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ROLE OF MITES IN AGRICULTURAL PRODUCTION

1,  INTRODUCTION

The Acarina or mites are found in almost every habitat
available to animal life. They are found in the soil, on vegeta-
tion-and in water. There are species which thrive in sea water and
a few others even in hot springs. The group includes not only
those which suck sap out of plants, but also several which
live parasitically on other animals including insects. Some species
live on all kinds of organic matter, infesting such materials as
preserved meat, cured and raw hides, seeds, grains, processed food
products, and almost any dead animal or plant matter. Some
of these act as scavengers. Others, which infest stored products,
may bring about serious deterioration of the products and the
resulting heavy losses. Most of the higher plants act as hosts of
one or more species of mites. Some of those that feed on crop
plants have been observed to become serious pests at times and
cause heavy loss- of infested crops. A further point of importance
of this group is that certain of these are known to be vectors of
some of the fungus and virus diseases of plants and carriers of
various disease-producing agents amongst domestic stock and man,

Mites, like insects, play an important role in agricultural
production. The role may be a negative one, so far as production
is concerned, in that several species infest crops and agricutural
produce, and mény bring about serious deterioration and conse-
quent losses. Some of the mites are known to be vectors of certain
virus diseases of plants. On the other hand, there are certain
species which act as parasites and predators of injurious insects
and mites, and which indirectly help to prevent losses that might
otherwise be caused by different insect and mite pests of crops, by
keeping the latter under check. It is proposed to briefly review in
the following pages, these two aspects of the role played by mites
in general in agricultural production. Apart from the above
aspects, mites are responsible for affecting agricultural production
indirectly in other ways; by attacking domestic stock and man
and by carrying several protozoan, rickettsial, virus and other
diseases to man and his stock. This aspect of the problem is not
taken up in this paper.
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2. PHYTOPHAGOUS MITES

Mites on plants are far more common than we have generally
realised. Mostly on account of their small size they escape notice,
unless they make themselves apparent by outbreaks on some crops.

Several species attract our attention by the discolouration of
the plant tissue they induce by feeding and by the deformities of
the plant parts they cause. It should not also be taken that
all mites which are seen on plants suck sap as it is likely that some

of these may be parasitic or predacious on insects and mites that
live upon plants. ' .

Though the injurious nature of certain mites to crops has long
been recognised, the importance of phytophagous mites as pests of
horticultural and agricultural crops has increased considerably in
recent years throughout the world. The main contributing factor
for this increase in mite populations has been stated to be the
widespread use of non-selective pesticides mainly of the chlorinated
‘hydrocarbon and organophosphorus types. The use of certain of
these pesticides in the control of insect pests of crops has converted
into serious pests mites which were innocuous before the use of
such chemicals and thus created new problems of plant protection.
The increased importance which these phytophagous mites have
gained in recent years, coupled with the difficulties encountered in
their control by chemical methods, and the fact that some of them
are vectors of certain virus diseases of crops is at present stimulat-
ing research on the taxonomy, biology and ecology of these mites
in America, Europe and certain other parts of the world. In India,
however, this field is still unexplored, with the result that very
little is known about this group of animals which is almost as
‘important as insects in agricultural production. )

The phytophagous mites which are potential reducers of
agricultural produce are confined to certain groups of mites. Of
the plant-feeding mites the spider mites (Tetranychidae) are said
to be the most injurious to crops and are responsible for great
damage throughout the world ( Essig, 1958). The false spider
mites ( Tenuipalpidae), are also exclusively phytophagous and
are known to do similar damage to their host plants. Likewise, the
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rust, gall or erineum mites ( Eriophyidae) are also exclusively
plant feeders and several of them are of great economic imi-
portance. In addition, certain species of tarsonemid mites
( Tarsonemidae ) and a few eupodids (Eupodidae) are phytophagous,
and some of them become serious pests of certain crops and
reduce their yield. All these families are grouped under the
sub-order Trombidiformes. The Acaridae, which have a wide
range of feeding habits, include some forms which infest stored
grains, dry fruits and other stored products.

Of the plant-feeding mites, the spider mites attack nearly
all kinds of crops and sharply reduce their yield. As a rule
the spider mites are most numerous during summer months.
They can pass through several generations in a short period of
time and -thus have the potentialities of building up to very
heavy population under favourable conditions. It is estimated
that one female is capable of producing in one month’s time a
progeny of 20 mites at 60°F, about 13,000 at 70°F and over 13
million mites at 80°F of constant temperature.

Certain spider mites, like Eotetranychus, Schizotetranychus
and Tetranychus, spin fine strands of silk which become apparent
when' mite-population is heavy, and may envelope the entire
plant and even extend to the ground underneath the affected plants.
It is interesting to note that Schizotetranychus andropogoni
( Hirst ) develops in small individual colonies each of which is
covered by an elongate-oval, compact web. These webs can be
seen even from a distance as pale whitish or greyish spots on
the leaves of the host plants. The plant feeding tarsonemids
(e.g., the cyclamen mite) are well known for inducing in their host
plants symptoms similar to those caused by ccrtain virus
diseases of plants. Tender parts of plants are seriously deform-
ed, the leaves are narrowed, curled and crinckled and the
terminal growth is severely stunted. The flower-buds fail to
open or even-if they open they are distorted and reduced in
size. The affccted plants may be rendered sterile.

Though the entire family Eriophyidae are exclusively Phyto-
phagous, all species do not induce visible symptoms on their



4

host plants. However, a good majority of these peUCTiar
mites is responsible for development of different char-
acteristic symptoms on their respective host-plants. Though at
first sight some of these symptoms are apt to be mistaken as
due to certain viruses or fungi or bacteria, a closer study will
reveal the presence of mites on such malformed parts of plants.
Among the eriophyid mites there are the surface vagrant type,
the rust mites or the russet mites, which feed and breed more
or less on open plant surfaces and which may cause silvering or
browning. Then there are several others which live nearly
concealed amongst the surface-hairs or underneath bud -scales
or in the deformities which they induce on their host-plant.
Some of these induce growth of excessive surface-hairs resulting
in patches of dense hairs amidst which a large number of mites
lives. These patches (erinea) may be formed on leaves, stem or
floral parts and fruits. The erineum patches in the case of
certain species may lead on to dimple galls with the area of the
patch a little depressed, or the leaf may become curled and
twisted. In certain other cases galls of various shapes may
develop on leaf surface and occasionally on stem surface. Such
galls are always of the open type and the opening may be
guarded with hairy outgrowth. These galls may be lined inter-
nally with hairy outgrowth or only with a spongy, soft tissue.

Some of the eriophyids induce development of warty patches
on leaf and stem-surfaces. The wart consists of closely packed
outgrowth of short papillae which may be simple or branched.
The mites live and breed concealed amidst the papillae. Blister
galls on leaves (lamina or leaf sheath ), in which the tissue in
between epidermal layers becomes spongy, are also caused by
certain species of eriophyid mites. Development of woody galls
arround buds and appearance of malformed flower buds are
also some of the symptoms caused by species living underneath
scales of buds. Certain other bud-dwelling eriophyids may
induce stunted shoots. Similarly they may induce witches’-
broom effect on their host—plants.

3. MITE-PESTS OF DIFFERENT CROPS
No crop is free from the attack of one or more species of
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plant feeding mites. However, ‘several of these mites may
often be innocuous and cause no damage to their host plants. A
species which was previously of no economic importance may,
under favourable conditions, assume a pest status on its host crop.
Instances are not lacking where species which were previously
unknown as pests have developed into pests and have done consi-
derable damage to the crops concerned. In the following few
pages only those species that are known to appear as pests
commonly on different crops are included.

A. Graminaceous Crops.

Wheat, barley, oats, maize, sorghum and other graminaceous
crops are known to be generally free from heavy attack of
mites. However, there are several records of sporadic and heavy
attack of -sorghum (Jowar) and to a lesser extent sugarcane in
India by the spider mite Oligonychus indicus (Hirst) (Rahman
and Sapra, 1940 a). In South India the mite is more often a pest
of sorghum and has been responsible for considerable damage to this
crop in certain parts of Mysore and Madras States (Putta-
rudriah, 1951 ; Cherian, 1931). In North India the same species
often assumes a serious pest-form on sugarcane (Rahman and
Sapra, 1940a). The infested leaves show reddish patches where
mites colonise and in cases of heavy infestation, the entire leaf-
blade turns red and withers, and thus if the mite attack is in the
earlier stages of the crop the damage done may be quite heavy,
seriously reducing the yield. This species can thrive on many
other graminaceous and other plants, like Areca catechu (Putta-
rudriah and Channa Basavanna, 1956), Panicum javanicum and
P. distachyeum (Cherian, 1933), Sorghum halepense (Rahman and
Sapra, 1940 a), Dicanthium annalatum (Khan and Murthy, 1956)
and a few dicots in India (Haroonkhan and Bhatia, 1946).

Sugarcane and maize also suffer occasionally from the attack
of another spider mite Schizotetranychus andropogoni (Hirst) in
certain parts of India (Cherian, 1931; Khan and Murthy, 1956).

Wheat in Texas, oats in California and wheat and barley in
Arizona and Oklahama are subjected to serious damage by the
attack of the mite Penthaleus major Duges (Penthaleidae)
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(Baker, 1946). It is reported that this species is particularly
serious on young wheat-crop in Arizona (Essig, 1958). In addi-
tion, the same species occurs as a pest of clover and vegetable
crops in Australia. In France it is regarded as a serious pest of
peas, lettuce and other vegetable crops (Baker, 1946). In South
Africa wheat is infested by the brown mite Petrobia latens
(Muller) (=Petrobia lapidum (Hammer) (Louw, 1955). This
species is almost worldwide in distribution, being known to occur
in Europe, North and South Africa, North America and Australia.
It is especially a pest of low-growing monocotyledonous plants.
It occurs on grain crops such as barley, wheat, rye, sorghum
and many other low-growing crops (Baker and Pritchard, 1953).
Wheat crop, when it is attacked by this pest turns yellowish
and appears parched. These species have not been reported to
occur in this countsy.

Recently, Puttarudriah (1960) has reported that considerable
~damage has been caused to sugarcane in parts of Mysore by the
attack of the cane blister mite (Aceria sacchari Channa Basavanna).
Young cane particularly of ratoon crop, when infested by these
mites, showed twisting of leaf-blades and stunting of the seedlings,.
and in some cases the seedlings later dried up. '

B. Fruit Crops.

- Almost every fruit crop (both temperate and tropical fruit.
crops) is subject to the attack of one or more species of mites.
Some species often become serious pests of their host crops,
and amongst them spider mites are the most common.

Citrus crop is attacked by several species of mites in the
different regions of its distribution. The citrus red mite
Panonychus citri (McGregor) (= Paratertranychus citri McGregor)
is known to be a serious pest of citrus plant and most destructive
of all pests of this crop in Florida, California and Gulf States
(Metcalf and Flint, 1958). It is known to occur in India as a
pest of citrus (Pruthi and Mani, 1945). The infested leaves are
speckled with whitish spots, later turn silvery or brown and
drop prematurely. Fruits are also attacked, and these turn grey or
yellow. The six-spotted spider mite Eotetranychus sexmaculatus.
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(Riley) (= Tetranychus sexmaculatus Riley) is similarly destructive
to citrus in Florida, California and Gulf States (Metcalf & Flint,
1958). Presence of depressed and yellow pits on the undersurface
of leaves and occasionally on fruits is due to the attack of this

ecies. Another spider mite, Eutetrgnychus banksi (McGregor),
1s commonly found on the upper surface of citrus leaves, and
sometimes becomes serious, causing silvering mainly along the
midribs and the veins. This is a polyphagous species and attacks a
large number of plants which include many deciduous fruit crops,
cotton, castor, etc. The species is found in India on citrus, almond
Zizyphus jujuba, castor, Cassia fistula and a number of other
plants (Rahman and Sapra, 1940 a); (=Puttarudriah and Channa
Basavanna, 1959 a). It has been reported on citrus and several
other plants from the the U.S.A.: South Africa, China and
Southern Japan (Pritchard and Baker, 1955). Severe infestations
of citrus cause stippling on leaves which may fall down (Moutia,
1958).-

The citrus rust mite Phyllocoptruta oleiuorus (Ashmead) is
worldwide in distribution and occurs in every citrus-growing
area of+the world (Keifer, 1952). The mite causes severe rust-
ing of leaves and fruits and is thus responsible for lowering the
quality and attractiveness of fruits. Pinkish-brown blotches
which disfigure the surface of the fruits are caused by this rust
mite in South India (Ranga Rao et al, 1957). The citrus rust
mite has recently been noted on pomelo (Citrus decumara) and
other species of citrus near Bangalore (Puttarudriah and Channa
Basavanna, 1959a). The citrus bud mite Acera sheldoni (Ewing)
is the most important citrus eriophyid pest it California (Baker
and Wharton, 1952). Severely damaged lemon trees show
stunting and clustering of young growth and severe leaf and
fruit malformation. This mite is found in citrus growing areas
of Hawaii, Australia and Java. The citrus bud mite has recently
been reported from Bangalore (South India) on Citrus (Channa
Basavanna, 1966). It isestimated that about $ 15.00 are
required to spray an acre against this pest (Keifer, 1946).
Another eriophyid mite Calacarus citrifolii Keifer is known to
cause concentric ring blotches on citrus in Transvaal (Dippe-
naar, 1958),
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The fruit tree red spider mite “Panonychus ulmi (Koch)
(= Paratetranychus pilosus) (Can. & Fan) occurs in almost all
fruit growing areas of the world, and is especially a serious
pest of apple in the south eastern countries (Blair and Groves,
1952). Similarly many other deciduous fruits are affected by
this pest. It is another polyphagous mite and most injurious to
plum, pear and prune (Metcalf and Flint, 1962). Among the
different varieties of apple the thin-leaved varieties are said to
be most susceptible (Garman, 1923). The leaves of apple, pear
and prune, as a result of mite attack, are bronzed, the
intensity depending upon the population of the mites, and
finally drop down, thus resulting in defoliation to different
degrees (Newcomer and Yothers, 1929). The fruits are also
attacked and are prevented from developing to normal size and
are of poor quality and colour. Deciduous orchard crops,
including apple, pear, plum, grape, almoand, walnut, etc., along
the pacific coast of the U.S.A. are subject to heavy destruction
by the attack of the pacific mite Tetranychus pacificus McGregor
(Baker and Pritchard, 1953). Leaves are bronzed and heavily
webbed, and often drop down prematurely. Fruits fail to
develop proper colour and drop down before harvest, if infesta-
tion is very heavy. These species have not been noted in India.

Pear and sometimes apple is generally subject to heavy
attack of the pear leaf blister mite Eriophyes pyri (Pagensteche) in
different parts of Europe, Africa, and North America. It is one of
the most important pests of pear, since it can put its host out
of production (Keifer, 1946 ; Ryke and Meyer, 1960). Brownish
blisters of varying dimensions appear on the undersides of
leaves. Flower-buds are also damaged, turn brown, and produce
weak flowers. Fruits are deformed and russeted (Hawley, 1926).
It is estimated that $ 10.00 to $§ 12.00 are requxred to spray
one acre against this mite (Keifer, 1949),

The clover mite Bryobia praetiosa Koch is yet another
polyphagous mite which does considerable damage to several
deciduous fruits, like apple, pear, plum, prune, cherry, etc., in
the U.S.A., Canada, major part of Europe, Britain, Africa and
Australia, It has a very wide host-range which includes many forest
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trees and herbaceous plants (Kremer, 1956). The clover mite
usyplly attacks upper surface of the leaves and induces premature
leaf fall, formation of* small fruits which do not mature,
and fthis is followed by yield-losses in the following
year. The extremely polyphagous two-spotted spider mite,
Tetranychus telarius (Linn) (=Tetranychus bimaculatus Harvey),
is almost world-wide in distribution and attacks a number of
fruit crops like apple, pear, peach, plum, nectarine, apricot,
- cherry, walnut, almond etc., and many truck and forage crops
(Baker -and Pritchard, 1953). The leaves, flowers and fruits
show pale yellow or brownish speckles, appear sickly and if the
infestation is heavy, gradually dry and drop off.

Fig crop suffers from the attack of the spider mite, Fotetr-
anychus hirsti Pritchard and Baker, which is commonly very
serious during the summer months on fig practically throughout
India, (Cherian, 1938 ; Rahman and Sapra, 1940 a; Putta-
rudriah and Channa Basavanna, 1959 a). The affected plants show
yellowish-green, roughend leaves which drop off prematurely.
Heavily infested plants can be detected even from a distance by
the presence of only a few yellowish green leaves or only branches
without leaves. The fruits also turn yellowish as a result of mite
attack and are not allowed to attain their normal size and to
ripen. This species is responsible for complete failure of the
crop, which sometimes occurs, if adequate precautionary control
measures are not undertaken (Puttarudriah and Channra
Basavanna, 1959 a). The fig mite, Aceria ficus (Cotte), though
not often a serious pest, can cause considerable damage to fig,
if the population is high enough, in certain parts of the U.S.A.
and Southern France (Keifer, 1952). This species has recently
been reported from Delhi (Channa Basavanna, 1966). The mites
live in buds, on leaf surfaces and inside green fruits. The bud
scales are scarred and tender leaves destroyed within buds. This
scarring may extend to the interior of fruits also.

Grape vine in North America, South Africa and parts of
Europe is known to suffer considerably at times from the attack of
the bud mite or erineum mite, Eriophyes vitis (Pagenstecher)
(Baker and Wharton 1952 ; Keifer, 1946 ; Ryke and Meyer, 1960).
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Smith and Stafford (1948) who made extensive studies on the
nature of damage done by this mite in California reported
shortening” of internodes, Witches’-broom growth on new
shoots, death of over-wintering buds and appearance of erineum
patches on the under surfaces of leaves as among the different
symptoms caused by the mite attack. Losses of crop ranging
often from 50 per cent to 100 per cent have been reported from
California. In addition, grape vine may suffer occasionally
from the attack of different species of spider mites, for example,
Tetranychus telarius (Linn) T. equatorius McGregor, and others.

The cause of mango-malformation in India was first reported
‘by Narasimhan (1954) as due to the attack of a species of Eriophyes.
The fact that this mite was the cause was definitely established by
Puttarudriah and Channa Basavanna, 1961) by conducting inocula-
tion experiments. The causative mite, Aceria mangiferae Sayed,
has recently been recorded from all parts of India (Channa
Basavanna, 1966). Drying and death of terminal and axillary
buds due to the feeding activity of a large number of mites
underneath the bud scales, crowding of short twigs at the axils and
the inflorescences with crowded blossoms turning green and
becoming sterile are the main symptoms induced by the mite
attack. Similar symptoms on mango have been reported from
Egypt and Florida as due to the same species (Attiah, 1951).

As long ago as 1912, Misra noted the damage done by the
eripphyid mite on litchi plants in North India. The mite induces
extensive, chocolate-brown erinose areas on the leaf surfaces
and the Jeaves which, as a result, show severe curling and twisting.
This species which has been identified as Aceria litchili (Keifer)
occurs in South India also (Puttarudriah and ChannaBasavanna,
1959 a). The litchi mite has been reported from East Pakistan
(Alam, 1959) and also from Hawaliian Islands (Keifer, 1944).

Gauva fruits (Psidium gaujava L.) in certain parts of Mysore
were noted to be severly damaged by a species of Brevipalpus
(Phytoptipalpidae) (Puttarudriah and ChannaBasavanna, 1959 b).
The infected fruit showed reticulated pattern of cracks on the
surface, which in sever¢ cases resulled in splitting of fruits,
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Similar damage to papaya fruits has been reported as due to
Brevipalpus phoenicis Geijskes from Hawaii (Jones et al, 1941).

Strawberries in different parts of Europe, the U.S.A and
Russia suffer seriously from the attack of the cyclamen mite,
Tarsonemus pallidus Banks (Smith and Goldsmith, 1936). Wrin-
kling Ng upper surfaces of leaves, margin-rolling, severe dwarf-
ing and stunting are the symptoms of injury due to the
cyclamen mite.

-Pine apple in Australia is attacked by another tarsonemid
mite, Tarsonemus ananas Tryon, which induces rotting of fruit
(Hughes, 1959).

Edge-rolling resulting in acute narrowing of leaves of
pomegranate has been reported from [taly, California (Keifer,
1952) and India (Puttarudriah and ChannaBasavanna, 1959 a).
The leaves are sometimes seriously deformed and new growth
is suppressed.

C. Vegetable Crops and Ornamentals.

Most of the vegetable crops and the different kinds of
ornamental plants are subjected to the attack, sometime or
other, of the two most common spider mites, the common red
spider, Tetranychus telarius (Linn.) and Tetranychus equatorius
(McGregor) (=T. cucurbitae Rahman & Sapra) (Pritchard and
Baker, 1955). Both species are extremely polyphagous and
occur on a large number of plants which includes common
vegetable and ornamental plants like brinjal, tomato, rose,
jasmine, gourds, etc. (Rahman and Sapra, 1946 ; Janjua, 1942 ;
Cherian, 1931). T. telarius is the most widely distributed and
highly destructive red spider in the Western States of America
(Essig, 1958). The result of injury is at first yellowing and then
dropping of leaves, scarring of fruits and complete killing of
plants. T. equatorius is also a common spider mite and often
occurs together with the above species. The injury to leaves
may result in the prevention of formation of flowers and fruits.

Many ornamentals and vegetable crops along the Pacific
coast of U. S. A,, are attacked by the Pacific mite, Tetranychus
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pacificus McGregor. This species is often very destructive,
resulting in the total failure of crops at times (Metcalf and
Flint, 1958). Many ornamentals like, cyclamen, geranium,
chrysanthemums, snapdragon, marigold, fuchsia, begonia, petunia,
etc., are attacked by the cyclamen mite, Tarsonemus pallidus
Banks, in different parts of Europe, England, Russia and the
U.S.A. (Smith and Goldsmith, 1936). The infested plants
generally show marked distortion of foliage, wrinkling, rolling,
narrowing of leaves and sometimes with purplish area on the
leaf surface. Similarly another tarsonemid mite, the dahlia mite
or the yellow tea mite Hemitarsonemus latus (Banks) is a
polyphagous species and attacks a very large number of plants,
and is widely distributed in Ceylon, the U.S.A., Trinidad,
England, Brazil and South Africa (Lavoipierre, 1940; Ewing,
1939). In India the species has often been a serious pest on
tomato, potato, marigold (Tagetes erecta), Amarantus, chillies,
guar (Cyamopsis tetragonoloba), zinnia, dahlia, Mirabilis and
cotton (Mann et al, 1920 ; Kulkarni, 1922; ChannaBasavanna
and Puttarudriah, 1959). The affected plants show severely
curled and reduced leaves, stunted growth and the flower buds
not opening or resulting in ill-formed flowers, if at all they open.

Tomato crop is subjected in all tomato-growing areas of
the world, to the attack of the tomato russet mite, Aculus
Iycopersici (Massee) (=Aculus destructor) (Keifer), which in
certain parts is highly destructive to the crop (Lamb, 1953). The
affected plants show browning of leaves, which. collapse and die,
and severely russeted fruits. The injury creeps up the stalks
and when the tips are reached the plant dies (Keifer, 1946).
Tomato is subject to the attack of another eriophyid mite, the
tomato erinose mite, Aceria lycopersici (Wolff.) which is equally
worldwide in distribution but much less destructive to the crop.
The mite induces growth of dense hairs on the leaves and stems,
This species is commonly seen on tomato and brinjal in India
(ChannaBasavanna, -1966). Both eriophyid mites occur on other
solanaceous plants also (Lamb, 1953). In Mauritius tomato has
been subjected to very sevgge attack of Tetranychus marianae
McGregor which is often gestructive to tomato, potato and
brinjal (Moutia, 1938).
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Shoots including leaves of sweet potato in South India are
often severely bronzed and even dry up due to the attack of an
eriophyid mite, Oxypleurites convolvuli ChannaBasavanna (David,
1959 ; ChannaBasavanna, 1966).

Jasmine, especially Jasminum pubescens, is often subjected to
the attack of an erineum mite (Aceria jasmini ChannaBasavanna)
in South India. The tender twigs including leaves and flowers
are covered with dense white hairy outgrowth. The leaves are
reduced and new growth stunted and the production of flowers,
for which the crop is grown, completely stopped resulting in
heavy loss to the orchardist (ChannaBasavanna, 1966).

Reduced and deformed flowers and clustering of stems in
chrysanthemums have been reported from Washington as being
caused by the eriophyid, Paraphytoptus chrysanthemiKeifer (Breakey
and Batchelor, 1950). The eriophyid has recently been found on
chrysanthemums in various parts of India (ChannaBasavanna,
1966). The privet mite, Brevipalpus obovatus  Donnadieu
(=B. inornatus Baker), is almost worldwide in distribution and
is polyphagous occurring on various species of ornamentals and
other plants (Pritchard and Baker, 1958). Although many species
belonging to the family Phytoptipalpidaec appear to do little
damage, the privet mite is known to defoliate privet in some parts
of the U.S.A. (McGregor, 1916).‘

Liliaceous bulbs like onion, garlic and tulip are subjected to
the attack of an eriophyid mite, Aceria tulipae (Keifer), in
certain states of the U.S.A." and Canada (Keifer, 1946). The
mites live between bulb layers, thus living under ground. This
species persists on the bulbs in storage, causing the bulbs to
shrink and dry out. The species was recently reported on the
leaves of garlic and onion in Mysore (Puttarudriah and Channa
Basavanna, 1958). The species has been found on wheat and a
few grasses, and it is the vector of wheat streak and wheat spot
mosaic diseases in parts of the U.S.A. (Slykhuis, 1955, 1956).

D. Cotton.
Cotton crop is subjected to the attack of several spider
mites (Baker and Pritchard, 3953), of which the common red
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spider, Tetranychus telarius (Linn.) and the Pacific mite, 7. pacificus
McGregor may be considered as more of less regularly occurring
and important. The red spider mite has a wide range of hosts
and is distributed practically throuhout the world, whereas the
pacific mite is confined to the Pacific coast of the U.S.A. and
has a wide range of hosts which includes clover, vetch, melon,
grapes, beans, etc., T. telarius leaves in colonies on the under
side of leaves and their constant feeding causes blood-red spots
to appear on the tips of leaves, finally resulting in defoliation
and death of plants (McGregor, 1913). It is a major pest of
cotton in South Eastern United States (Baker and Wharton,
1952).

The dahlia mite, Hemitarsomemus latus (Banks), which is a
pelyphageus mite and a pest of many ornamental and vegetable
crops has been reported on cotton in Belgian Congo (Vrydagh,
1943 and in Mysore (Channa Basavanna and Puttarudriah,
1959). The leaves are reduced in size and narrowed, the veins
approximating one another; the entire plant gets stunted.

The Eriophid mite, Aceria gossypii (Banks), has been reported
from Bombay and the Punjab on Cotton as causing erinose
patches on tender twigs (Misra, 1920). The species on
Cotton in India appears to have been wrongly put under the
above name as recent investigations show. The species concerned
is actually Aceria puttarudriah Channa Basavanna (Channa
Basavanna, 1966). Keifer (1946) has recorded the species
(A. gossypii) from Florida and West Indias on cotton. The
affected plants show extensive outgrowth of erineum on the
suface of stem and leaves of tender twigs, which result in stunting,
and in cases of severe infestation heavy losses occur.

E. Plantation Crops. (coffee, tea, areca, coconut, etc.)

Tea plantations in India and Ceylon suffer from four important
mite pests. The tea spider mite, Oligonychus coffeae (Nietner)
(=Tetranychus bioculatus Wood-Mason) has long been recognise)
as a serious pest of tea ( Wood-Mason, 1884) and continues to
be one of the major pests of tea plantations (Das, 1959). The
same spider mite occurs on Jute and Coffee (Misra, 1913).
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Cotes ( 1889 ) estimated that in one tea estate alone in Sikkim
the damage done by this mite during 1888 was of the order of
Rs. 20,000. The yellow tea mite Hemirtarsosenus latus (Banks),
is yet another mite which assumes a serious status on tea. The
crop is also subjected to the attack of two eriphyid mites: the
pink mite, Acaphylla theae (Watt) and the purple tea mite,
Calacarus carinatus (Green ). The pink mite was first discovered
on tea in Assam in 1895 by George Watt. Now it is known to
occur in south India, Indonesia Indochina, Bstum (U.S.SR.).
California and Alabama ( Das and Sengupta, 1958). The mites
generally inhabit tender twigs and the affected leaves assume a
pale colour and become leathery. It is often a serious pest of
tea, and in one tea estate the loss due to the mite attack during
1950-51 has been estimated (o be about 500 maunds of tea
(Das and Sengupta, 1958). The purple mite was recognised as
a pest of tea in Ceylon long back (Cotes, 1891-93). It occurs
in India and California and in India as a post of tea (Cherian,
1931 ; Keifer, 1955).

Areca (Areca catechu) and coconut palms (Cocos nucifera)
are often attacked by the spider mites (Tefranychus spp.) and
the phytoptipalpid mite, Raoiella indica (Hirst) in Sbuth India
(Puttarudriah and ChannaBasavanna, 1939 a), and the latter
has been nosed to assume a pest-form on areca palm at times.

4. MITES ASSOCIATED WITH STORED FOOD PRODUCTS.

Several members of the family Acaridae which are variously
known as the cereal mites, the root mites, feed on ail kinds of
organic matter. Some of them infest various stored and preserved
materials such as cured and raw hides, organic powders, seeds,
farinaceous products, etc. In stored grains they cause great
economic loss not so much by what they eat as by the damage
they cause by changing the moisture content of the medium and
initiating the growth of moulds ( Nesbitt, 1945). Dried fruits
such as figs, raisins, apples, etc., are attacked by Carpoglyphus
passularum Hering ( Essig, 1958). Various kinds of bulbs like
hyacinth, dahlia, narcissus, lilies and onions are subject to the
attack of the bulb mite, Rhizoglyphus echinopus (Funouze and
Robin), which some times destroys as much as 15 to 20 per
cent of the bulbs ( Baker and Wharton, 1952).
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Several species of acarids are found associated with stored
cereals, grains and stored food products. Tyrophagus lintneri
(Osborne) is a widely distributed pest of stored foods and at
times quite serious. Acarus siro Linn. is a cosmopolitan and
destructive species found in grain, flour, dried fruits, and vege-
tables as well as in cheese. The flour mite. Aleorobius farinae
(DeGeer) is yet another common species on cereals, flour, seeds,
cheese, etc., and is a serious pest in flour mills, granaries and
ware houses. Tyrophagus longior (Gervais) is another European
species, and it has been stated that an entire haystalk was
practically destroyed by this mite. It also infests food stuffs
(Essig, 1958).

Onion, garlic and tulip bulbs arc attacked by the eriophyid
mite, Aceria tulipaes ( Keifer) which infests the field crop itself
and is carried to the store in the bulbs. The mite lives between
bulb-laycrs and causes the bulbs to dry up soon (Keifer, 1946).

5. Mites as Vectors of Fungus and Virus Diseases of Crops.

Very little is known about the role of mites in transmitting
diseases of plants. It is possible that mites inhabiting plant
surfaces infected with fungus diseases may help in machanically
transferring spores from the infected plants to healthy ones.
Baker and Wharton ( 1952) quote Sigrianskii (1940) as reporting
transmission of spores of Tilletia tritici on wheat crop by
Tyroglyphus castellanii ( Hirst) and of Botrytis allii from infected
onions healthy onions. Tetranychus telarius (Linn) is stated to
transmit a virus disease of cotton. Similarly Tarsonemus ananos
Tyron is an agent in the * transmission of a pine apple rot in
Australia (Baker and Wharton, 1952).

The possibilty of the reversion disease of black currants
being transmitted by the big bud mite, Cecidsphyes ( Phytoptus)
ribis (Westw.), was first suggested by Amos et al (1927) and was
later confirmed by Massee (1952). This was followed by a series
of new discoveries relating to the role of certain eriophyid
mites as vacters of virus diseases of plants. Eriphyid mites are
the only mites know to transmit plant viruses. According to
Slykhuis (1960) six viruses, which affect mostly crops, are crops,
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known to be transmitted by the eriophyid mites. The wheat streak
mosaic disease prevalent in the U.S.A. and Canada is transmitted
by Aceria tulipae (Keifer). Similarly the wheat spot mosaic
disease in Canada is transmitted by the same species (Slykhuis,
1955, 1956).

A mosaic of rye grass ( Lolium perenne and L. multiflorum )
that occurs in Britain and certain European countries is trans-
mitted by Abacarus hystrix (Nal.) (Slykhuis, 1960).

The fig mosaic which is widespread in California, Britain,
Italy and Australia is transmitted by the fig mite, Aceria ficus
(Cotte) (Flock and Wallace, 1955). Recently, Nagaich and
Vashisth (1962) reported that fig mosaic occurs in India also,
and is possibly transmitted by an eriophyid mite, which has
been identified as A. ficus (ChannaBasavanna, 1966). Similarly
peach mosaic prevalent in the western parts of the U.S.A. is
transmitted by an eriophyid mite, Eriohyes insidiosus Keifer and
Wilson ( Wilson, Jones and Cochran, 1955). The sap transmis-
sible virus responsible for the degeneration of vines in Germany
has been reported to be transmitted by Eriophyes vitis (Pgst.).
( Slykhuis, 1960). '

6. Mites that Affect Beneficial Insects,

Not much is known about the mites that affect beneficial
insects, like honey bees, lac and silk insects. The scutacarid
mite, Acarapis woodi ( Rennie), is the causative agent of what .is
known as “Isle of wight disease” in honey bees throughout
Europe and other parts of the world. This is a serious fatal
disease to which honey bees are subjected. The mites live inside
the tracheal tubes, feed on the blood by piercing the wall of
the tracheae and breed within the tracheal tubes. Apart from
sucking the blood, the mites block the tracheae by their exuvia
and excreta thus leading to reduced respiratory exchange. The
continued effect is to enfeeble the bee, so that it is unable to
fly. The affected bees leave the hive and die in the open
(Hughes, 1959). Recently a laelaptid mite varroa jacobsoni
Ouds. has been noted as an ecto-parasite of pupae and adults
of the honey bee ( Apis indica) round about Bangalore.
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7. Beneficial Role of Mites.
A. Parasites and Predators of Plant feeding Mites and Insects.

- It is only in recent years that the importance of predatory
mites in the control of plant feeding mites and insects is being
realised more and more. The main and immediate cause for
this realisation must be put as the attempts to control insect
and mite pests of erops by the use of chemicals. Several
instances are on record where plani-feeding mites, instead of
being kept under check, have increased in numbers as a result
of the application of certain chemicals. This effect has been
mainly due to the killing of mite and insect predators of plant
feeding mites by the chemicals used.

The first definite experiment in the biological control of
insect pests appears to have been made in 1873 when Plancheon
and Riley introduced an American predatory mite, Tyroglyphus
phylloxerae, into France for the natural control of the phylloxera
of the grape vine (Imms, 1957). The role played by mites in
the biological control of mite and insect pests of crops has
been little investigated. However, one notable exception is in
respect of the members of the family Phytoseiidae, which are
well known as predators of different stages of phytophagous
mites. The importance of these mites in the control of plant
feeding mites is being realised more and more in recent years,
and several contributions on them have been made ( Nesbitt,
1951 ; Narayanan, Kaur and Ghai, 1960). In addition, the mite
families Aceosejidae, Tydeidae, Cunaxidae, Anystidae and
Cheyletidaec are amongst the -important groups which include
species predaceous upon plant feeding mites and small insects
(‘Baker and Wharton, 1952). Similarly, there are a number of
groups such as Erythreidae, Trombidiidae, Trombiculidae,
Tarsonemidae, Podapolipodidae, Gamasidae, Hemisarcoptidae,
and Hydryphantidae which are reported to be parasitic on various
phytophagous insects. Our knowledge of the feeding habits, the
behaviour and ecology of these mites is far from complete.

The phytoseiid mites are predators on the eggs, larval stages
and adults of injurious mites, A survey of literature dealing with
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the biological control of plant feeding mites by means of
predaceous mites reveals that these investigations are being carried
out in different parts of the world, especially the United States,
Canada, England and Germany. The importance of the phytoseiid
mites in the control of the injurious mites has long been recognized.
In 1906 the American Entomologist Parrot, after his extensive
studies on the eriophyid mites infesting apple and pear trees,
stated that the predaceous mite, Seius pomi (Parrot), exerts a
considerable influence in reducing the numbers of the blister
mites. Ewing (1914) reported that Seius pomi is one of the most
important natural enemies of the spider mite, Tetranychus telarius
(Linn.). Herbert (1953, 1956), who made extensive studies on
the life histories, behaviour, distribution and relative abundance
of the predators in the orchards of Nova Scotia, stressed on the
important role played by these mites in keeping the phytophagous
mites under check. Similar observations were made earlier in
respect of the phytoseiid mites pre,ing upon the two-spotted
spider mite ( Lord, 1949). Huffaker and Kennett (1953 a, 1953 b,
1956) who made extensive investigations on the role of the
predatory mites (Typhlodromus spp.) in the biological control
of the cyclamen mite, Tarsonemus pallidus Banks, infesting straw-
berries in California, have shown that the yield of strawberry
plants from plots where the predators of the cyclamen mite were
present was seven times more than that from the same number
of plants from the predator-f.ee plots. The Aceosejid, Blattisocius
tineivorus (Oudms.), is interesting in that it is found in stored
grains preying upon the eggs and the first instar larvae of Ephestia
kuehniella and Sitotroga cerealella (Olivier ) which are pests of
stored grains ( Hughes, 1959 ). Though there are not many attempts
to mass-multiply some of these beneficial predators and release
them in the mite-infested fields, the possibility of such a measure
has been demonstrated by Ristick (1956) who was successful in
the mass-rearing of Typhlodromus fallacis (Garman) on red-
spiders.

Members of the families Tydeidae, Cunaxidae, Anystidae and
Cheyletidae are stated to be general predators on mites and small
insects. Tydeus californicus Banks is predaceous on the citrus
bud-mite, Aceria sheldoni ( Ewing), in Southern California and
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similarly another tydeid mite, Pronematus ubiuitus (McGregor),
is a common predator on the fig mite, Aceria ficus (Cotte), in
California, Cunaxoides parvus (Ewing) has been described as a
real enemy of the oyster shell scale from Iowa (Baker and
Wharton, 1952).

Various families of mites contain members which are either
predaceous or parasitic on insect pests of crops and stored
produce. Among them, the families Podapolipodidae, Pyemotidae,
Tarsonemidae, Erythraecidae, Trombidiidae, Trombiculidae,
Acaridae, and Hemisarcoptidae may be mentioned. Mites of the
family Podapolipodidac are parasitic on other arthropods,
especially beetles and grasshoppers. Podapolipus diander Volkonsky
is an important parasite of Locusta migratoria Linn. and other
locusts, and inhabits the lower surface of the bases of wings
and sucks blood. Locustacarus trachealis Ewing is a parasite in
the tracheae and air sacs of grasshoppers (Baker and Wharton,
1952). Pyemotes (= Pediculoides) ventricosus ( Newport ) ( Pyemoti-
dae) is a parasite of some lepidoterous store insects such as
Sitotorga cerealella and even lepidopterous field pests like the
satin moth, Stilphopia salicia (Linn.), and the peach twig borer,
Anarsia lineatella Zeller (Baker and Wharton, 1952). Similarly
another pyemotid, Acarophenax triboli Newstead and Duvall, is
known to parasitize feeding on the eggs and adults of the stored
grain pest, Tribolium ferrugineum ( Hughes, 1959). The larvae of
Erythraeidae are parasitic on insects as much as the larvae of
the Trombiculidae are parasitic on vertebrates. The larvae attach
themselves by their mouthparts to the body of their hosts which
may be grasshoppers and other insects. Adults are free-living
predators living in soil or on plants.

Trombidiids and trombiculids behave almost in the same
manner as regards their feeding habits. The Nymphal and adult
stages of these mites feed on the eggs and early larval instars of
many small arthropods. Larval stages of these mites generally
act as parasites of insects and in case of certain trombiculid larvae
( Chiggers ) they act as parasites of higher animals. Larvae
of Eutrombidium are generally found on the bodies of mantids,
grasshoppers, crickets and locusts ( Baker and Wharton, 1952).
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The acarid mites Cosmoglyphus dampfi (Oudemans) and some
species of the genus Acotyledon are known to feed on the eggs
of Acridididae (Hughes, 1959). Hemisarcoptes matus (Shimer)
has been reported to feed on the eggs of several coccids ( Hughes,
1959) and is of considerable importance in reducing the
population of coccids ( Baker and Wharton, 1952).

It is seen that very little is known of the role played by the
several mite predators and parasites in checking populations
of injurious mites and insects. An intimate knowledge of their
ecology will help in a better utilization of these natural enemies.

8. Beneficial Soil Mites.

The Oribatei are generally found in large numbers in moss,
humus and other types of soil. They have biting mouth parts
and feed on partially decayed plant debris. They appear to play
an important part in the braking up of soil detritus into small
particles and promote soil fertility, as do the earthworms
( Hughes, 1959 ). ‘
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Downy Mildew (Crazy Top) of Ragi (Fungus Disease)
Root Knot of Tomato (Nematode Disease)

Grassy Shoot of Sugarcane (Virus Disease)

Canker of Lime (Bacterial Disease)






Plant Diseases and Their Control

- Losses due to disease are among the many hazards the farmer must
face in crop production. Although exact losses in Mysore State are un-
known, a conservative estimate would put itat 10 to 15 per cent of the
annual production. At a time when there is a growing gap between produe-
tion and consumption, any reduction in the losses.caused by plant diseases
by ihe adoption of suitable control measures would go = long way in bridg-
ing “this gap by augmenting food production. )

Plant diseases are commonly caused by fungl, bactena viruses and
nematodes. Some of these are seed borne; some are soil borne; some attack
the plant in the seedling stage; others when the plants are fully grown; and
for some, the plant remains susceptible throughout its entire period of
growth. A plant may be affected by one or more diseases in succession dur-
ing its cycle of growth from seedling to maturity, and two or more diseases
may occur on it at the same time. Disease symptoms vary depending on
the disease and host involved. A recognition of these symptoms and an
understanding of the nature of the disease is a prerequisite for the adoption
of suitable control measures.

In almost all cases, the control measures consist of apphcahon of
chemicals either to the seed or to the soil or to the aerial parts of the plants.
Fungicide control of seed and soil borne diseases require treatment of the
seed or soil before sowing. The efficacy of these treatments depends upon
proper and timely application. Otherwise effective control is difficuit.
The old adage “Preventlon is_better than cure” applies well to plant
disease control. i T

For some diseases, no chemical control is known. In such cases, use
of resistant varieties and following of approved cultural practices are
helpful.

In this Manual, the diseases of important crops of Mysore State are
given in tabular form with the common name of the disease, the causal agent,
chief symptoms and control methods for each crop. Anappendix including
a list of different fungicides along wlth the trade names, common names and
active ingredient is given. The information in the Manual is presented in
simple non-techical terms. It is hoped that this section of the Manual
will become an effective aid in plant disease control.
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Soil insecticide experiment for control of jowar shoot fly at University of Agricultural
Sciences Regional Research Station at Raichur— 1968



Insect Pests of Crops and their Control

In this Manual, insect pests are grouped according to the crops
attacked. Only the more economically important ones are included.

The key to insect pest control is early detection of infestation. In
some cases insect pests can be detected easily; more often visible
signs appear only after damage is done. It is, therefore, necessary to
be alert for the first sign of infestation, including underground infestations.
Adopt control measures only when infestation is detected, unless
there is a history of infestation. Use of insecticides is the most common
method of control.

Other methods of control include cultural practices, crop rotation

and growing resistant varieties. Plough under all infested crop refuse
and practise weed control to remove future sources of infestation.

Adopt recommended crop rotation schedule to avoid build-up of
infestation, and grow resistant varieties, when available.
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(:nap'la_locrocis medinalis Guenee. 8

A good plant protection schedule takes into account both crop growth

B_v,
JLingupg

and insect development



PLANT PROTECTION SCHEDULES

With the main object of concentrating the limited available resources
in areas of assured water supply for securing maximum production per
acre I.A.A, programmes based on IADP experiences were developed in the
country. During the past three years there has been phenomenal develop-
ment in agriculture in India and this has been mainly due to the introduc-
tion of high-yielding, short-duration hybrid crop varieties, capable of
responding to heavy fertilizer usage and timely plant protection measures.
These practices have thrown open the road for boosting up food produc-
tion. The inputs such as improved seeds, fertilizers, pesticides, etc.,
are being increasingly and rightly diverted to these programmes of
intensive agricultural production. As the investment per acre for seeds
and fertilizer is high, the practice of applying plant protection measures
after the appearance of the pest no longer holds good; pest control should
be carried out as a routine practice, the same as cultivation, fertilizer
application, watering and weeding.

Consistent with the pest complex of a crop, a control schedule giving
the chemicals, dosage, and time and frequency of application has been
worked out, and a set of recommendations has been made in respect of
a few major crops. To reduce the cost of treatments, the use of insec-
ticides and fungicides has been combined, wherever compatible, The
schedule of treatments is intended for adoption as a package instead of
viewing the insect pests and disease control problems separately. It is to
be expected that further research and experience willlead to changes in
these schedules in future editions of this Manual.
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Improper weedicide use kills the weeds and the crops

The sorghum crop treated with the proper weedicide



A sorghum crop infested with weeds

The same crop when treated with the proper weedicide






Weeds and Their Control in Crops

Weeds may be conveniently described as plants growing where they
are not wanted, especially in competition with agricultural crops. They are
troublesome indeed in the agricultural enterprise, being useless as agricul-
tural crops, persistant in occupying farm land, prolific in multiplication,
and resourceful both in spreading and in surviving rigorous environmental
pressures. Thus, eliminating the weed menace from cultivated crops is a
difficult problem of paramount importance to food crop production in
India.

Weeds are also troublesome to those concerned with maintenance of rail
roads, highways, parks, public lands, play grounds, tanks, irrigation chan-
nels, navigation channels and pasture lands.

The weed menace is a continuing one. It has persisted through the
ages, being as familiar to the earliest farmers as to the modern day agricul-
turists. Even so, all too frequently the farmer either fails to recognise
the impact of weed competition on crop production or shows no interest in
adopting effective weed control measures. Therefore, this section of the
Plant Production Manual emphasizes weed problems and how to cope with
them. )

Classification of Weeds

Apart from the botanical classification, weeds are generally classified,
according to their eclogical affinity, as weeds of wet, dry and garden lands.
In addition, in this manual their crop association is also given as an aid in
control. The list presented here is confined to certain common weeds
occurring in agricultural lands.

List of common weeds along with their crop
and ecological association.

Botanical Name Common Crops Habit *
Name DWeaG
(1) @) (3) (4)
Cleome monophylla Linn —  Ragi, Jowar, D— —
Groundnut
Cleome viscosa Linn Wild Ragi, Jowar, cotton,
mustard groundnut, Vege-
tables, maize D — —
Gynandropsis pentaphylla D.C. — —_— D— G
—*D:I—)—ry land G = Garden land

W = Wet land



(1)

Argemone mexicana Linn

Tonidium suffruticosum Ging
Polygala chinense Linn

Polycarpaea corymbosa Lam
Portulaca oleracea Linn
Bergia ammanioides Roxb

Malvastrum coromandelianum

Garcke
Pavonia zeylanica Cav
Hibiscus trionum Linn

Sida acuta Burn
Sida cordifolia Linn
Corchorous olitorius Linn

Tribulus terrestris Linn

Oxalis corniculata Linn

Oxalis acetocella Linn
Rothia trifoliata Pers

Indigofera ennaephylla Linn

Indigofera hirta Linn
Atylosia scarabioides Benth
Tephrosia purpurea pers
Zornia diphylla pers
Aeschynomene indica Linn
Alysicarpus monilifer DC
Desmodium triflorum DC

Phaseolus trilobus Ait

Rhyncosia minima DC

80

(2)
Prickly

pPoppy

Indian
milk wort
Purslane
Water
Firewort

Jew’s
mallow
Puncture
vine
Yellow
wood
sorrel.
Lady’s
sorrel

(3)

Ragi, Jowar

| =

|

Cotton, groundnut
Ragi, groundnut

oo ©o o

Groundnut Jowar
Potato, Maize
Paddy

s =1

o |

|

Ragi, Jowar

=
I

Jowar, groundnut
Paddy, cotton, maize
potato

Ragi, Jowar

Jowar, cotton, ragi
Maize. cotton, Jowar,
groundnut, ragi
Jowar, ragi, ground-
nut

Groundnut, cotton,
Maize, vegetables,
Ragi, Jowar

g Qo]

o
|

Paddy

Ragi, Jowar, ground-
cotton

Ragi, Jowar, ground-
nut

Ragi, Jowar

Jowar, cotton,
Jowar, ragi, cotton
Jowar, Ragi D
Paddy

Jowar, cotton

Ragi, Maize, potato,
cotton

Paddy, cotton,
groundnut

Ragi, Jowar,



(1)

Cassia hirsuta Linn

Mimosa pudica Linn

Ammania baccifera Linn
Jussieua repens Linn

Ludwigia parviflora Roxb

Trianthema portulacastrum
Linn

Mollugo cerviana Ser

Centella asiatica Urban

Oldenlandia aspera DC

Oldenlandia corymbosa
Linn

Borreria hispida K. Sch.

Ageratum conyzoides
~ Linn

Acanthospermum
hispidum DC

Erigeron asteroides Roxb.

Blumea lacera DC

Blumea wightiana DC

Sphaeranthus indicus Linn

Vicoa indica DC

Xanthium strumarium
Linn

Lagesca mollis Cav

Eclipta alba Hassk

Spilanthes acmella Murr

Bidens pilosa Linn

11

(2)

Touch-
me-not
—  Paddy

(3)
— Groundnut, Jowar,

Ragi, cotton
Jowar, cotton ragi,

maize, vegetables.

- Paddy
- Paddy
- Ragi, cotton ground-

4)
D — —

D — —
—_W —
— W -
—_ W —

nut, vegetables, MaizeD — G

— Maize, ragi, potato,

vegetables, cotton
Paddy, potato,
vegetables, maize

Indian
Penny
wor{
—  Ragi, jowar, cotton
Ragi, groundnut,
— jowar
—  Ragi, jowar, cotton,
groundnut
Paddy, maize, ragi,
— vegetables

D — G

)
e
o

jowar, groundnut, cotton

Ragi, jowar, cotton,
— groundnut
—  Ragi
—  Paddy, vegetables,
maize

—  Ragi, jowar, vegetables

—  Paddy, vegetables
—  Jowar, groundnut,
vegetables

—  Ragi

—  Paddy, ragi, maize,
jowar, vegetables,

_ groundnut

— Paddy, sugarcane
vegetables

—  Paddy, sugarcane,
Maize, vegetables

—  Ragi, jowar, cotton

v | oy 90O
|
(o)

o o
ls = =
]

O



(1)

Tridax procumbens Linn

Flaveria australasica HK

Lactuca runcinata DC
Sonchus arvensis Linn

Anagallis arvensis Linn

Calatropis gigantea
~R.Br

Heliotropium indicum
Linn

Trichodesma indicum
R. Br

(2)

Corn sow .
Thistle
pimpernel .

Gigantic

swallow-
wort _

Evolvulus alsinoides Linn —

Convolvulus arvensis
Linn

Merremia emarginata
Hallier F.

Solanum indicum Linn
Sclanum xanthocarpum

SCH & Wend
~Solanum nigrum Linn

Physalis minima Linn
Datura metel Linn

Bacopa monneira
Wettst

Dopatrium junceum
B. Ham

Striga densifiora Benth
_ Asterocantha longif,lia

Nees

Deers foot,
Field bind
weed

3)
Ragi, jowar, cotton,
groundnut, potato,

maize and vegetables

Paddy, cotton,
jowar, ragi
Ragi, cotton, jowar

Ragi

Ragi, jowar, groundnut,

cotton

Ragi, Jowar

D
D
D
D

D

D

Jowar, ragi, groundnut D

Ragi, jowar, cotton,
groundnut

Ragi, cotton, jowar

Ragi, jowar, Maize,
cotton groundnut

- Cotton, jowar, maize,

Black
night-
shade

Thorn
apple
Thyme
leaved
gratiola

paddy, groundnut,
cotton
Ragi, jowar

Jowar, cotton, ragi

Ragi, cotton, maize,
potato, vegetables

Ragi, vegetables

Ragi, jowar, cotton

Paddy

Paddy
Jowar, sugarcane

Paddy,

D
D

D

9 U ©QodY

jw)

W



83
(1) (2) (3) ‘ (4)

Rungia repens Nees —  Vegetables — W

Justicia diffusa Willd — Ragi D —

Stachytarpheta Ragi, jowar, D -
urticaefolia Sims — groundnut

Lantana camara Linn —  Ragi, jowar D —

Lippia nodiflora Mich — Paddy, vegetables, maize— W

Ocimum americanum Hoary Ragi, cotton, D —

Linn Basil groundnut

Leucas aspera Spr —  Jowar, ragi, cotton, D —
potato, vegetables
Boerhaavia diffusa Linn Spreading Ragi D —
Hogweed
Celosia argentea Linn Silver-
spiked
coxcomb
or white
coxcomb  Ragi, jowar, groundnut D —
Amarantus polygamous Ragi, cotton, jowar, D —
Linn —_ maize, vegetables,
potato
Amarantus spinosus Thorny

Linn amaranth  Ragi, vegetables D —
Achyranthes aspera Prickly '

Linn chafi-

_ flower Ragi D —
Alternanthera echinata Khaki

Smith weed Ragi, jowar, cotton D —
Gomphrena decumbens —

Joeq. Ragi, cotton D —
Atriplex hortensis Linn  Orachne Paddy, vegetables D W
Polygonum plebejum —

R. Br. Ragi, jowar, cotton D —
Euphorbia hirta Linn —  Ragi, groundnut D —
Euphorbia prostrata —  Ragi, jowar, vegetables D —
Phyllanthus niruri Linn —  TRagi, maize potato,

jowar, cotton,
vegetables D W
Phyllanthus madares- —  Cotton, jowar,

patensis Linn groundnut, maize D W

Croton bonplandianum —  Ragi, jowar, cotton D —

(L) crozat



(D

Acalypha indica Linn —

Commelina benghalensis —
Linn

Cyperus bulbosus Vah. Bulbgrass

Cyperus rotundus Linn  Nut grass

Imperata cylindrica Cotton
(Linn) Beauv grass

Chrysopogan montanus
Trin
Dicanthium annulatum
Stapf —
Dicanthium caricosum
A Camus —
Apluda veria Hack —
Brachiaria distachya Staff —

Echinocloa crus-galli Barn yard

Beauv grass
Panicuin repens Linn  Ginger

grass

Setaria pallida-fusca

Staff and Hubb —
Eragrostis gangetica

Steud —
Cynsdon dactylon Pers Hariyali
Dactyloctenium Buffallo

aegyptium Picht grass
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(3)
Ragi D — —
Vegetables, Maize,
potato
Ragi, jowar, cotton,
vegetables
Paddy, maize, groundnut,—
potato, vegetables

Paddy

Ragi, jowar
Ragi, jowar D
Ragi

Cotton, ragi, jowar
Ragi

Do o
|

Paddy

Paddy, vegetables
Ragi, jowar, maize,
vegetables

Paddy — W —

Jowar, cotton,

groundnut, ragi,
maize, vegetables D
Vegetables

Damage due to weeds
Weeds compete with crop plants for land, nutrients, moisture and
light reducing growth and yield, the extent of reduction depending on the
intensity and timing of the competition. The reduction in crop yield due
to weeds in India is variously estimated at from 5 to 309,. To this esti-
mated damage can be added the cost of weed control. At every stage
of cultivation, harvesting and marketing the crop, weeds add to the cost.

Moreover the quality of the produce is impaired.
Weeds harbour insect pests and diseases, sheltering them during ad-

verse conditions,

For example, wheat rust spends a part of its life cycle
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on the berbery plant and a number of crop insects have weed plants as
alternate hosts. Weeds like Striga and Orobanche lead a parasitic life on
sorghum and tobacco respectively.

The utility of pasture land is reduced by weeds. Weed control in=
creases the maintenance cost of playgrounds, highways, rail-roads, tele-
graphic lines and irrigation channels. Land values are depressed by weeds.
Navigability and fish fauna of tanks, lakes and ponds are reduced by
weeds. Weeds also pose health problems for the people. For example
pollen of rag weed causes hay fever and some weeds are poisonous.

Methods of weed control

Weed competition with crop plants may be reduced by prevention,
control and eradication. Prevention refers to such measures which re-
duce the spread and multiplication. Control measures are those which
reduce the damage due to weeds when they are already existing in a parti-
cular situation. Eradication eliminates the weeds in a particular place,
which is possible only under restricted conditions and areas.

Weed prevention

The practices listed below, if followed systematically, would aid in
the prevention of weed infestation.

1. Plant weed-free seeds.
Remove weeds before seed formation.
Keep bunds, borders and marginal lands free of weeds.

Avoid driving livestock from weed infested fields to clean fields,

oA e

Keep all farm implements, including tools, and tractors clean and
free of soil and weed seeds.

Avoid transferring weed infested soil to clean field.
Keep irrigation channels and drains free of weeds.

Avoid using of weed infected compost and FYM.

© © N &

Compost, manures and farm wastes so that the temperature inside
the pit is high enough to damage the viability of weed seeds.

Weed control

The principal methods of weed control include the adoption of ap-
proved agronomic practices, the introduction of biological agents and the
use of selective chemicals (weedicides).
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1. - Agromomic practices:

Among the approved agronomic practices, effective in weed control are
preparatory tillage, interculture, crop rotation, mulching, handweeding
and flooding.

(a) Preparatory tillage : Two ploughings followed by one harrowing
spaced to allow weed seeds to germinate which will reduce the weed
population substantially. Clean fallowing in summer, if possible, is also
effective.

(b) Intercultural operations: Intercultural operations in row crops
(with implements suitable for working between rows) at frequent intervals
together with hand weeding in the rows destroys annual weeds as they
develop and holds perennial weeds in check.

{¢) Crop rotation: Rotation involving crops of different growth
habits and varieties of management practices may be highly effective in
weed control. Such crops as cowpea, lucerne, sunflower, avare and fodder
sorghum tend to smother weeds and should be included in rotation. Crops
like potato and groundnut in rotation could contribute to weed control
through large scale disturbance of soil in the harvest operation.

(d) Mulching: Mulching with paper or straw or any other material
will help in the suppression of the weed growth. TFor example, weeds can
be controlled in pine-apple with paper mulch, as practised in Hawail,

{(¢) Flooding: Flooding is used to control weeds in paddy fields. The
crop is floecded to a depth of 3 inches or more and allowed to stagnate for
6 to 8 weeks. This kills all weeds except the aquatic weeds. Then the
water is drained off and the land allowed to dry which kills the aquatic
weeds.

(f) Hand weeding: The most common method of weed control is
hand weeding. This would be an efficient method for annuals and bien-
niels which do not reproduce by underground plant parts. Hand weeding
should be done before flowering, and aithough more time consuming and
perhaps expensive in some cases, it is easy to perform.

2. Biological Methods :

Since weeds are susceptible to certain insect pests, these agents may
be used to control weeds under certain circumstances. A prerequisite is
that the insect should be specific for its own weed host. For example, the
noxious weed prickly pear has been eradicated from diflerent locations by
an insect pest which feeds on this weed only. In California, klamath weed
beetle has been used effectively to reduce the incidence of klamath weed,



87

3. Chemical Methods :

The discovery that weeds can be selectively killed in a crop field by
certain chemicals is the most recent development in weed control. Chemi-
cals that kill weeds are called weedicides. It should be noted that no
single weedicide can be used on all crops. Therefore care must be taken to
use the right weedicide for any given weed problem.

Preliminary information

Weedicides are selective or non-selective in their action. A selective
weedicide applied to a mixed colony of plants will kill certain species with=
out damage to others, for example at a specified rate 2-4-D acts as a selec-
tive weedicide killing broad-leaved weeds in cereal crops. On the other
hand, non-selective weedicides such as mineral oils kill the cereal crop
as well as the weeds. Therefore if these have to be used no crop should
be involved.

Weedicides may be applied before seeding, after seeding but before
emergence and on a standing crop. These applications are designated
as pre-plant, pre-emergence, and post-emergence respectively. The time
of application depends on the weed problem on hand with reference to
crop; for example, Simazine can be used effectively only as pre-emergence
treatment in maize, and Propanil as a post-emergence treatment in paddy.
Weedicides vary in their content, concentration of the actual chemical,
time of application, suitability for the crop or crops. It is necessary, there-
fore, to have complete information about each before use. The rate of
application is dependent on the concentration of active ingredient present,
Thus if 4 kg/ha of 2, 4-D sodium salt is recommended for sugarcane and
if a-commercial product of 2, 4-D has an acid equivalent of 80%, the

4
product required per hectare works out to 5 kg (% X 100 = S kg )

Common weedicides

1. 2, 4-D is available either as sodium or amine salt or as solutions.
The active ingredients 2, 4-dichlorophenoxyacetic acid. This is a selective,
translocated auxin type weedicide recommended both as a pre- and post-
emergence spray. When given as a pre-emergence spray it lasts for 2-4
weeks in the soil. It is generally effective against broad leaved weeds.
Avoid drifts reaching crops like cotton, potato and groundnut. Generally
recommended for use in crops like wheat, paddy and sugarcane. Costs
about Rs. 13 per kg.
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2. 2,4,5-T is available as amine salt. This product is a translocat-
able selective weed killer with 2, 4, S-trichlorophenoxy-acetic acid as active
ingredient. Itis generally recommended for destruction of brush and other
woody plants and is especially useful for eradicating weeds in wastelands.
Avoid drifts reaching crops like cotton, potato, groundnut.

3. MCPA is available as sodium and amine salts, and as an emulsi-
fiable concentrate. This is also a selective weed killer of the hormone
type, with 2-Methyl, 4-Chlorophenoxyacetic acid, as active ingredient.
Spray drift should beavoided. Generally recommended as a post-emergence
spray for paddy. It costs Rs. & for five litres.

4. MCPB is a selective, post-emergence, translocated weedicide
available as emulsifiable concentrate with methylchlorophenoxy-butyric
acid as active ingredient. It is used in legumes, mostly peas, both in the
seedling and mature plant stages. Do not feed livestock with treated crop.

5. ATRAZINE is available as a wettable powder with 509, and 809,
active ingredient of 2-chloro-4-ethylamino-6-isopropylamino-1, 3, 5
triazine. It is a soil sterilant, generally recommended as a pre-emergence
spray and sometimes as an early post-emergence spray. This weedicide is
used against weeds in maize, sugarcane and jowar and is most effective
when soil is in fine tilth with optimum soil moisture. Its effect in the soil
may last 4 to 14 months, depending on the quantity of weedicide applied.
Therefore care should be exercised in using crops sensitive to this weedi-
cide, like groundnut, potato and vegetables in the rotation.

6. SIMAZINE is available as wettable powder with 50% to 95%
active ingredient of 2 chloro-4, 6-bis (ethylamino) 1,3-5-trazine. It is a
soil sterilant, generally recommneded as a pre-emergence spray. In other
respects it is similar to Atrazine, but less soluble in water. It costs Rs. 55
per kg. In view of the residual effect, care should be exercised in using
crops sensitive to this weedicide like oats, cururbits, rice and tobacco in
rotation.

7. TOK E-25 is available as an emulsifiable concentrate and in
granular form, the active ingredient being 2,4-dichlorophenyl-4-nitrophenyl
ether (240 gms/litre and 79, respectively). Applied usually as a pre-
emergence spray acting as a thin herbicidal barrier on the soil surface.
Therefore the soil should not be disturbed 3-4 weeks after application of
the weedicide. It is most effective under optimum soil moisture condition,

8. PROPANIL is available as an emulsion 3, 4-dichloropropionanlide
with 359, and 469 as active ingredient. It is applied as a post-emergence
spray and acts as a contact weedicide, killing annual grasses and broad



89

leaved weeds in paddy. It is most effective when the weeds are in 2-3 leaf
stage. Avoid spray drift, which may cause injury to crops like cotton,
maize, vegetables and ornamentals, Standing field must be derained before
application and can be reflooded, 2 to 5 days after weedicide is applied.
Mixed with other Persticides propanil causes injury to paddy. It costs
Rs. 20 per litre.

9. PREFAR is available as an emulsifiable concentrate with active

ingredient S-0, 0-diisopropyl phosphoro dithiote} of N- (2-mercapatoethyl)
benzene sulfonamide). This weedicide is recommended as pre-emergent
“spray for cotton, lettuce and cururbits. After application the weedicide
should be mixed with the soil to a depth of 2-3 inches and the soil should
have optimum moisture condition for good results. Its effectiveness
persists for 6-8 months.

10. DALAPON is available as a sodium sglt with active ingredient
2, 2-Dichloropropionic acid, 859%,. This translocatable weedicide is
applied both as a post-emergence spray and as spot treatment for the
control of grasses, Itis most effective when applied during early active
stages of growth. The chemical persists in soil for 60 days or longer.

11. DIURON is available as a wettable powder with active ingre-
dient, 3,-3, 4-dichlorophenyl-1, 1-dimethyl urea 80%,. It is applied as pre-
emergence spray for cotton. Soil should be in optimum moisture condi-
tion. Since it has a residual effect, avoid growing crops like sorghum in
treated fields. It cost Rs. 70/- per kg.

12. MONURON is available as a wettable powder with 3-(p-chloro-
phenyl,) 1, 1-dimethyl urea -809%, as active ingredient. This selective pre-
emergence weedicide must be mixed into soil. Since it has residual effect,
avoid planting for one year with crops other than cotton, maize, and grain
sorghum, ' ” - .‘

13. PARAQUAT is available as an aqueous solution with
1,1-dimethyl-4, 4-bypyridylium dichloride as active ingredient. Thisis a
non-selective contact weedicide recommended as a post-emergence spray
for undergrowth in plantation crops and a directed spray against weeds
only. In other words avoid spray contact with crop plants. The weedicide
has no residual effect.

14. VERNAM is available both as an emulsifiable liquid and in
granular form with n-propyl-di-n-propyl thiolcarbamate 609, as active
ingredient. This is a selective, soil-incorporative weedicide given as a
pre-planting spray for groundnut, potato and tobacco. This has no residual

12
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effect. This weedicide should not be applied in combination with fertilisers,
insecticides, fungicides or other weedicides.

15. EPTAM (EPTC) is available both as an emulsifiable concen-
trate and in granular form with S-Ethyl dipropyl thiocarbamate as active
ingredient. This is selective preplant soil-incorporated weedicide; that
provides effective control of weeds in general but specially grasses. It is
used primarily for carrot, potato, flax and tobacco.

16. DIPHENAMIDE is available as a wettable powder with
N, N-dimethyl 1, 2, 2-diphenylacetamide (50 to 809,) as an active
ingredient. It is a selective pre-emergence weedicide, when mixed with
soil for a depth of about 2” it provides weed control over a period of
6-8 months, in crops like tobacco, potato, and groundnut.

Since weedicides may be toxic to man and domestic animals they
should be used with care. The following precautions in their handling
will minimise the hazar8s in their use.

Read the label carefully and follow precautionary directions, no
matter how often you use a weedicide or how familiar you are with the
directions.

Keep weedicides out of reach of children, pets, irresponsible persons
and live-stock. Store them away from food, feed and seed, always in their
original containers, and keep them tightly closed.

Avoid inhaling sprays or dusts and wash hands and face and change
clothing after applying weedicide always. If weedicides are accidently
spilled on skin or clothing, remove clothing immediately and wash the
cloth and skin thoroughly.

If any illness occurs during or immediately after applying weedicides,
consult a doctor. Dispose of left-over material and empty containers
so that they pose no hazard to humans, animals, plants or wild life; for
example do not dispose of these materials in drainage channels.

Do not siphon liquids from containers or blow out clogged lines and
nozzles of syrayers by mouth. Keep the equipment in proper working
order.

Confine chemicals to the crop being treated by preventing the drift
of spray or dust to crops. Avoid spray applications during dry or hot
weather.

The weedicides must be mixed thoroughly with water before spraying.
Full syray coverage of the weed foliage is necessary. Spray must be
uniform and overlapping should be avoided. It should be stored in a
cool, dry place.
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Weed Eradication

Weeds may be eradicated by application of weedicides in a high
concentration. Although this is relatively easy to do, in so doing
soil is made unfit for cropping for varying periods of time. However,
this would not be a factor for consideration in the eradication of
weeds from places like railroads, high ways, air strips, green houses
and along pipe lines. For example, soil sterilants like CMU or Monuron
applied at 50 kg/ha kills all vegetation and the soil remains sterile for
a number of years., Perunial weeds such as lantana can be eradicated
by smearing cut ends of the stumps with a mixture of 2, 4-D and
2, 4, 5T (2:1). Such weeds may also be eradicated by digging
them out.



92

Sunnoids
a10foq pue 2ued Sunjuerd 1syye A ddy
Keids ooualrours-isod e se Ajuo A(ddy

*9p1o1poam siy} Aq Ainfug 03 ojqridadsns
st yoiym erpund 3deoxa sarjarrea [[e o]
-Sunjuejd 1933e sAep Sz Aeids 1eyjoue
pue Sunjueld 193ye sAep S Aeids sarr)

Sunjue[d 1eje syoom v Leidg

‘19)e "s1y Yz 193em ur 3] pue
Suifeids arojoq simoy vz ppy ureld
‘TeSIWaYD 1930 AUB UM XIW 30U O(]
-99e3s Jea[ 2-I a1e SoAes] waym Aridg

+123e] sep S1 urede Leids Aressodou
JI ‘o8e1s yes[ €-z UI aIe SPoaM USYMm
1o Surjueid 19)ye sAep S1 souo Aeidg
'speay]

-183 J[Mals ur jfnsar Aewr suopjedydde
IsyeT -Sunjueld 193je sxoem xis Aeidg

9

sYIewWa

sadAy v 9ouUaSIsUIa-91J
jeo[ peold  9oUdSIOUIA-}SOJ
sfenuuy JouslIaure-a1g
ANVOUEVINS
Jes] peold  9oUdZIOUIR-}S0]
Jes[ peolg  oouafiowa-}sog
LVIHM
sad4y 1V -op-

1020UOW JUWIOS
pue jesjpeolqg

aouadrsura-3soJ

Adavd

¢

P3[[011U0D SPas A

,v

uonyeoridde
jo swly

1] 006

10@[

3] 006

€

BY/9WIN[OA

SMov-zze

obv-zz
8y Sv-Ge

34 Gv-Cz

311

3y Cz-01

jyor-§<4

3 zz

By ‘zz

(4

eq/eyey

suizeIe}y

surzeung
VAN

VdON
a-b ‘ez

ruedoig

VdON

a-b e

opPRIQISH



93

‘PIo

s)yoam x1s 9-F a1esSurpass usym Leidg
. i —op-

' *[013U0D

aA130070 opisaxd suor}Ipuod ainjsioiu
wnuwd) -pess urjueid 1933e sfep
10 U0 Y3[1} SUY Ur UaYM [10S 3y} Aeiadg

‘4C 0} :.WH
jo yidop ® 03 uoneoydde sousSrows
-21d °,£ 10 Y3dap ®e 01 [10S YNM paXiW
9q poys suonyeoridde Sunjuerdsig
*S}{99M Z 10} PIQIN}SIPUN [I0S 9ABI[ USY[}
pue 3unjuerd 1a)ye shep £ urqim Lddy

#£-42 30 43dap © 0} [10S Y} YA X1
‘sdo1o

a[qndedsns mo18 jou op porlad yorgm
Sump yeak suo0 JOJ UTEWNAI S[ENPISAY
uonjeogdde 1aye sdep b-£ ojeSuug

‘Sunuerdsuen
910J9q S}{9aM Z INOQe [I0S 9Y} OJUL XI|
‘Bunjued s1059q oom auo Lddy

duadiowe

Jes[ peoag -3sod pue a1 —op-
-0op- -0p-— —0op-
—op- —0op- -0op-~

Jeo[ prolq

pue sasseln) 90U3193-31 —-op-
HZIVIA
*Sunjuerd
-suer} 13ye
Apdyerpawiuar 10
sad£) NIy souadrowd-aly 3 0ob
0DDV40L
souddiaure-ard
sodA} v Sunyuerd siocjeg -op-
sadAy v ouadiawa-a1g -op~
LANANNOYD
sod£y 11y -op- -op-
-op— —op— —op-
Jea[ peoiq
pue sasselry  20USSIBWS-d1] -op-
NOLLOD
sadA} [Ily  9ousSiswe-~a1g -op-—
Jea[ peoxgg Sunyueid-azy  3[ 006

Dvia

-op- a-t ‘e
-op- surzedoad
-op=- auIZeNny

3y Gz suIZRUIIg

8y S'9 prureusaydi(y

W 0% -85C F-9 weursp

WISI-or Sz 'y ‘Yol
w1 Sg-0¢ Ieja1g
8y1-¢<o uoIni(y
§11-So0 uoINUOR
3 2’1 0144

89 z1 ab e



94

souadrouws

48y souy st Jemol uoym Aerdg Jed[ peoag -3sod pue -a1g
op op
op op

Sar3aLIBA JUR)SISAI 03 Jes] proiq pue
Aquo saprotpaem Aiddy S9SSEIS [ENUUY  90UISIoW-dIJ

AV Of
Jed] peoiq
pue SaSselr)  9OUSSISWIR-3IJ
— Jeol prolq sousdrows
pue sasseln) -3s0d pue a1g
|O.w| |O©|.
sfenuuy Sunyuerd-a1ig
OLvV1iOod
J— —_— .|O©| I.OUl
2ouadrous
plo sjeoM p are sSurpass uaym Aeidg Je9] proIg -3sod pue a1g
varvg
- 9 S 14
uoryeorjdde
SHIBWD Po[1013U0D SPaapA J0 SwIy,

op
op
op
op
11 006
—-op-
~-0p-
-op—
1 006
€
eyg/ownjon

op
op
op

3y o0z-01

8y Sz'1
S1t-¢

8qor-g
‘31 0°'g- od

Sy 1

8y 1

[4

eg/oyey

a ‘e
aurzedoig
surzen}y

surzewng

uoINUOIY
daNd

uodereq
o1ldd

9pIIqIeH



95

“JURIPaISUT 9410V JO SWIO) UI J0U PUE [BOIWAYD [eN)IE JO JUNOWE 3} ST PIPUSWIWOIAI S[EIIWIYD JO 18I 3Y ],

‘SOUTA pUE SIPIOIPIom juourjeal} jods pue
U93IM]3Q JOBIUOD I} PIOAY sadfy NIy 9oUa319ma-}50J op NnysS-o0¢€ jenbereg
SHAVED
Suimos 1933e syeam ¥-€ Aeadg jea] proig 90U aUIs-350g op M1 dIO0N
SVid
-Sunyuerd
210J3q s399m b-€ Aeidg op op op 94 Gz-01 ouAnsuwog
-3unjuerd
910J3q sjdam P-€ 1108 2} S9sS®BI3 QUIOS
U)IM ODIOIPIIM 9} XIy  pue Jes] peoig dunyuerd-o1g op WISz-o0c 9143

ATIIHO



96

‘smoppiw pue sjodsyes]
‘syselq mEm:a jsuiede sAeids 1erjo} se pasf)

am zg euz

auazi[g
SUeYIEXI . ajewreqIe)
{4-7 aueyn(q oI3Ipsig aus[Ayje ourz qaurz

SHAIDIONAA JINVOHIO

"Jurs
-S0Ip Po9s Se pue sisnp pue sAeids Ierjoy se pas(}

*$)01-300] pue
s301-3001 ‘go Surdwiep oIj}uod 03 SIYOUSIP [I0S SE
pasn oste a1e A9 ‘smapmu pue sjods-yes ‘siselq
‘syysq amE«ma sAeids um:ou se A[urewr pPasn

zopueg Iaddo)
Tewndun,g
X0UO0IdJ

uejo3h g

Jaddoy naryp

dM 0§ sptioyadxo 1oddoy
jaeidny

1addod 1joyg

%05-0S-p doorig

oS 1addod anjg

reweidn)

31&%01dn)

oS xoyg

SHAIJIONNA Mmmmou

(€)

sy1emoyf

(2)

sureN apeiy

I XIANdddV

oprxo 1addoy

opuofy2 roddoo J1seg

(1)

sweN TOWIWO)



97

Uesexsf v

- X9[[LL
uesEjR T apuIo[Yo AINdI9|
:.Suﬁ,w 1AU1e AXoy)o|
N5 ueso1dy. apuIo[yo A1norew [AYIH
*$301-300] pue sjo1-joo01 ‘o Surdurep _ snjd s3e3e0e A1notow [Ausyg
JO [0I3U0D 3Y} 10} pue SISESSIP dUI0q oM Ueso19]) IpLIoTYo A1nd1owt [AY}eAXOYIo
-pa9s jsurede JUISSIIP PIIS SB PaIs() A1(T uesa1a)) 91e390e A1dIow [Ausyg

STVIMNDYEN JINVHIO

*sAe1ds 1e1[o} se pasn dM SZopuyy
a1e siopmod 9[qerom 9Y] °S101-300] PuUEB ‘)01 a SZepuyl
jo01 ‘go Surdurep jo 10I11UO0D Y} I0] PUE SISEASIP IY)exo |y
au10Q-pass jsurede SurssaIp poss 1o] A[ulews pas() wreny J,

qIaJeXaH
weqIo g

. . 9)e[197
o l1zexoyg
dM 08 /pu1zZ

L chSQ

dM S9 wenz

22-J suey(
qauepy

syreweyy auTeN 9peIL

aprydiusiq
weIniyi[Ayjewena welly

djewreqie)
oINPIAYjeWI( d1119,] ureq1a,f

) i

o ajewreqie”)
. OIyIPIAYRRWI( durz welz

T 9yeureqie)
ory3ipsi¢ 2ua[Ay3e asourSuepy qouey
" owey reormeny suwreN UOWWOo)

13



98

*S9SBISIP
2U10Q-pads [01ju0d 03} SuISsaIp Pads
se pesn os[y ‘sjodsyes] pue smap[ruu
[o13uod o3 sAeids 10 sisnp Sse pas)

"smapiwt pue sjods-yesy ‘spysiq
‘syserq [o13uod o} sAeids 1erjo} se pas()

syTeWoy

[nSexoH

TeIns
10SOITIY

o jaogy,
" Ingdins a[qejIoN OO
ueso)

SHAIDIONAA dNHATIAS

sueyjeIeY]

go¥ g

90} apiIdunjossy

uejde)
~doourz
sueled

SHAIDIONNA YHHIO.

owe)N operl

mydins a[qelrom

9jeu03j010
[Auoyd (14300 2) g-onuiq

aprure[eyjydopAy
A ~B1}93-01{3-[AY}W-0I0TYO1I} *N

‘OHV..I

9}BUIeqiEd OIY}IPSIq-OUa] -
-£yja oz 4 apuo[yaLxo 1addoy

sweN [eolmay)



99

juedrwuny
pue 3joeju0])  '9pW
-1L1Bd® PUE 3PIdI0asUu]

apo
-LIBO® pU® SPIOI}IaSU]

0-1-8¢-0Q @pld1ao pue
apoLIede  ‘OpIor}oIsuy

L

{eyordmodn
jou) 3§ Ui [enjor
2123007 1od s3I pue
A31anoe jo wniyoedsg

suorjeud
-oxdwy urse1

pUE S]0SO19E sdo1 uo ruode )
syeq ‘sAexdg esn Iof joN 9g dAQA
Q D ,
g M (sedded) g 01001  wowrzelq
(sn13m) 41
‘o (suesq) 4
o g M (suopw) ¢ 0€ oIy,
sap1o1yoasuy aredsoyq druedip
9 %n 3 ﬂm 19
suor MU0 uvaMuMMvo« ( Mu“.m.”: ) Aouwﬁoﬂﬁoo
[eI0IOWWO)) mwwﬂwowwm” owwnnw MME SomeU 9pPeI],
WNWIuiy ~ [eI0 93moy

(s1q®} Jo pPus Je S3J}0U00] I9G)

syeudsoyd [Aq3

-uip  [AUrA0IO[IIP-Z‘T
ayeory}
-tpotoydsoyd  [Aurprux

~114d-p-1-1Ay1omr-g-14d

-oxdost-g)-0  1Ayre1P-0‘0
9jeOIYNP
-orogsoyd  JAU3LIP-0°0
1Ayjouw
-ory}  (Auaydoroqyo-d)-g

QWU [eoIway)

VIANI NI JIALIAIYOV OL dsN
TVIINHIOd YO INJISHId 40 SHAIJILIASNI 40 NOLLVIWIOANI LNIANIILIHI

o XIAONAddV

SBAIO[YDIP

uourzeIp

uorgl
-ouayd
-0qIed

aureu
uowmwoy)



100

.uomucoo pue J1a3sAG
*9PIOIIBIB-IPIOI}ISSU]

UOI}oE [BNPISAI POOX)
*9PIILIBOB-0PIOI}ISSU]

apmrjoasut uostod
[OBUIO)S PUE JOBIUOY)

9PIOLIBOB-IPIOI}OSU ]

JTIA)SAG
‘9PIOLIBIR-3PIOI30aSU]

Yor'WO}S
pue 310BJUO)  'BPIO
-11e0® PUEB 9PIAIJ0asU]

05:0-62°0
uotrjoe JTWIISAS
pue joBIUO)  "IPID
-1IBD® pUE 9pIdI}O9sU]

.Q ”.m.g .m

u-u-m M.m-a

(doxo Aue

1oy winwt
-rurw) (1%
061
0S¢

(f11010) 17
(ezrew) ¢ ¢

(399q
-1e3ns) 0 9-T

(snno) 0 157
(sueaq) | SIz
4 i 4

W-uriesy
‘orqpuy

x3j1heg
‘proAeqe]

uotyit[oq
‘uoryIIng
‘uolyjoy

Ndd
%0184g

‘U0IsAS-1(T
{Xa11A[0S

AruPpq

uo84y
‘1030

ayeydsoyd

-oyp-( [Ayjaw-jAuroq

-1ed[Aow1o} - N-1Ayjow
-N )-S-1Ag3eunip-0‘Q

ajergjoroyd
-soyd [A[o3-wr-(o1y31dy3
-ow-p)-0 [AYIRWIP-0‘0

ayeydsoydonyy
-(1Ausydonytu-y-[Agjew
-€ )-0-TAq3eup-0°0

ojeolyy
-ouoydsoydiAusyd
[Auaydoru-d-g  [£yje-Q

ojeolyp
-oxoydsoyd (4y3e (or1y3
-14412)-Z-S-144301P-0°0

(93e01Y3IPOIOYd
tmOQQ .—%ﬁzwm@no acv mmﬂ
g‘s rorq3rpeuexorp-d-¢‘z

9jeoryiIp

~oxoydsoyd (1Aqyowr

-1Aoureqies-[Ayjow
-N)-S  1Agsoup-0°p

uoryy
-ourio}

uoryjuay

uoryy
~0131U3J

NdH

uojoy[sIp

uoTy3exoIp

aye
-oyjauwip



101

0S-1-00" 1

uorjoe Juedung

pue 3oe}u00 ‘OlUIv)SAG
*9PIOLIBOB-3PIOI}0aSU]

00°1-52°0
unijoads peoig
‘9PIO1IBOB-9PIOI}IASUT

PILIERENNS
*9pIdLIRIe-9PIdIIOISUT

JOBIUO0O PUEB OIWI}SAS
*OPIJ1IBOB-aPIOI}OaSU]

00-1-S2-0

uorjoe juedrung

PUe 30'}U0D ‘YoRWO}S
"9pIOLIBOE-9PIONOSSU]

9A1193[9S
*9PIOLIBOB-3PIOI}OaSUT

00°C-00°1
wn13dads peolg
*9PIOLIBIB-3PIdI}OSUT

L

Sunyuerd jo
‘6 ) *H 9w} }e pas()

[osols®  (sueaq) ¢

0 "q (e3eqqed) 01
ECdM (oeed) g
(do1d Aue

Joj wInux

D -unw) I

[oso1ae (youuds) §
0 q (sdruny) ¢
TOH A M (orewoy) |

'a  (sure1d) g|

foE d M (uonod) ¢
. .U .m M.AH .»s
(son339]
"'ATI'N -peey) {
¢ q (1ddad) ¢

{[oso1a® (19q
g I A -wnono) |

9 g

1

0cI

068

oorl
-000T

gy
soydoryy,
xoyeyy

‘[oproq
‘uoryieredg

X03}SASeId

unpsoyq

W-[op1og
uorytered

Ay

sojheg

uoryyelel

g

-tproydsoyd sdyauwr
(or3[4Y33)-S-14W331p-0°0

a1eO0IY}
1Ausyd
1A431p-0°0

-o1oydsoyd
-on1u-d-q

syeydsoydormdyse
-oydeoraujAy3e-1Ay3awuIp

ayeydsoyd
[AylowIp 938103010
-eydre-Axo1pAy-¢ [Aypwr

ajeory}
-o1oydsoyd 1duayd
-onyu-d-g  [Aygeunp-g
ajeoryytporoydsoyd

Ayrewip-g ‘0-(14(z)
UIZe11}-G-0UIWeIp-9 ‘y)-g

ajeoryirposoydsoyd
TAygeutp-0 ‘0 JAuse (4
-uo0qIedAx¥0Y3}3) siq-z7 ‘1-S

%

ayezoyd

uoryjered

1AUjewruoy
-oUIOPAXO

soydurasur

uoryyered
1Ay3ow

uozZeuouwr

uolyje[ew

I



102

00-€-00-1
uostod YoeWO}S PUE
J0BJUOY)  *3PION}OdSU]

OTI9)SAS
9AI}O9[9S  9PIOI}ORSU]

OTUIdSAS
wniyoads peoig
*9PIOLIBOB-9PIDI}IISUT

wnijoads
peolg ‘OpIoIIoasuU]

05:0-S2-0

UOT}O® YOBIUO}S

UM OTua)sAg
*9PIOLIBIB-9PIdI}OaSU]

L

susreylyd

‘w d 'd ‘ -EUOUB)3WIpP-8‘G-0Xo
1-:003 0 -0pua-‘[-01pAyexay
ry (@ wWoiJ seduex XoIPIV -BR‘§ ‘G “ep ‘b ‘[-010[YD
O CdTM 9duBIdO], 8¢ ‘uply  -ex9y-0I-‘01 ‘v ‘€ ‘T ‘1

(pereULIO[Y)) SOPIDIINASUT SUSIPO[IA)

(egre31e) $1 ayeuogdsogd
(s199q (1Aq3a4x01pAy-|
DA CdM Te8ns) p1 (1197 ‘xo103di@  -0I0[YILI-Z'TT) [AyrewIp

ayeydsoyd
[oso1ae -oryy1p-14y3eodesiow
s | ¢ 0Z1 uneXd  -[AY3e-S-[Ayrewip-g ‘0

19359
[Ayjouarp [Aura ([Aueyd
-0I0[YOLY-§  ‘p ‘7 )-1

ROC R IaC | é 000% BUOPIEY)  -0I0[yd-Z ‘PIoe dioydsoyd
(ozrew) [
{doxo Aue areydsoyd [Ayjewrp
10} wnuw [AutajAyrew-[-[Aoureq
9T CdM -turw) 9] §-€¢ UOIDUWIT(] -1e0]AY331Ip-Z-010Yd-T
9 Y ¥ € 1

uripre

UOJLIO[YLI}

u03}aWoIy}

Ly¥8-dS

uopiw
-eqdsoyd



103

09.0—Sz.0
juednuny pue
10B)U0D

sdo1o

2wos uo
‘wrddo.S

‘qorwIo)g  Soowrg (]  9OUBIDOL

*apIOI}0asu|

00.£—00"I

uosiod yoewoys

pue }58IU0Y)
*aP101309suf

0§.0—Gz.0

uostod yoeuIo3}s

pue 19B1U0)
*3PIo1303sUT

uosiod yorwols
pue }0BIU0)
*apI21309su]

00.5—00.2

uostod

juednunj pue

JO'UWIO}S ‘J0B'IUO)
*9PION}OaSsUT

h.

“o"FHCdM (zead) 09

Gzr

s19130 J9WI0S] 19Y}0 pUR vukvd 10
Auew Jurysisuod ‘auexayoho
pue YHY -0lo[ysexay-g ‘S ‘v ‘€ ‘z ‘1

(‘039 ' 1) spunodwo) pareuriofy) 194310

sdo1o 3sowr

0 "q uo 0 jo
SO M SdURIS[O],

(xqumo

-no) vr

syreq  sdoid poog

niq uo 3Juel

" dM -3]03 0197

syreq (oye3od
“n cq 199MS) 12
oy cd'm (uomuo) bx

*sujos [10 sdo1o
{[oso13®. JWoOS Uo
nyeq urdd€.o

Bo NG . N 0URIIO],

9 <

of1

ox

gt

oSz

aoryoeideo

auepuroueyjowWw-4
‘V-orpAyenyey-el ‘4 ‘v ‘g€

auaTeY)

-ydeuoueyjewip ‘g ‘S-opua
-0pua-b ‘1-01pAyE}20-BY

8 ‘L ‘g ‘S ‘e¥ ‘b ‘1-Lx0de-L

‘uupujg ‘9-0Io[yoexay-oI ‘o1 ‘v ‘€ ‘z ‘1

susteyjydeuoureyiawip-g
‘G-0x9-0pua-¥ ‘I-01pAye}00-8g
X2IPRI ‘8 ‘4 ‘9 ‘S ‘¥ ‘Y ‘1-Ax0ds L-g

! unppIg olo[yoexay-oI ‘o1 ‘¥ ‘€ ‘z ‘1

spunodurod pajeral
pue sauepuroueyjouI-4
‘b-o1pAyenyaj-es <4 ¥ ‘et

auepio[y) -010[yoeld0-g-‘g ‘4 ‘9 ‘S ‘vz I

€ « z

-o1oyoeydoy-g ‘g ‘£ ‘9 ‘S ‘b ‘1

apLIo[yoOEXaY
auszuog]

1opyoelday

ulpuyg

ULIPRIQ

auepIoIy)

I



104

uorjde J9BIU0d
pue yoewols
*9PI013095U]

uorjoe

juediumny pue
J0B}U0D ‘YorUIo}§
apI01309su]

apIoLIedE
-opIo1309suy

0[O0 [EPIIAO
UM SpIoLIedy

[enprsa1 3uof
qHM SpRIIedy

00-£—00-1
uoI)oe YOBUIo)S
pue 10e3U0)
*ap1o1109suU]
19B1UO0D
Aq spury jsowr
U0 941103 H
*9pIoITRdY

J4

fosoroe *(q
H-Ocm u-m-\s

[oso1ae (I
M-o-m M-&.B

‘

D-a
m-o-m M-mo\s

0'H

a

m..o-m M.AH.B
"ujos Jio

losozoy

'na

(spaeqro0) br
(1addad) 1

(o1dde) og
(zoqumd
-nd) 1

(oony391
pesy) b1
(o3eqqed) Z
(oyewoy) 1
sdo1d pooy

uo adueI
-9[0} 0137

(qoead) ¥x

(1ead) £
Iaquind

-mo) ¢

(umid) o€
(yutw) 1

"0 m (orewqoy) ¢

ad
M-o-m M.m-\s

9

(1eed) £
(sn13w) o

S

000§

16

54

00§

89

€11

6z

syelIey

1da  sueyls ([LusgdLxoyqjew-d) 101D
Axoyje |y © SIQ~Z'f2+0I0TYIIN-I ‘I ‘I Axoq1o
S191)0 Ayumd jued 13d 66 jo
Auews pue ISWOST Pehiwswd ‘QueXoyop
auepur]  -Aoo1o[yoexay-‘g9 ‘S ‘¥ ‘€ ‘z ‘1 suepury
- aprxo-£-urdaryy
~eX0Ipozuaq-€ ‘v ‘z-oueyjlom
-6 ‘g~oapAyexay-e6 ‘6 ‘g ‘€S ‘S
ueporqy, I-010[4oeX9y-0I-0I ‘6 ‘g ‘4 ‘g UeJmsopusy
g
o) (¢ Touey3e (jAusydororyd-d) 1@ ONA
101pAyzuaq ([Ay3awo1o[ysii})
aueq}RI ~eydye-ozoryorp-, ¥ ‘¥ 1030911
SIS0
Auewr suey3a-(jAuaydoofyo-d)
PUe 1aq - SIQ-2 ‘2-010[YoI1-T ‘T ‘I laa
aje[Izuaq , ajeIzuaq are]
-010[4) -010[YyoIp-, ¥ ‘¥ 1Ay3g -1zusqoio[y)
) v
€ 4 I



105

aploLreay

0S5.2—00.1
U0T}0® YOBWO)S
pu® 310€1U0)

M.P*.%

[0So19®

OpYOASUT 9 (L "d'M

UOIJO€ [IBUIO}S
pue j0e1U07)
apIoNVssU]

SunoA pue s3do
uo Ajureur s}y
9pIILIRdY

UOI}0€ YOBUIO}S
pUE 198}1U0)
9PIOI}OASU

SpIa13oasuY

Z

‘ oQ
M.u.m .omng

‘a
CO'F M

9

(e1dde) €€

(s309q) €
(19dded) 1

SOPIOI}I9SUT STIORUR][PISIY

(remol) gz

(3urur) ox
(edei13) o

(s1dde) of
(sst11q) ¥1
(zoddad) 1

(1ead) Z
(A11970) 2

S

0091

00§

06

ooly1

0052

ooop

¥

U€e)S3IoTY

urA9g

)
Auewr pue
susydexo],

uotpa

lad
‘suryloqy

aueqiR g

€

93eU0qIRd0TYIIP-S ‘S
‘011040 [orqyrpaul]
-exournb-€ ‘z-jAyjew-g  ueIsOION

syewreqreo-Ayjewr [Ayyydeu-1 1A1eqren

aULIOIYD
juso1ad 69-Lg 3urtuge)
-uod ausydwes pejeurio[y) susydexo]

auojns [AuegdoIoyorny
-6 ‘¥ ‘z [Auoydoio(yo-g uoydipenay

aueyle-( Tw:onmo.uoE o-d)
§19-2 ‘2-0101QOIP-T ‘I CLEND

sjonpoid paje(e1 pue
aueyye (jAusydidyye-d)
s1q Z ‘2-010[Y2Ip-I ‘I aueYIIdg

Z I

14



106

939 ‘s3uremp
Sumopod ‘ureir)
‘juedlwn,g

‘019 ‘sa[qe}adaa
0y gsoly ‘110
‘juedruin, g

uostod yorWO)S
sruediou]

pmbry —

pmbry —

jreq o3erio}] 03

apronyoasu] uonnpos (I pordde joN

uorjoe

juediuny pue
Joeuwio}s ‘3oejuo)
*9pIaI3oasuy

UOI}9® J0BIUOY
‘OpIOLIEOE
-3pId1309su]

uostod yoewols
oruediou]

*apI191309sU]

Z

Y.Q ‘a[qnjos (sdo1o
-19%¥e M jsowr) I
uors[nw®

jo01s

QIqIOSTW  37URIS0}

M-Q u-m-g

9

'+ woiy ydwaxsy

(e1ddwe) of

1

2IN}XIW U0

0} 921y,
03 J1X0} ‘LInyxrm
Apjer  juedmung
SpoN  "Lo/ad
UeW 0} ,
JIxo}  IplwoIqIp
Agdry  oudldyy
sjuedruun,J
ayedI[Isony
Cz1 uInipog
o} yeor1
oS foerq
M0[ sourey

A1aA puelq snorrep

souwreu

001  pueiq Auely

14 €

9PLIO[YOBISfe] UoqIed pue
(suey3aolo[yoIp-¢ ‘1)
pLIOYOIp SUSIATIF

sueyjdowoIqIp-z‘1

ojeussie pesd| pPOY

z

vuﬂﬁnma
‘rolad

oprwoIqIp
audrdysy

ajeor[Isong
wnipog

ajepns
2UII0IIN

Tto [e3oury

9jeussie
ped]



107

s[eurrue suolye|
popoo[q-urres -NULI0}
1S0W 0} JIX0] snotrep
s11eq

paystuy

syeI UO 10 s1e1}

9AIO8Y9 A[urely -udduod A1(]

9A0QE 909G 9AOQE 993G
arussaid
asodind [e13u9K) Ispun
yuedtn, g pmbry
sso1Ing
JUIPOI ‘ureln
‘juedtun,g sqeL
s19Y30

asodind jerousry snorrea pue
jqueduunyg | seSoued),,

74 9

uBW 0} 239 ‘eUIUYD
o1X0} -A13s ‘mjuy
Asg  ‘eprydsoyd
A[}SO{ oulz ‘uLIpuy
ueydiq
uewr ‘unrewn g
0} 9Jes Teald
APAn  fupouwno]
- ‘ULIRICAN
Jaoqe
aaoqe SILIJUD
995 9AY 5B
SIPIOTIUSPOY
uew 03
21X0} apruroiq
Aly3rH Aol
s[puey
0} 9jes
ApAD
-e[ey  ulxolsoydq
uew 0}
o1x03 NOH
Ap  ‘sedoueh)
14 €

proe orueAd0IpAE

suostod
9jnoy

(syuerng
~BOOI}UE)
suostod
oruoIy D)

sjuedrwn g

sprwoliq
sueYoWIOW 01y AP

(eurydsoyd)
aprydsoyd
uodo1pAy

apluehd
usdoIpAY

(4 I



108

*(s93e1g pejIun) 2yl ul) 3s’Aley
pue uonjedrjdde 3se] usemlaq S[EAISUI QW) WINWIUIU “a' ‘¥ wwnjod ur pajussaid ‘uorjewr
-1o3ut 3y} 1oy Ayroyine Arewrid oyy sem siqy  seSed €4z ‘1€ ‘oN Joogqpuel [eInino
-118V 496I—s31onpord 15210 PUR ‘S}ONDPOIF Poion}g ‘Sployssnoy] ‘yooisear] ‘sdoin Suiioepe
$309SUJ [013U07) 0} SSPINIIISUT JO 3s[} Y} 10§ opIng paisaddng -£Lg0I : aunymorsdy [o quempandaq S N

*A11A130¢ Jo enoedg (€) pue suonyenuzioj jeiawuo) (z) ‘syer
alya s[ew 01 senfeA °°@T [elo andy (1) : 1oy Hyuoyiny  -seSed Sof 'y g ‘eruiojiyen)
‘SIAER(] ‘SUOIIBDIqTJ UOSWIOY] SOPNdesui—] joog ‘s[eormey) [eInjmoudy 4901 "1°p\ ‘wosSuoy ]

Juopwaofu I fo sa04n0g

QUWIN[OA MO} BIYL = AT
Ie[nueId = *0) Is0p = (I

91eI1U3dUOD B[qeIsinme = )Y tepmod S[qEMAM = "d'M

;S SUOYPI0F4QQ Y



109

APPENDIX III

PLANT PROTECTION EQUIPMENT

The effectiveness of plant protection depends on the timely and
therough application of the right method, whether it be chemical or non-
chemical. Chemical pesticides vary so widely in formulation and physical
make-up, that different kinds of application equipment are needed to put
them at the proper target area. These specialized types of equipment fall
into the general categories of sprayers, dusters, granule applicators, mist
blowers, seed treaters and miscellaneous devices.

Sprayers are designed to apply pesticides in water suspensions,
emulsions and solutions. They range in size from small hand-operated
devices to large tractor-drawn machines. Each consists a sprayer or con-
sists a tank to hold the pesticides, a pump to create the pressure essential
for ejecting the pesticide, and a spray-rod or lance with appropriate nozzle
for breaking the liquid into a proper spray or mist.

Dusters are used for the application in dust form of pesticide available
in powdery form. They vary widely both in shape and capacity, ranging
from simple shaker devices to large power-driven machines,

Granule applicators are designed to apply granular formulations of
pesticides, to individual plants, to the soil and in irrigation water.

Mist blowers are designed to create a blast of air, into which the wet
or dry pesticide is fed, emerging as a fine mist, which envelops the plant
foliage covering it with a fine coating of the pesticide. The advantages of
mist blowers are that they use air instead of water or inert dust as the
carrier or diluent of the pesticide, thus making it possible to treat large
areas with a relatively low volume of material.

Seed treaters are devices for applying the pesticide to form a coat on
the seed to control seed-borne pests. Some are adapted to apply dry
formulations and others to apply liquids and slurry formulations.

Miscellaneous pest control equipment include such things as soil
injectors, flame throwers, trapso bird-scarers and electrical fences.

Proper care and maintenance of equipment is essential if it is to be
available when needed for the timely application of the pesticide. A good
maintenance programme ensuring proper functioning of the equipment at
all time will include attention to the following details.

1. Wash sprayers thoroughly after each use, both inside and out and
run clear water through the hose and nozzles, until it comes out
clear. Dismantle and clean the nozzles.
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2. Pour the pesticide into the tank through a strainer and clean and
dry the strainer after each use.

3. Protect hoses from abusive use such as sharp’ angle bending and
lifting or dragging sprayer with them.

4. Use the proper oil-petrol mixture as fuel for motorized sprayers and
avoid running the engine of mist blowers at full speed.

5. Lubricate moving parts regularly as recommended by the manufact-
urer.

6. Avoid abusive treatment of nozzles and strainers such as putting
them down or dragging them through dust and mud.

Replace worn valves when they begin to leak and show effect of wear.
8. Never leave dust nor granules in dusters and applicators not in use.

9. At the end of the season clean all equipment and repair or replace
all worn parts. Dry equipment thoroughly, lubricate, and store care-
fully for next seasons use.

APPENDIX 1V

COMPATIBILITIES OF INSECTICIDES AND MATERIALS WITH
WHICH THEY MAY BE COMBINED

1.  The cyclodienes: This group includes aldrin, dieldrin, chlordane,
heptachlor and endrin all of which are compatible with fungicides,
acaricides and other common insecticides.

2. The Chlorinated Compounds (other than the Cyclodienes): This cate-
gory includes DDT, BHC, lindane, toxophene, kelthane, and chlore-
benzilate which are compatible with other pesticides except for calcium
arsenate, mineral oils and strong alkalies (lime, lime sulphur or Bor-
deaux mixture).

3. The Organic Phosphates include parathion, diazinon and malathion
and these are incompatible with strong alkaline materials such as,
lime, sulphur, bordeaux mixture, calcium arsenate and organomer-
curial fungicides. Also combinations of O-P compounds with organo-
mercurial fungicides should be avoided.

4. The Carbamates : Carbaryl (Sevin) helongs to this group and incom-
patible with alkaline materials such as lime, lime sulphur, bordeaux
mixture or calcium arsenate.
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The arsenic compounds include lead arsenate and calcium arsenate.
Only lead arsenate is compatible with the common insecticides and
fungicides.

Mineral Oils: Petrolium oil insecticides are incompatible with fungi-
cides like captan and phygon, wettable sulphur and organo-mercurials
and with insecticides carbaryl, toxophene and DDT.

Conclusion: Information on the compatibility of an insecticide with
other pesticides is generally given on the label. Tt is necessary there-
fore to read the label and follow instructions.

APPENDIX V
CARE IN HANDLING PESTICIDES

The use of chemical pesticidesin food crop production is essential to

maximum returns in the yield and quality product. In using them, how-
ever, proper handling is essential to the health and well-being of those
involved as well as others who come near them. - Fortunately this safe
handling of these materials requires the adoption of only a few simple
precautionary practices. Otherwise, their careless handling or misuse may
lead to serious injury or tragic consequences.

Safety precautions to observe:

Among the pesticides recommended for a specific pest, use the one
_ least toxic to people.

Use the safest formulation of the pesticide chosen. Granular forms

have the highest safety factor and emulsifiable concentrates the least.

Store pesticides in containers adequately labelled as to contents

and its poisonous nature and keep them out of reach of people who

cannot read, preferably under lock.

Take all precautions to avoid or minimise direct contact with the

pesticide and wash thoroughly if and when such contacts occur and

after general exposure during the application process.

Use a face mask to avoid inhaling vapours, dusts and spray mists.

Destroy empty containers to prevent their use for other purposes.

Apply pesticide from the windward side to avoid exposure to aerial
drifting and sprays and dust.
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8. Avoid transporting and storing pesticides with food, medicine, and
beverages.

9. Follow carefully all recommendations pertaining to dosage, appli-
cation procedures and last treatment before harvest.

10. Keep reports on pesticides used, dates of application, procedures
followed, length of exposure and prevailing temperatures, as possible
aids in diagnosis of illness among workers involved.

APPENDIX VI

EMERGENCY TREATMENT AND ANTIDOTES FOR
INSECTICIDE POISONING

I. Treatments

First: Call or send for a physician.

Second: In the meantime, if the poison was swallowed, induce
vomiting to empty the stomach using the finger or tongue depressor down
patient’s throat, or give a warm salt solution (one teaspoonful in a glass
of warm water). When stomach is emptied, give a demulcent such as
raw egg whites, milk or thin flour paste.

Note: (A) Do nof make an unconscious person vomit,
(B) Do not give oil
2. 1f poison was spilled on clothing and skin, remove clothing and scrub
skin with warm soap-water. ,
3. If a fumigant was inhaled on skin, remove the patient to open air
and if necessary give artificial respiration, preferably mouth to
mouth.

II. Antidotes
Refer to the label for the name and dosage of the best antidote.

1. The best antidotes for chlorinated insecticides such as endrin,
dieldrin, aldrin, chlordane, heptachlor, DDT, BHC, lindane, thiodan
and toxaphene are phenobarbital, pentabarbitol, or calcium gluconate.

2. The best antidote for organic phosphate insecticides such as parathion,
diazinon, phorate, methyl parathion and EPN are atropine sulphate
and protopam chloride (also called pralidoxime chloride and 2-PAM).
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3. The best antidotes for the carbamate insecticide Carbaryl (Sevin) is
atropine sulphate.

4, The best antidote for lead arsenate poisoning is BAL (Dimercaptrol)

Conclusion: In case of insecticide poisoning, read the label or the
package to know the name and suggested dosage of the appropriate.
antidote.

Reference

Hayes, Wayland J. Jr. 1963: Clinical Handbook on FEconomic
Poisons—Emergency information on treating poisoning, U.S. Department
of Health, Education and Welfare, Public Health Service Publication
No. 4474, 144 pages (Price U.S. $0-55)

15
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APPENDIX VII

DOSAGE TABLE

Number Litres Required to Give Dose in Kgs. or Lbs. in

o/, Tn- Grams Litres Per Unit of Area
secticide per Ltr. Ty 65 b,  1.10 b .82 Ib. .35 Ib. .27 Ib.
1 kg. .75 kg. .50 kg. .375 kg. .25 kg, .125 kg,
10.00 100 10lts. 7-5lts. 5-0lts. +375l1ts. 2-50Its. 1-25lts,
I12.30 125§ 8-0 6-3 4+00 3+ 10 2.00 1:00
15:00 150 6.7 5+0 3-30 2°50 1:60 .80
17:50 175 57 4°3 2.80 2°20 1°40 .70
20°00 200 5.0 375 2-50 1-87 I-25 -625
22.50 225 444 33 2°20 1.70 1.12 .56
25:00 250 4+0 3-0 2°00 I'50 I.00 -50
2750 273 3-6 2+7 1-80 1-35 .90 .45
30-00 300 3-3 25 1.70 1.25 -80 .40
32-50 325 3.1 2°3 1-50 1°10 .75 .38
3500 350 2.9 2-1 1'43 1.10 .72 .36
3750 375 27 2.0 1.33 1-00 67 *33
4000 400 2+5 19 1:25 %) .63 .31
4250 425  2-4  1-8 120 ‘9o +60 .30
4500 450 2:2 17 1-10 -85 ‘55 28
47°50 475 2-1 1-6 106 - 80 53 .26
50:00 500 240 1:5 100 75 *50 *25
60-00 600 1.6 1-3% -83 .63 ‘41 .21
70°00 700 1.4 11 -70 .55 .33 *19
80.00 8oo 13 ‘9 -63 46 <32 .16
9000 QOO I.1 -8 °55 .42 .26 13
100 1000 1°0 -8 .50 38 <25 JI2

Furnished by Prof. W. W. Stanley, Plant Protection Adviser,
USAID, Department of Agriculture, Bangalore,
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APPENDIX VIII
CONVERSION UNITS

I acte = -43.500 sq. ft. = 4,840 sq. yds. = 4,047 sq. m.
T ha. = 107,037 5q. ft. = 11,954 sq. vds. = 10,000 sq. m,
I acre = ‘4047 ha; 1 ha=  2.471 acre
I metre = 39-37 in. = 100-000 cm.
1 yard = 0-91 metre
1 sq.yd. = 1,206 sq. inches; 1 sq. m. = 1,550 sq. inches
I sq.m. = 1-196 sq. yds; Isq. yd = 8361 sq. m.
1 lb. = 45350 grams
1 kg. = (1,000 grams or I US.gal = 3785cc = 8-33 1b.
{2-2046 1bs. 1 IMPgal = 4,560 cc = 10-00 lb.
1 quintal= = 220-46 ,, 4.0 lb/gal US = 489
10 » = 2,204°6 ,, 4-8 lb/gal IMP = 48% or
{1 metric ton
1 lb. peracre = -0937 grams/:rq. yd. or -II2I grams/sq. m.
1 kg, ,, ,, = .2000 wo s 0T 2471 ), s
1, , ha = 0836 s sy OF *I000 ,, .,
ilb. ,, ,, = .0379 b a OT L0454 .
Width of Acres Hectares
Row inches
ft. of  Yds. of Metres ft. of Yds. of Metres
row Tow of row ToW row of row
42 12,445 4,148 3794 30,753 10,251 9,374
36 14,520 4,840 4,426 35,878 11,058 10,937
30 17,424 5,808 5,311 43,055 14,350 13,123
24 21,780 7,260 6,239 53,318 17,937 16,404
21 24,801 3,297 7,587 61,506 20,500 18,747
18 20,040 9,680 8,351 71,758 23,910 21,872
16} 38,368 10,500 9.561 78,281 26,091 23,860
15 34,848 11,616 10,622 86,109 28,700 26,246
12 43,550 14,520 13,277 107,636 35,875 32,807
1728 cu.inches = 1 cu. ft; 27 cu. ft. = I cu. yd.

1 inch = 2.5 cm.; 1 ft. = 30-48 cm.; 3ft. = 9I.44 cm.

16 drams = 1 oz. = 28.3495 grams

16 0z. = 7,000 grains = 1 lb. = 453.50 graws
14 lbs. = 1 stone

I sq. mile = 259 ha. = 640 acres

1 pint = 473.2 cc.; 2 pints = 0g46-3 cc.

1 tinful =

18 litres or 4 IMP gal.

Furnished by Prof. W. W. Stanley, Plant Protection Adviser,
USAID, Department of Agriculture, Bangalore.
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APPENDIX IX

Insecticides available and the approximate cost of chemical required per acre.

Name

DDT
Endrin
Heptachlor
Chlordane
Aldrin
Carbary!

Ethyl
Parathion
Methyl
Parathion
Malathion
Phorate
Dimethoate
Demeton

AVAILABLE INSECTICIDES

50% W.P.
259% E.C.
75% .
30%
50% W.P.
10% dust

509% E.C.

2 2

10% g.
25%

E 2]

Phosphamidon 100%

Carbopheno-
thion
Themeton
(Ekatin)
Menazon
DDVP
BHC
., W.P.
,, E.C.

25%

50% W.P,

109%,
50%
25%

Rate per Acre Actual

Rs. per Lir.
or Kg.
Rs.P. Lbs.
5.20 1.00~3.00
16.00 0.25~0.50
27.50 I1.00~3.00
“%.50 2.00~5.00
24.00 1.00~3.00
12.40 I1.00~2.50
2.50 I1.00~2 50
29.00 0.25-0.50
38.50 0.25-1.00
53.40 I.00~2.00
8.00 T1.00~1.50
40.00 0.25~0.50
40.00 0.25-0.38
120.00 0.25~0.50
20.00 0.38~1.00
44.00 — -—
975.00 — —
10.20 — —
1.40 0.25-0.60
2.35 0.25-0.60
3.50 0.25-0.60

Kg.
0.45-1.35
0.12-0.23
0.45-T.35
0.9I-2.70
0.45-1.35
0.45-1,13
0.45-T1.13

0.11-0.23

0.11-0.45
0.45-0.91
0.45-0.67
0.11-0.45
0.I11-1.70
0.11-0.23

0.17-0.45

Cost per Acre
Rs. P. Rs. P.
5.00 — 15.00
8.00 — 16.cO
55.00 — 165.00

108.00 — 217.00
40.00 — 120.00
24.80 — 42.00
25.00 — 62.50

7425 ~— 14.50
9.60 — 38.50
53.40 — 106.80
40.00 — 60.00
20.00 — 40.00
20.00 — 30.00
15.00 — 30.00
13.30 — 40.00
7.00 — I1I.20
7.00 — I1.20
7.00 — II.20

of Agriculture, Bangalore.

Furnished by Prof. W, W. Stanley, Plant Protection Adviser, USAID, Department
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APPENDIX X

Metric and Foot Equivalents

Length Volume Weight Fraction or multiple
of standard measure

Millimetre Millilitre Milligram 0.001
Centimetre Centilitre Centigram 0.01
Decimetre Decilitre . Decigram 0.I
Metre Litre (10ooocc) Gram 1.0
Decametre Decalitre Decagram 10.0
Hectometre Hectolitre Hectogram 100.00
Kilometre Kilolitre Kilogram 1000.00
One Micron (p) = 0.00I m.m.
One Millimetre = 0.0394 inch or 1/250 of an inch
One Decimetre = 10 Centimetres or about 4 inches
One Metre = 10 Decimetres or 3.28 feet
One Kilometre = 1000 Metres or 0.6214 mile

Pounds per Acre to Kilograms per Hectare

1 lb. per acre = 1.13 kg. per hectare

2 1lbs. ,, = 2206kg.
Kilograms per Hectare to Pounds per Acre

1 kg. per hectare = 0.8g lb. per acre

2 kg. v = 1.781b.

Imperial Gallons per Acre to Litres per Hectare
Multiply by 11.38

Litres per Hectare to Imperial Gallons per Acre
Multiply by 0.09

Parts per Million

1 milligram per kilogram = 1 part per million (p.p.m.)
= 0.007 gram per pound

Grain per U.S.A. gallon = 1%.Ip.p.m.

I Imperial gallon = 277.24 c. inches

= 0.6 cubic foot
= 0.454 cubic metre
= 4.346 litres

= 4 34 kilograms
= r10.272 lb. of water
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Linear Measures

1inch = 25.4 millimetres 1 millimetre = 0.0394 inch

1 foot =  0.3048 metre I centimetre == 0.3937 inch

1 yard =  0.9144 metre I metre = 39.3708 inches
1 mile = 1.6093 kilometres 1 kilometre = 1093.63 yards

1 square foot
I square yard
I acre

I square mile

Areas

144 square inches
g square feet
43560 square feet
640 acres

f

o

0.0929 square metres
0.8361 square metres
4840 square yards
259 hectares

An acre is roughly a square of side 70 yards (208.71 feet)

<% acre = 66 feet x 60 feet.

Weights — Table and Equivalents
Igrain =  0.0048 gram I centigram =  0.134 grain
Tounce = 28.350 grams I gram = 15.432 grains
1 pound =  0.4536 kilogram 1 kilogram = 2.2046 lbs,
Icwt. = 50.8  kilograms 1 quintal =  1.968 cwt.
1 ton =  x016.0 kilograms 1 tonne = 0.948 ton

gern
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11

18

20

23
29
30
31

31
36
37
37

39
41
46

48

48

(a)

Line

Under symptoms
line 10

Under cause line 1
Under symptom

line 9

Under cause line 4-3

Under symptoms
last line

Under symptoms
line 21

Under control

line 4

Under symptoms
line 14

Under control line 19
Under cause line |
Under disease line 1
Under symptom

line 4

Under cause line 7
Under insect line 2
Under damage line 9
Under insect line §
line 7
line 5
line 3

Under insect
Under insect
Under insect
line 2
line 6

Under insect
line 2
line 4
line 9
line 10
Under insect
line §

ERRATA
Instead of

place or

rolfsil
goowth

Melasmspora
ricins
Pots

nevelop

@ 170-223
1/ha
fungal on

(500-1000 pmm)
kolerogam

Katte of
exceedes

Collectotrichum
Atherigone
Steam

Scsamia
Peregrinns
Stenachoria

unipuntta

Sesania
Loxostage
messlais

Psuedalctia
sphenariodes
Nicrotermes
Lechnosterna

Chilo
{=chilotraca)

Read

in place of

rolfsi
growth

Melampsora
ricini
spots

develop
@ 55-110 1/ha.
fungal growth on

(500-1000 ppm)
koleroga.
Katte or
exudes

Colletotrichum
Atherigona
Stem

Sesamia
Peregrinus
Stenachroia
unipuncta

Sesamia
Loxostege
messalis

Psuedaletia
sphenarioides
Microtermes
Lachnosterna

Chilo
(=chilotraea)
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48

50

51
52
53
55

56

58
59
60

60
61
64
66
73

87
89

90
92

93

101

108
115

(b)

Line

Under insect

line 8

Under insect

line 4

Under insect line 2
Under control line 11
Under insect line 5
Under insect line 7

Under vegetables
line 2

Under insect line 11
Under insect line 5
Under insect line 4

Under control line 3
Under damage line 12
Under control line 10
Under insect line 2
Under pesticide

line 9 & 17

Last line

Line 3

line 27

Line 30, 36
Under remarks
line 1

Under remarks line 17

Under column 2
line 19
Line 12
Line 4

ii

Instead of

app

fraterma
Stomadteryx

300 kg.

Platydra
Spodoptcra litroalis

Table 5

Hemitorsonemus
Corcidolomia
Rhophalsiphum
pruedobrassicae
mustard fly
cause

on

Cylotrechus

Phorate 5%

Rs. 13/- per kg.
derained

than cotton, maize

Syray
Spray six weeks
after planting

preside
methyle phosphordi

Column 4
39.37 in=
100.000 cm

Read

spp

fraterna
Stomopteryx
3.00 kg.
Platyedra
Spodoptera
littoralis
Appendix II

Hemitarsonemus
Crocidolomia
Rhophalosiphum
psuedobrassicae
mustard saw-fly
case

or

Xylotrechus

Phorate

Rs. 22/~ per kg.
drained

than cotton, like
maize

Spray

Spray within 4-6
weeks after
planting

provide

methyl phospho-
rodithioate
Column §

39.37 in=
100-00 cm
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