 slightly acid reaction: CO, + HOH HCO, + H*. Other organic acids
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ch as acetic, 0xa e

::ams and may exist in the 8(:;" for
| dily decompos€
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soils and have only a tem

nd active acld!
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Reserve a

For a soil to giv
er OH™ ions inthe 8
clay, in W
in the

. idal complex. in
- ounding the collol "y
olution surf rurated with H” ions, the

hich the clay is 82

jons ov
diffuse double layer is §

the case of an acid
concentration of H' ions

true solution.

reater than in the

diffuse layer (on the colloidal nucieas

at is known as reserve of potential (or exchange'able ) acidity
ution (surrounding the collidal complex
give rise to active acidity of the soil. The pH values ex?rgss tﬁe acb‘ge
acidity of the soil. The pH values express the active acidity or intensity
the soil. The two groups of H” ions are in dynamic equilibrium, the
absorbed ions being greater in number than those in the soil solution
When the'H* ions in soil solution which are responsible for active acidity
are removed by neutralisation or lost in drainage or depleted in any other
may. thfa absorped iqnjs nfove out\{vard into the solutions and thus restors
toe; :ergcl:;al :cpve ac.idlt)‘r in the sogl solution. If an alkali solution is added
o Ay suspension just sufficient to neutralise the acitive acidity, no

ange in ph takes place. Excess additions of th ’
equivalent quantities of adsorbed H* i ’e atkall solutions,
th _ R 1ons progressively move out i

e true solution to replenish (make good) th . out into
neutralized, keeping the pH unch ) those which have been
place onf PH unchanged. A define change i i

only after all the adsorbed H* ions (i ge in pH will take
neutralised and OH™ ions begin to ] (l..e... the reserve acidity) are
appear in soil solutions.

The H"Aions present in the

consitute wh ,
while those presnet in the soil sol



/) 2 Micro nutrients
1 |r?§€neral, theavailability of B, Cu and Zn is reduced in alkaline
- soils, and that of Mo in acid soils_ |

-There are two general sources of readily available nutrients in‘the
80il: (i) nutrients adsorbed on thecolloids and (ii) salts in the soil solution.
h both cases, the essential elements are present as ions, suchas K*,Ca**,
LI, SO,". The cations such as K* are mostly adsorbed by colloids,
‘Wheareas, the anions and a small fraction of the cations are found in the

}ml solution. The more important ions presentin the soil solutionor on
the soil colloids are given in Table 7.

#
=
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Nitrogen
Phosphorus
Potassium

Calcium

Magnesium

Sulphur

Table - 7 |
Important iong present in thM
2+ Fe
.+ - - o
NH,*, NO,”, NO Iron j 20 Mn*
HPO,%, H, PO~ Manganese M7 ’
+ i
K Molybdenum Mo,
+ 4 . ’
Ca Boron  ° BOs
Mg** Chiorine cr
8032-. 3042"' Water H*, OH’,




