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FOREWORD

Restructiring higher secondary level education incorporating
vocational courses is a part of the New Educational Policy of the
country. In Kerala State, several vocational subjects were introduced at
plus two level during 1983-84 in selected Higher Secondary Schools.
In this context, the need to maké available text books with comprehen-
sive treatise on the subject concerned need not be over emphasised.

The present book entitled ‘Agricultural Science-!" is an attempt
to provide a standard text book for the first year students in agriculture
in the vocational higher secondary schools.

Preparation of text books of this kind needs considerable
expertise and earnest effort in the planning, writing and editing of the
material. 1 congratulate the authors for their untiring efforts in making
this book very useful-

| hope that this book will meet a long felt need of the agri-
cultural students at Higher Secondary level.

Development of instructional material is-a continuous process
and needs modification in the light of the experience of the teachers and
students. Suggestions to improve this text book are-solicited.

Dr. A.G.G:. MENON
Director of Extension,
Kerala Agricultural University.



PREFACE

Vocational courses at the Higher Secondary level had been
introduced for the first time in Kerala during 1983-84. Vocationalization
of education is a part of the National Education Policy, and its main
objective is to divert at least 50 percent of the students completing
secondary school to one or other vocational courses. Several specific
vocations were identified and agriculture is one among them introduced
in selected higher secondary schools.

Agriculture is the main stay of Kerala economy and it offers
enormous scope for employment both directly and indirectly. Because
of this fact, agricultural vocational courses received priority in schools
selected for vocational stream. It is hoped that the trainings given at the
plus two level would enable the students to find their own employment
in some of the selected areas in agriculture. Crop production, fruit and
vegetable growing, commercial flower production, garden designing, seed
production of various crops (rice, pulses, oil seeds, vegetables, flowers,
green manure crops, cover crops etc.), fertilizer and plant protection
services, nursery business (of plantation crops, fruits, ornamental plants
etc.), mushroom farming, dairying, poultry farming, bee keeping etc. are
some of the areas in agriculture in which the student can seek self
employment.

It is imperative that the trainings given to the students should

develop competencies in theoretical knowledge as well as practical

knowledge expected by specific vocations. A thorough knowledge on

theoretical skills is a must for acquiring practical skills. Though there are

innumerable text books and reference books on specific subjects in

agriculture, these are not within the easy reach of the students. Agriculture

is a vast area, and information has to be gathered from various sources.

For a student of plus two level, this renders the learning process difficult,

and in most cases, the student depends entirely on the class notes given

by the teachers. This situation prompted us to write a text book for the

.vocational course in agriculture. The idea of writing a book of this kind
"was .originally proposed by the fourth author, who was then a teacher at
Ithe Govt. Vocational Higher Secondary School, Ambalavayal, Wynad.
”;At that time, the first three authors were also stationed at Ambalavayal
and were working at the Regional Agricultural Research Station,

Ambalavayal We worked collectively, utilising the library fa0|1|t|es

lavailable at the RARS, Ambalavayal. We remember with gratitude the

help rendered by the Associate Director, RARS, Ambalavayal in this regard.



This book is prepared in accordance with the syllabus prescribed

for the first year of study. However, we made slight modifications in its

arrangement in order to have a logical sequence. Moreover, a few topics

"which do not find a place in the syllabus were added, with the hope that
these are useful to the general readers. For instance, the introductory

topics were enlarged. This, we hope, would enable the reader to have a

wider view of Kerala agriculture and on the weather elements which play

a deciéiVe role in the fortunes of agriculture. Similarly, a brief note on

‘nursery management’ was added. The portions on ‘soil survey’, ‘orchids’

.and certain other minor details were included based on the suggestionsh
of the Director, Vocational Higher Secondary Education, Govt. of Kerala.

We are extremely grateful to him for his valuable suggestions, and also

for approving the book as a text book for the first year study of Vocational

(Agriculture) Higher Secondary Education.

Though the book is primarily meant for vocational students we

hope, it would also be of use to diploma students in agriculture and as a

general reference book for the field level workers in agriculture, progressive

farmers and all those who want to have a general awareness in agriculture.
The book has been written in a Kerala back ground drawing examples from
the land here. This, we hope, would increase the usefulness of the book.

For the preparation of this book, we have referred several
books and journals. Important references are listed as books for supple-
mentary reading for those who want to enrich their knowledge further. The
recommendations given inthe text are mainly based on the Package of
Practices, Recommendations (‘1086) of the Kerala Agricultural University.
~ Many inngvations of the Kerala’ ' Agricultural University such as "biological
control of African Payal’ are included in detail.

" Thanks are due to numerous eminent persons both outside and
inside the Kerala Agricultural University who have contributed, directly or
indirectly, to bring forth this book. It is difficult to single out persons for
individual mention, but we do thank them all profusely. The final form
of the book, however, is the responsibility of the authors and we apologise
for-any inaccuracies or inadequacies. We would be highly obliged, if the
readers point out any such dlscrepanmes We also welcome suggestions
for improvement.

We wish to record our appreciation to Sri. G. Shanmughan for
the help rendered by him in neatly typing the manuscript.
. We are deeply indebted to the Kerala Agricultural University for
readily a greeing to publish the book as a University publication.

AUTHORS
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GENERAL

l. What is Agriculture ?

1:1 Introduction

Food, shslter and clothing are the
basic necessities for human life. Without
these fundamental needs, man cannot live
atall. How does he mest thesa basic
needs ? The only answer is agriculture,
the fundamsntal activity of man to thrive.
Food, the foremost among his basic needs,
is to be met entirely from agriculture. He
cannot go back to the hunting and food
gathering stage of pre-history. The food
from the nature is not enough tofeed even
a fraction of the present day population !
5o, he hasto cuitivate crops or rear ani-
mals to have food. For meeting the second
basic necessity, clothing also, he has to
cultivate crops or rear animals. Cotton,
silk, and wool still form the clothing fer
millions. For making a shelter too, he has
to depend upon agriculture to an extent.
For the construction of housas and for
making furniture and furnishings, timber
and other plant materials are essential.
Agriculture supplies these things. In
addition, agricultura along with mining
another fundamental activity of man,
provide the raw materials for all industries
and thus, form the primary sector of
the economy. It may be seen that the
very existence of human kind depends
greatly on agriculture and its prospects.

In earlier days of history, agriculture
and farming were synonymous, and were
mostly done at subsistance levels. |t was
a way of life then. However, as agriculture

flourished and developed, farming—pro-
duction of food and fibre—has hecome
only a part of modern agriculture. Agri-
culture has much wider scope today, and
now, it includes the farm supply indust-
ries, the product processing industries,
and the distribution industrles as well.
Alfter the commercialisation of agriculture,
farming is also running on commercial
lines. just like any other industrigs, with
the objective of getting more income.

1:2 Beginnings of Agriculture

Scientists believe that man like
beings (Homo eructus) first appeared on
earth appioximately one million years ago.
The present day man (Homo sapiens)
evolved from these ancestors about half a
million years ago. The history of man
begins from here. Man lived on hunting,
fishing, and by collecting .food from the
nature. By the end of the Paleolithic Age
or the Old Stone Age (50000-10000 BC),
with the invention of certain tools and
implements made of stone, he became a
good hunter, and all the land and forests
came under his conirol. The population
of human beings began to increase. This
necessitated the requirement for more
food. The result was increased hunting
and the decline in animal population. The
food obtained from the naturs also began
to be reduced. This situation forced man
to think, and he found that it is possible
to make food out of some wild grasses,
and instead of killing all the animals,



soma can be reared and its number incre-
ased, This happened somewhere around
8070 BC during the end of Maesolithic
Age or the Middle Stone Age (10000-
2200 BCY. It was the Mesnlithic people
of tha Middle East who have first gatherad
wild wheat and barley, .domaesticated
wild animals like dogs, and took to bree-
ding goats and sheep. The furst recorded
cultivation is in Northern Irag and neigh-
bouring region, and was dated at least
7000 BC, the firstcrops be.ngwheat and
barley. This marked the beginning of
agriculture. From that humbdle beginning
of agriculture asa wéy of .life, it has
grown along with civilizatons, and it
acclaimed the status of a businessin
many countries. Awealth of information
is available now on various aspects of
agriculture and to increase the production
potential. More and more are being added
avery day. "

1:3 Agriculture defined ‘

The word agriculture is derived from
two Latin terms; Agsr meaning field and
Cuftura meaning cultivation. This indicate
that the term agriculture was originally
used to denote cultivation ir fields only.
However, agriculture now refers broadly to
the science of raising plants and animals.
We may define Agriculture asthe art, the
science and the business o"f production,
processing, marketing, and distribution of
crops and livestocks for the benefit of
human beings. These four activitiea—
production, processing, marketing and
distribtition—concerning crops and live-
stocks were previously all farmcentred.
However, with the improvement in
technology, transport, communication
developments, and specialisation of labour,
some of these activities, perhaps excepting
production, have moved away from
farm into certain strategic control points
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outside the farm. Agriculture has, thus,
moved out of the farm too.

The definition suggests that agriculture
is an art, d& science and a business, It
is an art, s several of the agricultural
operations need skills, which may he either
physical or intetlectual. Individuals may
differ in their ability to acquire such skills.
For instance, the techniquss of budding
and graiting, training and pruning, tapping
rubber, preparation of a seed bed, hand-
ling and milking animals etc. involve
skills, and individuals differ in their
ability to do these works. Similarly, deci-
sions regar'ding the selection of seed,
sowing timi, {ertilizer application, harve-
sting etc. involve intellectual skills which
are also to he obtained through experiencs.

There is no doubt that agriculture is
a science! Scientific principles and
methods are freely used in agriculture to
increase  the production and 10 have
more economic returns,  Agriculture is
not a simple science, but an assemblage
of a numberof sciences, including pure
sciences and applied sciences. The
developmenrits in the fields of physics,
chemistry. botany, mathematics, zoology
economics etc. and thair applied sciences
are utilized to build up the science of
agriculture.

Above all, agriculture is a business.
Itis no longer considered as a way of life.
The farmer, .nowadays, raises crops and
livestocks, with tha main aim of getting
more profit from less investments. In this
respect, agriculture is similar to industries
and the factors of production—iand,
labour, capital, and management—are
playing their roles in agriculture too.

1.4 Agriculture and its branches

We have seen that agriculture now
refers broadly to the science of raising



plants and animals useful for human
beings. Agriculture is usually divided
into five major branches viz. agronomy,
horticulture, forestry, animal husbandry
and fisheries. Each branch is further
divided into so many divisions for conve-
nience and easy undarstanding. The rela-
tionship between these sciences Is shown
in the Fig. 1.1.

For the study of any agricultural plant
science, whether agronomy, horticulture or
forestry, a fundamental knowledge onthe
applied disciplines of plant breeding,
plant physiology. agricultural botany,
agricultural  microbiology, entomology,
agricultural zoology, agricultural chemistry
soil science, agro-meteorology, seed tech-
nology, weed science, agricultural engi-
neering, agricultural economics, agricul-
tural statistics etc. are indispensable. There
isyet one mora discipline, agricultural,
extension, which is primarily concerned
with the dissemination of improved tech-
nologies in various disciplines.

Agronomy has been defined asa
branch of agricultural science, which
deals with the principles and practices of
crop production and management of land.
The crops that are grown under a relatively
extensive system of cultivation are known
as field crops, and such crops are usually
included under agronomy. Crops such as
cereals, millets, pulses, oil seeds, tuber
crops, fibre crops, sugar crops, forage crops
green manure crops, narcotic crops, and
any other crop which is grown in an exte-
nsive system of - cultivation are included
under agronomy. In addition, the suppo-
rting sciences like agro-meteorology, sesd
technology, and weed science are consid-
ered as parts of this main branch in many
circles. Similarly, the areas of study such
as soil management, water management,
dry land farming, farming systems etc. are
part of agronomy which are applicable to
other crops as well.

The word "agronomy’ has certain other
meanings too. Forinstance, agronomy of

Flg.1.1. Agriculture and its branches.
Agriculture
}
! i)
Plant Sciences Animal Sciences
! 1 I 1
Agronomy Horticulture Forestry Animal Husbandry Fisheries

Supporting disciplines of Plant Sciences :

Plant Breeding
Plant Physiology
Agrl. Botany

Agrl. Microbiology
Plant Pathology
Entomology

Agrl. Zoology
Agrl. Chemistry

Soil Science

Seed Technology
Agro-Meteorology
Weed Science
Agrl. Engineering
Agrl. Economics
Agrl. Statistics
Agrl. Extension



a crop means its soil, water, cultural,
nutrient and weed management aspects as
a whole,

Horticuiture is that par: of agriculture
concerned with the so called garden crops,
as contrasted with the field crops. Garden
crops traditionally include fruits, vege-
tables, and all tha plants grown for orna-
mental purposes as, we!l‘as plantation
crops, spices, and mefdicinal plants which
are grown under-a- relatively intensive
system of cultivation, Many horticultur: |
products are utilized in the living state, and
are thus, highly perishable! In contrast.
the products of agronomy and forestry are
often utilized in the non-living state, and
are usually high in dry matter.

Forestry, another branch of agriculture
is concerned with the theory and practices
of raising forest crops, ,and constitute
their creation, conservation. and sgientific
management of the forest resources. Wild
life preservation also f'ormsfp‘art of forestry.

In the animal science 'group, animal
husbandry includes the theory and prac-
tices of production:; maintenance, and
other related aspects of dairy animals,
poultry, pigs, sheep, goats, and other
useful animals. Another bfanch, fisheries
include the science of fish and fish farming.

1:5 Importance of Agriculture

The importanc_}é of agriculture in the
well being and day ,to day life of human
beings and in the economy of our country
could be well understood from the folio-
wing facts.

Agriculrure provide the basic necessities for
human life

Food, shelter and clothing are the
basic necessities fdlr human beings. As
mentioned earlier, man depends upon agri-
culture for his food and clcithing. For this,
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he has to cultivate or rear animals. Tha
third necessity shelter, though can be met
from other sources, too, he has to depend
upon agriculture for timbar and furnis-
hings.

It is a source of livelihood for millions

Agricultural sector provides livelihood
to a vast majority of people. In India,
more than 70 per cent of the population is
dependant on agriculture.

It provides employment

Agriculture and allied activities pro-
vide employmentfor a large number of
people. Crop production, livestack farming
and fisheries offer enormous scope for
employment. Similarly, agri-based indu-
stries, for instance, coir, cotton, fertilizer,
pesticides etc. employ a ot of people.

It is the supplier of raw materials for
niany industries

Agriculture supplies the raw materials
for a good number of industries. Cotton,
jute, sugar, starch, vanaspathi, cashew, tea,
tobacco, rubber, coir, timber, leathsr etc.
are a few gxamples to mentjon.

It is amajor contributor of national
income

The share of agriculture in the national
income of acountry isimportant. In India,
about 1/3rd of the country’s income is
derived from agriculture and allied acti-
vities. [n 1982-83the national income of
india was 1,34,066 crores and the share
of agriculture was 35.5 percent..

1t is a source of foreign exchange

The export of agricultural commodities
earn the nation valuable foreign exchange.
In India, we export tea, coffee, cardamom,
pepper, ginger, and several other finished
products including fish and dairy products.



It is a source of revenue for the Govérnment

The Government get a substantial
income from agriculture and allisd activi=
ties. eg., Taxes on agricultural commodi-
ties and finished products, agricultural
income tax etc.

Social importance of agriculture

Agriculture isa way of life and an
occupation for millions inour country. It
colours our language, culture, and liter-
ature. lts influence is well noticed in our
rituals and day to day life.

Considering the importance of agri-
culture, great emphasis is being given to
agriculture and its development. Ina
country like India, where majority of the
population live in villages, agricultural
development is of paramount importance.

1:6 Agriculture in erala

Agriculture plays a key role in the
well being of the people of Kerala, and it
is the backbone of Kerala economy. Nearly
70 percent of the population live in
villages, and about 55 percent of the
population depend upon agriculture inclu-
ding livestock farming, fisheries, and
forests for a living. In Kerala, the share
of agriculture in the national income is
about five times as that of industries. On
all India level, the share of agriculture in
the national income is 2-3 times only as
that of industries. The influence of agti-
culture in the economy of our state is well
known from this fact.

Agricultural sector in Kerala shows
certain characteristic features. There is
high pressura of population on land as
compared to any other state. Agriculture
is more commercialised in ths state than
elsewhere in the country, on account of

the large number of valuable perennial

crops. However, with regard to food
production, Kerala has always fallen far
short of her requirement. Arnother notable
feature of agriculture in Kerala is the high
intensity of cropping, mainly, because of
the high pressure of population on land.

1:6.1 Landuse and cropping pattern

Table-1.1 indicates the land use patt-
ern in Kerala. The total geographical area of
Kerala is 38.86 lakhs. Qut of this, the
area put under cultivation is 21.84 lakhs
An area of 6.90, lakhs is mainly by
way of intercropping and multiple cro-
pping. Thus the gross cropped area in
Karala is 28.751 akhs.

The area, production and average
yield of important crops of Kerala are
givenin Table 1.2.

A perusal of the table indicates certain
peculiarities. The predominance of pere-
nnial crops, especially non food crops is
evident. When seasonal crops contribute
§2 per cent of the total agricultural income
in India, their contribution is only 30 per
cent in Kerala. Similarly, about 64 per
cent of the total agricultural income in
India is from food crops, whereas in
Kerala, it is only 29 per cent.

When we consider the importance of
crops, we have to take into account the
value of the crop also in addition to its
atea and production. Here, the value
means its shara to total agricultural
income. The importance of a crop cannot
merely be a manifestation of itsarea. For
fnstance, fice is grown in an area of 7.3
lakh ha. and coconut 6.87 lakh ha. How-
evar, an estimate shows that the share of
coconut to total agricultural income s
31 per cent and that of rice is oniy 29 per
cent.



Table 1.1 Land utilization pattern in Kerala(1984-85)

SI.No. Classification Area in ha. Percantage
1 Total geographical area according 38,85,497 100.00
to village papers
2 Forests 10.81.609 27.84
3 Land put to non agricultural uses 2,79,703 7.20
4 Barren and uncultivable tand 85,688 2.2
5 Permanent pastures and other grazing lands 41568 0.11
6 Land under miscellaneous tree crops not 51.039 1.31
included in net area sown.
7 Cultivable waste 1,30,098 334
B8 Fallow land other than current fallow 27,221 0.70
9 Current fallow 41,658 1.07
10 Net area sown 21,84.423 b6.22
11 Area sown more than once 6.90,220 17.76
12 Total cropped area 28,74,643 73.98

Source: Statistics for planning 1986, Department of Economics and Statistics, Govt. of

Kerala.

Table 1.2: Ares, production and average yield of major crops of Kerala {1984-85)

Sl. Area in Production Average yield
No. Crops hectares in tonnes, (kgsha.)
1 Rice
Virippu 3.18,611 5,49,027 1.723
Mundakan 3.26,812 b 38,859 1,662
Punja 84,956 1.67,050 1,996
Gross 7,30,379 12,55,902 1,720
2 Coconut €,87,483 3.453 5,023
(million nuts) (nuts/ha.)
3 Rubber 3.10.200 1.72,092 555
4 Tapioca 2,16,742 36,94,270 17,044
5 Cashewnut 1,36,863 72,294 (raw) 528
6 Pepper 1,05,835 17.350 (black) 164
7 Coffee 65,641 43,565 664
8 Arecanut 59,089 8,589 1.45,357
{million nuts) {nuts/ha.)
9 Cardamom 58,769 2,850 (dry) 48
10 Banana & other plantains 51,417 3.31,192 6.441
11 Tea : 35,003 56,329 1,609
12 Cocoa 17.860 4,536 (dried beans) 254
13 Ginger 14,537 41,245 (dry) 2,837
14 Sesame 14,443 3,632 251

Sourcer Sialistics for planning, 1986, Department of Economics and Statistics, Govt. of Kerala,
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This type of cropping pattern poses
certain problems for us. First, it can
create a food problem. Kerala state is not
producing enough food grains to feed her
people. We depend upon other states for
meeting neatly half of our requirements.
We need about 35 lakh tonnes of food
grains to feed our 250 lakh population.
However, our present production is only
131akh tonnes. Another problem is wide
fluctuation in prices of cash crops. Many
of them are not consumed here but con-
sumed elsewhere— we are exporting them.
As a result. the market is controlled by
external agencies. The cultivator has no
influence at all on the market, and the
price fluctuation causes severe hardships
to the farmers. Inthe case of domestically
used products such as ¢coconut and rubbey
too the influence of external agencies is
evident. Here, the determining factor is
North Indian industrialists, since coconut
and rubber based industries are very few
in Kerala,

1:6.2 Farming systems

Due to the varied soil, land, physi—
ographic and climatic factors, and econo-
mic status of farmers, farming systems
prevalent in Kerala has certain disting-
uishing features. The homestead system
of cultivation, with a combination of
perennial and annual crops along with live-
stock, is the most common system all over
Kerala. Another feature is extensive culti-
vation of paddy in problem areas such as
Kuttanad, Kole, and Pokkali lands of the
state. Plantation scale cultivation as
monoculture is also seen, especially, with
crops such as rubber and tea.

The farming systems prevalent in
Kerala can bs of four major groups.

Coconut based farming system: In
this system, coconut is the major crop.

This kind of system is prevalent in uplands
and hill slopes of the midlands. It includes
a number of intercrops such as pepper,
arecanut, cocoa, banana, ginger, turmeric,
tuber crops and fodder crops; and in some
areas upland rice, pulses, oil seeds, and
vegetables.

Rice based farming system: This type
of farming system is prevalent in wet lands,
A single crop or two crops of rice are
grown depending on the availability of
water as in the central region of Kerala, or
after dewatering of impounded water as in
Kuttanad or Kole lands. Seasonal crops
like vegetables, pulses, and oil seeds are
grown in rice fallows, especiaily. in the
summer season. Sometimes, banana.
tapioca, ginger etc. are also grown in rice
fields. Fish farming or prawn culture is
practiced in the areas of sea water inunda-
tion (eg. Pokkali lands) after taking a
rice crops.

Homestead based  farming system:
Homestead system of farming is prevalent
where the size of the holding is small.
The pressura on land and fragmentation of
holdings encouraged this type of farming
system in Kerala. The farmers choose a
wide variety of crop combinations and
livestocks, and in ceitain cases, fish
farming, too, according to the conditions
available in the region.

Plantation crop based farming system:
Plantation crops such as rubber, tea or
coffee predominate in this system. In the
mid lands and high lands, rubber is a
major crop, and grown mainly as a mono-
crop. However, in the initial growth
stages, intercrops such as ginger, banana
etc. are also grown, especially by smalj
farmers. Teais grown only in high ranges,
and as a monocrop, that too, in exten-
sive scale. Coffee based farming system
is predominantly seen in Wynad. Pepper
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grown on silver oak is the usual com-
panion in coffee gardens.

7:6.3 [Intansity of cropping

The gross area under rice is 7.3 lakh
ha. The net area is only 4.8 lakh ha., and
an additional 2.5 lakh ha. is also taken
by way of double or tripple cropping,
Vegetables, sesame, pulses, sweet potato
etc. are also cultivated in rice follows;
which means, in an area of 4.8 lakh ha.,
by way of additional rice and other crops
about 10 lakh ha. of crops are grown.
This means, the intensity of cropping of
rice fields is about 2.00. (The intensity
of cropping is the ratio between the gross
cropped area and the net area sown. |Itis
sometimes expressed as percentage). This
indicate another fact about Kerala agri-
culture. It isvery dilficultto inctease the
area under rice, even with improvements
i n irrigation and other infrastructure.

More than half of the area under
pepperin Kerala is grown as an intercrop
in coconut, arecanut, and coffee planta-
tions. A major part of tapioca is also
grown as intercrop, especially in coconut
gardens. The intensity of cropping as a
whole in Kerala is 1.33. If we exclude
rubber, tea, and cashewnut, where inter-
crops are not usually possible, the figure
may go upto 1.47. Howaever, the cropp-
ing intensity in India as a whole is only
1.15.

1:7 Water resources of Kerala

Kerala State is blessed with a large
number of rivers because of the undulating
nature of land and heavy rainfall. There
are 44 rivers in Kerala which originats
from the Western ghats. Of these, 41
rivers flow towards the west and join the
Arabian sea; while three rivers—-Pampar,
Bhavani and Kabani-flow towards the east
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through Karnataka and Tamil Nadu, and
jointhe Bay of Bengal as river Kavery. The
rivers of Kerala are mainly monsoonfed,
fast flowing, and comparatively shorter in
length.

The South-West monsoon (June-
August) contribute about 60 per cent of
the annual rainfall in Kerala. About
30 percent is the contribution of North-
East monsoon (September-November) and
the balance 10 percent is from pra- and
post-monsoon showers, The average
annual rainfall in the state is 3017 mm.
it varies from place to place and year to
year. There are places {eg. Neriamangaiam,
Lakkidi) where it exceeds 5000 mm.
Similary, there are places such as Chinnar,
where it is less than 1250 mm. In Palghat
district, rainfall is comparatively low, and
areas receiving rainfall beiow 1250 mm
are many. The highestrainfall 5883.8 mm
is recorded at Neriamangalam (Ernakulam)
and the lowest at Chinnar (Idukki) where
it is 651.3 mm.

The total run off all the rivers of
the state amounts to 78,041 Mm3 of
which 70.323 Mm3 is the contribution
from catchment in Kerala and the
remaining from that of Karnataka and
Tamil Nadu. The quantity of water
that is considered utilizable is computed
as 32,772 Mm?.

Water resources is one of the most
important physical resources of Kerala
which is renewed every year. This renewal
is by means of rainfall only and cannot bs
compared to Himalayan rivers where the
renewal couid also be from ice. In
Kersla, a total area of 3.90 lakh ha.
(1982-83)is irrigated from various sources.
This comes to about 13.6 percent of the
gross cropped area.



Table 1.3 Major and medium irrigation projects
Achievements upto 71985-86

SI. Command area(ha) Cumulative achieve-
No. Name of project River basin ments at the end of
1985-86 (ha)
Net Gross Net Gross
1 2 3 4 5 6 7
A. Completed projscts
1. Chalakudy (diversion) Chalakudy 26,680 39,380 13,630 27,258
2. Peechi " Karuvannur 17,655 28,080 15,262 23,918
3. Malampuzha Bharathapuzha 29,463 42,090 19,802 40.208
4. Neyvyar Neyvar 16,042 17,952 8,300 16,716
5. Pothundy Bharathapuzha 8,752 10,930 4,685 10,046
6. Gayathri Bharathapuzha 7,651 10,930 4,880 10,114
7. Walayar Bharathapuzha 4,536 6,470 3,752 6,503
8. Vazhani Keecheri 3,665 7,130 2,113 4,228
9. Mangalam Bharathapuzha 4,816 6,880 3,313 6,608
10. Cheerakuzhy (d'iversion) Bharathapuzha 2,288 2,828 952 1,748
B. Ongoing projects
1. Katlada Kaliada 61.630 92,000 — 10,610
2, Pamba Pamba 21,135 49,456 — 47,778
3. Muvattupuzha Muvatiupuzha 17,400 52,200 — —
4. Periyarvally Periyar 30,444 32,800 — 76,402
5. Chimoni Karuvannur 13,000 26,200 -— —
6. Chitturpuzha Bharathapuzha 14.500 28,960 — 25,286
7. Kanjirapuzha Bharathapuzha 9,720 21,863 — 15,487
8. Kuttiadi Kuttiadi 14.670 35,850 —_ 34,710
9. Pazhassi Valapattanam 11,525 32,374 — 14,220
10. Vamanapuram Vamanapuram 8,803 18,014 — —
11. Idamalayar Periyar 13,659 39,318 —_— —
12.  Kuriarkutty-Karappara Chalakudy 11,736 23,472 — w—
Barathapuzha

Source: Economié Review, 1986, State Planning Board, Trivandrum

After Indepsndance, to increass the
production potential of crops, and also te
bring more area under food crops, a number
of irrigation proiectz have besn taken up.
Among this, 10 have been compieted.
This ten completed projects all together
irrigate an area of 1.47 lakh ha (aross).
Seven ongoing projects, through partial
comimnissioning, irrigate an area of 2.10
lakh ha. (gross). In other words, a gross

irrigated area of 3.57 lakh ha is covered by
major and medium irrigation projects
(1885). The details of the completed and
ongoing projects are given in the Table 1.3.

All'the major/medium irrigation pro-
jects of Kerala are meant for paddy
cultivation, especially for the first and
second crops. However, Kallada project
cater to the needs of garden crops too.



2. Weather and climate

211 Introduction

Every living organism, whether plant
ot animal, is influenced by many known
and unknown factors during its growth
and development. The final yield of a
crop depends on all that had happened to
it during the growth and development
stages prior to harvest. So is the case of
production efficiency of animals. The fac-
tors influencing these happenings are both
genetic and environmental. Plant growth
is primarily governed by the environmental
conditions of the soil and climate.  Other
factors of the environment which exert an
influence on tha plant are physiography
and biotic factors (plants and animals in-
cluding man). The various factors can be
broadly classified as shown below.

The farmer tries his best to manipulate
these factors through his skills and know-
ledge of such factors. However, the
modification of climate or its manipulation
is not an easy job. It is still in the stages
of experimentation. However, it is possi-
ble to optimise production by adjusting
the cropping pattern and agronomle pra-
ctices to-suit the climate of a locality.

Weather assumes importance in nearly
every phase of agricultural activity from
the preparatory tillage to harvesting and

storage, Even after the produce is stored,
weather continues to play its role. The
reports of good or bad weather may upset
the price level of produces. As weather
is the single major limiting factor in crop
production, the farmer has to take severa
decisions on time of sowing, transplanting,
scheduling irrigation, time of fertilizer
application, time of using pesiicides etc
based on the prevailing weather condi-
tions. Thus, it could be seen that a
sound knowledge of the climatic factors
and undersianding of the complex pro-
cesses of interaction between the climate
and biological processes of the plants are
ossential for successful farming.

2:2 ‘Waathar and climate

An understanding of the terms weather
and climate are important in the study of
agro - climatelogy or agro - meteorology.
Waather is the condition of the atmos-
phere at a given time (from a few hours to
sbout two weeks) of a place or small area.
Climate, however, is a much broader term
than weather. It is the average of the
weather elements for a long time of a
particular region. The climate may be
defined as the collective probable state of
atmosphere within a specified interval of
time and space at that locality or area.

| 5 Genetic factors

Plant growth—

—Environmental =
factors
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There ere two more terms worth
mentioning here-macro climate and micro
climate. Micro climate denotes the weather
conditions in close proximity to ground.
In other words, it is tha climate from the
ground surface to the top of the plant and
include soil climate upto the depth of
maximum root accumulation.  Micro cli-
matic conditions may differ based on the
growth habit of the ¢crop.  For instance,
the microclimate of wheat and rice may
extend upto about 2m, and that of sugar-
cane upto about 6m from ground.

The term macro climate is used to
express ths climatic conditians existing
over extensive areas. It is usually ex-
pressed only after periodic observations
of weather elements in various places
representative of the entire region. There
is still another term-meso c/imate, which
is sometimes used to express the climatic
conditions in between macro climate and
micro climate.

2:3 Weather elements

The weather stements or the climatic
factors which affect the crop growth are
atmospheric temperature, precipitation,
gtmospheric humidity, (RH) wind, sun
light, and atmospheric gases.

2:3.1 Atmospheric temperature

Atmospheric temperature is the most
important climatic variable affecting the
growth of plants. Each and every plant
is having certain ranges of temperatures
for their normal growth. There is an
upper limit, a lower limit, and an optimum
limit. These may differ between plant
species, cultivars within a species; or it
may even differ with the growth stages
of a cultivar. The reaction of plants to
these limits may also differ, When the
temperature approaches the upper limit,
normal metabolic activities of the plants

are affected, and the plant may even be
killed. At the lower limit also, inacti-
vation of plant activities is noticed. At
extremaly low temperatures, death of
plants can occur. Even at temperatures
slightly lesser than the upperlimit or sligh-
tly above the lower limit, the metabolism
of plants may not be normal. The plant
may be remaining dormant, even though
it is still alive. So, there will be an
optimum range of temperatures for most
crop plants, At this optimum range of
temperatures only, the normal rates of
photosynthetic activities and other meta-
bolic functions can taken place. These
three limits viz., the uppsr, the lower
and the optimum are generally referred
as cardinal growth temperatures,

Higher plants can function at a wide
range of temperaturas, viz,, 0-60"C. How-
aver for most crop plants, itis 10-40°C,
and the maximum dry matter production is
at 20-30°C range. We can categories
crop-plants based on temperature require-
ments into three groups.

1. Which tolerate low ranges of temper-
atures—tempsrate plants. eg., apple,
peaches etc.

2. Which tolerate medium ranges of
temperatures—sub-tropical plants eg.,
tea, oranges stc.

3. Which tolerate higher rangses of tem-
peratures—tropical plants eg., sor—
ghum, coconut etc,

Temperature measurements

Forrecording the temperature of the
atmosphere, we use thermometers, There
are four types of thermometers used in an
ordinary meteorological observatory to
suit vgrious requirements. They are
maximum thermometsr, minimum thermo-
meter, dry bulb thermometer and wet bulb
thermometer. These instruments are
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housed in a specially made wooden box
with loavered sides known as 'Stevenson’s
screen (Fig. 2.1). The loavered sides

Fig. 2.1

Stevenson's screen

of the box give a standsrd uniform expo-
sure to obtain reliable measurements from
the instruments kept inside.

Maximum thermomelter: Using this
instrument, the maximum temperature of
aday ataplace can be recorded. It has
got a constriction just above the mercury
bulb (as in a clinical thermometer). When
the temperature rises, the mercury expands
end pushes the pointer up; and it would
not come back even if the temperatureis
reduced, bscause of the constriction. The
thermometer has to be set up daily by
violent shaking after recording in order to
send the mercury back to the bulb.

Minimum thermometer: The minimum
temperature observed in a day Is recorded
by this thermometer. Instead of mercury
and metal pointer, alcohol and aglass
pointer is used in this. When the tempe-
rature is lowered, the alcohol contracts.
Along with the contraction of alcohol, the
glass index is also brought back. How-
ever, when the temperature rises, alcoho|
expands, leaving the index in its original
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position. After recording the temperature,

the pointer is to be set up on top of the

thermometer stem by tilting the instrument
raversely.

Dry bulb thermometer: The reading
from the dry bulb thermometer gives the
real tempserature of tha atmosphere at a
time, as it is protected from direct heating.
In other cases of outside measurements,
atmaspheric temperature and direct heating
of glass is involved.

Wet bulb thermometer; The wet bulb
reading is to get a measure of the relative
humidity of the atmosphere. Temperature
noted in this thermometer will always be
legsa than that ofdry bulb thermometer.
This chararcteristic is made use of for
finding RH at a place. When RH is high,
wet bulb reading will bs low. The RH is
directly obtained from pre-prepared tables
(hygrometric tables) against wet and dry
bulb raadings.

2.3.2. Precipitation

Precipitation is a broader term which
includes any sort of liquid or solid form of
water falling on earth’s surface. Rainfall
is the most Important of precipitation.
Others are!-drizz{e-rains, but droplets will
be very small; srow-small ice crystals
failing on earth’s surface; hei/-bigger
lumps of rice failing on earth; sleets-a
combination of rainfall and ice crystals le.,
both solid and liquid form.

Rainfall

1t is the most important form of preci-
pitation influencing the vegetation of a
piece. Most of the crops recelve their
lion’s share of water supply from reln
water alone which is the primary source
of soil moisture. Therte are certain chara-
cteristics of rainfall, viz., the distribution
pattern and the intensity which isimpor-
tant in acrop production point of view.



The distribution pattern indicates, how
the rainfall is occuringin various parts
of the year, or month war distributlon of
rainfall during a year; and the intensity of
rainfall rafers to quantity of rainfall in
relation to time of its cccurance.

In Kerala, in areas north of Trichur,
the intensity of rainfall is high and annual
rainfall is more. However, soma parts of
Northern reglon are drought prone areas.
This is because of the factthaet the distri-
hution is very poor. The rainfall ismostly
received from South-West monsoon periods
during  May-October. The remaining
periods are ealmost dry. However, in
southern region (south of Trichur), North
East monsocon andSouth-West monsoon
are almost well distributed, and they are
almost equal.

High intensity of rainfall has got its
indirect effects as well. If the intensity is
high, soils are highly leached and nutrients
arg lost. Unless rainfall {s absorbed as
quickly as it is received, there will be run
off. As aresult soil erosion may oceur.

As far as total rainfall is concerned,
there is a barest minimum for a crop. Say
ona crop has the minimum requirement of
rainfall as 250 mm, and annualrainfall
received is only 225 mm, the crop may
fail. When the annual rainfall received is
300 mm, the yield may ba doubled. There
is an optimum value of rainfall too, just
like temperature. |f the annual rainfall
is going over this value, it has got delete-
rious effects on crop growth.

Lffective rainfall

in simple terms, effoctive rainfall
means useful or utilisable rainfall. Rain-
fall may not always be useful or dasirable
at the time, rate, or amount in which it is

received. Effective rainfall is, thus the
quantity of rainfall recaived in a particular
occasion which Is useful for crop produ-
ction at the site where it falls. Consequ-
ently, ineffective rainfall is that portion of
the rainfall which is lost by surfacerun
off, deep percolation, and the moisture
remaining in the soil alter the harvest of
the crop, which is not utilisable for
next season’s crop. The annual efiective
rainfall commonly amounts to about one-
third of the total rainfall.

Monsoons

Rainfall in India is primarily due to
summar monsocns. The monsocon isa
seasonal wind regime, in which seasonal
wind shift occurs as land and sea breeze
on a very large scale due to prolonged
thermal and physical differences betwaen
land and sea.

Based on the region of origin of mon-
soon winds, two monsoons—the South
West monsoon and the North-East mon-
soon-—have been identified in India. With
the exception of Jammu and Kashmir in
the extreme North and Tamil Nadu in the
South, 80-90 per cent of the rainfall over
the country occurs mostly during South-
West monsoon season. The success of
agriculture in India, therefore, depends
primarily on the timely set, the proper
amount, and the distribution of rainsin a
seasan.

Normally, South-West monsoon rea-
ches the Kerala coast by the end of May,
advances along the Konkan coast in early
June, and extends over the entire country
by the end of July. Therains continue
upto the end of September, and then, the
South-West monsoon recedes. In Nove-
mber-December, the North-East monsoon
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is the main contributor to the amount of
rainfall over the southern portion of the
peninsula.

Monsoons i Kerala: Both the mon-
soons are equally important for Kerala.
The South-West monsoon rains in Kerala
is popuiarly called Ka/avarsham or Edava-
pathy. It starts by the end of May or by
the first week of June and continue up
to August-September, contributing about
60 per cent of the total rainfall in Kerala.

Kerala receives a share of North-
East monsoan rains also. Here, It is called
Thulavarsham. 1t starts by the end of
September and continues upto November-
Decembet, contributing about 20 per cent
of he annual rainfall.

From pre-and post-monsoons, we get
about 10 per cent of the total rainfall.

There may ba ashort dry spell in
August-September months between SW
and NE monsoon. In the Northern Kerala,
SW monsoon is important and most of
the total rainfall is from SW monsoon. in
the Southern regions, SW and NE mon-
soons are almost well distributed, and
they are almost equal.

Fog, smog, mist, dew etc.

In the strict sense, they do not come
under the term precipitation. They are
localised phenomena. Both fog and
mist result from condensation of water
vapour in air on the surface of either land
or water. This happens, when there is a
clear sky, weak radiations, and ng winds
However, mist is differentiated from fog.
dueito better and longer distance visibility.

Smog denotes smoke-fog, the term
coined in 1905—to describe the greyish
fog formed in and around industrial cities.
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Dew is condensation of water vapout
on solid surfaces that get cooled dueto
heat loss by night radiation; and tempet-
ature is brought below the dew point. At
that point, conversion of water vapour to
tiny droplets takes place. Dew is found
to be beneficial in moisture stressed areas.

Measurement of rainfall

The rainfall is measured by means of
rain guages (Fig. 2. 2). Ordinary rain-
guages consist of a funnel with a circula
brass rim of 12.7 cmm diameter. The base

Fig. 2.2 Rain guage

of the rain guage Is fixed on a concrete
floor. The reservoir to which rain water

is collected from the funnel is placed
inside the concrete floor. The rain guage

is kept at 30 cm above the ground level.
Daily rainfall is noted usually at 8,30 am,
and measured after transferring the water
collected in the reservoir to a graduated
measuring flask specially calibrated for
this purpose.

Natural syphon rain guages are also
available which record the occurrance
of rainfall continuously. Wa could note
the total rainfall and period at which it
happened from this type of rain guages.



2:3:3 Atmospheric humidity

Water in the form of invisible water
vapout,is always present in the atmosphere.
This water vapourin the air is usually
known as humidity of the air. The occu-
rrence of rainfall is largely dependant on
humidity of the air which results from
vapour contents of thsair. This vapour
comes from evaporating soil and water
surfacesand transpiring plant surfaces.
Both this processes—evaporation and
transpiration—together is called evspo--
transpiration(ET). ET is closely related to
changes in temperature and wind effects,

The relative humidity (RH) and the
vapour pessure defecit (VPD) are the
common parameters used for humidity
specifications. Relative humidity is the
ratio of humidity actually pressnt in
the atmosphere, and the maximum that
can be present at a particular temperature.
RH is expressed as a percentage. Tha
RH of a place is affected by temperature,
pressure, wind, exposure, vegetatian, and
soil water content. The evaporation of
water from plants, soil, or a body of
water is directly dependant on the RH of
the atmosphere. When the RH is lower.
the rate of evapocration or transpiration is
higher, and vice versa. The difference
between the actuzal vapour pressure and
the saturation vapour pressure of air at
the same temperature is known as vapour
pressure deficit. This is comparable to
RH, and is much more indicative of the
potential rate of evaporation.

Similar to temperature and rainfall,
there is an optimum RH also for crop plants
for its normal activities. Humid afr favours
the growth of many fungi and bacteria,
and this affect the crop seriously. The
blight dissase of tea and potato are exam-
ples of diseases spread under moist
weather. Similarly, many kinds of aphids

and jassids thrive well under humid con-
ditions., Low humidity is also deleterious,
since it increases the evapo-transpiration,
and thereby, increasing the water require-
ments. Other plant processess are also
affected in low humid weather.

Evapo-transpiration

Itis actually the less of moisture
from a unit area of cropped fields, both by
transpiration through the leaves and
evaporation from the underneath soil sur-
face. The ET of crop plants increases with
temperature, but decreases with high RH,
affecting the quantity of irrigation watar.
Often, ET is measured for scheduling irri-
gations or for studying water requirements
of crops. Both direct and indirect meth—
ods aro employed for computing evapo-
transpiration.

Pan evaporimenters are widely used,
and are simple to handle and less expen-
sive. USWB (United States Weather
Bureau) Class-A pan evaporimeter (Fig.
2.3) is theone commonly used for this

purpose. Sunken screen pan evaporime-
ters, Piche evaporimeters etc. are also
available.

Fig. 2.3 USWB Class—Apan evaporimeter
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2:3.4. Wind
Wind affeets crop growth mechanically

and physiologically. Thesand and dust ¢ -*

particles carried by the wind may damage
‘plant tissues. Emerging seedlings may be
.completely covered. or the roots of young
1plants may be exposed by strong winds.
1Winds may also cause considerable losses
by inducing lodging, breaking of stalks,
+and shedding of grains.

The physiological effects of wind
consist mainly of increasing transpiration
as well as evzporation from thesoil. Hot
dry winds may, however, adversely affect
‘photosynthesis,, and hence, productivity
{by causing closure of the stomata even )
'when soil moisture is adequate. Moderate |
'wind has a beneficial effect on photosyn-

'thesis by continuously replacing the
:carbon dioxide absorbed by the leaf sur-
'faces. The favourable effect on photo-
'synthesis is most marked under turbulence
of wind at the lower leaf layers.

Wind is also resposible for causing
srainfall to a large extent. In India, the

monsoon type of rainfall is largely deter-
imined by a particular pattern of wind
imovement. The wind has a powerful
i-'effect on humidity of atmosphere also.

. For studying wind and its effects, we
':may have to record its velocity and direc-
“tion. The wind velocity is usually meas-

rured by means of an instrument, named
“Robinson’s cup anemometer’, (Fig.2.4)
iin an observatory. The indicator atteched
;to the anemometer will show the wind
‘velocity. For noting the direction of wind
the wind vane’ is useful. The direction
rfrom which the wind is blcwing is
;Falled "lee ward’ side, and the direction
ito which it is blowing is “wind ward’ side.
:Both these can be noted from the wind
vane (Fig. 2.5).

Fig. 2.5 Wind vane



2:3.5. Sunlight

Sun is the sole source of enargy on
earth. Solar energy provides two essential
needs of plants viz., light required for
photosynthesis and thermal conditions for
normal physiological functions.

Lightis one of the most important
climatic factor for many vital processes of
plants. The chlorophyll absorbs light and
convert it into potential chemical energy of
carbohydrates. This is the very fundamental
biological activity taking place on earth
which supports life,

Light affects the plants injfour ways
(1) intensity, (2) quality (3) duration and
(4) direction.

Light intensity: Light intensity varies
greatly under natural conditions. Most
of the crops show marked response to
changes of light intensities. During cloudy
wheather, the production of dry matter is
limited. Many plant species produce
maximum dry matter under high light
intensity, if water is available in plenty.

Quality of light: Red light seems to
be the most favourable light for growth,
followed by violet, and then blue.

Duration of light: Thisis of con-
siderable Importance from the farmers
point of view in selecting crop cultivars.
The length of the day has more influence
than intensity. The response of plants to
the'relative length of day and night is
known as photoperiodism. Plants which
develop and reproduce normally, when the
Photoperiod is less than a critical minimum
(more than 12 hrs) are called short day
plants. Some plants are found to be
unaffected by photoperiods and are called
day-neutral plants or photoinsentive plants,
Plant characters like floral initiation,
floral development etc. are influenced by
by photoperiods. If along day plant is

subjected to short days, the internodes
may be shortened to give a rosette appe-
arance, and flowering will not take place:
In the same way, when a short day plant
is subjected to long day periods, the
growth of the plant become abnormal,
and there is no floral initiation.

Direction of tight: Shoots, roots
and leaves show different orientation to
the direction of light. In temperate region
the southern slopes show better growth
of crops than the northern slopes, due to
the direction of light, contributing more
sunlight towards the southern side.

Certain instruments are used to record—
the sunshine hours in a day and light
intensity.  Campbell-stoke’s  sunshine
recorder (Fig. 2.6) is usually used in an
observatory to note the period of bright
sunshine in a particular day. Light inten-
sity is measured by means of lux meters.

Fig. 2.6 Sunshine recorder

2:3.6 Atmospheric gases

The atmosphere surrounding the earth
contains a mixture of eeveral gases like
carbon dioxide (0.03%,). oxygen (20.95%)
nitrogen (79.09), and several other mis—
cellaneous gases in almost constant pro-
portion. However, variations from these
proportions maybe found over industrial
areas which releases large quantities of
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gaseous fumes. This include CO,, CO,
water vapour, and several other toxiclgases.
All these, In excess of its proportion,
may have an adverse effect on normal
plantgrowth. However, it is observed
that the rate of photosynthesis i higher,
when the concentration of CO, in the
air immediately surrounding the foliage of
the crop is highar.

However, there i3 one alarm in the
increasing amount of carbordioxide and
water vapour in the atmosphere. The wide
spread use of combustible fuels deplete
the vital oxygen supply and increases
CO. supply. This CO. along with water
vapour make a huge green house of the
earth, bacause, while they allow sunlight
(short wave radiations)to reach earth, they
prevent long wave heat radiations from
the earth escaping into space. The
temperature of the earth is, therefore,
certain to rise, as the amounts of CO, in
the atrmosphare increases. This pheno-
menon is popularly known as green housse
effect.

2:4 Applications of moteorology In
agriculture

The information on wesather data and
their interpretation are highly useful in
agriculture for a number of applications.
A few of them are briofly mentioned
balow.

Plant introduction

The knowledge on the climate of
different parts of the world facilitate plant
introduction. For example, the rice culti-
var, [R-8, and the wheat cultivar, Sonora-
64 were introduced to India on the basis
of the climatic similarity between the
countries, where they were evoived and
our country, Simllarly, the crops like
tapioca, rubber, cashewnut etc. were
introduced to India based on the analogy
of climate. ’ o
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Selection of craps

The suitability of a crop to a particular
region is dependant on mainly the climatic
characterlstics of that region. For example,
in a drought prone area we have to selact
drought tolerant crops. Similarly, in
areas like Wynad or Peerumedu in Kerala
whare sub-tropical climate prevails, crops
like tea, coffes atc. are to ba chosen.

Scheduling irrigation to crops

The climatologic approach of sched-
uling irrigation is becoming more popular
in water management. lrrigations are
scheduled based on the evaporation data,
usually obtained from opan pan evaporl-
meters.

Agro-climatic classification

The average of the climatic parameters
all over the word can bs used to delineate
regions of gimilar climatic features, Thora
are several systems of classification based
on climatic features. The clasaification
of the hemisphere of earth into three
zones, viz., Torrid zone (hot), Temperate
zone, (medium) and Frigid zone (cold), is
an example of cllmatic classification.
Similarly, if we use soma other agricul-
tural features like topography or soil type
along with climatic factors to delineate
the zones, it is called agro-climatic classi-
fication. The agro-climatic classification
of Kerala into 13 zones is an example.

Forecasting of weather

The forecasting of weather is be-
coming more and more important nowa-
days. The Indian Meteorological Depart-
ment, through a net work of observatories
spread all overthe country, collect infor-
mation on weather parameters, and on the
basis of this, daily weather forecasta and
warnings of adverse weather are given,
espacially, through ‘Farmers’ Woeather
Bulletins®. .1t usually indicates the periods



of the onset of rain, probable rainfall
intensity and duration, breaks in rain,
spells of heavy rain, and other adverse
conditions of weather. These bulletins
are broadcast in regional languages and
Englich by the All India Radio, and are
telecast by the Doordarshan. Weather
bulletins will also be issued to Newspapers.
The forecasting of weather helps the
tarmers to plan agricultural operations, 80
as to take advantage of the favourable
weather and mitigate the damages eof
adverse weather.

Crop yield forecast

The vield of a crop can be predicted
based on the weather data collected at
the time of sowing and at critical stages.
Formulae are available for principal crops
like paddy and wheat correlating yield
and weather parameters.

Pest and disease forecast

This is done in many countries for
Important pests and diseases of principal
crops. The probable time of occurrence,
intensity of attack, and manifestation
intensity (maximum ettack at what time)
ara forecast based on the westher
paramete,s,

2.5 Seasons

We observe and feel different ssasons
in ayear. These seasons are caused by
the rotation of the earth around the sun.,
Primarily, four seasons are recognised
throughout the world. They are Spring
{Vasanth), Summer (Greeshma), Autumn
(Sharat) and Winter (Shishir).  All
these seasons have a profound influ-
ence on the vegetation all over the world.
The plants wake up in spring from its
winter sleep, continue through summer
and autumn, to grow, flower, and;fruit;
and again, goesinto a kind of hiberna-

tion or rest during winter. During the
winter, the plants shed their leaves; and
wake up again and begin another growth
cycle with the onset of tha spring.

In temperate and sub-tropical regions,
the growth cycle of plants, as mentioned
abovae, strictly follows these seasons, and
agriculture is governed by them. There,
the seasons ara well differentiated, and
summer Is the principal eeason for agri-
culture followed by spring and autumn.
Wintar is too cold to allow plant growth.

According to Indian traditions, the
climatic year is divided into six Ritus
(seasons) of about two months duration
each. They are Vasanth (spring),
Greeshma (summer),Varsha (rainy season)
Sharat (autumn)., Haemanth (mild early
winter) and Shishir (severe late winter).

In tropics, however, the differentiation
of seasons into four or six, as done above
has not much relevance. The temperature at
no time of the year goes too low for plant
growth, and crops can be raised in ail
the seasons. However, the crop growth
is largely influenced and modified by the
monsoons and other climatic factors.

The Indian Meteorology Department
has divided the climatic year into four
seasons, They are-

1) Summer (March to May)
2) Monsoon (June to September)

3) Post-monscon (October to
November)

4) Winter (December to February)

2:5.1 Crop seasons of India

For agricultural purposes, there “are
mainly two seasons in India, the season
of the South-West monsoon, the ‘Kharif’;
and the period of the post monsoon, the
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‘Rabi’, The ‘Kharif’ season is from July
to October, and the ‘Rabi* from October
to March. A third crop season may
also be there, between March and June
known as ‘Zaid’, in some parts of the
country.  However, there ars no such
distinct seasons all over the country, and
some parts have their own :lassificatlon
of seasons. A few examples of Kharif
and Rabi crops are given below.

Kharif crops: Rice, Jowar, Bajra, Maize,
Groundnut, Cotton etc.

Rabi crops: Wheat, Barley, Oats, Jowar,

Gram etc.

The monscon season is the 'Kharif’
season and the post monsoon and winter
together constitute the “%Fabhi’. The
summer is the 'Zaid"’,

2:5.2 Crop seasons of Kerala

In Kerala, there are three crop seasons,
primarily based on the avaitability of

rainfall. They are-

Virippu: April-May to September-
October. (South-West
monsoon season)

Mundakan: September-October to Dec-
ember-January (North-East
monsoon season)

Punja: December-Jznuary to

March-April (Summer season)

The above classification of crop
seasons is mainly followed for paddy
crop. The Virippu crop is purely rainfed,
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and Mundakan, though get rains in the
initial stages, need irrigation also in the
later stages. The Punja crop is raised
only where irrigation facilities
available.

are

All the above three seasons are not
seen throughout Kerala. For example in
Wynad, there are only two seasons viz.,
Nenja (June-December) and Punja (Dec-
ember-May) due to the peculiar climatic
and physiographical conditions prevalent
there.

2,§ Agro-climatic classification of
Kerala.

In Kerala, almost ail the development
programmes of the Government are imple-
mented taking district as a unit. [t may
be alright for programmes excluding
agriculture, However, for agricultural
programmes, the agro-climatic conditions
of the area should also be considered. [n
a district, the boundary is fixed for ad-
ministrativa convenisnce. In the same
district itself, there may be diffarences
based on the agro-climatic features-
Realising this fact, Govt. of Kerala,in 19873,
appointed a committes drawing experts
from various fields to identify a basis for
agro-climetic zoning and its classification.
They have identified four key constraints
viz., altitude, rainfall, topography, and soil

type,  Accordingly, there are 13 agro-
climatic zones in Kerala, taking into
consideration these four parameters. The

desctiption of this 13 zones can be seen
from the table 2.1.



Table 2.1:

Agro-climatic zones of Kerala

Zone Name

Area(km?®)

Principal crops

I. Onattukara 519

Rice, Coconut, Tapioca, Sesame Arecanut

Coastal sandy 1564 Rice, Coconut
HI. Southern midland 3224 Rice, Coconut, Tapioca, Arecanut,
IV. Central midland 2666 Rice, Coconut, Tapioca, Arecanut, Banana
V. Northern midland 3765 Coconut, Rice, Arecanut
V1. Northern midland (Malappuram) 4254 Rice, Coconut, Cashewnut, Arecanut
Vi1, Highland 2361 Rubber, Coconut, Pepper
Vill. Palghat 1280 Rice, Cotton, Groundnut, Millsts
[X. Red loam 317 Rice, Coconut, Tapioca
X. Chittur black soil 506 Rice, Sugarcane, Cotton, Groundnut,
Millets.
Xl. Kuttanadu 284 Rice, Coconut
Xli. High Ranges 5140 Tea, Coffes, Cardamom, Rice
XIll. River bank alluvium — Rice, Sugarcane, Coconut
(Source: “Keralathinte Sampathe” 1984, Kerala Shastra Sahitya Parishad).

Out of the 13 zones, the High lands,
the High ranges and the four Midlands
alone constitute about 88 per cent of the
total area. Tha High range regioncom-
prises of ldukki, Wynad, and Attappady
areas, Below that, the area extending
from Perunkatavila inthe south to Sree-
krishnapuram in the north, is the High
lands. Southern midland is from Trivan-
drum te Kaduthuruthy; and Central mid-
land from Pambakuda to Ottappalam. The
Northern midlands include areas extending
from Pandalayani to Payyannur; and the

Northern midlands (Malappuram) extend
from Tirur to Koduvally, ‘

The  agro-climatic classification is
found to be more appropriate and useful
as compared to the traditional classifi-
cation of Kerala into high lands, midlands,
and low lands which takes into account
the altitude only. Since this classification
takes into account rainfall, topography,
and soil type also, in addition to altitude,
it increases the reliability and usefulness
for agricultural purposes.
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SOIL SCEENCE

3. Soil — An introduction to weathering

and soil

3:1. Introduction

Soil is the natural medium on which
plants grow, Excepting certain plants like
epiphytes and aquatice, all the plants
depend upon soil for anchorage, water,
and mineral nutrients., Different appro-
aches are there towards an understanding
of the soil. Soil was considared by many,
tobe a mixture of rocks and mineral mat-
erisls with orgnic matter. However, this
concept faile to bring about the exact
meaning of the word, as it points out only
the material from which soil is formed or
which constitute the soil. Several other

definitions are also there, and they are used
in different contexts.

According toa botanist or a farmer,
soil is the medium for plant growth. In
the view of a pedologist, soil is a natural
body of mineral and organic constituents
differentiated into horizons,
among themselves and from the under-
lying parent material in morphology, phy-
sical make up, chemical properties, and
biological characters. A soil physcist,
however, view soil as a three phase system,
comprising the soil phase made of mineral
and organic matter and various chemical
compounds; the liquid phase called the
soil moisture; and the gaseous phase called
the soil air. All these concepts about soil

are correct according to their applications
for the study of soil,

The concept that the soil is the natural
medium for plant growth is generally acc-
epted in crop production. The soil provides
ancharage, water, and nutrients for the
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formation

plants. We may, thus consider soil asa
thin layer of earth’s crust which serves as
@ natural medium for the growth of plants.

As already stated, soil consists of three
phases, viz., the solid phase, the liquid
phase and the gaseous phase. The solid
phase, consists of mineral matter and
organic matter, the size and shape of
which give rise to pore spaces (voids)
of different geometry. The pore spaces
are filled with the liquid phase (soil
moisture) and the gaseous phase (soil
air). The volume composition of these
three main constituents in the soil system
differs widely, A typical soil, for example,
contains 50 percent solids, (45 percent
mineral matter4-b percent organic
matter), 25 percent water and 25 percent
air (Fig.3.1).

which differ .
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Fig. 3.1 Volume composition of a

typical soil



3:2, The mineral matter

The mineral matter content of a soil
is primarily responsible for its charact-
eristics. The term mineral is given to any
inorganic matter occurring on earth’s crust
having almost a uniform composition and
possessing definite crystalline characters.
The mineral portion is composed of both
primary and secondary minerals. The
minerals, which have not undsrgone much
alteration after their formation from the
molten magma, are known as primary
minerals. They are having bigger size and
are mainly found in igneous rocks. The
sand and silt portion in a soil is chiefly
composed of primary minerals eg. quartz,
feldspars, micas, olivine etc.

Secondary minersa/s are formed from
primary minerals by the action of climatic
factors for a very long time. Due to this
action, they undergo both physica! and
chemical changes and give secondary
minerals of different properties. In other
words, secondary minerals are the result of
decomposition of primary minerals, or the
result of recrystallisation of these decom-
position products. Secondary minerals are
abundantly seen In sedimentary rocks.
Examples of secondary minerals include;
calcite, dolomite, gypsum, [imonite, and
clay minerals like montmorillonite, illite
etc.

3:3. The rocks

The minerals are formed from rocks of
various types. In other words, rocks are
the parent materials from which soils are
formed. We may define rock as an aggre-
gate of one or more minerals having differ-
ent chemical composition. Based on the
origin, there are three basic types of rocks
viz., igneous, sedimentary, and meta-
morphic.

3:3.1. /gneousrocks (Fire rocks)

Igneous rocks are the oldest type of
rocks formed by the cooling and solidifi-
cation of lava (molten magma) from the
interior of earth. They chiefly contain
feldspars, maphic minerals and quartz.
Two types of igneous rocks are thers,
based on theirorigin. The one, formed as
aresult of slow cooling and within the
earth crust is called pl/utonic rocks such
as granite; while the other typeis formed
by the rapid cooling of the materials
coming out of the volcano — called
volcanic rocks. Igneous rocks constitute
about 95 percent of earth’s crust. They are
characterised by a massive crystalline
structure. They may also be grouped into
acidic igneous rocks, for example, granite-
which contains a high proportion of
quartz minerals (60-70 percent) and basic
igneous rocks, for example, basalts-which
contain less than 50 percent quartz.

3:3.2 Sedimentary rocks

They are formed from igneous rocks
by the consolidation of rock materials due
to mechanical or chemicals means, or from
organic residues. The mechanical sedi-
mentation is mainly due to water and
wind. Rocks like sand stone, shaleetc.
are formed by mechanical sedimentation.
Rock salts, gypsum etc, are sedimentary
rocks formed from chemical sediments.
Lime stone is formed from organic residues
or by chemical precipitation. Sedimentary
rocks are usually found in parallel layers.

3:3.3. Metamorphic rocks

They are rocks that have undergons
change or metamorphism. They are usually-
formed from Igneous or sedimentary rocks
by changes in their texture and/or chemical
composition by the action of intense heat
andfor pressure. They are usually charac-
terized by-a banded structure. Common-
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netamorphic rocks and their parent rocks
are given below:

Metamorphic rocks Parent rocks

Marble Lime stone
Cuartzite Sand stone
Gneiss Granite
Schist Granite
Slate Clays

3:4. Weathering of rocks

Weathering is the process responsible
for soil formation. Rocks, which are the
starting point in weathering, are first
broken down into smaller rocks, and fin-
ally to minerals. The minerals once formed
may also be attacked by weathering forces
and are changed to new minerals. All
these changes bring about acontinued
decrease in particle size., Weathering of
rocks and minerals consists of physical,
chemical, and biological process of disin-
tegration and decomposition.

3:4.1. Physical weathering

Physical weathering is also known as
disintegration. The factors responsible for
this bring about a decrsase in size of rocks
and minerals, but usually, may not affect
their chemical composition. The factors
involved in physical weathering are temp-
erature, water, Jand wind.

_ Temperature: Rocks are composed
of different minerals and their coefficients
of linear or volume expansion vary when
heated. Alternate heating and cooling of
rocks during day and night bring about a
differential expansion of the minerals con-
tained in the rocks. This imparts differen—
tial stresses on the rocks leading to cracks
and peeling of surface layers.

Water: The cracks and crevices seen
on therocks getfilled up with water when
the rains come down. In cold regions,
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during winter nights, this water gels trans-
formed Into solid ice. This leads to an
increase in volume. The force, thus created
due to the increased volume, is irresistable
and help in the disintegration of rocks.
The rock and mineral particles carried by
flowing water also bring about weathering
due to abrasive action,

Glaciersor ice bergs are alsorespon-
sible for weathering. The ice bergs possess
considerable transporting power and act
as major weathering force in temperate
countries. The ice bergs of huge size can
carry bigger fragments of rocks and crush
them into powder. The soils of North
America and Europe ware first formed by
glacial action. Glaciars are usually seen
in the Himalayan areas.

Wind: Wind acts asa transporting
agent and cause considerable weathering.
Woeathering is mote intense, when it carries
particles of dust, sand and gravel. The
wind along with thecarried particles hits
on rocks and bring about exfoliation of
surface layers of rocks due to the abrasive
action.

3:4.2. Chemical weathering

The smaller particles of rocks and
minerals, formed as aresult of physical
forces, are acted upon, later, by various
chemical agents, Chemical weathering
or decomposition brings about definite
chemical changes. Thus, soluble materials
are released, new minerals are synthesized,
or left as resistant products.

The various decomposition processes
are described below:

Hydrolysis. This is an important
way in which chemical break down of
minerals occur. In hydrolysis, a mineral
combine with water to form an acid and a
base. The decomposition of orthoclase



feldspar is an example for this double
decomposition.

KAI8i,04 + HOH——HAISi;0, 4+ KOH

Orthoclase water Acid Potas-
feldspar silicate sium
(less {fairly hydro-
soluble) solubie) xide
{highly
soluble)

The released potassium may be used
by plants or adsorbed on clays; while
the acid silicate undergoes further changes
and colloidal ¢clay minerals are formed.

Oxidation. Oxygen is an active
element and it combines freely with other
elements. The action of oxygen is more
profound in the case of compounds of
iron, as a definite colour change results.

Oxidation

Fe § -———Fe 80,
{Black) (Greenish)

The oxidation of elements results in
the formation of more bulky or more solu-
ble compounds.

(Slowly soluble) (readily soluble)

Reduction: Reduction is the chemical
process in which oxygen is removed from
a mineral. Reduction of ferric (Fe3+) ion
to ferrous ion (Fe*+) and subsequent
leaching of ferrous ion due to its mobility
is an example of this type of weathering.

Hydration:  Hydration implies the
attachment of H and OH ions to the com-
pounds that are subjected to weathering
which results in a change of the mineral.
For example, haematite on hydration gives
vellow limonits.

2Fe,0,43H,0———2F¢,0,.3H,0
(haematite-red,firm) (limonite-yellow,
soft)
. Carbonation: Carbonationisa com-
mon process in nature, where CO, combines

with water to fram carbonic acid; which
reacts with carbonates to form more
soluble bicarbonates.

CO,+H OH ————H, CO,
H, CO; + Ca CO;——-Ca (H CO0;),
Carbenic Calcium Calcium bi
acid carbonata carbonate
(insoluble)  (highly soluble)

Solution: Water acts as a solvent for
many solid materials, especially for salts,
and it helps in-the processes of weathering.
The solution etfects of CO, in water have
been already mentioned. It heips in the
conversion of a solid mineral to one of a
liquid state. See the following example.

NaCl4+H OH—+Na+4-CI™ 4-H OH

Solution facilitates a continued remo-
val of constituents from rocks, either in
dissolved or in dispersed stata. Forming
solution in water is also very essential to
bring about various other chemical chan-
ges such as hydration, hydrolysis,
carbonation eftc.

3:4.3 Biological weathsring

The action of the living organisms on
the parent materials, which results in
their disintegration and decomposition, is
termed biological weathering. The
important living agents which help in
weathering are plants, human beings,
burrowing animals, earth-worms, micro
organisms like alage, fungi, bacteria etc.

Animals like rats dig burrows which
result in the formation of smaller mine-
rals due to abrasive action. Similarly, rootg
of higher plants exert considerable pres-
sure onrocks by way of growing into
cracks seen on rocks. The micro-organi-
sms help in the decomposition of organic
residues which release considerable
quantities of carbonic acid, and this acts as
a weathering sgent by the carbonation
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reaction. Likewiss, many chemosynthetic
bacteria bring about a series of oxidation
reactions which are helpful in weathering.

3:4.4. The regolith

The weathering processes of disin-
tegration and decomposition will give
rise to rego/ith, the unconsolidated mantle
of weathered rocks and soil materials on
the earths surface, or the loose earth
materials above solid rock

The upper portion of the regolith
differs from the material below. The
weathering actions of wind, water, and
heat are more intense on this upper por-
tion, since it is nearer to the atmosphere,
Plant residues are also found disintegrated
and partially decomposed in the .zone.
The upper portion of the regolith is the
soil and is distinguishable from the
material below, as it is having a relatively
high organic matter content. Prasence of
plant .roots and micro-organisms and
presence of characteristic horizontal [ayers
are other fealuras.

3:5 Soil formation and devslopment

Soil formation, in simple terms, is
the formation of soil from the parent
material. The weathering processes com-
bined with the associated physical and
chemical phenomena, constitute the pro-
cesess of soil formation. The weathsring
of rocks provides the parent material from
which the secil is formed. Simple forms
of life followed by higher forms, start to
live on that soil. Their activities, along
with the various decomposition products
formed, hasten soil formation. Some of
the materials formed may be translocated
from one point to another within the soil
column. Eventually, a vertical differentia—-
tion of soil column takes place. The vertical
differentiation of weathered materials
(soil) into various layers or horizons may
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be called soil development. Thase hori-
zons or layers are formed very slowly,
and takes a very long time.

3.5.1 Factors involved in soil formation
and development

The processes of soil formation and
development, basically, includes the addi-
tion of organic and inorganic materials,
the translocation of these materials from
one point to another within the soit column,
and tha transformation of these materials
within the soil. Several active and passive
factors are involved in these processes.
The major factors recognised are climate,
organisms, parent material, topography,
and time. Among these, theclimate and
organisms are the active factors; and
the parent material, topography, and
time constitute the passive factors.

Cfimate: Climate is the most influ-
ential factordetermining the soil formation
and development. The temperature and
precipitation exert profound influence on
the rate of chemical and physical weath-
ering. Not only the total rainfail, but also
itg distribution are important in soil for-
mation and development. They also
determine the erosion and percolation
characteristics of the soil. It is observed
that, for every 10°C rise in temperature,
the chemical reactions are doubled.
Hence, soils of tropics are highly weather-
ed. Other climatic factors like evapora-
tion, wind etc. have also got theirrole in
soil formation.

Organisms: Both animals and plants,
which interact with rocks, mineral matter,
water and air, play an important part in
the soil development. The plants influence
the soil forming processes by supplying
organic matter, the decomposition of
which produces CO, and humus. Micro-
organisms, too, play an important role in



soil building and soil development.
Animals interfere in soil formation by
mechanical ways; while human beings
become a soil forming agent, when they
start cultivation by tilling, bunding, ferti-
lizing etc.

Parent materfal. The parent mate-
rials from which the soil is produced, play
an important role in determining its
development. The nature of parent
materials controls the speed of wea-
thering processes. It also determines
the soil texture, erosivity, nature of
clay content, nutrient status and colour.
Usually, a soil formed from a basic parent
material would be more fertile than that
formed from an acidic parent meterial.

Topography: Topography or relief of
an area, determines the speed of action of
climatic forces. It can delay or speed up
their action. Usually, a levelled area
develop more deep and matured soils,
compared to a slopy area. Thus, the
topography not only modifiaa the climatic
factors, but also act as a controlling factor

in determining tha nature of profile
formed.
Time: The formation of seil is a

very slow process, and takes a very long
time to develop a fully maturedsoil. It is
a function of time, However, no fixed
time period can be laid down to say when
a parent material would be fully transfor-
med into soil. It generally takes about
6000 years to form one foot of top soil.
In tropics, tha soils would ba formed more
faster than in the temperate regions.

There ere no distinct stages in the
development of soils, Only a few points
can be identified as the rocks or recently
deposited soil materiais are transformed
into a well developed soil profile. The
major processes identified in the soil
formation and development are decompo-

sition, synthesis, illuviation, eluviation,
accumulation, and homogenization.
3:5.2 Soil profile .

Soil profile, in simple terms, is a
vertical section through the soil mass.
Due to the action of various soil forming
process for a very long time, the soil mass
is differentiated into a number of hori-
zontal layers or horizons, The soil profile
is a representation of various horizons,
and the profile festures are unique for a
particular type of soil, The plants initiate
this profile development by supplying
organic matter. Water playsan important
role in the transportation and deposition of
soluble materials. These processes create
a lead to layering or horizon development,
A vertical section of the soil, from tha
surface to the bed rock showing the

various layers or horizons, is termed a soil
profile.

AHORIZON

¢ BHORIZON

s C. HORIZON

BEDROCK

Fig. 3.2 A typical soil profile showing
the horizons
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The various horizonsare formad ss a
resuit of the removal and deposition of
weathered materisls from upper to lower
parts of soil. The different horizons can
be distinguished from one another due to
their difference in colour, chemical nature
texture, depth etc. Generally, there are
three horizons in a representative soil.
They are called A, B and C horizons. In
each horizon, thera may be sub-horizons
also. A typical soil profile is diagrama-
tically represented in the Fig. 3.2.

Brief description of horizons and sub

divisions

Ago ord, — Top most horizon, comp-
osed of undecomposed organic matter
(litter)

Ao orQ, - Partially decomposed orga-
nic matter.

A, — Fully decomposed organic matter
(humus), which imparts a darker
colour.

A, — The region of heavy leaching,
(eluvial zone)-light colourad layer.

Transitional layers.

3 |
.
, — The zone of depasition, (illuvial
zone), where materials leached from
surface layers are deposited.

— Transitional layer.

€ — The unconsolidatad materials
underlying the solum (A and B hori-
zons), which supplies the parent
materials from which the upper layers
are {ormed.

Generally speaking, A horizon is the
surface soil and contains more organic
matter which provides a black colour to
the top soil.

The B horizon mainly contains miner-
als which may not have weathered. it
can be considered as the subsoil, and it
contains many accumulated materials like
iron oxide, aluminium oxide, clay etc.

A
B
B

[=2]
™
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The A and B horizons. the upper and
most weathered part of the soil profile
above the parent materials, ara collectively
referred to as so/um. The word solum
(plural: sola) is from Latin, meaning soil,
land or ground.

The C horizen is also an unconsolida-
ted layer where the parent materials are
present. It may be producad from the bad
rock, or may be deposited over the bed
rock from other materials.

Bslow the parent materials or the C
horizon, the bed rocks are seen. Tha
parentmaterials are formed from the bed
rocks,

The above described profile features
may not be seen in all the soils, and each
soil has its own profile features. The
profile studies are very important in a crop
production point of view, as it reveals the
surface and sub surface characteristics of
a soil which directly affects plant growth.
The profile features also help in the classi-
fication of soils. It acts as a basis for
soil science studies, too.

3:6. Soil surveys

Soil surveys are primarily aimed at
gathering comprehensive information
aboutsoil and land resources of an area.
Studying and racording major characte-
ristics of the soils, classifying them into
well defined units, and locating their
extent and boundaries ona map are the
main tasks associated with soil surveys.
Though the basic objective of soil survey
is to expand our knowledge and under-
standing of soils inrelation to their genesis,
development, classification, and nomen-
clature, the information obtained is also
useful in planning and development pro-
grammes of the country. Soil survey
reports are useful in Land use planning
(planning for irrigation, drainags, rural
zoning, planning for large dams for water



storage etc.), Farm planning (determining
the major land uses, cropping systems,
tillage methods, fertilization, soil and water
management etc.), Forest management
{more or less similar to farm management)
and in Engineering works (planning high
ways, air ports, dams, canals etc.).

Thers are two main types of soil
surveys —recoennaissance surveys and det-
ailed surveys, In the case of reconnaiss-
ance surveys, the scale used for mapping is
usually, 1 to 50,000. Soil profiles are
located at intervals of 3 to 6km, depending
upon soil heterogenity, and are examined
as per standard procedures. Photographs
of profiles and landscapes are also taken.
Reconnaissance surveys and resultant
maps provide information for identifying
bench mark soils and delineating problem
and potential areas. They are aiso helpful
for a broad land use planning and agri-
cultural development atthe Taluk level
and upwards.

Detailed surveys are mainly aimed at
bringing out differences inrespect of soil
and terrain features, and maps with a scale
largs enough to delineate the phases of
soil types, slopes, eresion etc. withina
series are used, Base maps used are in
the scale of 1t08.000 or aerial photographs
in tha scale of 1 to 20,000, oreven longer-
Auger samples of soils are examined at
closser intervais,usually 250-500m intervals,
depending upon soil heterogenity. Detailed
surveys are helpful in the interpretation
and classification of soils into land use
classes, sub classes and capability units.

In Kerala State, the task of conducting
soil surveys is entrusted with the State soil
survey organisation attached to the Direc-
torate of Agriculture (S. C. Unit), Trivan-
drum. The co-ordination and carrying
out of soil survey works at the nationai
level is done by the National Bureau of Soil
Survey and Land use Planning, Nagpur.
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4. Physical properties of soil

4:1. Introduction

The physical properties of a soil dete-
rmine its practical adaptability. [t deter—
mines such important characteristics of
soil as water holding capacity, aeration,
nutrient holding capacity etc. The impor-
tant physical properties of soil are soil
texture, soil structure, pore space or void,
soil colour, soil temperature, soil consist-
ency etc. The physical properties of a soil
is primarily influenced by its mechanical
composition.

4:2. Mechanical composition ofsoil

Mechanical composition of asoil is
nothing but its solid phase compossd of
mineral matter, As we have already seen,
the mineral particles are the chief compo-
nents of most soils, except in organic
¢ 1 such as peat. They consist of rock
particles developed in situ by weathering,
ofr deposited in bulk by wind or water.
The mineral matter, thus formed, consists
of soil particles or soil separates of differ-
ent sizes, The soil particles are, usually,
classified according to their size. The soil
particles having a diameter of more than
2mm is classified as gravel/; while the
material smaller than 2 mm indiameter is
the fine earth. Only the fine earth is con-
sidered in the chemical and particle size
analysis of soils. The componants of {ine
earth are sand, silt,and c/ay. All the soils
on earth are the result of combinations
of these fundamental particles in varying
proportions.

The size limits of the fundamental
soil particles have been prescribed by
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" particles of sharp edges.

various national and international organis-
ations. The most commonly used systems
of classification of soil particles, based on
size limits, are those proposed by the
United States Department of Agriculture
(USDA) and by the International Soil
Science Society (ISSS). The most impor-
tant classification is that of 1S8S, and it is
commonly followed.

The |S8S system is given below:

Fraction Particle diameter
Gravel > 2 mm
Coarse sand 0.2 —2 mm
Fine sand 0.02 —0.2mm
Silt 0.002—0.02 mm
Clay <0.002 mm

Sand and silt particles are almost
spherical or cubicel in shape. Soil that
has besn formed /jn sity and not been
transported, may contain sand and silt
The edges of the
soii particles deposited by wind or water

are smoothened off in transportation. Clay
particles are, however, plate or lath

shaped, unlike sand and silt particles.
The bigger sized soil separates like gravsl
and sand, and to an extent silt, ara com-
posed of primary minerals; and smaller
sized particles like silt- and clay consist
of secondary minerals.

4:3 Soil texture

The term soil texture {a used to
indicate the relative proportion of soil
particles or soil separatss in a soil sample.
Soil texture gives the degree of coarseness
or fineness of the soil. There are several



techniques for determining the percentage
of coarse sand, fine sand, silt, and clay in
asoll sample. The dstermination of soil
separates i@ by means of particle size
analysis (formerly mechanical analysis).
This is conducted by sedimentation, siev-
ing and or by micrometry.

According to the proportions, in
which the fundamental soil particles
are present in a soil sample, thera could
be several textural classes. There are 12
textural classes, according to the USDA
soil textural classification chart (Fig. 4.1).
For determining the textural class, USDA
system employs a textural triangle; and by
plotting the percentage of sand, silt, and
clay obtained by mechanical analysis on
this, we could determine the textural class
of the soil in question. The principal soil
textural classes recognised, ranked accord-
ing to increasing amounts of fine particles
are sand, loamy sand, sandy loem, loam,
silt, silt loam, sandy clay loam, clay loam,
silty clay loam, sandy clay, silty clay, and
clay.

While dssignating the different tex-
tural classes, the names of predominant
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USDA soil textural classification
chart

Fig. 4.1

' taxtured one.

size fractions are used. The word ‘loam”
is used whenever all the three major size
fractions occur in sizable proportions. A
textural class, when it is designated by the
names of two size fractions such as siity
clay, denotes that the clay characteristics
are outstanding. It also contains a sub-
stantial quantity of silt. A silty clay loam
is similar to silty clay, except that it con-
tains sand in a sizable proportion., Sandy
soils are coarse textured; loam soils are
medium textured; and clay soils are fine
taxturad. A few of the important
textural classes are described below:

Sandy soifs: In sandy soils, 85 per-
cent or more of sand particles are present-
They are of low fertility and have low
specific surfaces. They are coarse textu—

ted, loose, and well aerated. They have
low water holding and ion exchange
capacities,

Clayey soils. They contain more than

40 per cent clay particles and below 45
per cent sand or silt. They are composed
of secondary minerals, and possess high
specific sufface and ion exchange capa-
city. They have good water and nutrient
holding capacities.

Loamy soils: A soil that contains
about 40 percent sand, 40 percent silt,
and 15 percent clay may be called a loamy
soil. They are intermediate in properties
to light and heavy textured soils. They
are the ideal soils in crop production.

The coarseness or fineness of soil
could be noted in the field by a sensa of
fesl. The soil is rubbed between the thumb
andfinger in a wet condition, and the far-
mer interprets the feel as whether the soil
a coarse textured, medium textured or fine
Where laboratory facilities
are there, the proportion of particles are
found out by mechanical analysis or
particle size analysis.  After finding oug
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the percentage of sand, silt, and clay,
they are projected on the textural triangle
and the exact ciass of soil is found out.

4:4 Soil structure

Soil structure refers to the arrange-
ment of soil particles with raspect to each

other into certain patterns. The soil
particles like sand, silt, and clay are not

found separated in the soil, but aggtegate
themselves to form various structurals
units. The soil structure determines the pro-
perties of soil like aeration, permeability,
tilth, erosivity, and water holding capacity
Soil structure is usually described In terms
of typa, class, of grade.

Types of soil structure

Type refars to the shape and arrange-
ment of aggregates. The principal types
are as follows (Fig 4.2).

ISO8eO0 0RO ]
i e
ﬁOO/'ODDoOOOD O/ a2 &,
QS 0% 000 -’@@%-s
o= ISV O%BE,

EOReles LD 5;%?3
g %% DOQQS‘ﬁJ TSe
oaﬂd&gﬂ’ @5 Ca'?s%“g
Oé‘@OSCOEQo‘QE °

Platy structure: In thistype, parti-
cles are arranged as thin horizontal plates.

Prismatic: Here, the vertical axes of
aggregates are longer than the horizontal
axes. .
Columnar: When the prismatic stru-
cture is with dome shaped tops, it is
columnar.

Blocky: Thestructure is blocky, when
the particles are arranged around a point
and bounded by flat or rounded surfaces.
Angular blacky-when the blocks have
sharp edges and corners; and sub angular
blocky-when the blocks have sharp edges,
but rounded corners.

Spheroidal: \When the particles are
arranged around a point and when both
the corners and edges are round, it is
spheroidal structure. All rounded aggre-
This

gates may be grouped under this.

Fig. 4.2 Principal types and grades of soil structure

1. Single grain 2, Blocky 3. Platy

32

4. Granular 5. Prismatic 6. Massive



nclude granufar and crumb structure.
Granular or crumbs are the ideal soil
structure for piant growth.

Classes

Class refers to the size range of the
aggregates. There are five classes recog-
nised in each of the types. They are very
fine, fine, medium, coarse, and very
coarse.
Grades .
Grade of soil structure denotes the
degree of aggregation. Grades are termead
structurefess, when there is no observable
aggregation. [t may be massive, if the
structureless soil is coherent as in dense
soil crusts and plough pans; and single
grained, if noncoherent as in sands or
silts.  Other grades are weak, moderate,
strong., and very strong.

Structure is a varying physical pro-
perty, and it is affected by the use of
tillage implements, organic matter appli-
cation, microbial activity, soil moisture
content, type of cations present on the
clay particles, [ime content, kind of crops
grown etc,

4.5 Soil colour

Soil colour may be inherited from the
colour of the parent material, or may have
resulted from the soil forming processes.
The colour may be imparted by the orga-
nic matter content or mineral content of
the soil. Red, vyellow, or brown colouts
are imparted mostly by iron compounds;
and dark colour is due to the presence of
organic matter, magnetite etc. Soil
colour largely influences the properties of
soil like temperature, A  black soil
absorbs more heat and warms up quickly
than lightcoloured soils. Generally, black
soils are found to be more fertile,

Usually, soil colours are compared by
using standard colour charts like Munsell
colour charts. It was developed by A. M.

Munsell in 1905. The colour is expressed
in terms of three variables—the hue, the
value, and the chroma. For example, a
soil having a bright reddish brown colour
can be noted as b YR 5/6 according to
Munsell charts, where 5 YR represents
hue, b represents value, and 6 represents
chroma,
4:5. Soil temperature

It regulates the important physiolo-
gical functions of soil as seed germina-
tion, microbial activity, root and shoot
growth, and nutrient availability. Accor-
ding to the type of crop grown, optimum
soil temperature varies. As in the case
of atmospharic temperature, very low and
very high temperatures are unfavourable
to plant growth. Soil temperature is
influenced by vatious factors like soil
colour, slope, water content, vegetative
cover etc, Forexample, a dark soil will
absorb more heat than light soils, and
soils with more water retain more heat
for a long time. Soil temperature is also
an important criterion in the classifica~
tion of soils.

4:7. Particle density and Bulk
density

Particle density is the mass of unit
volume of soil particles. Particle density
is also called soil density or true specific
gravity. Bulk density refers to the mass
of unit volume of dry soil which include
the pore spaces also. The termn apparent
specific gravity is also used to denote
bulk density.

Mass of soil solids
Volume of soil solids.
Mass of soil
Volume of soil

Bulk density depends upon the soil
pore spacesas well as the soil solids.
However, particle density is concerned
with the soil solids only.

Particle density =

Bulk density =
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4:8, Pore space

The portion of soil occupied by water
and air is termed as pore space or void,
Sandy soils are having low pore spaces
of about 30 percent, and clays may have
about 50-60 percent. Well managed loamy
soils may have a pore space of about
40-50 percent. Though clayey soils pos-
sess more pore spaces than sandy soils,
being individually larger, the pore spaces
in the latter Is more conducive to aeration
and drainage.

4:9. Plasticity and cohesion

The property of a moist soil to
change its shape when a force is applied.
and to retain this shape even when the
force is with drawn, is called plasticity.
Cohesion refers to the property of soil
particles to attract or stick to one ano-
ther. These two properties largely influ-
ence the workability and consistancy of
soils,

_4:10. Soil air

The soils may havea pore space of
30-60 percent depending on the texture.
“The pore spaces are occupied by soil water
‘and soil air. The macro (bigger)pores are
filled with air and micro (smaller) pores or
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capillary pores are occupied by water.
However, this is a changing phenomena,
depending upon the relative proportion of
water and air. For example. in a floodad
soil, practically all pore spaces would be
occupied by water; and in a dry soil, there
may be more air than usually present.
Normally, all the pore spaces ,not filled
with water are occupied by the air. The co-
nditionin which nearly one-third of the
pore spaces occupied by air and two-third
by water is the optimum for the successful
growth of plants.

The composition of soil air is some-
what similar to that of the atmospheric
air. However, the soil air contains a
slightly more moisture, more carbondi-
oxide, and a little less oxygen. The
carbondioxide is mainly derived from the
plants and the organic matter present in
the soil, and its quantity is highly affected
by crop growth and biological activities
of soil. The composition of a typical soil
air and atmospheric air are given below
for comparison.

Soil air Atmospheric
alr
Oxygen (%) 20.65 20 97
Carbon dioxide(%) 3.25 0.03
Nitrogen (%) 79.20 79.00



5. Soil water

5:1. Introduction

A typical soil contains about 25 per-
cent of the total volume occupied by
water. Soil water exerts the maximum
influence on the growth of plants than
any other soil characteristics. Plants
require large quantities of water to sustain
their Jlife. Nearly 90 percent of the plant
tissues are composed of water, and itis
performing several functions both directly
and indirectly. Woater serves as a medium
for making the nutrients available to
plants. It is also used to absorb and
transport the nutrients from the soil to
the plant tissues. Woater is also an es-
sential raw matsrial for the most complex
end vital biochemical activity happening
on earth, the photosynthesis. The pro-
ducts of photosynthesis are also conveyed
in water solution to various parts of the
plant. The maintenance of turgidity—
rigidity and shape-is another function
attributed to water In plants. This is
especially Impaortant in herbacecus plants.
Soil water also aids in the maintenance
of soil temperature.

We have seen that soil contains both
macro and micro pores and the pores
occupy about 50 percent of the total
volume in a typical soil. In normal cases,
soil water will be occupying only the
migcro-pores. If the soil water began to
occupy macro pores also, it means
that drainage is impeded and soil air
content reduced. Excess quantity of
water in soil retards or inhibits plant
growth. Dralnage is extremely necessary

Similarly, when there Is
drought, soil moisture content will . be
very less, which may even lead to the
death of plants. Therefore, it is essential
that we should take necessary precautions
to maintain the soil water at an optimum
level. For this, we should have an idea
of the nature of soil water and its
energetics.

in such cases.

5:2. Soil water terminology

Soil water is dynamic in nature,
moving from one placeto another under
the influence of water moving forces
caused by rainfall, infiltration, percolation,
irrigation, evapo-transpiration, temperature

etc. Large differences afte also there in
the amount and energy condition of
water in adjacent areas of soil. A

number of terms and units are used to
describe the soil moisture content. A
beginner in soil water study may get con-
fused with this terms and units. Hence.
an introduction to the most commoniy
used terminologies ate relevant here.

o:2.1. Soil moisture tension

It has been found that moisture is
held in the soil by the forces of adhesion,
cohesion and solution, and such other
forces; and since itis under a tension
due to these forges, worlk must be dons
to remove s8oil moisture. It is siso obser-
ved that the tension with which vvater Is
held inthe soil depends upon the amo-
unt present—-the smaller tha amount the
greater the tension. Woe have to quantify
this tension and the term soil moisture
tension is used.
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Soil moisture tension i3 thus a mea-
sure of the tenacity or force with which
water is held in the soil. It is msasured
"in terms of force per unit area or pressure
that must be exerted to remove water
from an area. Soil moisture tension is
usually expressed in pressure units. The
units pascal (S| system), bar (Metric
systam) and atmosphere (Imperial system)
are the usually applied units. Other
units like newton per m*®, dynes per cm?,
and height of water column in em ars
also sometimes used. The pF scale (Scho-
field, 1935) was also used earlier, which
is tha logarithm to the base of 10 of the
numerical value of the soil moisture ten-
sion expressed in cm of water column.
However, the units pascal (kilopascal-
kpa or Megspascal-MPa) and bar are the
most commonly accepted units of soil
moisture tension nowadays. Therelation—
ship -between these units are given below.

1bar = 100 kPa (105 Pa)
= 100 kN m—2 (105 N m—?)
= 10° dynes cm—2
= 1017 cm of water column
= 0.987 atmosphere

522, Soif water potential

Aswe have seen, soil moisture
tension is the measure of the force with
which water is retained in the soil. How-
ever, water potential is the measure of
energy stetus of water present inthe soil-
In other words, itis the capability ofa
unit mass of water to do work, as comp-
ared to the work that an equal mass of
pure free water at the same location
could do. Since water is held in the soil
by forces of adsorption, cohesion, solu-
tion etc., the soil water is not capable of
doing as much work as pura free water,
and hence, soll water potential is generally
negative. The total soil water potential is
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contributed by various component poten-
tials like gravitational potentlal, pressure
potential, capillary or metric potential,
and osmotic or soluts potential. Soll
water potential is generally measured in
pressure units or energy units. Pressure
units, especially pascal and bar are pre-
ferred.

According to this concept, the anergy
status of a pure free water is taken as
zero. Whsen tha forces of retention in the
soil is increased, the energy status of
water is lowered. In other words, when
the soil moisture tension is increasing,
its energy status isreduced and assumes
a negative sign. That is, soil watar pote-
ntial is the negative soll moisture teneion.
For example, if we say a particular soil is
having a moisture tension of 0.3 bar
(30 KPa), we should understand that its
soil water potential is—0.3 bar or—30
kPa, The concept of soil water potential
is nowadays more accepted rather than
soil moisture tension,

5:2.3 Moisture content

It is a general term used to express
the amount of water presant in a given
quantity of soil. Moisture content is
expressed, either as percentage moisture
content by weight of dry soil, or as per-
centage moisture content by volume of
soil.

5:3 Classification of soil water

The physical characteristics and the
biological characteristics of the soil water
are used to classify the soil water. The
tension characteristics of the soil water
is used to classify the soil, and this form
the basis of physical classification of soil
water. It is aknown fact that all the
moisture present in soil is not available to
plants. So, based on the nature of avai-
lability of water for biological purposes,



woe can have a classification—the bio-
logical classification of water. The bio-
logical classification of water is more
important on a crop production point of
view.

5:3.7 Physical classification of soil
water

Based on the relative degree of rete-
ntion of water in the soil, there are three
kinds of soil water—the free water, the
capillary water and the hygroscopic
water. )

Frea water: The free water, or the
gravitational water, or the drainage water
is the water that behaves according to
the laws of gravity. lIticthe free water
held in the soil at a pressure below 0.3
bars. The free water is mainly present
in the macropores. It is not available
to plants and percolates down under
the influence of gravity.

Cepillary water: The capillary water is
the water held in the capillary pores
{(micro pores) of soil which behaves
according to the laws of capillarity. It
is present as a thin film around the soil
particles and held at a pressure between
0.3 to 31 bars. A partof this capillary
water is available to plants.

Hygroscopic water: The water that is
held at a pressure above 31 Dbars
is called hygroscopic water. It is seen as
a very thin film around the soil parti-
cles and not available to plants. Actually
it is seen as a solid film and moves
only in vapour form.

5:3.2 Biological classification of water

Based on the nature of availability of
water to plants, we may have the super-
fluous water, the available water and the
unavailable water in the soil.

Superfluous water: The superfluous
water is not available to plants. [t simply

moves down into deeper layers due to the
force of gravity, This is the water held
above the field capacity.

Avajlable water: The availabie water
is held between field capacity and perma-
nent wilting point. It is held at a pressure
between 0.3 bar and 15 bar. For success-
ful plant growth, water should be supplied
when 50-75 percentage of available
moisture has been depleted. This50-75
percentage of the available molisture is
known as readily available water.

Unavailable water: The water held at
a pressure above 15 bar is practically not
available to plants. This portion ofaoil
water isseen asa very thin film around
the soil particles, and held at very high
forces of retention. It includes the hygro-
scoplc water and a part of capillary water.

5:4. Soil moisture constants

The soil meisture content in a parti-
cular soil is not constant atany given
pressute since itis subjected to vapour
pressure differences and pressure gradients.
Howaver, certain moisture  levels
are important in the scientific water
management of crops and in the study of
soil moisture characteristics. These are
generally refered as soil moisture constants.

5:4.7. Maximum water holding capacity

The soil is said to be at maximum
water holding capacity, when all the pore
spaces of the soll—both macro and micro
p ores—are filled with water. This constant
is also called saturation capacity or maxi-
mum retentive capacity. The tension of
water at this point is almost zero, and it is
equal to free water surface.

5:4.2, Field capacity

The water recelved in the soil through
rainfall orirrigation infiltrates into the soil.
and continues to move in the soil mass to
deeper layers, because of the gravitational
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force. The downward movement of water
practically ceases after about 48 to 72
hours. The water retained in the soil
under this situation is called field capacity
which forms the upper limit of available
water for plants. Thus, the field capacity
can be defined as the maximum amount of
water that is retained by the soil after the
dralnage of gravitational water, and it
forms the upper limit of available moisture
for plants.

The soil moisture tension of many
freely drained soils at field capacity has
been found to be about 0.33 bar. How-
ever, the soil moisture tension at field
capacity vary from soil to soil and it gen-
erally ranges from 0.1 bar to 0.33 bar.

Field capacity is determined inthe
field by flooding water in an area of
2-5m?, and allowing it to drain for one to
three days after preventing surface evapor-
ation by means of polythene sheetsor
thick straw mulches. After this time, soil
samples are collected from the wetted zone,
and the moisture is determined by the
gravimetric method.

5:4.3. Permanent wilting point

The permanent wilting point (or per-
centage)is also known as the lower limit of
available water or wilting coefficient. Ths
permanent wilting percentage is the soil
moisture content at which plants canno
longer obtain moisture to meet its physio~
logical requirements and permanently
wilt. Formany solls, permanent wilting
occurs at about 15 bars, though it ranges
depending on soil texture, kind and con-
dition of plants, the amount of soluble
salts in the soil solution, and climatic
factors. However, thergis not much diff-
erence in the moisture percentages regard-
less of the tension at this point. So, the
moisture content of soil at15 bar pressure
is commonly taken for this point.
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Usually, plants show symptoms of
wilting, when the soil moisture levelsur-
passes readily available moisture range.
This is temporary wilting, and it occurs
when 50-75% of the total available water
is depleted. The temporary wilting can be
cured by adding water. However, if the
moisture content approachad the perman-
ent wilting point, the recovery of the plant
Is not paossible, and it would permanently
wilt. Even if we irrigate the plant, it would
not recover at this point.

Under field conditions, indicator
plants in containers are usad to dotermine
the permanent wilting peint. Usually,
sunflowar plant is used as an indicator
plant. The plants are allowed to wilt in
the field, and are then putin a moisture
chamber to test whaether it regain turgidity.
This process is repeated until the plant
permanently wilte. At that point, the
residugl soil moisture in the container is
calculated as the permanent wilting per-
centage. Permanent wilting percentage
at 15 bar can also be determined by means
of pressure membrane apparatus in the
laboratory.

5.4.4. Hygroscopic cosfficient

This is also an assumed constant of
soil moisture content, at which all the
capillary water isremoved from the soil,
The soil moisture tension which corres-
ponds to hygroscopic co-efficient is about
31 bars. This constant is not of much
significance in agriculture.

5:5. Determination of soil moisture
6:5.1: Gravimetric method

Gravimetric method of sofl moisture
determination is the most commonly

employed method. Soil moisture measu-
rement is done on soil samples of known
weight or volume. The soil samples are
collected with a soil auger or sampling



tube in air tight aluminium containers,
Then, thesamples are weighed and are
dried in an oven at 105°C for about24
hours unti] all the moisture is driven off.
After removing from the oven, they are
cooled slowly toroom temperature and
weighed again. The difference in weight
gives the weight of soil moisture in the
sample and expressed as percentags.

Percentage of soil moisture by weight

= (weight of moist sample-weight of

oven dry sample)x100/weight of oven dry
sample.

Percentage of soil moisture by volume=

= Percentage of moisture content by

weight x Bulk density

5:5.2, Tensiometer:

Tensiometer provides a measure of
the soil moisture tension or the potential,
and from this the soi! moisture content
can also bs computed. A tensiomster
consists of a porous porcelain cup, con-
nected with a tube to a mercury
manometer or vacuum guage. After fill-
ing the tube with water, the cup of the
tensiometer is installed at desired depths.
As the soil moisture isdepleted, water
from the porous cup moves out, and it will
create a vacuum in the system. Thisis
recorded in the manometer and gives a
measura of the soil moisture tension, and
from this the moisture status of the soil
can be found out. Tension measuremants
by tensiometers are generally limited to
one bar but practically the useful limit is
0.85bar.

5:5.3. -Hesisrence blocks:

Resistance blocks are made up of
alectrodes embedded in moisture sensitive
materials like gypsum, nylon, or fibre glass.
These blocks are installed at desired depth
in the soil, and the electrical resistance
developed at the electrodes are measured
by using a potentiometer. The electrical
resistance of the blocks will vary with the
moisture content of the soil, ie., in a wet
goil, the resistance will be low, and in a
dry soil it will be more. This resistance
is interpreted in terms of gravimetric soil
moisturea by using calibration charts or
special devices, !t is mainly used In
dry soils ie., soils with moisture tensions
of 1-10 bars.

5:5.4. Neutron moisture meter:

[n this device, fast moving neutrons
from a radio active source are allowed to
hit on the H+atoms present in the soil, and
the number of slowed down neutrons as a
result of the collision are found out. The
major source of H+ atoms in the soil is
water molecules, end so, ths number of
neutrons slowed as a result of collision is
directly proportional to the moisture con-
tent of the soil.

in addition to the four msathods
described above, other famous methods
like Pressure membrane and Pressure plate
technique are also there to estimate the
soil moisture.
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6. Soil colloids

6:1. Introduction:

The aoll colloids are tha most active
portion of a soil. In a colloidal system,
there will be a dispersed phase and a
dispersal medium. In the soil colloid, the
clay and humus forms the former, and
water acts as a medium of dispersal.
Usually, particles having a size below one
micron show the colloidal properties.
They will not settle and seen only through
an electron microscope. They are highly
stable. .

Both organic and inorganic colloidal
particles are present in the soil. The
inorganic colloidal particles are the clay
minerals of various types, and the organic
colloids are the humus. Both of these ate
seen in an intimate admixture in the soil.
We may see the characterist.cs and nature
of soil colloids in this chapter.

6:2. Clay minerals:

The important clay minerals of the
world are kaolinite, montmorillonite. illite,
chlorite, vermiculite, halloysite, and amor-
phous clays. These are described below;

Kaolinite; The crystals of these
minerals are made up of one sheet of silica
and one sheet of alumina, and so, called a
1:1 type tmineral. The two sheets are
held by shared oxygen atoms, and the
different units are held together by tight
oxygen-hydroxyl [inkages. Water, there-
fore, can not penetrate between the sheets,
and due to this, the clay does not expand
on wetting. Low surface charges,
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lew halloysite a 1:1

cation exchange capacity and limited
colloidal properties are other chara-
cteristics.

Montmorillonite: Here. the crystal

units are made up of two shests of silica
and one sheet of alumina held together
by shared oxygen atoms (2:1).The different
crystal units are connected by weak
oxygen-oxygen linkages, and so, water
penetrate on  wetting and expand.
High surface charges and high cation
exchange capacity are other features. It

is more plastic and cohesive than
kaolinite.
filite: lllite has the same crystalline

structure as that of mentmorillonite. The
difference is that the crystal units are
connected by additional linkages of
potassium atoms. They show chara-
cteristics which are intermediate to that
of montmorillonite and kaolinite.

Sesgioxide clays: These are mixtures
of iron oxides and aluminium hydroxides
found in certain soils of the tropics. They
are amorphous or crystalline and do not
expandon wetting. Low fertility status,
low exchange capacity and high toxic
aluminium content are other notable
characteristics.

Chlarite, vermiculite, halloysite ctc:
Chlorite, vermiculite, halloysite etc. are
the other important clay colloids present
in the soil. Chlorite isa2:2 type clay
mineral, vermiculite a 2:1 type, and
type clay mineral.



Amorphous clays: are also thers
which otiginated from volcanic ash and
not developed fuily into crystals.

6:3. Soil organic matter:

So0il usually contains 4-6 percent
organic matter by volume, and seen in
combination with  mineral particles.
Though it comes only a very small portion,
it plays a significant role in ‘the
productivity of soil. The organic matter

sarves as a food for soil micro organisms
which are responsible for decomposing
complex materials into simple substances
raadily used dy the plants, The addition
of organic matter improves the working
quality or friability of scil. Organic matter
also helps to form the crumb structure in
farming. The intermediate products of
decompositien of organic mattar have
also got their share in improving the
physical condition of the soil. The humus
produced as a result of decomposition of
organic matter is present in the soil in a
colloidal form. Humus has got high
cation exchange capacity which ultimately
increases the fertility status of the soil.

6.3.7 WNesture of soil organic matter

The soil organic matter consists of a
seéries of products which range from
undecayed remnants of plants and animals
to fairly amorphous brown to black mat-
erials, which have no trace of the anato-
mical structute of the material from which
itis formed. In addition to the organic
constituents present in undecayed plant
and animal tissues, soil organic matte;
contains living and dead microbial cslls,
microbially synthesized compounds, and
derivatives of these compounds produced
during the decay. The kind and content
of organic matter present in a soil is
highly influenced by climatic factors
like rainfall, temperature; soil factors
like soil reaction, drainage; and biotic

factors like vegetation and soil micro orga-
nisms. The organic matter content in.
most of the Indian soils is generally low
bacause of the high rate of decomposition
under tropical and subtropical climate.

6:3.2 Humic and non-humic substances

Soil organic matter may be divided
into two groups based on the above dis-
cussion-—nen-humic substances and humic
substances.  Non-humic substances in-
clude all those substances occuring in
plants and micro-organisms that are not
attacked or being attacked hy the soil
micro-organisms. Carbohydrates, proteins,
fets, waxas, resins, pigments, and certain
low-molecular weight compounds can ba
included in thiz group. Most of thess
compounds are easily attacked by soil
organiems, and have a rapid tutn over in
the soil. Humic substances, however, are
those materials produced in the soil as a
result of microbial decompaosition and are
either yellow or brown to black, acidic,
polydisperse substances of high molecular
waight.

Humic substances or the humus Is
the highly reactive portion of the soil and
is entirely different from the oiganic sub-
stances from which it is formed. Humus
is the major organic colloid present in the
soil. The humus particles are amorphous
in nature and posses high cation exchange
capacity. Humus is sparingly soluble in
water and have very large surface area.
[t possesses good nutrient holding
capacity and is less plastic and cohesive

in natute. The average composition of
humus is as follows.
Carbon 509%
Oxygen 359%
Nitrogen LA
Hydrogaen 5%,
Ash (other elements) 5%

41



6:3.3 Organic matter and soil producti-
vity
Organic matter present in the soil
influences most of the physical and cha-
mical properties of soil. The important
roles of organic matter in the soil are
discussed below:

Nutrient supply: Organic matter acts
as a reservoir for plant nutrients.  Major
portions of the soil nitrogen, soil phos-
phorus, and sulphur exist in an organic
form. As the organic matter decomposes,
these elements become available to plants,
They also supply a large amount of micro-
nutrients needed for the crop.

Vitamins, auxins and antibiotics:
Auxins and vitamins are added to the soil
through the crop residues and the organic
manures, and also produced by the living
population of the soil. 1t is reported that
plants can take up vitamins from the
external medium through the root system
Auxins produced in the soil have a positive
action on the seed germination, growth
of roots, and aerial organs; and on the
yield and quality of the crops. Some
amount of antibiotic substances are also
produced in the soil which may minimize
the incidence of diseases.

Effect on mineral compounds: Orga-
nic acids and carbondioxide produced
during the process of decomposition can
increase the availability of insoluble phos-
phates and some metallic trace elements.

Retention of cations: Soil organic
matter accounts for an appreciable part of
the total cation exchange capacity which
helps to retain cations in the soil. Reten-
tion of cations will guard against the
possible losses by means of leaching and
other means.

Buffering effect: Qrganic matter has
also got a buffering action, by which it
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reduces the likelihood of damage to plant
roots from excessive acids, alkalies, or
salts—whether naturally present in the soil
or added to it, and thus, helps to stabilise
the soil pH.

Soil structure: It is a known fact
that application of organic matter such as
crop residues and manures increases the
bonding of soil minsral particles into water
stauble aggregates. The decomposition
products of organic matter are the agents
which help to bind the soil particles.
Thess aggrégates, in turn, helps in the for-
mation of a crumb structura which is
friable and loose. The crumb structure is
considered as the most appropriate for
crop produetion.

Soil moisture retantion: Qrganic
matter increases the capacity of soil
to absorb and retain water to the extent of
several times its dry weight.  Beneficial
effects on water holding capacity is more
pronounced in sandy soils. Increase in
the available water holding capacity to the
gxtent of even 33 pereent was noticed
in sandy loam soils by the addition of
organic matter.

Soif temperature: Crganic matter
acts as a protective covering on the soil
surface, which in turn, helps to maintain
the soil temperature.

Soif tilth: Tha addition of organic
matter improves the workability or fri-
ability of soil. Its addition to clay make
it more porous and workable.

Soil erosion: As already seen, orga-
nic matter addition heips to improve the
water holding capacity of soil.  Its addi-
tion, thus, improves the infiltration of rain
water, reduces the run off losses and ulti-
mately lessens the soil erosion hazards.



Drainage. The addition of organic
matter improves the drainage characteri-
stics of soils, especially in heavy solls, [t
has besn shown that organic matter
improves the porosity of soils. The
increase in porosity defenitely improves
the drainage characteristics.

6.4 lon exchange

Now, we shall see the ion exchange
phenomena occurring in  the  soil
due to the soil cclloids. Clay minerals
and humus, in general, have a permanent
net negative charge. Due to the unsatis-
fied negative charges on the clay minerals
positive ions (cations) are attracted and
adsorbed on it. Normally, this attraction
is strong enough to hold the adsarbed
cations against any possible leaching by
rain water or irrigation water. However,
when a concentrated solution of any
cation is added, the added cations replace
some of the adsorbed cations on the clay
minerals, and instead, they get adsorbed
on it. This phenomenon is known as
cation cxchange. In soils the most
common exchangeable cations are Ca?+
Mg2+, H+, K+, Na+, and NH+,

Similarly. when clay minerals like
sesquioxide clays have a net positive
charge, they are capable of adsorbing and
exchanging anions such as sulphates,
phosphates, and nitrates.  This pheno-~
menon is known as anjon exchange.
Common anions found in soils are SO3-,

Cl-, NO,- , H,PO*-, HCO;- , and anions
of humic acids.

The capacity of soils to adsorb and
exchange cations and anions, varies greatly
with the content of clay and organic
matter and the minerological compesition.
The cation exchange capacity (CEC)of a
soil may be defined as the amount of a
cation species bound at pH 7 and ex-
pressed as milli equivalents per 100 g.
(me/100g). The CEC values of certain
soil colloids are given below:

3-10 me/100¢
10-30me/100 g
80~-150 me/100 g
200 me/100 g

Kaolinite —
llite —

Montmoriilonite —
Humus —

Anion exchange capacity is also there.
Itis the capacity of a soil to adsorb and
exchange anions, and usually defined as
the amount of phosphate bound at pH 4
(Piper, 1950) or pH 6.7 (Deas and Rubins.
1947).

The term ion exchange is given to
denote both cation exchange and anion
exchange collectivaly. lon exchange is
the most important of all the processes
occuring in a soil. and propably the most
important phenomenan which support
life on earth next only to photosynthesis.
The plants which are the primary producers
of food are dependant on ion exchange
for a steady nutrient supply.
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7. Soil reaction

7:1. Introduction

The response of a soil to an acid or
alkali may be termed asits reaction. A
soil may be acidic, alkaline, or neutral in
reaction. Usually, thereaction is denoted
by pH. The term pH was originated from
two French words Pouvoir hydrogena
meaning hydrogen power. The pH of a
solution is a measure of the hydrogen ion
concentration in that solution. The pH is
defined as the negative logarithm of hy-
drogen ion concentration in moles per litre,
or logarithm of the reciprocal of hydrogen
ion concentration in moles per litre.

PH = log [H+]
1
or = log[—HTj

pH of a solution depends upon the
relative proportion of acidic or basic
ions present in that solution. If a solu-
tion contains mare H+ ions, it would be
acidic in reaction; and more OH™ jons,
then it would be basic. For instance,
pure water contains an equal amount of
H+ and OH™ ions, and so, it will be neu-
tral in reaction. The pH of a solution is
generally measured by using a pH meter,
and it is intrepreted on a pH scale. The
pH scaleis not an arithmetic onebut a
logarithmic one. Each whole unit on it
is ten times the adjacent whole unit.
For example, at pH b, it contains ten times
more H+ jons than at pHE, and 100 times
than that of at pH7.

The pH scale reading ranges from 0-14.
The solutions having a pH below 7 are
sald to be acidic inreaction and those above
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7 are alkaline. A solution having a pH
of 7 isneutral in reaction.

A soil solution contains a large nu-
mber of dissolved salts in it, and that may
produce an acidic or basic recaction
depending upon their chemical nature.
If a solution contains more H+ ions, then
that soil would be acidic in nature; and if
more basic ions (Ca, Mg, Na etc.) are
present, then that soil would be besic in
nature. The adaptability of a soil for the
cultivation of crops considerably depends
upon soil acidity.

1.2 Soil Acidity

Among the various chemical properties
of soil, soil reaction or pH is a very imp-
ortant factor, which affects the suitability
of a soil to grow crops. The soils which
are having a pH below 7 can be termed as
acid soils. However, for all practical pur-
poses, those soils which show a pH of
below 5.5 and which respond to liming
only are referred as acidic soils, The
acid soils are gaenerally formed in humid
regions where rainfall is very high. In
such a condition, the soluble bases formed
as a result of weathering would be carried
down by the percolating water, and that
lead to acidity. Basic ions of Ca, Mg, K
and Na are replaced by H+ ions in such
a condition.

7:3. Active and Potential Acidity

The acidity contributed by the hydro-
gen ions present in the soil solution is
termed as active acidity. This can be
measured by using a pH meter. The



acidity contributed by the release of H+
ions by the clay colloids can be termed
potential acidity or reserve acidity. There
exists an equilibrium between potential
and active acidity. As more and more
H+ jong from the soil solution are repla-
ced, more and more H+ ions are released
from the clay colloids. So, when the soil
amelioration measures like liming are
practised to neutralise the acidity, both
active and potential sacidity are to be
taken into consideration. The bulk of
the total acidity is contributed by the
potential acidity. Certain adsorbed ions
pressnt on the clay colloids are also res-
ponsible for increasing the scidity. The
most glaring example for this is tha alu-
minium iong pregent in the clay complex.
They may undergo hydrolysis, which leads
to the supply of a large number of hy-
drogen ions. A single Al+++ jon could
release 3 H+ lons.

Al+++ +H,0— Al (OH),+3H+

In Kerala, most of the scils are acidic
in reaction. Only the black soils of chit-
* toor are alkatine in reaction.

7:4. Reasons for soil acidity

Several reasons are attributed to for
the development of acidity in a soil. They
are summarised balow:

1. In humid areas, where rainfall is
high, the soluble basic salts of Ca, Mg,
K, Na etc. are highly leached, and this
would reduce the base saturation in a soil.
The acidic salts are somewhat resistant to
lsaching, and their proportion in comparis-
on to basesincrease in the soil. This would
lead to the development of an acid soll.

2. Most of the basic nutriants such as

K, Mg, etc. present in the soil are absorbed
by plants for their metabolic activities. This
may lead to a relative high concentration
of acidic salts in the soil, which lead to
acidity.

3. The soils formed from acidic par-
ent materials usually show acidity. For
example, a soil formed from a parent me—
terial containing high amount of silica
may show acidity.

4. The continued application of acid
forming fertilizers like ammonium sulphats,
ureg etc. may contribute to acidity. The
ammonium ions present in thase fertilizers
replace the basic ions present on the clay
complex, which in turn are lost by leach-
ing.

5. The organic matter on microbial
decomposition produces many organic
acids. These organic acids actas agents
for dissolution of basic salts, lesading to
their leaching; or they themselves produce
acidity.

§. Presence of alumino silicate clay
minerals (sesquioxide clay minerals) inlar-
ge proportions also enhance the acidity.
7:5. Effect of soil acidity on plant
growth

The soil acidity has several deleterious
offects on plant growth. The important
effects of soil acidity on plant growth are
mentioned below:

1. The acid soils are chiefly formed
due to the leaching of bases. As aresult.
they are generally deficient in basic ele-
ments like Ca, Mg, Mo etc.

2. As the pH decreases, solubility of
micronutrients like Al, B, Fe, Cu etc-
increase and their amounts may reach to
toxic level in the soil,

3. The availability of phosphorus to
plants decreases, as available phosphorus
is convsried into insoluble compounds
with Fa, Al, Mn etc. in an acid medium.

4. Microbial activities leading to the
decomposition of organic matter is de-
creased, as acidity is detrimental to their
activities and growth.
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. B Nitrogen fixation by the nitrogen
fixing bacteria are also found to be redu-
ced in an acidic condition.

6. Root growth of many cultivated
plants are adversely affected.

7. The increased absorption of acid
‘'salts may lead to salt imbalance in plant
icells, which lead to denaturation and des—
‘truction of enzymes.

it has been found that most of the
crop plants prefer a neutral or slightly
gcidic soil for optimum growth.

7:6. Correcting soil acidity

The best method to correctsoil acidity
is to supply the soil with bases like Ca
and Mg, which are lost by leaching. For
this, liming is practised. The amount of
lime to be applied is mainly based on the
extent of soil acidity. The soil test resu-
Its can be used as a guideline in this
regard. Liming materials are to be applied
and worked into the soil before onamonth
of sowing. When more lime is to be applied,
it is better to apply in split doses. Am-
moniacal and water soluble phosphatic
fertilizers should not be applied along
with liming materials, as it may lead
to loss of ammonia and fixation of
phosphorus.

7:7 Liming materials

The various substances added to soil
to correct acidity are termed liming
materials. The common liming materials
are discussed here,

Calcium carbonate (also known
as limestone or calcite): Finely powdered
calcium carbonate (Ca CO,) is used as a
liming material. Calcium carbonate is
usually taken as a standard to find out the
neutralising value of other liming mat-
erials, The neutralising value of Ca CQ,
is taken as 100,
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Calcium oxide {Quick lime/Burntlime/
Unslaked lime): Calcium oxide (Ca0)
is one of the most commonly used
and effective liming material, and pro-

duced by heating limestone. The neu-
tralising value of CaQ is 179.
Calcium hydroxide: Calcium hy-

droxide (Ca)(OH,) is also known as
slaked lime, hydrated lime or builder’s
lime. When calcium oxide is treated with
water, slaked lime is produced. The neu-
tralizing value is 136.

Calcium - Magnesium carbonates:
The carbonates of calcium and magnesium
occur in different forms. When Ca CO, and
Mg CO, occur in equimolar proportions,
it is known as dofomite [(Ca Mg (CO;) ,].
In other proportions, they are said to be
dolomitic limestones The neutralising
value of dolomite is 109; and that of
doiomitic limestone differs, according 1o
the proportion of CaCO,; or Mg CO,
present.

Basic sfag: This is a bye-product
of steel industry, and contain mainly
calcium silicate with phosphorus and many
micro nutrients. Neutralising value is 86,

Several other miscellaneous materials
like pressmud—a bye-product from sugar
industry, certain bye products of paper
industry, ground coral shells etc. can also
be used as liming materials.

The basic reaction of a liming material
when added to the soil can be shown
taking calcium carbonate as an example.
When Ca CO, is added to soil solution, it
behaves as follows:

Ca CO,+H,0 —Ca++ 4+ H CO,— + OH~—
H+ (Soil solution) + OH—— H,0
The OH—ions produced as a result of

reaction with water is utilised to remove
hydrogen ions from the soil solution. The



reaction of any liming material is similar
to the above reaction.

7:8 WNeutralising value

Neutraliging value of a liming material
is given as caleium carbonate equivalent
(CCE), Liming materials usually differ in
their ability to neutralize acids. So, to
compare these materials, pure calcium
carbonate is taken as a standard, and its
neutralizing value i3 considered to be 100
petcent,  Calcium carbonate equivalent
is defined as the acid neutralizing capa-
city of an agricultural liming material
expressed as a percentage of calcium
carbonate on weight basis.

7:9 Effects of [iming

The beneficial effects of liming in
agricultural lands is summarised below:

1. Liming reduces soil acidity.

2. It increases the availability of nutri-
ents like calcium, magnssium and
molybdenum.

3. It reduces the concentration of Al, Fe,
Mn, Cu, Zn etc. in the soil, which
may have present in toxic levels.

4. It increases the activity of micro
organisms which bring about decom-
position of organic matter and nitri-
fication,

5. Liming improves the soil structure.

8. It enhances the activity of nitrogen

fixing bacteria.

. Availability of phosphorus is increased,

when lime is applied to an acidic soil.

~J

As we have seen through the fore-
going discussion, soil acidity and its
correction by means of liming are very
important in any farming system. Liming
particularly assumes importance in Kerala,
where most of the soils are acidic.
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8. Plant nutrients and Soil testing

8:1. Introduction:

We know that our universe is com-
posed basically of elements and their
combinations. There are 92 naturally
occuring elements, and if we include the
artificially made elements too, the total
go upto 108. All the living beings
are also composed of these elements, and
more than 60 elements have been
detected in plant tissues. Some may be
present in the plant body in abundant
quantities and some others in traces.
However, a regular supply of all
these 60 elements may not be
needed for the preper growth andg
devalopment of plants. By the supply of
some 18 elements, higher plants can
function normally and produce food. This
food when consumed by the animals geta
share of the elements for their body build
up. These 18 elements are - generally
referred to as essential elements. A
regular supply of these 18 elements are
highly indispensable for the proper
functioning of the plant.

Plants depend upon soil, water, and
air for the regular supply of essential
elements. In the presence of sunlight,
the energy giving source, plants manu-
facture food, utilising these elements for
their own use and for posterity.

8:2. Criteria of essentiality:

As we have already seen, plants take
up more than 60 elements. All these are,
however, not essential. In orderto
distinguish elements which are required
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essential from those which may be taken
up by the plants but are not assential,
Arnon (1854} laid down certain criteria. Ac-
cording to him, an element can be called
essential when the plant must be unable to
grow normally ar complete its lifecycle in
the absence of the element; the element is
specific and cannot be replaced by the
other; and the element plays a direct role
in metabolism. However, only the first
pert is unequivocally accepted, and since
the requirements for essentiality imposed
by this definition is too rigid from a
practical point of view, the definition
suggested by Nicholas (1963) ismare
acceptable.

Nicholas suggested the term fun—
ctional or metabolism nutrient 10 include
any mineral element that functions in
plant mstabalism, whsather or not s
action is specific. We adopt this defini-
tion to avoid the confusion that mayarise
when maore rigid criteria as that of Arnon’s
are imposed. For example, if Arnon's
criteria are followed, chlorine would not
be classed as essential for higher plants,
since bromine may substitute chlorine at
higher concentrations. Similar is the
case with molybdenum, which can sub-
stitute vanadium in certain species of
plants. The case of sodium is yet different.
It has been found to increase the yield of
several crops; however, its essentiality
has not been canclusively proved! To
avoid such difficulties and confusions,
nowadays, Nicholas® functional nutrient
approach is accepted to study the essenti-
ality of plant nutrients.



8:3. Essential elements so far
recognised:

There are 18 elements so far recognised
as essential for higher groups of plants.
The names of these elements and tha
chemical forms in which the plant takes
Up them are given in the table. 8.1.
Out of these, three nutrients, viz.
carbon, hydrogen and oxygen are supplied
by air and water, and therefore, are never
in short supply. The remaining elements
are supplied by soil. If the soil is
deficient in meeting the reguirement, they
are supplied through fertilizers.

Carbon, hydrogen, oxygen, nitregen,
phosphorus and sulphur are the elements

which constitute the proteins—the buiid-
ing components of protoplasm. Others are
potassium, calcium, magnesium, iren,
manganese, molybdenum, copper, boron,

zinc, chlorine, sodium, and cobalt.
Sodium and cobalt wers the latest
to the list of assential elements
(Sodium-1957, cobalt-1959). However,

all these 18 elements are not needsd for
all groups of plants. Only 15 among them
barring Ca, Bo and CI, are required by all
groups of plants. These three elements,
viz. calcium, boron and chlorine are,
however, essential for higher groups of
plants; ie., for all the crop plants, tha
number of essential elements is 18.

Table 8:1. Essential elements.
Element Symbol Chemical forms available
to plants
1 2 3
Macronutrients
Carbon C CO,
Hydrogen H H,0
Oxygen o CO,, H.,0, O,
Nitrogen N NH,+, NO,™, NH,
Phosphorus P H,PO,, H,PO,—, HPO 2~
Potassium K K+
Calcium Ca Ca?t+
Magnesium Mg Mg2-+-
Sulphur S S0z~
Micranutrients
Iron Fe Fo'+
Manganese Mn Mn2+ , Mn3+
Copper Cu Cu+ , Cu?+
Zinc Zn Zn*+
Molybdenum Mo MoO, 2—
Boron B B,0,*=, H,B0,—, HBDy*~, BO,s —
Chlorine Cl Cci—
Sodium - Na Na+
Cobalt Co Col+
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In addition to the 18 mentioned, there
are 6§ more, which are found to be
essential for certain groups or species of

plants, Their details are given below:
Elernent Group ar plant species
Vanadium Scenedesmus oblyques
Silicon Diatoms

lodine Polysiphonia

Selenium Astregalus sp

Gallium Aspergillus niger
Aluminium Ferns,

8:4. Macro and micronutrients

The essential elaments are grouped
under two categories, based on the
quantitative requirement. Elements which
are raouired by plants in large quanties
are termed as macronutrients, and thoss
required in small quantities as micro-
nutrients.  Macronutrients  are  often
those which are required by plants in
concentrations exceeding one part per
million, and include C, H, O, N, P, K, Ca,
Mg and S. Micronutrients are needed in
less than one part ber million, and include
Mn, Cu, Zn, Mo, B, Ct end Co. lron,
though behaves as a macronutrient,
is also regarded as a micronutrient due
to some historical reasons. There is still
another term—ultra micronutrient—for
elements like molybdenum and cobalr,
which may be required by certain plants at
a very a iow concentration as one part
per billion.

Several other teims have also been
used for both macro and micro nutrients.
For example, macro nutrients are often
referred to as major nutrients, and micro
nutrients as trace elements, aligo elements
or spurene elements. Macro elements may
some times be divided and called primary
and secondary elements. Primary elements
are those macro nutriants which are
required by the plant in large quantities
andinclude C, H, O, N, P and K., and

50

secondary elemente are required in
relatively smaller but in appreciable quanti-
ties and include Ca, Mg and S. Howevaer,
the terms macto nutrients and micro nutri-
ents are the most frequently used and
cammonly accepted ones.

8:6 The rola of essential elements
8:5.1.

Carbon, oxygen, and hydrogen are
obtained by nplanis mainly from air and
water unlike other elements darived from
the soit minerals. Carbon and hydrogen
ars taken up by plants in a combined form
as CO, and H,0. Howover, oxygen is
partly taken up in the molecular form.
They are converted to simple carbohydr-
ates by photosynthesis and ultimately tra-
nsformed into amino acids, proteins and
protoplasm  These three elemsnts which
are essential for all life forms constitute
about 94 percent of the dry weight of
plants, Apart from having a major stru-
ctural role, they play a key rola in providing
energy required for the growth and meata-
bolism of plants. The primary sources of
supply of thase elements, excepting per-
haps water, are not under the control of
man and so there is not much scope to
alter the supply. Since cerbon, hydrogen,
and oxygen are not derived from soil, they
are not mineral nuirients. Only the rema-
ining 15 are considered as mineral nut-
rients.

Carbon, oxygen and hydrogen

. 85.2. The mineralnutrients

Nitrogen

Nitrogen is a vitally important element
for plant growth and development. Unlike
carbon, hydrogen, and oxygen, its supply
can ba controlled by man. Ho is doing
it by means of organic manures and che-
rical fertilizers. Though air is the primary
source of nitrogen, most plants are unable
to utilise the atmospheric nitrogen diraectly.



They get it from soil. However, legumi-
nous plants {in certain cases, some non-
leguminous plants too) directly utilize the
atmospheric nitrogen with the help of
symbiotic nitrogen fixing bacteria like
Rhizobium living on them. Several non-
symbjotic micro-organisms like Azotoh-
acter can also fix atmospheric nitrogen
into available forms.

Nitrogen Is absorbed by plants mainly
in the form of nitrates, though smailer
amounts of other forms [ike ammonia and
amide can also be absorbed. [n maist,
warm, aerated soils, most of the nitrogen
compounds would be converted to the
nitrate forms,

Niirogen is a major structural consti-
tuent of the cell, and it plays an important
role in plant metabolism by virtue of being
an essential constituent of saveral matabs-
lically active compounds like amino acids,
proteins, nucleic acids, enzymes, alkaloids
etc. Nitrogen is an integral part of the
chlorophyll molecule. Itis essential for
healthy vegetative growth, and imparts
a deep green colour to the foliage. Nit-
rogen Is also relatedto carbohydrare utili-
zation. For the proper utilization of phos-
phorus and potassium also, an adequate
supply of nitrogen is a must.

When the nitrogen supply is a limiting
factor, it create several ill effects. Both
the rate and extent of protein synthesis is
affected. Nitrogen deficiency makes the
plants stunted and vellow in appearance.
The yellowing usually starts from older
leaves and then proceeds upwards. In the
case of severe nitrogen shortage, the leaves
become brownish and subsequently die.
The flowering and fruit setting are adver-
sely affected. Flower buds usually turn
pale and shed prematurely. The maturation
of the fruit may be early but the size and
the quality of fruits are affected. In ceraals,

nitrogen deficiency causes shrivelling of
leaves and hastens maturity.

An over supply of nitrogen is also
harmful. Excess amounts of nitrogen can
pralong the growing period and delay the
crop maturity, High nitrogen supply also
produces succulanze in plants, and enha-
nces their sensitivity to moisture and
temperature stressas. This would make
the plants more susceptible to lodging,
diseases and other pests. Excess amounts
of nitrogen c¢an afso impair the quality of
crops like tobacco, potato, sugarcane, and
sugarbeet.

Phosphorus

Similar to nitrogen, phosphorus is also
a major nutrient element and plays an
important role in plant metabolism. Plants
absorb most of their phosphorus requira-
ment as H,POT jon and a smaller quantity
as HPO,2—ior. Plants can  absorb
some soluble orgznic phosphates too.

Phosphorus is required by the plent
for several physiological functions. Itis
a constituent of nucleic acids, phytins,
and phospholipids. Its role in the energy
transfer processes, so vital to life, need no
emphasiz. The element is required by the
plant for the proper initiation and develop-
ment of reproductive primordia. For the
maturity of crops in the right stage, this
element is a must. Phosphorus also influ-
ences the quality of crops, and playsa
significant role in fruit and seed develop-
ment. An adequate supply of phosphorus
impart good strength to cell wall, and
makes the cereals resistant to fodging

When the phosphorus is deflcient in
the soil it would affect the root develop-
ment, {ruit and sead formation, and delay
maturity of crops. The plant may be
stunted, and the leaves of the plants may
turn to a reddish or purplish colour due to
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an abnormal increase in the sugar and
anthocyanin content. However, phosp-
horus deficiency is not so marked as that
of nitrogen. Phosphorus deficlency affe-
cts nitrogen metabelism too, which event—
ually results in the decreass of total
nitrogen content of the plants. It has
aiso been observed that animals, fecding
on crop residues of phosphorus deficient
soils, develop stiff joints and lose glos-
siness of skin,

Though an over supply of phosphorus
does not produce any ill eifectsin normal
course, itis reported to bs associated
with reduced vield in certain crops, and
reduced availability of micronutrisnts like
iron, zinc etc. to plants.

FPotassium

Potassium is the third major mineral
nutrient required by the plants, and Is

absorbed in the form of K+ ions. Potas-
sium is found in soils in varying amounts.
Though it is not an essential component
of proteins, fats, or carbohydrates as that
of many other essential elements; it is an
important element required by plants for
many physiological functions. It is requir-
ed for tho carbohydrate metebolism and
translocation of sugars and starches-
Potassium s known to increase the resis-
tance of plants to the stress of moisture.
It imparts considerable resistance to
plants against pests, diseases, and lodg-
ing. 1In cereals, potassium improves the
proper development of mechanical tissues
in the straw, malking them less susceptible
to lodging. Potassium salis have a great
buffering action and stabilize various
enzyme systems. Potassium also plays
a catalytic role by activating a number of
enzymes.

The deaficiency of potassium often
leads to marginal drying of leaves and
browning of tips. Growth is reduced;
quality of crops like tobacco, citrus etc.
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are adversely affected. [Potassium short-
age in cereals is accompanied by weaken-
ing of straw, which makes them liable to
lodging.

An over supply of the element may
lead to delayed maturity of crops. It
may also reduces the availabilily of many
other cations, besides leading to fuxury
consumption of potassium. The absor-
ption of potassium in excess of the plant’s
requirement for optimum growth is known
as luxury consumption.

Calcium

Calcium is required by  all higher
plants. It is an essential constituent of
plantcell wall and is required for the main-
tenance of cellular organization. Calcium
is also suggested to play a role in cell
elangation both in stam and root. Itis an
activator of a number of enzymes concern-
ed with hydrolysis. Activity of niirogen fix-
ing symbiotic bacteria are highly influanced
by calcium supply. It plays an important
role in making other cations available to
plants by the base exchange action. Calci-
um also plays an importantrole in neutrali-
sing the charges on the acidic molecules of
phosphoric acid and organic acids which
may bscome injurious to plants.

The deficiency of calclum is associ-
ated with reduced root growth, and root
tips may die. The deficiency of calcium
makes soil devoid of adequate base sa-
turation, and it would cause acidity. In
this condition, elements like iron, manga-
nese etc. become highly soluble and may
reach to toxic level.

Magnesium

it is an important constituent of
chlorophyll, and so, is a highly essential
element for all green plants. Magnesium
is a constituent part of the chromosomes
which are the bearers of the hereditary



characters. It plays a significant role In
proteln synthesis, being a part of polyri-
bosoms. Magnesium is an activator of
a number of enzymas—most of which are
concerned with coerbohydrate metabolism,
phosphate transfer, and decarboxylations.
It is also concerned with carbon assimi-
lation and organic acid metabolism.

The deficiency of magnesium is often
associated with chlorosis of leaves. The
chlorosis is an intervenal one, in which,
only the veins remains green. 1In advanc-
ed cases, the laaf tissues become uniformly
vellow and may causa premature dsfolia-
tion.

Sulphur

Plants absorb sulphur as So,™ ion.
Sulphur is required for the synthesis of
the sulphur containing amino acids—
cystine, cysieine, and methionine
—and thus, for protain  synthesis. It
activate many proteoclytic enzymes such
as papainases. It is a constituent of cert-
ain vitamins and co-enzyme A. Sulphur
is @ major constituent of straw and plant
stalks 1t also take part in the carbohy-
drate metabolism,

Deficiency of sulphur results in the
vellowing of new leaves, abnormal elon-
gation of roots, stems etc. The protein
synthesis and break down may also be
affected,

fron

lron is an importanteiement required

for the synthesis of chlorophylil. [t is an
activator of many enzymes, which teke
part in the plant metabolism. [n some

micro organisms, iron is astructural co-
mponent of their pigments. lron is also
a structural constituent of many enzymes.

lron deficiency is characterized by in-
tervenal chlorosis, which progresses rapi-
dly over the entire leaf. Severe deficiency

makes the leaf completely white. When
the deficiency is not severe, the parallel
veined leaves show chlorotic striping; and
the reticulate veined leaves show chloro-
tic mottling or marbling. Severe iron
deficiency also results in the disinteg-
ration of chloroplasts, and decreases their
size. In fruit trees, leaves are reduced in
size and are thin and papery, and may
develop reddish brown necrotic areas.
Under severe conditions, young shoots
may also die back.

Mangenese

iManganese functions in the carbo-
hydrate metabolism, phosphorelation re-
actions, and in citric acid cycle by way of
activating many enzymes connected with
these reactions. It plays a significant rale
in the Hill's reaction of photosynthesis
and nitrogen metabolism. It is also asso-
ciated with chlaroplast development.

The deficiency of manganese results
in the appearance of small chlorotic pat-
ches on {eaves in the area between veins
{(intervenal chlorosis) in middle or older
leaves. The chlorotic leaf areas soon
become necrotic and turn red, brown, or
reddish brown. Chlorosis of leaves con-
siderably reduces photosynthesis. Since
symptoms of Mn deficiency are so cha-
racteristic, specific names are ofton given,
eg, Pahala blight of sugarcane, frenching
of tung tree, grey speck of oats, marsh
spot of peas etc.

Excessive supply of manganese is
toxic to plants. Common symptoms of
toxicity is the chlorosis of young leaves.
in cereals, the chlorotic leaves, leaf she-
aths, and the lower part of the stem often
develop minute brown spots.

Zinc
Zinc is absorbed by the plants as
Zn2+ ions, and sometimes as a molecular
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complex of chelating agents as EDTA.
Zing functions in plant metabolism as an
activator of many enzymes. Zinc has
been found to play an important role in
regulating the auxin concentration in
plants. It also plays a significant role in
the formation of chlorophyll along with
iron and manganese.

The results of the deficiency of zine
differ widely between plant specles.
Common symptoms are intervena! chlo-
rosis, reduction in the size of young
leaves, bronzing, and discoloration of the
foliage. A reduction in shoot growth
and shortening of internodes may also be
noticed. In fruit crops, the deficiency
may cause little leaf symptoms. Zine
defeciency symptoms are given descriptive
names in several crops such as mottle
leaf of citrus, white bud of maize, sickle
leaf of cocoa, khaira disease of rice etc.

The toxicity of zinc usually results in
mild chlorosis of young leaves, especially
betwee_n the veins, which later become
dry and papery. The affected leaves show
rolling of the leaf margins. Roots
may also turn brown and necrotic.
Copper

Copper Is absorbed by the plants as
Cu™ and Cu?* ions. Copper is an acti-
vator of several enzymes and believed to
take partin the light reactions of photo-
synthesis. Some of the copper containing
compounds are involved in the photosyn-
thesis; and the deficiency may cause
decreased rates of photosynthesis. The
copper deficiency symptoms varies with
crops. The common symptoms are
multiple bud formation, dieback, staining
fruits, malformation of leaves etc. The
amount of copper present in plants in
relation to other heavy metals like iron
and manganese etc. are more important
than the total copper content. It is
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quite common that copper deficient plants
show an accumulation of iron in cells.

When the copper content reaches
toxic levels, the young leaves show
chlorosis bstween the veins; and old
leaves often develop brilliant reddish
orange ot pink colouration. Severe rolling
of the leaf margins due to the loss of
turgor also result, and ultimately the
leaves become dried and withered.

Moalybdenum

Molybdenum is required by plants
only in minute quantities. Nevertheless,
it is an important functional element in
plants. It is part of an enzyme called
nitrate reductase concerned with the
reduction of nitrate to nitrite, Moly-
bdenum is required by all the nitrogen
fixing agents—bacteria, blue green
algae, and others. [t also plays an import-
ant role in the nitrogen metabolism of
plants. Molybdenum is helieved to be
involved in phatosynthesis too.

The deficiency of molybdenum causes
an accumulation of nitrate in plants,
Nitrogen fixation, assimilation, and redu-
ction are adversely affected, when molyb-
denum content is inadequate. Photosy-
nthesis is also reduced in molybdenum
deficient plants. In citrus, molybdenum
deficiency is described as ‘yellow snot
of citrus’. In citrus, the leaves during the
early summer flush develop water soaked
areas, which eventually enlarge and
coalesce. Severely affected leaves are
shed, and the branches would be
leafless.

Toxicity of molybdenum imparts
chlorosis to the plants, though not pro-
nounced. The plants often develop
brilliant tints— golden yellow or blus. In
potato, tomato, and flax, the toxicity
resultsreddish or golden vyellow colour
of the shoots.



Boron

Boron is believed to play an important
role in the developmant and differentiation
of tissues, particularly that of wvascular
tissues. It also functions in the matu-
ration of cells by regulating the formation
and lignification of cell walls. Boron is
involved in the carbohydrate metabolism
of plants too, especially in the translo-
cation of sugars.

The deficiency of boron may be first
noticed as cessation of growth of terminal
buds, followed by death of young
leaves. Root crops are easily affected by
boron deficisncy. The internal tissues of
roots show black heart symptoms. As
boron is involved in the reproductive
phase of plants, deficiency of this element
results in sterility and malformation of
reproductive organs. Boron deficiency
symptoms have descriptive names in
several crops, eg. 'heart-rot’ of sugarbest,
‘browning’ or ‘hollow stem’ of cauli-
flower, ‘top sickness’ of tobacco, ‘brown
heart” of turnip etc,

Because of boron toxicity,
lesves devalop

young
chlorpsis between the

veins, which usually starts from the base,

of a leaf and spreads towards the apex,
In certain cereals, for example, barley and
maize, the emerging leaves may be sevarely
chlorotic or bleached, and may fail to
unroll. Blossoms are depressed and
flower buds may alsoc show chlorotic
sepals and petals.
Chlorine

Chlarine is teken up by the plants as
the chloride ion, Cl-. Bromine can
substitute chlorine at highser concent-
rations. Chlorine is believed to be asso-
ciated with oxygen sevelution in primary
photosynthetic reactions. It is claimed
to be involved in ths cyclic photophos-
phorelation,

The exact role of chlorine in plan
nutrition is yet to be found out..

Chlorine deficiency symptoms are
difficult to identify and differentiate.
However, the leaves of chlorine deficient
plants display symptoms of wilt, chlorosis,
necrosis, and bronze discolouration. In
some cases, reduced root growth is also
noticed.

The symptoms of chloride toxicity
vary with plant species. Reduction in the
number and size of leaves, kronzing
or yellowing of the foliage and brown-
ing and scorching of the leaf margins are
the common symptoms.

Cobalt

Cobalt is an essential element required
by the nitregen fixing bacteria, Rhizobia,
for the fixation of elemental nitrogen.
Cobalt is a structural component of
Vitamin B,; {Cyanocobalamine), which in
turn is needed for the production of
heamoglobin concerned with nitrogen
fixation. Besides legumes, rasponses to
cobalt have also bean reported incotton,
and mustard. [t i3 said that cobalt
improved growth. transpiration, and photo-
synthesis.  Cobalt may also play a cata-
Iytic role as an activator of many enzymes
concernad with plant metabolism.

Sodium

Though it is known that the growth
of several crops is stimulated by the
application of sodium, it is reported to
be essential for only a few higher plants.
In sugarbeets, the essentiality of sodium
has been reported, and that its functions
are more than simply a substitute for
potassium. it has been generally believed
that sodium may substitute potassium,
especially when the latter is deficientin
the soil. Beneficial effects of sodium is
also observed, even when potassium is
supplied in plenty, in crops like celery,
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sugarbesat, swiss chard, table beet, mangel
and turnip. Recently, a report from
Australia claims that sodium is an essential
element for a group of C, plants.

The important role of this element
reported is in the maintenance of osmotic
relations of the cell. Sodium helps the
plant to withstand desiccation, and thereby
resist drought by providing a high internal
osmotic concentration. Water uptake by
the plants is also influenced by sodium.

8.6 Soil testing

The main purpose of soil testing is to
evaluate the fertility status of the soil. [t
provides a basis for fertilizer, lims, and
gypsum recommendations. Soil test in-
formation is then used, along with an
evaluation of specific crop requirements,
cropping history, and physical characte—
ristics of soil, in determining the exact
amounts of fertilizers and soil amendments
needed for a crop.  Soil tests have got
another added advantage. As the soil
reaction and deficiency of nutrient ele-
ments in a soil could be found out before
the crops are planted, it could be correct-
ed before the actual sowing of crops,

8:6.1 Soil sampling

Soil tests and their interpretation
are based on the soil samples sent for
analysis. For testing purpose, only a
small quantity of soil is required in the
laboratory. Only 1-10g of the soil
is subjected to testing purposes and their
resuits are interpolated to represent the
whole area from which the sample is
drawn. Therefore, it is important that
the sample must be true representative of
the area from which it is taken.

Principles to be followed in soil
sampling

1) Sample each field separately
When the areas within the field

56

distinctly diifer in crop growth, in soil,
elevation, or croppling history or past
treatment, divide the field suitably and
sample each area separately.

2) Avoid drawing samples from spots
which do not represent the field.

eg: Old bunds, marshy spots, hedges
etc.

3) Do not sample a field within three
months of the application of lime or
fertilizers.

4} Take samples from 15 cm depth in
ordipary farming situation. If pere-
nnial crops are to ba grown, take
from 25cm depth; and from Scm depth
for pastures and lawns.

5) Where crops have been planted in
lines, samples must be taken betweean
the lines.

6) Use proper sampling tools

A soil tube, an auger or a Mammatty
(Fig. 8.1) can be conveniently used
according to situations. In wet lands, soil
auger is the best tool. In dry lands both
soil tube and Mammatty can be used con-
veniently.

2

Fig. 8.1 Common soil sampling tools
1. Soiltube 2. Soil auger 3. Mammatty



Procedure of soil sample collection and
method of despatch of the sample

Scraps the litter (organic debris and
undecomposed leaves) from the surface
and expose ths soil. Then, dig a 'V’
shaped hole to the required depth (15 or
25cm)and cut athin slice from a side of the
hole, Collect at least 10 samples from
each area and put them in a clean bucket.
Break all the lumps, and mix well in the
container. Reduce the size of the sample
by successive quartering to about 500g.

. Dry the samples thus got in shade for
an hour or two by spreading over a paper
or polythene sheet. Use polythene bags
for bagging the samples. Thes=s are then
put in cloth bags. ldentify each sample
by name cr number and also by the culti-
vator’s name. Paper tags can be used
for this purpose.  Fill up completely the
information sheet furnished by the soil
testing laboratories, and send the sheet
along with ,the sample container to the
soil testing laboratary.

The information sheet should ordinarily
contain the following details. [f standard
information sheets are not available, give
information on these points in ordinary
sheets of paper.

Name of the cuitivator
Full address
Village; Taluk
District
Survey number
Proposed crop and variety of the
existing crop and variety
History of the field for the past
three years (Crops grown, fertili-
zers Used etc.)
8. Wet/dry/garden land
9. Extent of sampling area
10. Depth of sampling
11. Signature of farmer

OO AWM
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8:6.2 Procedure at the Soil Testing
Labaratory

Though we are sending 500 g of the
soil to the laboratory, only asmall quantity
of the soil is subjected to testing. Usually,
1-10g of the soil sample is used depend-
ing on the nature of the test. According
to the results obtained, the soil is first
rated and classes assigned. There are 10
classes (0-9) for each parameter. Based
on the status of the solil, ie., whether low,
medium, or high and also on the assigned
class, organic manures, fertilizer and lime
recommendations are given.

Soils with averege fertility values are
given 100 percent of the general fertilizer
recommendations. A soil with 10 kg ha— 1!
of available phosphorus is considered
to be average in terms of phosphorus
content, and require 100 percent of the
general fertilizer recommendation. For
rating the potassium status as average, the
soil should contzin 115 kg ha —! of avajl-
able potassium. The average fertility vaiues
for total nitrogen, hewever, differ between
soils. Forsandy soils, the average total
nitrogen value is 0.03 percent (organic
carbon 0.3%), and for lecamy and clayey
soils, the average value is0.05 percent
(organic carbon 0.5%). The details of
the various soil fertility classes and the
recommendations of the major nutrients
for each class as percentage to general
recommendation are given in Table 8.2,

Usually, the test results furnished by
the laboratory contain three parts. First
part indicates results of analyses of the
soil sample. Actual analytical data and
ratings are usually given.

This part may contain the following
details. .

1. pH or soil reaction which indicate
whether the soil is acidic, alkaline or
normal,
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Table 8.2. Soil fertility classes and fertilizer recommendations

Soil General Nitrogen Phosph-

ferti- rating Percentage of organic recomm- Available Available orus and

lity of carbon endation phosphorus potassium potassium

class fertility Sandy soil Clayey/loamy as ¥to kgha™! kg ha™t recomme-

status soil general nded as 9,

recommen- to general

dation recommen-

) dation

] 2 3 4 5 6 7 8
0 Low  0.00—010 0.00—0.16 128 0.0— 3.0 0— 35 128
1 Low 0.11-0.20 0.17-0.33 117 31— 6.5 36— 75 117
2 Low 0.21—0.30 034050 106 6.6--10.0 76--116 106
3 Medium 0.31—0.45 0.561—-0.76 97 10.1—135 116—155 54
4 Medium 0.46—0.60 0.76—1.00 91 13.6—17.0 156-195 33
5 Medijum 0.61—0.76 1.0t—1.25 84 17.1—-205 196-235 FA
6 Medium 0.76—0.90 1.26—1.50 78 20.6—-240 236275 60
7 High 0.91--1.10 1.51—-1.83 71 241--275 276—31b 48
8 High 1.11—-1.30 1.84—216 83 27.6—31.0 316—3565 37
a High 1.31—1.50 2.17—2.50 54 31.1—345 356-—395 2b

2. Organic carbon (as a measure of avai- ioning in each district of Kerala excepting

lable nitrogen).

Pathanamthitta and Kasaragod. Besides

3. Total soluble salis (asa measure of these 12 iaboratories, there are two more
© salinity). mobile soil testing laboratories-one at
4. Available phosphorus. Alleppey, for the southern districts and
5. Avaijlable potassium another at Pattambi, for the northern dis-

6. Any other pertinant informations

The second part is fertilizer recommend-
ations for the crop based on soil analysis.
history of the field, and recent research
work. This part indicates quantities of
nitrogen (N), phosphate (P,0;), potash
(K,0), and also of lime or gypsum to be
applied. The recommendation on organic
manures will also be given,

The third part of the soil test and ferti-
lizer recommendation report indicates
methods and time of application of fertili-
zars and other practices required to make
the fertilizer use more efficient and
effective.

8.:6.3. Soil testing facilities in Kerala

Soil testing laboratories are funct-
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tricts. Five more mobile soil testing [abor-
atories are expected to be commissioned
shortly. Farmers can send the soil samples
to the laboratories directly or through the
Agricultural Offices functioning in the
state. The soil testing service is rendered
free of cost in Kerala.

A central soil testing laboratory is also
working at Trivandrum under the control
of a Chief Soil Chemist who co-ordinate
the working of the soil testing laborato-
ries and ensures quality control in the soil
testing service.

In addition to tha laboratories ment-
ioned which are run by the Agricultura!l
Department, institutions like Coffee Board,
Rubber Board, UPASI, FACT etc, are also
rendering soil testing service.



9. Organic manures

8:1 Introduction

Organic manures are derived from
plant, animal and human residues—usually
bulky in'nature, and are added to soil to
maintain soil conditions and soil fertility.
Organic manures may be classified as
bulky and concentrated. Green manures
and several plant and animal residues
form the bulky organic manures. Con-
centrated organic manures include oil
cakes and animal origin manures such as
fish meal and bone meal. The addition of

organic manures in sufficient quantities is
is essential for successful crop production.

9:2 Bulky organic manures

These usually, contain a very low psr-
gentage of plant nutrients, and applied in
very large quantities. The main alm of
adding them is to build up the organic
mattar content of soil.

Farm yard manure: This is the most
commonly used organic manure in India.
Farm 'vard manure is a decomposed
mixture of dung and urine of cattle,
along with straw and litter used as
bedding, and remnants of straw, fodder etc.
fed to the cattle. In India, a major portion
of these are used as fuel, and are lost. The
traditional method of preservation of the
farm yard manure in the farmsis highly
inefficient as it leads to considerable loss
of nutrientsin it, The loss of urine is an
important factor in reducing the effective-
ness of manure. The average composition
of farm yard manure is given bealow;

N — 0.4
P — 0.3Y%
K — 0.2%

For obtaining quality farm vyard
manure in the farm, some important
precautions are to be observed. Most
important among them is the conservation
of urine. For this purpose, sulficient
bedding must be spread on the floor of
the cattle shed in the evening, and they
have to be collected in the morning. Then,
these aro spread in pits of suificient
dimensions. (The pit can be of 4~6 m in
length, 1.6 m in width. and 1 m in depth).
Each day, the collected dung and urine
mixed litter is added to the pit, and
when it reaches about 0.5 m height above
ground level, the top portion is plastered
with a sfurry of cowdung and mud. The
plastering ensures the conseivation of
Mmoisture in the manure and prevent the
proliferation of houseflies. It is batter to
make a second pit when the first one got
filled. By the time the second pit is also
filled, the manure from the first pit would
be in a readily usable form.

The quality of farm yard manure can
be improved by feeding the cattle with
protein rich foods. The loss of ammonia
from the manure can be prevented by
adding gypsum and superphosphate to the
manure. Biogas generation from the
farm yard manure and using the spent
manure from biogas plant is a right
step for conserving the farm vyard
manure. Biogas plants are attracting the
attention of farmers and research workers,
ag it fultil two purposes-ore to provide fuel
and the other to give quality manure. Itis
also reported that biogas generation from
farm yard manure increases its manurial
value,
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Compost: Composting is the process
of conversion of . plant and animal
residues to quickly utilizable form to im-
prove and maintain soil fertility. Waste
materjals of various kinds like cereal
straw, crop stubbles, groundnut husk, farm
weeds, house refuse, wood ash, litter
from cattle sheds etc. can be converted
into a quickly utilizable manure by
composting. Two methods are generally
followed in composting-—one is anaerobic
and the other is aerobic. Aerobic process
is followed in rainy season, and here, the
compost materials are heaped on a well
drained site before the advent of rainy
season. QOccasionally, the heap is turned
using rakes and when it sinks, it is made
into a fresh heap, and can be usedin
about four months time.

The anaerobic method is mainly
followed in rural areas, where the farm
refuses are put into pits of size 5x 1.5 x1m
in dimension. Each day's refuse is
spread on the floor, and when it reaches
30cm, some water and cowdung slurry
are sprinkled over it, This heaping
process is repeated till the heap rises to
about 0.5 m above ground level. Then,
- itis plastered with a 2-5 ¢m layer of mud

-and cowdung. In such situations, the
decomposition is anaerobic and high
temperature does not develop. Here, Toss

of ammonia isvery low,and within four
to five months, good quality compost is
produced. Bangalore method of com-
posting, is an example for this. |n /ndore
method of composting the decomposition
is mainiy brought about by aerobic
organisms, as no plastering is resorted to.
Inthe Coimbataore method of composting,
the materials taken from tha pit is again
spread on the ground in heaps and plas-
tered. It is kept as such till it is used
in the field.
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Reinforced compost: Compost gen-
erally contains less phosphorus and so it
can be made up by adding some phosphorus
fertilizer to the compost. Then, it is called
reinforced compost. \When superphos-
phate is added to compost, it is known as
super compost

Town compost: The refuses available
from towns like night soil, town refuses,
and earth are added one by one in pits
taken in uninhabited areas. These would
be converted into compost within 3
months,

Sewage end s/udge: The sewage and
sludge available in cities are allowed to
ferment and settle. Then, air is forced
through it, and activated sludge is produ-
ced, It contains about 3-6%N, 29 P, O,
and 1% K,0. The effluent, free of toxic
elements, can be used for irrigation.

Night soil: The dehydrated night
soil along with the ahsorbing material
produces a poudrette which can be used
as a manure,

Rlant residues: The plant residues
left after the harvest of the crops, thre—
shing, and cleaning operations are good
for use as bulky organic manures. The
household ash is also a good manure.
Its potash content may sometimes raise its
status to the level of a goncentrated
organic manure.  Certain  important
materials coming under this category are
given in the Table 9.1.

9:3 Concentrated organic manures

They contain higher amounts of major
nutrient elements compared to bulky
organic manures. These are concentrated
sources of organic manures obtained from
plants or animals. The important con-
centrated organic manures are described
below:



Table. 9.1.

Analysis of common plant residues

Items N (%) P,0s (%) K0 (%)
Paddy straw 0.36 0.08 0.7
Sugarcane trash 035 0.10 0.60

Rice hulis 0.30 to 0.50 0.20 to 0.50 0.30 to 0.50
Groundnut husk 1.60 to 1.80 0.33 to 0.50 1.10t0 1.70
Household ash 0.50to 1.90 1.60 to 4.20 2.30 t012.0

Source:— Hand book of Agriculture, 1980; ICAR, New Delhi.

Oil cakes: WMany odible and non-
edible oil cakes are used as organic
manures. Usually, edible o©il cakes like
coconut oil cake, groundnut oil cakes etc-
are fed to cattle. However, to a lesser
extent, these are also used as manures.
Others like castor cakes, neem cakes etc.
are excelient manures. They are of high
nutrient values, and should be wall pow-
derod before use to get the maximum
benefit.

Bone meal: This contain high per-
centage of phosphorus (20-259%) and
suitable for acidic soils. It is slow acting,

and therefore, more effective in long
duration crops.
Blood mea/: The dried blood

obtained from slaughter house are pow-
dered well and used as a manure, |t con-
tains about 10-129 of quickly available
nitrogen.

Fish meal: The non-edible fishes and
the waste obtained from fish processing
factories are dried and powdered to
produce the fishmeal. It contains fairly
goad amount of phosphorus, in addition to
nitrogen. )

Guvano: 1tis a powdered product
obtained from the excreta of birds. It
contains both nitrogen and phosphorus.

The nutrient composition of certain
important bulky and concentrated organic
manures are given in the Table 9.2,

Table 9.2: Analysis of important organic manures

Ttems

N (%)

P20s(%) K;0(%)

Groundnut cake
Castor cake
Mustard cake
Neem cake
Mahua cake
: Gingelly cake
| Coconut cake
Farm yard manure
Cowdung (fresh)
Compost
Poultry manure
Deep litter pouitry-
manura
Sheep manure
Horse manure
Bone meal
Blood (dried)
Fishmeal
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9:4 Green manures_

Green manures are bulky _organic
manures used gnric organic
matter content of soil. In connection
with green manures, two terms—green
manuring and green leaf manuring—
are inportant. Green manuring consists of
raising a quick growing crop, often alegu-
me,and ploughing it 77 situ. Here, the
green manure crops are grown asa pure
crop or as an intercrop and then incorpo-
rated into the soil, when they attain
required maturity. The crops that are
suitable for green manuring includes
sunnhemp, daincha, cowpea, cluster
beans, sesbania etc.

In green leaf manuring, the leaves
and young branches of shrubs or trees
grown alsewhere are collected and trans-
ported to the field, whereitisincorporated
by ploughing. Plants like G/iricidia,
Sesbania, Calotropis etc. are suitable for
this purpose. These plants can be grown
on the bunds of paddy fields or in other
vacant spaces, and cuttings can be taken
at least two times a year.

9:4.1.

The importance of green manuring
and its role in the maintenance of soil
fertility and productivity can be discerned
from the following facts.

Importance of green manuring:

1 Green manuring increasés the organic
matter content of the soil.

2 The practice improves, the soil
structure, water holding capacity,
drainage, aeration etc. of the soil.

3 Green manure supplies a substantial
quantity of nutrients, especially
nitrogen to the crops. Leguminous
green manures are important in this
aspect.

4  The microbial activity of the soil is
increased, which in turn, increases the
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availabiiity of nutiienis such as Ca,
P, Mg stc.

5 The deep rooted green manure crops
absorb nutrients from deep layers of
soil and make them available in sur-
face soils, which is of much benefit
to shallow rooted crops.

6 The leaching losses of many nutrient
elements are reduced as the green
manure crops utilize them.

In addition to the above purposes,
greeen manure crops are also grown for
certain other objectives.

As a cover crop: As a cover crop,
they reduce the weed growth, control
soil erogion, and prevent escaps of
moisture {rom the soil. For examplae.
cover crops like Calapagonium are very
famous in rubber gardens.

As a shade plent: Shade plants are
usually grown to protect newly planted
seedlings and in nurseries. They provide
shade and he!p to maintain the soil
temperature.

As a forege: Certain green manure

crops icrm excelient forage for catile. eg',
sunnhemp, subabul etc~

9:42 Desirable properties
manure crops

A good green manure crop should
have the following properties.

of green

1) It should be suitable for different soils
and climatic conditions.

2) [t should be quick growing and prod-
uce succulant and easily decompo-
sable twigs and leaves.

3) Leguminous crops are preferable as
green manures, as they provide addi-
tional amount of nitrogen to the soil
through nitrogen fixation,

4) It should be drought tolerant.

&) It should resist the incidence of pasts
and diseasas.



9:4.3 Importent green manureé crops

Sunnhemp (Crotalaria juncea): Sunn
hemp i3 a fast growing gresn manure crop.
About 20-30 kg s=eds are required for
sowing one hectare which produces gbout
10-20 toennes/ha of green manvres. The
plant flowers in about 45 days after
planting, and at that stage it can be incor-
porated to the soil.

Dhaincha {Sesbanjaacu/eata): This
crop is suited for margiral lands and flood
affected areas. It grows easily in almost
all soil end climatic conditions. It can
withstand drought also. Seed rate followed
is 20-40 kg/ha and provide 10-15 tonnes/
ha of green manure in about 4-5 months.

Sesbania (Sesbania speciosa): This is
very similar to Dhaincha. Best suited for
planting on bunds of rice fields. Usual
seed rate ranges from 25-50 kg/ha. It is
a heavy yislder of green manure, and may
produce even upto 25 ttha of green
manure within 5 months.

Kolingi or wild indigo (Tephrosia
purpyrea): Kolingiis suitable for drought
prons areas and it is usually grown in
areas of Palghat and Trichur districts after
the Aundakan crop in paddy fields.
Normally, 20-30 kg/ha of seeds are requi-
red and yield about 4-8 tonnes/ha of
green manure, Since the seed coat is
very hard, germination may be deleyed.
So, some means to induce germination
may be taken up. A usual practice is to add
equal quantity of sand to the seed, and
pounding the mixture lightly in a mortar to
loosen the saed coats. Alternatively, the
seeds can be dipped in hot water for 3-4
minutes Soaking ofseeds for 24 hrs- in
ordinary water is also good.

9:4.4 Green feaf manure crops

Subabul (Leucasena leucocephala:)
Subabul or Ipil-lpil is a multi purpose

tree which is becoming popular in Kerala.
Almost all the parts of this tree is useful
and is better known as o living fertilizer
tree. It provides 4F's viz., food, feed, fuel
and fertilizer. The importance of subabul
can be observed from the following facts:

1. Subabul leaves contain fairly good
amount of nutrients, and so used as a
greenmanure. The nitrogen content
of the leaves is almost double as that
of ‘Gliricidia’.

2. It can be used as a forage crop. The
leaves are usually fed to cattle. But, it
contains a toxic principle which, [f
present in farge quantities in the
animal body, result in the shedding of
hairs. However, the toxicity has pra-
ctically no effect in the case of rumi-
nants like cows, goats and buffaloes,
since the chewing of the cud results
In the detoxification of the toxic
content—an amino acid called m/imo-
sine. But, to be on the safer sidse, tho
content of subabul leaves in the total
green fodder may not exceed 40-50
percent. When the leaves are faed to
non-ruminants like fowls and pigs,
the content of leaves should be
restricted to 5-10 per cent of the
total feed.

3. The wood obtained from the tree is
used as a fuel'and in papsr industry.

4. The plant can be used as a standard
for growing crops like pepper and
vanilla.

5. The tender fruits are used as veget-
able.

,  Subabul,when grown along the conto-
urs—sttitably spaced {as alley crops)
on slopy lands—is effective againat
soi} erosion.
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Subabul can be grown as a pure
crop or as an alley crop. Usually, a
spacingof about 60-90 cm is given.
The crop is raised usually by sowing
seeds. From one hectare of subabul,
about 100-125 tonnes of green manure is
obtained per year.

Gliricidia  (Gliricidie maculata):
This plant is an important green manure
crop as far as Kerala is concerned. It can
be grown in waste_lands and as a living
fence. As an alley crop also, it is desira—
_ble. Planting is done both by seeds and
"stem cuttings. From the third year of
‘planting onwards, green leaves can be cut.
"Usually, two cuttings are taken in a
iyear. About 11-16 kg of green leaves
,are obtained from a plant in a year.

kn addition to the crops meintoned
above, the leavas of many other shrubs
. and trees like Cajotropis (Erukku)}, Thes-
.pesia (Poovarasu), Lagerstroemia (Maru-
|thu) Vatta, Pezhu, Venga etc. are also
lused for green leaf manures in Kerala.

9:4.5 Important cover crops

Calapagonium (Calapagonium muc-
-anoides): 1t is a good leguminous cover
crop ‘suitable for coconut gardens and
plantation crops like rubbar.  For sowing
in one hectare, 3-4.5 kg seeds are requi-
.Jed. Once the crop is established, further
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sowing would not be needed, since t =e
seeds produced by the crop fall on the
ground and germinate /n situ which would
give a permanent soil cover to the crop.

Puararia (Pueraria phaseolcides):
This Is also a very popular cover crop. It
is a vigorus twiner and craeper that can
be propagated by seeds and cuttings. It
can stand strong sun and smothers even
weeads like Eupatorium. Seod rate is
about 3.0-4.5 kg/ha.

Other covercrops of interest in Kerala
conditions are Centrosema pubsescens
and Mucuna bractsata. Mucuna is import-
ant in certain situations, since it is not
saten by cattle.

For obtaining maximum results from
tho green manure crops, some important
points areto be borne in mind. For the
proper decomposition and rotting of green
manure, the soil should contain adequate
moisture at the time of incorporation. The
manure plants are to be incorporated in
to the soil when they start flowering.
After flowering, the plant parts may get
hardened. Green manure crops, especially
over aged - ones and those having a
wide CN ratio (carbon : nitrogen ratio)
should be applied sufficiently in advance
to the sowing of crops. Otherwise, the
germination and early growth of the
crop may be affected.



10.

10:1,

The soils of Kerala differ widely in
their characteristics and propsrties. Clim-
ate and physiographical features are play-
ing a major role in the soil forming proc~
esses here. For studying different soils in
ameaningful manner, itis customary to
classify them into certain groups. Based
on their genesis, morphological features,
and physico-chemical properties, ten
major soll groups ate identified in Kerala.
They are laterites, red loams, rivarine allu-
vium, coastal alluvium, brown hydromor-
phic, saline hydromorphic, Kuttanad allu-
vium, Onattukara alluvium, black soil, and
forestloam. A brief description of these
soil groups are given in this chapter.

intreduction

10:2. Laterites

The laterite soils (Chenka/mannu,
Vettukaimannu) are the prominent soil
group of Kerala. They are usually loams
of some kind. The midlands and the mid-
upland regions of Kerala largely comprise
of these type of soiis. Heavy rainfall and
high temperature prevalent in the state are
quite favourable for the formation of these
soils. Laterites are formed by the leaching
of basss and sillca from the original parent
rock with the resultant accumulation of
iron and aluminium oxides. The surface
is reddish brown to yellowish red in colour,
and is mostly gravelly loam to gravelly
clay loam in texture. The profiles have
well developed B horizon with ferruginous
and quartz gravels. Thesoil mass below
the B horizon is usually compact and vesi-
cular. It includes both quatriabletype

Soils of Kerala

which can ba cut into blocks, and non-
quarriable type which breaks into irregular
lumps. Extensive stretches of indurated
laterites with hard surface crusts are a
common sight in  Cannanore, Calicut and
Malappuram districts.

Water holding capacity of laterite soils
is very poer. They are generally dsficient
in nitrogen, phosphorus, potassium, and
bases including calcium. The organic
matter content is also low. The pH varies
from 5.0-6.2. Application of lime, organic
matter, fertilizers, and such other manage-
ment practices can restore the fertility of
these soils. Coconut, tapioca, banana,
vegetables etc. are grown in the lowaer
elevations and plantation crops such as
rubber and cashewnut at higher elevations.

10:3.

These soils are of locatised occurance
and are mainly seen in Trivandrum district.
They are yellow, red, or desp red in colour.
Red loams are deep soils without much ex-
pression of horizons.Red loams or Chuvan-
ramannu contain high amount of haem-—
atite (iron oxide ore) which impart the red
colour. They are low in organic matter,
nitrogen, and almost all essential plant
nutrients. The soils are acidic in reaction
(pH 4.0-5.5). Coconut is the major crop
grown in these soils.

Red loams

10:4. Riverine alluviom

These are mainly found along the banks
of rivers and their tributaries. Alluvial
soils or Fkkalmannu are formed by the
deposition of soil particles carried by
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water. The harizon differentiation is not
well expressed. They are very deep solls
with surface texture ranging from sandy
loam to clay loam. They contain fairly
good amount of nitrogen, potassium and
organic matter, but are deficient in<alcium
and phosphorus. These soils atfe poorly
drained and are strongly acidic in reaction.
(pH 4.5 to 5.5). Crops such as rice, sug-
arcane, vegetables, coconut, arecanut, and
banana are usually grown in these soils.

10:5. Coastal alluvium (Chorimanal)

These soils are mainly found in the
coastal areas of Kerala upto about10km
from the 8aa coast. They vary in texture
from sandy loam to pure sand. Water
holding capacity of these soils are very low
s they contain large number of macro-
pores. They are highly deficient in nitro-
gen, phosphorus, potassium, calcium, and
organic matter. They are slightly acidic
and the pH ranges from 5.0 to 6.0. By
following good management practices,
these soils can bs made productive. Large
quantities of organic matter should be
applied to restore the water holding capa-
city and other physical properties of soil.

Coconut is the major crop grown in
this tract. Crops likerice, tobacco, tapioce,
and sesame can also be grown in these

soils by following suitable scientific
practices.
10:6. Brown hydromorphic

Brown hydromorphic soils ars mostly
conlinad to valley bottoms of undulating
topography in the midiands andinlow lying
areas of coastal belt. These soils have
been formed as a result of transportation
and sedimentation of material from adjo-
ining hill slopes and also through deposi-
tion by rivers. Wide variations in morpho—
logical features and physica-chemical
properties are seen. In most cases, soil
profite development has occured under
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impeded drainage conditions, and there-
fore, exhibit hydromorphic features such as
grey horizons, mottling streaks, hard pans,
organic matter depositions, iron and man-
ganese concretions etc. They are modar-
ately rich in organic matter, nitrogen, and
potassium; but deficient in lime and phos-
phate. Rice, coconut, banana, and veg-
etables are grown in these soils.

10:7. Saline hydromorphic

This kind of saline sails are usually
seen in the coastal tracts of the districts of
Ernakulam, Alleppey, Trichur and Canna-
nore. The famous 'Pokkal/i' lands of
Ernakulam, the ‘Kaipad' lands of Can-
nanote, and the ‘Ko/e' lands of Trichur are
covaered wilh thess soils. Wide fluctua-
tions in the intensity of salinity have been
observed. The wide net work of back
waters and estuaries bordering the coastal
line of Kerala serve as inlet of tidal waters
to flow into these areas causing salinity.
Most of the salts are leached out upon
flooding, especially during rainy season.
Maximum accumulation of toxic salts are
observed during summer months. They
are in general brownish in colour. deep.
ill drained, and of heavy texture. In most
cases, the soils ars acidic due to the
presence of undeccmposed organic matter
in the lower layers. The main crops grown
are rice, coconut, and vegetables.

10:8 Kuttanad atluvium

The entire Huttanad region of
Ambalapuzha and Shertalai taluks of
Alleppey district and Vaikom taluk of
Kottayam district, are covered by these
type of soils. A part of Ernakulam district
is also covered The area oecupied by
this region is about 875 km?, and the
major part of the region lies below the
cea level. The area is susceptible to
seasonal ingress of saline water by way
of tidal inflow from the sea. During



rainy season, fresh water reaches the area
through rivers and streams. It may agaln
become saline by way of sea water
intrusion. Kuttanad soils are typieally
water logged solis, and rice cultivation
is taken up by way of dewatering after
the monsoons ie., by obout September-
October. Coconut is also
raised bunds.

The Kuttanad soiis can be grouped
into three categories viz. Kaya/ soils,
Karappadam soils and Kari soils.

Kayal soils: Kayal soils are found in
the low lying parts of this region In the
reclaimed lake beds. They are deep, ill
drained, and dark brown. Kayal 3oils are
also alluvial soils having silty loam to

silty clay loam surface texture. The soils
ara slightly acidic, medium in organic
matter, and poor in nutrients. Howevaer,

they are rich in calcium due to the pre-
sence of lime shells. Salinity is a major
problem. A whitish colour may be
observed on the surface due to accumu-
lation of salts. In this kind of solls, the
outer bunds should have a height of atleast
2.5 meters to contain the flood water ffom
inundating the fields.

Karappadam soils: These cover the
major portion of Kuttanad and occur along
the Inland water ways and rivers, Kara-
ppadam soils are river borne alluvial soils
lying 1-2 meters below tha 3Sea
level. Soils are deep, ill draised, and
- dark grey in colour with clay loam texture.
High acidity and high szlt content are
other features. They are poor in lime and
available nutrients, especially phosphate.
Howaever, they contain fairly good amount
of decaying organic matter.

Kari soils; The Kari soils are llke
the peaty soils. They occur in isolated
patches on the South West and North

geown on

Kast margins of Kuttanad. These soils
are formed from the dead remains of
plants, and usually contain a large
quantity of undecomposed organic matter
in a partially carbonised form, which do
not deacompose easily due to excess water
and lack of air. They are characterised
by a deep black colour, heavy texture.
poor drainage, and very strong acidity,
The pH may apptoach as low as 3.0
during summer months. The soils are
rich in total nitrogen, but often deficient
in phosphotus and calcium. Soluble salts
of iron and manganese are observed in
texic concentrations in some places.

10:9 Onattukara alluvium

Onattakara region comprigas of Karu-
nagappally, Karthikappally and Maveli-
kkara taluks of Quilon and Alleppey
districts. The soils found in these region
are peculiar and classed separately as
Onattukara alluvium. They mainly ocecur
as matine deposits. The #oils are coarse
textured with immature profiles. Water
table is high in low lying areas 8nd
drainage i8 a problem. The soils are
acidic and poor in all the major plant
nutrients. The main crops grown In thls
tract are coconut, rice, and sesame,

10:10 Blacksoils,

Black soils are seen in Chittur sreas
of Palghat district as an extension of
the black soils of Deccan plateau, These
soils contain high percentage of clay
and possess high cation exchange capa-
city. Dueto this,they become highly
sticking on wetting and develop cracks
ondrying. They contain high amount of
sodium and magnesium but usually defi-
cientin organic matter, nitrogen, and phos-
phorus. Dispersion of organic matter may
also takes place at the soil surface. Inade-
quate aeration and high amount of sodium
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make thaese soils unsuitable for most of the
crops. The soils are alkaline in reaction,
and pH varies from 7.0-85. Cottonis
the major crop in this region. Sugarczne
and rice ars also grown.

10:11 Forest loams

The forest soils Vanamannu of Kerala
constitute about 25 percent of the total
land of state. They contain a thick laver
of organic matter which may be at differ-
ent stages of decomposition. These soils
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are generally acidic with the pH ranging
from 5.0-6.5. The soils are dark; reddish
brown to black in colour with loam to
silly loam texture. Due to deforestation
and denudation, high erosion and leaching
take place, and with the result, the soils
are loosing their fertility. They are in
general rich in nitrogen, but show defici-
encies of potassium, calcium, and such
other bases. Forest saoils are suitable for
the cultivation of crops such as coffee,
tea, pepper, rubber and cardamom.



i1. Soil erosion and its control

111 !niroduction

Soil erosion and its control is a serious
problem facing world agriculture. The
term so// erosion is applied to ths process
of detachment and displacement of soil
particles from land surfaces. The soll’ero-
sicn is taking place in nature with the active
involvement of agencies such as water
wind, seawaves, and ice bergs. The soil
erosion taking place in the nature can be
grouped into two broad categories. The
natural erosion orthe geologic erosion aor
the normal erosion is taking place in
nature from time immemorial, and there
exists an equilibrium between the replaced
soil and the soil formed as a result of
weathering processes. This takes place
so slowly that agses are required foritto
make any matked alteration in land surface:
That means, it is not a soil detereorating
process. Howevser, when the soil [oss
exceeds the addition, which is accelerated
by human interferance, itis acce/erated
erosion or simply soil erosin. It has a
detrimental effect on soil and soil ferti-
lity. When we refer to soil erosicn,
usually we mean accelerated soil erosion
only.

11:2 Why soil erosion?

The major reasons attributed to the
accelerated erosion are the indiscriminate
destruction of forests, unscientific culti-
vation practices followed in slopy areas,
and heavy grazing in pasture and grass
lands. Due to the massive destruction
of forests, the natural vegetative cover
on land surface is lost. This leads to

exposure of surface soil to the free action
of erosive factors like heavy rainfall,
strong winds etc, and the fertile top soil
is lost inno time. It is observed that for
the formation of one inch of soil, nature
takes about 1000 vyears. However, the
entire surface layer (15 ¢cm) could be lost
in a very short time, if erosion take place.

The unscientific cultivation practices
followed on the slopy lands may lead to
large scale soil loss by erosion. This has

resulted in severe denundation of natural

soil cover by allowing direct action of
erosive agents on the top soil which has
been made loose for cultivation.  Severe
grazing followed in pasturs lands also
leads to continuous exposure of soil and
sevare destruction of soil structure, which
ultimately results in soll loss.

Large scale erosion may convert the
fertile lands to barren and unproductive in
a very short span of time. The sand and
silt particles carried down to the valleys
by the running water is deposited in river
basins, and this may lead to frequont
floods and diversion of course of flow
through fertile river banks. The silting of
dams takes place due to deposition of
sand and silt, which may considerably
reduce their storage capacity. The multi-
million dam projects may be thus made
uzeless which can create flood havoc due
to the severe erosion taking place in their
catchment argas.

Wind erosion is also responsible for
destroying the valuable top soil in many
areas. The wind erosion taking place in
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desert regions ultimately raesults in the
transformation of fertile cultivable lands
to uncultivable waste lands due to large
scale deposition of sand particles.

Soil erosion can be of different types
based on the agents causing them and
their action. The important among them
are discussed elsewhare.

11:3 Rain water erosion

The falling rain drops and the excess
water flowing through soil surface at high
velocities possess very high erosive power-
As a result of this action, the top soil
would be lost in different stages, and if
this goes unchecked, ultimately the land
would be converted to deep gullies and
ravines. The water erosion due to rainfall
takes place in different stages as splash
erosion, sheet erosion, rill erosion or
gully erosion.

Splash erosfon:  Splash erosion or
the rain drop erosion is by the direct
action of the failing rain drops. As the
rain drops are having high kinetic energy,
they detach and displace some amount of
top soil from the area where it falls,

Shest erasion: The loss of fertile
top soil as thin sheets or films can be
called as sheet erosion. This is an
advanced stage of splash erosion. Haere,
surface soil from very large areas are lost
in very thin sheets or layers. It is often
unnoticed by the farmer as the visual effect
of sheet erosion is not so prominent. Itis
taking place very slowly, but the entire top
soil would be [ost as time goes on. The
muddy water emanating from the fields
after rainfall is a good example for this
types of erosion.

Rill erosion: |f the sheet erosion
proceeds unchecked, it advances further.
At this stage. minute finger shapad
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grooves would be seen throughout the
field. They may disappear on ploughing
but appears again. If kept uncontrolled,
the width and depth of these rilis increase.

Gully erosion: It is the most severe
form of rain water erosion. This is an
advanced stage of rill erosion, which when
kept unchecked, transform to desper and
wider channels. With each heavy rainfall,
thase channaels or gullies continue to go
deeper and wider, and finally, the entire
land is divided into numerous ravines.
This is the most spectacular form of
etosion, and the land bacome unfit for
cultivation.

11:4 Land slides or slip erosion

This takes place in slopy and mount-
ainous areas. The slops forming material
is moved outward and downward all on a
sudden along with rocks, massive trees,
soiletc. Earthquakes, heavy rainfall etc.
are the major factors causing landslides or
slips. Heavy destruction of forests have
paved the way for frequent land slides in
the mountaionus regions of Kerala.

11:5. Stream bank erosion

The torrential rains in the hilly areas
lead to sudden increase in the volume of
water flowing through hill streams.
Usually, the streams may be too small to
carry the entire water, which causes flood-
ing ot rivers and large scale erosion thro-
ughout the stream banks.

11:6. Sea shore erosion

The waves in the sea are slowly, but
steadily. eating up the sea shore areas.
During heavy rains and winds, sea beco-
mes turbulent. These would cause
creation of fierce looking waves which
carry away large stretches of coastal
areas into sea. Likewise, vegetation on
them are also lost in a very short time.



11:7. Wind erosion

Wind erosion is prominent in low
rainfall areas where there is less vegeta-
tion and the land exposed to heavy winds-
The high velocity winds carry [arge quan-
tities of soils along withit. When the
wind velocity subsides, these particles
would be deposited in far off places which
may be fertile cultivated areas. Thus, the
deserts are slowly expanding to fertile
adjacent areas. Wind causes the move-
ment of soil particles in three ways—
saltation, suspension, and surface creep.

Saltation: In this type of soil move-
ment by wind, soil particles havinga
size of betwseen 0.1 to 0.5 mm diameter
are directly hit by wind which lead to a
bouncing action of soil particles. This
bouncing action of soil particles are called
‘saltations’. A major part of the soil
particles carried by wind are moving
through saltation.

Suspension: In thistype, very smali
soil particles of less than 0.1 mm in dia-
meter are carried in suspension and these
would betransported to very long distances
according to the direction of wind. This
leads to permanent [oss of surface soil.

Surface cresp. Soil particles larger
than about 0.5 mm In diameter but smaller
than 1.0 mm which may not be carried by
the saltation movement, move on the
ground surface as a soil creep.

11:8. Pactors influencing erosion

The intensity of erosion is influenced
by many factors. They are described
in brief.

Rainfall: The amount and distribu-
tion of rainfall play a significant role in
erosion. Rather than tha total amount
of rainfall, tha intensity of rainfall is more
important. A light rain, which can be
easily absorbed in the soil, causes no run

off and soil loss. As the intensity of rain
increases and more rainfalls that can
enter the soil, there is more run off and
soil loss,

Wind: Heavy winds can increase
the intensity of erosion both by water and
wind.

The type of sojl: The nature of
surface soil determines its resistance to
run off losses. Usually, soils with good
water holding capacity and infiltration
are |less subjected to erosion.

The slope of the land: Astheslops of
the land increases, the velocity of surface
flow also increases, The speed of surface
flow directly determines the guantity of
soil thatis carried by water,

The ground cover and land use pattern:
The vegetation in an area exarts
a profound influence in reducing tha ero-
sive action of wind and water. The
vegetative cover intercepts the jrainfall
and reduces the direct impact of water
drops on the ground. The plants also
supply considerable quantities of organic
matter which Improves the soil structure.

Human factor: The large scale defo-
restation for cultivation purposes, the
indiscriminate grazing in pasture lands,
the unscientific use of land in slopy
areas etc. are the major erosion causing
factors. All these are said to be done
for the benefit of man. However, when
wa see the results in the right perspective,
we would ba surprised to know how
thesa are all detrimental to the very exist-
ance of human kind!

.

11:9. Soil
measures

The principle followed in any soil
and water conservation practice is to soak
the soil with the reinfall as much as

and water conservation
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passible by Increasing infiltration and
pelcolation characteristics, thereby re-
ducing the run off of water. This objec~
tive can be achieved by following
various agronomic, and engineering or
mechanical measures.

71:9.7. Agronomic measurss

These involve the interception of
rainfall and reducing their splash effect.
These enhance the intake of water by
soil by improving the organic matter
content and soj] structure, They are more
effective in low rainfall aress, parmeable
soils, and in less slopy areas. In heavy rain-
fall areas,arodablesolls, and inlong, steepy
slopes, agronomic measures have to be
strengthened with mechanical measures .
Compared to mechanical measures, agro-
nomic measures are cheap. The important
agronomic measures for soil and water
consarvation are briefly outlined.

Contour farming. Contour farming
is the cultivation of crops across the slope,
keeping the same level as far as possible
ie., along the contour lines. All the
subsequent cultural operations are also
done across the slope of the land. [t re-
duces the down flow of water, as the
ridges and rows of plants placed across
1the slops form a series of barriers to the
flowing water and thus reduces the run
off. Itis beneficialin the scanty rainfall
areas too, since it conserves available rain
water.

Strip cropping This may ba more
effective than contour farming. Here, the
principle is to plant crops in different
strips across the slope of land. The
alternate strips are to be constituted by
erosion permiting crops and erosion ra-
sisting or soil protecting crops. This
practice reduces the length of slope and
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checks run off. Considerable re-silting
occurs in the strip occupied by soil pro-
tecting crops. Crops Iike maize. rice,
sorghum, tapioca, root crops etc. are soil
axposing crops-ie., erosion permitting
crops; while most of -the leguminous
crops are soil protecting crops.

Stubble mulching: Surface mulching
using differont materials is found to be
useful in controlling erosion by reducing
the surface flow of water as well asbring-
ing about various other favourable effects.
They include reducing the evaporation of
water from soil surface, increasing infil-
tration,suppression of weeds, improvement
of soil structure etc.

Cover cropping: It involves the
practice of growing crops which possess
good land covering capacity. The veget-
ative cover provided by the covercrops
act as a barrier to flow of water, and the
binding action of roots reduces the
nutrient loss due to leaching and similar
means. Leguminous crops like Calapa-
gonium, Pueraria, Centrosema otc. are
the commonly grown cover crops,

Alley cropping: Alley cropping
denotes the planting of certain erosion
resisting crops in hedges, at intervals,
across the slope of the land, keeping the
same level, that is, along the contours.
Plants like subabul (Leucaena leucove-
phala)are very suitable forraising alleys of
hedges in coconut gardens and cassava
(tapioca) fields of Western Ghats of Kerala
1o prevent soil erosion, and for getting a
perennial supply of green manure and
forage. This method of alley cropping of
subabul for soil conservation has bgen put
te wide use in Philippines and Indonesia.
Thare, thousands of hectares of hill slopes
are planted with subabul, along the
contour lines, as a measure against soil
erosion.



Crop rotation:  This involves the
practice of introducing erosion resisting
crops in rotation with erosion permitting
crops. Usually, leguminous crops are
planted in rotation with crops like tapioca,
cereals etc.

Conservation tillage: Any tillage
system that reduces soil and water loss
compared to clean tillage is termed con-
setvation tillage. All the s7 calied minimum
titlage and no-tiflage methods which
reduces soil erosion and run off are covered
by this.

Mixed cropping: Mixed cropping is
practised mainly as an insurance against
the possible loss of one or more crops
due to some unforeseen calamities.  This
is also found to be very effective in cover-
ing the land continuously, and thus,
protecting the soil from the beating action
of rain drops and the resultant erosion of
soil.

7171:9.2 Mechanical measures

These are usually resorted in areas
where agronomic measures alone are
found to be ineffective in checking erosion.
Mechanical measures or engineering
measures ara patticularly suitable for heavy
ralnfall areas and in steep slopes. The
principle behind these means is to reduce
the run off velocity by dividing the lengthy
slopes into many short compartments. The
important methods under these include:

Basin listing: Basin listing is the
process of making a large number of small
basins across the slope along the contour
by using a basin lister. These basins thus
created act as a storage for the rain water
and retain it for a fairly long time. This

practice increases the infiltration and
reduces the run off,

Sub soiling: The process of breaking
the hard pans and impermeable sub soil
layers by means of sub soilers is known as

subsoiling. This makes the soil more per-
meable and helps in reducing the run off
and erosion.

Contour bunding: Contour bunding
consists of making narrow and broad based
embankments or bunds along the contour
lines, so that soil and water is conserved:
Countour bundingis an important soil and
water consgrvation measure followed in
arid and semi-arid regions with high
infiltration and is commonly adopted
in agricultural lands. In Kerala. parti-
cularly in the Weastern Ghats, most com-
monly adopted mechanical measure of
soil conservation is by means of contour
bunding. Since the slope of land in
most cases exceeds 33 per cent, we have
to re-inforce the embankments or bunds
by some means, Usually, we use rubbles
for reinforcing the bunds and the method
is known as rubble pitched contour
bunding (Fig.11.1) and the bunds formed
are called rubble pitched bunds or contour
stone walls(Kayya/a). The soil conservation
department of Kerala is also advocating
rubble pitched contour bunding, which is
similarto Puertorican type of terracing, In
their programmes.

Fig.

11. 1. Rubble pitched contour
bunds (diagramatic)
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For fixing the contour linas dumpy
llevels or more conveniently an 'A’ frame
'¢can he used. The ‘A’ frame is a simple
device commonly used by masons for
fixing the levels and the farmer can make
one easily. He can fix the contour lines
by noting points of equal levels in the
field. After noting the contour lines and
fixing the intervals of bunding, rubble
pitched bunds are mads.

Contour trenching: In thisfmethod,
trenches are taken along the contour lines,
which intercept run-off of water, and
thereby preventing soil and water losses,
Trenching is commonly followed in coffee
gardens of Wynad.

Terracing: Terracing has to be
followed for cultivation in areas having a
slope more than 10 per cent. Terraces of
various types like channel terraces, gradad
terraces, diversion type terraces, bench
terraces etc. are followed according to
swverity of erosion and slope of the area.
Bench terracing is followed in the steepest
slopes of even more than 33 percent and
here, slopy areas ate divided into alarge
number of platforms. They help to retain
water, manure, fertilizer etc, Though the
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initial establishment costs ars very high,
this is the only effective practice that can
be followed in steep slopes.

From the above discussions, it is
obvious that in heavy rainfall areas con-
servation of soil and in low rainfall areas
censarvation of water are of extreme
importance for successful crop production.

11:10 Control of Wind Erosion

The main principles involved in the
control of wind erosion are reducing the
wind vetocity at ground level, reducing
sediments from wind stream, and reducing
erodability of top soil. These can be
achieved by following practises like
making bunds at right angles to the
direction of wind. planting protective
vegetation at right angles to direction of
wind, and by providing shelter belts or
wind-breaks on the windward side of the
field Wind strip cropping is also an
effective method. Hare, erosion permissive
and resistant crops are planted horizontal
to each other. Providing suitable cover
crops and mulches on the soil surface
prevent soil erosion due to wind, to a large
extent. -



AGRONOM Y

12. The scope and importance of agronomy

We have seen in the introductory cha-
pler that the term ‘agriculture’ is broadly
used 10 denote the sciences of raising
both plants and animals. In the plant
science group, there are three major
divisions, viz., agronomy, horticulture and
forestry. We may examine the importance
and scope of agronomy in this chapter.

Agronomy defined

The term ‘agronomy’ is derived from
two Greek words, Agros (field) and
Nemein (manage), meaning field mana-
gement. The term was first introduced
in the Agricultural colleges and experiment
stations of the United States around
1890's to designaie the branch of agri-
culture dealing with climate, soils,
fertilizers, and crops. Later, the term
came to be used generally to indicate that
branch of agriculture dealing with the
science and the art of field crop culture
and soil managsment. In the present
context, instead of soil management, the
usage land management is more appro-
priate, since in agronomy, besides soil,
management of water, climate, space,
vegetation etc. are also involved. Thus,
we may define agronomy as that branch
of agriculture dealing with the science
andtheart of production of field crops,
and management of fand.

The scope of agronomy

The dafinition suggests that agronomy
comprises the study of two businesses; the
production of crops and management of
land. The crops included under agronomy

are those which are grown under a relati-
vely extensive systern of culture. The
crops which are called field crops are
generally put under agronomy, in contrast
to garden crops (fruits, vegetables and
ornamental plants) grown under an inten-
sive system of cultivation and included
under horticulture. Production of food
for man, fibre forhis clothing, feed for
his animals, and other farm products for his
industries is the main task of agronomy.
The crops such as cereals, pulses, oil seeds,
rootand tuber crops, fibre crops, sugar
crops. narcotic crops, forage crops, beve—
rage crops, spices and condiments, g¢reen
manure crops, and several other mis—
cellaneous crops, grown undsr an exten-
sive system of culture are included under
agronomy.

The management of land as a whole-
in respect of soil, water, space, ¢limate,
and vegetation-is also the concern of
agronomy. This is done regardless of
whether the crops grown are field,
garden, or forest crops. The term
‘agronomy is also frequently used synoni-
mous to management, while describing
crops.

The develapment of agrenomy through
the ages

Agronomy had its origin largely in
the sciences of botany, chemistry, physics,
mathematics. and economics. Though
the term agronomy came to bs known in
1890's only, the knowledge which form
the science had been developed form time
immemorial, and it is being refined through
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vears of experience and expertise. This
is a continuous process. The Qld Testa-
mant of The Bible and the Greek epic poem
The Odyssy-written by Homer (who is
believed to have lived between 900-700
B. C.)-mention several agricultural pra-
ctices followed during ancient times.
Ancient Greeks, Romans and the Chineese.
contributed a lot to the development of
agronomy. The Chineese invented the
piough by around 2700 B. C. Hesiod, a
Greek poet who died in 776 B. C..
formulated rules of husbandry, which wers
followed and quoted for about 1000
vears. Writings of Romans-especially
those of Cato, Varro, Virgil, and Colu-
mella—were the sources of information of
agricultural practices followed by Romans.

After the decline of Roman empire,
agriculture fell into a long period of decay.
The 'Dark Ages’ of Europe (5th to 12th
Centuary) was a sad period for agronomy,
too, like other sciences. However, the
book Opgus ruratium commodorum which
iga collection of agricultural practices
followed from the time of Homer, written
by Pistro de Crescenzi (1230-1307), isa
commendable one. De Crescenzi is refer-
rad to as the father of modern agronomy
by many.

The first experiment in agronomy may
be those of Jan Baptiste Van Helmont,
(1577-1644). Van Helmont reported the
results of an experiment with a willow
shoot, which in his view, proved that
water was the only nutrient of plant.
Though his conclusions were wrong in
the present level of knowledge, it stimu-
lated further investigations at that period.
Anacther notable agronomist of that period
was Jethro Tull (1674-1741), who develo—
ped a drill and a horse~-drawn cultivator.
His book ‘Horse Hoeing Husbandry’ was
long considered as an authoritative book
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on English Agriculture. The contributions
of Arthur Young (1741-1820), who
published ‘Annals of Agriculture’ in 46
volumes, is also notaworthy.

Scientific research in
based on the field-plot method of
experimentation, may be said to have
begun with the establishment of the first
experiment station by J. B. Boussingault
in Alsace in 1834. Further impetus was
given to experimentation by J, H. Gilbert
and J. B. Lawes by establishing the
famous Agricultural Experiment Station
at Rothamsted, England in 1843. As we
have seen earlier, agronomy has been
approved as a distinct and recognised
branch of agricultural science since about
1890. The American Society of Agronomy
was established in 1908. In the initial
stages, when agriculture began to be
studied on a formal style, many of the
now independant supporting disciplines
such as agricultural ecconomics, agricul-
tural extension, agricultural statistics
etc. were all taught as parts of agronomy.
As these disciplines deveioped and =
wealth of information wera added, they
emerged as indepsndant supporting
sciences. Similarly, the sciences such as
agro-meteorology, weed science and seed
technology were so far recognised as
distinct branches of agronomy. Now,
thay have been approved as independant
supporting sciences in many circles. As
more and more informations are added,

agronomy,

it is imperative that naw independant
disciplines would emerge.
Agronomy today

In the present concept, agronomy

includes a vast area of study. The import—
ant areas of study identified under agro-
nomy are given below.

Agro-meteorology: The study of me-
teorological parameters in relation to crop
production.



Seedtechnology: Thestudy of seeds
and connected technologies for produ-
ation, processing, preservation and other
related aspects.

Weed Science: The study of weeds and
their management in crop production.

Soil management: Soil management
denotes the sum total of all tillage oper-
alions, cropping practices, fertilizers, lime,
and other treatments conducted on, or
applied to a soil for the production of
crops.  Soil fertility and its management,
tillage, and scil and water conservation
are the major areas covered under soil
managemsnt.

Water managemen:: Water manage-
ment is that part of agronomy which deals
with all those aspects connected with
watar in crop production including irriga-
tion and drainage.

Farming systems: The study of the
entire complex of resource preparations,
allocations, decisions, and activities
within an operational farm unit and relatad
crop production problems,

Dry fand farming: The study of the
specialised techniques and principles
involved in tha crop production in low
rainfall areas.

Crop husbandry: The science and
the art of production of field crops.
N
Agrostology: It is a specialised field
of agronomy which deals with study of
grasses for animal consumption.

Agro-forestry: Agro-forestry deno-

tes an integration of farming with forastry
practices for the benefit of agriculture,
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13. Seed and

13.1 Introduction

Plants begin their life from seeds, and
in most casas, end thsir life with the pro-
duction of seeds. Seeds are the principal
way of survival of 2 plant species. How-
ever, seeds are many other things for man.
For him, seed is the basic input in agri-
cultural production and without good ssed
investmaent on fertilizers, water etc. will
not pay the divident which he expects
Of the various inputs needed for agricu-
ltural production, seed is the cheapest
also. Man recognised the importance of
improved seed since long and he Knows,
much about seed and the maintenance of
its quality now

13:2 Seed defined

Botanically, seed is a fertile and ripened
ovule which contains an embryonic plant
supplied with food-storage tissues and
-surrounded by a seed coat. In other words
seed is a ripened ovule comaining an
embryo. A fruit, however, is a ripened
ovary containing the seeds ie., the ripened
ovules. The ovary and the ovules which
develop into fruit and seed are present in
'the plstill of a flower. The ovary which
icontains the ovules is the most important
;part of a flower. It may not always be
‘possible to distinguish the fruit and seed,
as they are sometimes joined in a single
'unit. In such cases, the fruit itself is
treated as the seed as in rice or wheat.

In a broader ssnse, the word ‘seed’
is used to denote not only true seeds but
aleo other propagating materials which

]
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its importance

include seedlings, tubers, bulbs, bulbils,
rhizomes, suckers, cuttings, grafts, bud-
lings, and other vegatative structures used
for propagation or multiplication of plants_
Thus, we may come ecross with such
terms as seed potato, seed gqinger ctc.
which means nothing but potato tubers
and ginger rhizomes used for planting
purposes.

13.3 Importance of seeds

Seeds have myriad functions to per-
form and have numerous uses. In tho
first place, seeds are a way to insure
continuing life. They are aiso the means
for the spread of new life from place to
place by the involvement of agencies such
as wind, animals, and human beings. Tha
plant breeder uses seed as a beginning,
when he has effected some major changes
in the plant.

Seeds form food for man, animals,
and other living things. As mentioned
earlier, a seed in the strict sense, ig an
embryo —a living organism-—embedded in
the supporting or the food storage tissues
such as endosperm and cotvledons. These
endosperm and cotyledons with their
food reserves, serve as a staple food for
msn and animals. Food prepared from
the seeds, especially that of the cereals,
form the major food of the world. As a-
feed also, seeds arevery important. The
plant family Poaceae (Graminae), which
includes the cereals and millets, contribute
more food (seeds) than any other plant
families put together. The Fabaceae



Leguminosae), the second most important
plant family, provides pulses which are
rich in proteins and are essantial in a
balanced dist,

Seeds are the raw materials for making
a diversity of products such as pharmace-
uticals, cosmetics, alcoholic beverages
etc. Itfinds a place in arts too. Most
seeds are objects of beautyin form, pro-
portion, surface and celour.

Above all, seads are a symhol. Thay
colour our language and habhits of thought.
Ourlanguage and culture contain many
words and concepts based on seads. Our
Puranas and the Bible contains several
such examples. The famous parable of
the sower in the Bible is a classic example.
Ancient philosopher and faw maker,
Manu wrote in the famgus book ‘Manu-
smrithi’, ‘Subegjam  sushethre Javathe
sambathyathe” (Good seed in good fields
vields abundant produce). The famous
Malayalam proverb “Vithugunam pathu-
gunam’ is another example. Qur old
civilizations were aware of the import-
ance of quality seedsi

From the foregoing discussion, we
may ba under the impression that all seeds
are beneficial to man. Certainly not!
Wseoad seeds create enormous problems
to man. They affect his crop by way of
competition for soil, water, nutrients, and
space. The result is reduction in yield.
Waeeds affect human life in several other
ways too. All of them need not be listed
here since they are described elsewhere.
The seeds of certain plants are responsible
for some of our serious social problems
too. For example, opium, cannabis etc.
yield narcotic drugs, the addiction to
which is a serious problem facing many
nations.

Thus, it could be seen that seeds are
unique things. However, everything about

seeds-their number, forms and peaculiari-
ties-have a bearing on their main purposs-
to irsure continuing lifse. We must not
forget this fundamental fact while studying
seeds.

The importance of seed is such that
its production, processing, preservation
etc. need special attention. Scientific
principles and techniques in the produ-
ction and handling of seeds are also to
be standardised. The science of Seed
Technology thus emerged as a separate
discipline to deal with seed production,
procesaing, marketing and such other
related aspects. Nowadays, Seed Tech-
nology has been approved as a separate
discipline by many taking into consi-
deration its importance.

13:4 Seed dormancy

When viable seeds are set to germin-
ate, some may fail to do so, even if envi-
ronmental conditions are favourable.
They will not germinats until they under-
go some kind of changes or a resting
period. Thiscondition is known as seed
dormancy. It can be defined as the condi-
tion of a viable seed which prevents
germination, when it is supplied with
the conditions normatly considered tobe
suitable for germination, viz. adequate
moisture, suitable temperature, and
adequate aeration.

The failure of seeds to sprout does
not always mean that they are dormant or
non-viable. Environmental conditions
may be unfavourable for germination. The
term seed dormancy is generally restricted
to those cases which fail to germinate
because of some internal factors alone-
In contrast, if the seed can germinate
immediately upon the absorption of water
without a barrier to germination, the
seed is said to be quiescent and the
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condition is called gquiescence. There is
ancther term-vivipary —worth mantioning
in this connection. Under some condi-
tions, the seeds of certain plants may
germinate while still attached to the
mother plant. This phenomenon is called
vivipary eg., Chow-chow (a vegetable)
jackfruit etc.

Seed dormancy is often divided into
two categorties —primary dormancy and
secondary dormancy. When conditions
that [prevent germination exist within the
seed at the time it matures on ths plant,
the state of the seed is called primary
dormancy (also known as natural dor-
mancy, inherent dormancy and endogenous
dormancy). Such dormancy prevents the
seed from germinating vivipariously.
After a seed has lostits primary dormancy,
chances are that it may again become
dormant, if the seed is subjected to parti-
cular unfavourable conditions. This is
referred to as secondary dormancy or
induced dormantcy.

There are yet some other kinds of
dormancies too. For example, in eertain
wild flowers, the germination of the seed
may occur but growth is restricted to the
establishment of the root system and the
epicotyi fails to grow. This kind of situa-
tion can be referred to as epicoty/ dor-
mancy, and in most cases, can be broken
by exposure to low temperatures.

13:4.1 [mportance of seed dormancy

Seed dormancy provides a delay
mechanism for the higher plants which
enables dispersal from the mother plant
bsfore germination. It could also enable
the seed to germinate at more opportune
time or positions. From the crop pro-
duction point of view also, it is important.
If the crop seeds are showing vivipary,
the farmer will be in difficulty, since he
cannot time his operations. Prolonged
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dormancy also alter his plans. In such
cases, he has to overcome this with certin
methods or prodedures. An understanding
of the possible reasons for seed dormancy
may become important in such situations.

13:4.2 Reasons for seed dormancy

Impermeabiiity of seed coats (o
water: Impermeability of the seed coats
to water is @ major factor in maintaining
sead dormancy in several plants. The
embryo may be non-dermant (quiescent),
but is sealed inside a water impermeable
covering. Such effects of seed coat is
seen in several members of the plant
families as Fabaceae (Leguminosae),
Malvaceae, Cannaceae, (Geraniacsae,
Chenopodiace, Convolvualace, Rosaceae,
and So/anaceae. Grean manure crops like
peuraria and calapagonium of the family
Fabaceae are classic examples to show
this type of seed dormancy. In nature,
seed coverings are softened by various
agents of the environment including
mechanical abrasion alternate freezing
and thawing, attack by soil micro orga-
nisms, passage through the digestive
traits of birds, fire etc.

Physically resistant seed coats to
embryo expansion: In deneral, once
water is absorbed by the seed, and the
embryo is not dormant, the expanding
force of germination will rupture the seed
coats and break apart any outer covering.
However. in certain plants, especially
weeds [ike wild mustard (Brassica sp.);
the seed coats are so strong enough to
prevent any expansion of the embryo and
impose restrictions on seed germination.

Impermeability of seed coals to
oxygen: |n certain seeds, there is some
physical restriction in the movement of
oxygen to the imbibed embryo, either due
to the inner membraneous seed coat or to
the enclosing nucellus or endosperm.



Presence of chemical inhibitors:
Specific chemical substances that prevent
germination are produced by many plants.
Inhibitors may occur in the juices of fleshy
fruit as in tomato, citrus, and cucurbits:
dry covering of seed as in wheat; or in

seed coats, endosperm or even in the
embryo itself.
Presence of rudimentary embryo:

In some plants, the embryos are not com-
pletely developed morphologically at the
time of ssed ripening, and normally
undergo further growth within the seed
after its removal from the plant. eg.
certain orchids.

Internal or endogenous dormancy:
Many freshly harvested seeds, though
the embryos are completely developed, fail
to germinate even when environmental
conditions are favourable. Dormancy of
such seeds is a result of the physiological
condition of the embryo. The embryos of
such seeds will not grow, even if seed
coats are ramoved. This dormancy tends
to disappear with time. Apple and peach
are examples for showing this type of
dormancy. Germination of thig kind of
seeds occur only after a period of ‘after
ripening’. All the physiological changes
that occur within a seed so that germina-
tion cantake place are referred to as after
ripening. In many wild plants, after-
ripening occurs during the winter, while
the seeds lie on the ground or just under
the soil surface. Such seeds will not
germinate as soon as they fall from the
parent plant, but will germinate in the
following spring, if environmental condi-
tions are favourable. .

73:4.3 Methods of breaking dormancy

The seed dormancy presents problems
in may cases. Farmers are interested in
getting seeds that germinate soon after it
is harvested.  This is normally possible

only with seeds that have a short dormant
period or none at all. Several methods
have been devised to break the dormancy
to suite our requirements. The methods
may vary depending on its causes. A brief
account of the important methods are
given below.

Scarification  (scratching):  Hard
seededness can be removed by way of
scarification. Scarification may be any
process of breaking, scratching, or me-
chanically altering the seed covering to
make it permeable to water and gasss.
Scarification may be mechanical or by
dipping in acid or by dipping in a solvent.
It has been observed thai machine threshed
legume seeds had a higher percentage of
germination than those that have been
threshed by hand. /mpaetion or percus-
sion treatments aresome times employed.
cover crop seed Pewuraria, to break the
dormancy mix the seeds with sand about
1-2 times the quantity of seed, and
then gently grind in a mortar.

Acid scarification is also commonly
employed eg: Peuraria. Soaking the seed
in concentrated sulphuric acid for 10
minutes will soften the hard seed coat.
Then the seeds are thoroughly washed in
water belfore sowing,

Hot water treatment is another me-
thod of scarification. In crops like
Calapagonium and Peuraria, this method
is applicable. Take the seeds in a bucket
and pour the hot water of about 60-80°C
into it till the seeds are submerged. Keep
it as such for 4 to 5 hours,

Pre washing or pre-soaking of seeds:
Pre-washing, where the seeds are conti-
nuously rinsed in running water and pre-
soaking, where the seeds are soaked in
static water can result ina fairly rapid
uptake of moisture by seeds and may
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overcome some of the causes of dormancy.
Inhibitora present in some seeds can be
leached out by washing or soaking.

Alternating temperatures: The ger-
mination of certain seads like Kentucky
blue grass (Poa pratensis) is found to be
greatly improved when it is subjected to
temperatures of 20°C for 16-18 hours and
30°C for 6-8 hours. Similarly, the percen-
tage germination of Johnson grass
(Sorghum halepense) seedsis increased
by alternate treatments at 30°C for 18-22
hours and 45°C for 2-8 hours. However,
this method of breaking dormancy is effec-
tive only ina few species. In general,
these are effective in seeds in which the
dormancy is inherent in the embryo (endo-
genous dormancy).

Stratification: Stratification or moist
chilling is subjecting the seeds to very
low temperatures in moist medium. Te-
mperatures between 5* and 10°C for 2-3
months are effective with conifer seeds
in breaking this dormancy and improving
the percentage of germination. For tem-
perate plants like apple, peach etc. stra-
tification at 0-5°C for a few weeks is
effoctive. After-ripening of this kind of
' seeds occur more rapidly, when they ere
stratified in moist medium.

_ Light: Incertainseeds, light improves
' germination at low temperatures, egiseeds
of Veronica longifolia. In kentuckey blue
grass, exposure to light is effective in
* improving getmination at alternating and
constant temperatures. Thus, light could
be considered as a method of breaking
dormancy in certain species.

Application of growth regulators:
* Treating the seeds with some of the plant
- growth regulators, especially Gibberelic
Acid (GA,) is effective to break dormancy
and to induce early germination. The
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chilling requirement or stratification can
be replaced by treating the seeds with
GA,;. eg: temperate fruits.

13:4.4. Secondary dormancy:

We have earlier seen that secondary
dormancy is the condition in which a
seed after losing its primary dormancy
becomes dormant again due to certain
unfavourable conditions. Usually, seco-
ndary dormancy can develop only when
at least one of the conditions essential
for germination is unfavourable. For in-
stance, the seeds of white mustard {ail to
germinate. when they are exposed to
higher concentrations of carbondioxide. It
will not germinate even under favourable
conditions for a long period after the
removal of the carbon dioxide. Similarly,
light sensitive seeds may pass into secon-
dary dormancy, if kept in the dark; and
seeds that germinate only in the dark may
become dormant, it exposed to light.
Likewise, exposure to low temperatures
and high temperatures may salso induce
secondary dormancy.

The reasons for secondary dormancy
can be attributed to changes in seed coat,
since in some species. the embryos are
able to grow immediately, if the seed
coats are removed. The dormancy may
also be produced by physiological changes
that occur within the embryo itself. Like
the primaty dormancy, secondary dor—
mancy may also be broken by various
treatments.

13:5. Seeds of local and hybrid vari-
oties:
13:5.1. Terminology:
Before going in detail on this section,
we may first familiarise with certain im-
portant terms.

Cuftivar: A cultivar may be defined
as an assemblage of cultivated plants,



which Is designatsd by any character,
gither morphological,  physiological
chemical or others, significant for the
purpose of agronomy, horticulture and
forestry, and which, when reproduced
sexually or asexually, retains its distin-
guishing charactars, The term cultivar
(written cv-singular, and cvs-plural) is a
contraction of the phrase ‘cultivated
variety’ which can be used in any langu-
age to prevent confusion with the hota-
nical taxonomic term 'variety’, an intras-
pecific unit which represents a morpho-
logical variant of the species. The use
of the term is as recommended by the
International Code of Nomenclature
for cultivated plants, 1969.

.Thus, the complete scientific name of
any plant developed or maintained under
cultivation includes the genus, the species
and the cultivar name. The generic and
specific names are in Latin forms and
the cultivar name in words of a common
language. [t can be written in either of
the forms written below.

Oryza sativa cv. Jaya
Oryza sativa 'Jaya’

The cuitivar name can be attached
to the common name of the crop also
eg: Rice ‘Jaya’.

Variety: Variety is a distinct morpho-
logical subgrouping within a species,
usually, resulting from geographical sep-
aration. The varietal name is also to be
written in Latin form.

For example, cabbage, cauliflower,
kale, brussels sprouts, knol-kohl, sprou-
ting broccoli ete. are varieties of a spe-
cies Brassica oleraceae.

Cabbage B. oleraceae var. capitata
Caulj- B. olaraceae var. botrytis
flowear

iale B. oleraceae var. acephala

Brussels- B. oleraceae var. gemmi-
sprouts “fera
Knol-kohl B. oieraceae var. gongy-

fodes
Sprouting B. oferaceae var, toifca
brocooli

However, there is a tendancy to use
the term ‘variety’ synonimous to ‘cultivar’
in many circles. This practice should ba
discouraged, since this may create con-
fusion with the actual variety. Thereafore,
it is better to use the term ‘variety’ for
botanical varieties alone and ‘cuitivar’ for
cultivated varieties.

Local cultivars (variety). Local cul-
tivars are a group of cultivated plants in
existance from long and is being cultiva-
ted by the local farming community.
eq: Rice— ‘Thavalakannan‘, ‘'Thekkan
cheersa’ They are, in general, low yielders
and respond less to fertilizers and other
improved cultivation practices.

High ylelding cultivars (varieties):
Thess are a group of cultivars which are
inherently capable of producing high
yield. These are produced, asa result of
the advancement in plant breeding. For
instance, [R-8, Jaya, Thriveni etc. are
high yielding cultivars of rice.

Improved cultivars: These include
both high vyielding cultivars and those
that are brad for specific objectives like
straw yield, disease resistance, insect
resistance, cold resistance etc. Tha pre-
ant trend is to use the term ‘improved’
rather than ‘high vielding’.

Hybrid vigour

Hybrid vigour or heterosis is tha
increased vigour, growth, size, Yyield or
function of a hybrid progeny (F,) over the
parents that results from crossing two
genetically unlike individuals. It mayalso
be the extra vigour or growth of a hybrid
progeny in relation to the average of the
parents.
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Fi—generation: The first generation
progeny after a cross between two parents.

Hybrid cultivars (varieties): Hybrid
cultivars are also improved cultivars, but
is a first generation (F,) hybrid, reconsti-
tuted on each occasion by crossing two
Oor more parents maintained either by
inbreeding or as clones. For example,
incoconut, T xDisa F, hybrid between
Tall and Dwarf palms.

Clone: Clone is a group of homo-
gensous plants originating from a single
individual and propagated by vegetative
methods.

13:5.2 Differences between local and
hybrid cultivars

As we have seen, local cultivars are
in cultivation for centuries. They are, in
general, low in vielding ability, susceptible
to lodging, and less responsive to fertili-
zers. The seeds, if maintained properly,
will be true to type and produce the
same kind of plants on cultivation.
However, hybrid cultivars are ganeraily
obtained by crossing two genetically dissi-
milar parents. Scientists observad that in
many crops, the F, progeny produced
immediaiely after crossing two dissimilar
parents shows some extra vigour unlike
their parents. In most cases, they ars
heavy vielders also. This led to the
possibility of exploiting hybrid vigour
in crops. The firstinstance of exploiting
hybrid vigour occurred in maize, and hy-
brid maize was the result, which actually
revolutionized maize industry.

However, one problem with sexually
propagated plants is that we have to
produce hybrid seeds each time before
sowing. If we use the seeds of hybrid
cuitivars (F} for further cultivation, the
progeny will be heterozygous and lose
the hybrid vigour. That means, we have
to produce hybrid seeds each time for
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cultivation, by crossing selected parents.
Since this is quite cumbersome, this
method is recommended for crops which
produce seeds in large numbers in an
infiorescence or flower and also in plants
where male sterile linas are possible. In
maize, the hybridization programmes are
carried out usually with male sterile lines.
Vegetativeiy propagated plants are in an
advantage over the exploitation of hybrid
vigour. Once we are able to detect
desirable vigour in its progenies we can
convey this 1o successive generations by
means of vegstative propagation,

13:5.3 [Impact of hybrid seeds in im-
portant crops .
Rice: Heterosis or hybrid vigour
has been noted by many workers in such
characters as height, tillering ability,
earliness and vyield as early as 1853 in
india. However, utilization of hoterosis
for the commercial production of hybrid
rice* is dependent upon the avaijlability
of male sterile tines and restoring lines,
or other means of controlled pollination
on a mass scale. Chinese scientists have
succeeded in the production of hybrid rice
on commercial basis. They obtain hybrid
paddy seeds by crossing three rice lines—
the ‘male sterile’, the ‘maintaining’ and
the ‘restoring’ lines. Using one fifteenth
of the normally required amount of seeds
they get 25 percent more yield than the
conventionai varieties .

* The cultivars such as IR-8, Jaya, Jyothi,
Annapurna etc, are not hybrid rice in the strict
sense. These cultivars wero developed as a
result of the breeding technique, hybridisation
and selection or combination breeding. Hybri-
dization is first done to combine desirable
characters into a single genotype. The chara-

cters are then stabilized by way of selection.
Several techniques are there in combination

breeding. In these ceses. the cultivars produced
are true lo type and wiil not segregate in

the successive generations unlike hybrid culti-
vars,



Recently, Chinese agronomists devi-
sed methods to grow rice without seeds.
Tillers or young shoots from rice stocks
are planted instead of seeds. If the veget-
ative propagation of rice plants is made
eagy, then the exploitation of hybrid vigour
would be more economical.

Coconut. Coconut is a cross polli-
nated crop. Most successiul and important
breeding method applicable here is hate-
rosis breeding ie., productian of hybrid
cultivars. Coconut palms are generally
grouped into two viz., {af! pa/ms end
dwarf palms. Scientists have found that
by crossing these two, andplanting the
progeny (F,), hybrid vigour can be utilized.
Two types of hybrid cultivars can be
achieved by this type of crossing namely,

T x D (tali is the mother palm)
D x T (dwarf is the mother palm)

QOther important hybrids recommended for
cultivation are

Tall x Gangabondum

Laccadive Ordinary x Gangabondum
Andaman Ordinary x Gangabondum
Yellow Dwarf x Tall

The hybrid palms have dssirable
characteristics like precocity in hearing,
vigorous growth, higher productivity, and
better nutand copra characteristics.

Tapioca. Production of hybrid culti-
vars have good scope in tapioca by
heterosis breeding. A hybrid evolved can
be used for establishing a clone, which
means there is no necessity for breeding
every vear. In other words, we can
malntain the traits of F, progeny through
vegetative propagation. Since crossing
is done only once and further multipli-
cation is by vegetative method, hybrid
vigour is maintained throughout the
successive generations.

* Thers are 5 important hybrids evolved
in Kerala and recommended for cultivation.

Neme Cross

H-97 Manjavella x $-300

H-165 Chadayamangalamvella x
Kalikalan

H-226 Aethakkarappan x M 4

H-1687

{Sreevisakh) Complex hybrid derivative
H-2304
(Sreesahya) Complex hybrid derivative

M4 is the famous local cultivar and
and is of excellant cooking quality. But
its vield level is poor. 1t yields on an
average 12-14 tonnes/ha. However,
hybrid cultivars can yield upto 40-50
tonnes/ha under recommended manage-
ment practices.

Pepper: Pepper is also avegetatively
propagated plant. So naturally, the hybrid
vigour shown by the F1 generation canbe
passed over to successive progenies
propagated by cuttings. The famous
hybrid cultivar Panniyur-1 is an example.
This cultivar was obtained from a cross
between two local cultivars, Urhirankotta
and Cheriyakaniakaden,

Bapana: In banana also, utilizetion
of hybrid vigour is easy, as the method of
propagation is vegetative by means of
suckers. However, hybrid cultivars are
not popular in banana. Examples are
Klue Teparod end Bodles Altafort. Hybri-
disation programmes in banana are being
undertaken at the Tamil Nadu Agricultural
University, Coimbatore.

Cardamom:. Cardamom can be pro-
pagated vegetatively by rhizomes and also
by seeds. However, seed propagation is
more famous because of the dreadful
disease of cardamom - the Katte —which is
easily transmitted through rhizomes. The
hazards are less when seeds are used.
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Though there are no artificial hybrids in
cardamom, there is one natura] hybrid-
‘Vazhukka’ obtained naturally from the
cultivars, ‘Mysore” and "Malabar’.

Rubber: There is immense scope for
exploiting hybrid vigour in rubber, All
the famous rubber clones are obtained by
means of hybridizarion.  Rubber is pro-
pagated by seeds and by means of
vegetative method-budding. Budding is
the only possible method to exploit the
traits of the mother plant-normally a

hybrid.

The promising clones evolved at
Rubber Research Institute of India.
Kottayam, are given below.

Clones Parents

RRII-105 Tiir1x GL 1

RRII-118 Mil 3/2 x Hil 28

RRII-203 PB 86 x Mil 3/2

RRI1I-208 Mil 3/2 x AVROS 255

RRII-116 Mil 3/2 x Hi. 28
Sugarcene: Sugarcane is a vegeta-

tively propagated crop. It is propagated
by means of stem cuttings-the setts,
which means there is immense scope for
exploitation of hybrid vigour in sugarcane.
The vigour shown by the F1 generation
can be carried over to subsequent genera-
tions. Hybridization between clones
followed by clonal selection within the
hybrid pepulation is the procedure by which
sugarcane cultivars are commonly deve-
loped. Yield, lodging resistance, resistance
to frost, drought and water logging,disease
resistance, insect resistance etc. are the
objectives in breeding programmes.

Pulses: Hybrid vigour as expressed
by high vield of the F1 over the best parent
has been noted in several cases. How-
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ever, no practical means of utilizing
hybrid vigour is available, since pulses
are self pollinated crops and propagated
by seeds.

Mango: Mango is an important fruit
crop of India. Several hybrid cultivars
were developed in mango. Mallika
(Neelum x Dasheri) and Amrapalli (Das-
herix Neelum) are popular hybrid culti-
vars of North India.

Hybridisation work in mango was
carried out in the District Agricultural
Farm, Talipparamba during the fiftees and
sixtees. Four hybrids were selacted. They
are Hybrid No. 56 (Bennet Alphonsox
Himayuddin), Hybrid No. 45 (Bennet
Alphonso x Himayuddin), Hybrid No. 151
(Kalapady x Neelum) and Hybrid No. 87
(Kalapady x Alumpur Baneshan).  They
possess hybrid vigour and are high yielding
and start bearing in 4-5 vyears as against
7-8 years in seedlings.

The hybrids are propagated by gra-
fting.

Vegetables: A large number of
hybrid cultivars were developed in many
of the vegetables. Since in most of the
vegetables, seed propagation is practiced,
fresh F1 seeds are to be produced for
their cultivation. The hybrid cultivars are
early and high yielders. Some of the
examples are-

Tomato — Karnataka hybrid, Mangala
hybrid, Improved Meeruti x
Pusa Ruby, Marglobe x

Pusa Early Dwarf etc.

Brinjal — Pusa Anmol (Pusa Purple
Long x Hyderpur), Suphal,

Arka Navneet,

Capsicum — Bharath



14. Seed production and handling

14:1 Introduction

The use of good quality seed is of
paramount impaortance in crop production.
Seed quality is the sum totalof many
attributes or characteristics. Good seeds
must have high germination percentage,
proper size and development, high vigour,
genetic purity (trueness to cultivar), uni-
formity or homogenity, freadom from wsed
seeds and other crop seeds, freedom from
sesd borne diseases, and freedom from
inert and other extraneous materiais. The
highest quality seeds should possess all the
above characteristics.  This idea of high
quality is seldom achieved in practice,
and hence, only minimum quality
standards are prescribed. However, in a
seed production programme, the goal
should be to achieve the highest quality
rather than the minimum standards.

14:2 Conditions that affect quality

The conditions that affect the quality
of seeds are method ef production, method
of handling, and method of storage. The
conditions and events taking place in the
seed during these stages determine the
ultimate quality of seeds,

Method of production

The crops grown for seed production
should receive extra care and attention,
In order to produce good seeds, sound,
well developed, diséase free, unadultera-
ted stocks should be used. Such seeds
should be planted ongood field and given
good cultivation and maintenance. Proper
fsolation distance and roguing should

be given to prevent contamination by
genetic factors. The minimum distance to
be given while two genetically different
cultivars are grown side by Is known as
isolation distance. This is to avoid
possible contamination by natural crossing
with other cultivers grown along side. It
also guards an extent against mechanical
mixture at the time of sowing harvesting,
threshing, processing, and handling of
seeds. For cross pollinated crops, iso-
lation distance will be more and for self
pollinated crops, it will be less. The
minimum isolation distance to be given
for a few important crops are given in the
Table 14.1.

The removal of off-type plants from
the seed crop is known as roguing.
Roguing is conducted to avoid possible
genetic contamination by way of plants
differing in their characteristics from those
of the seed variety.

Weed control operations, pest and
disease control etc. are the other opera-
tions to be taken up with great care to
get quality seeds.

Method of handling

Crops harvested for seed purpose
should be carefully handled at harvest
time and during the period that intervenes
between harvest and final storags. Care
should be taken not to harvest the crop
untill the seeds are mature. Every care
has to be taken to avoid physical conta-
mination by inert matter like broken seeds,
soil praticles etc. This can be rectified
by grading, screening, cleaning etc.
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Table 14.1:

Minimum isolation requirements for seed production of important crops

— e — — aa

Seed class
Type of pollination Crops
Foundation Certified

Self pollinated Rice, Wheat. -

Groundnut, Cowpea

Soybean etc. 3m. 3 m.
Self pollinated Cotton 50 m, 30 m.
{but to a lesser Tomato 50 m. 256 m,
degree than above) Sesame 100 m., 50 m,
Qften cross- pollinated Brinjal 200 m. 100 m.

Chillies 400 m. 200 m.

Okra (bhindi) 400 m. 200 m.

Amaranth 400 m. 200 m.
Cross-pollinated Cucurbits

(Bittergourd,

cucumber etc.) 800 m. 400 m,

Cabbage, cauli-

flower etc. 1600 m, 1000 m.

Method of storage

Seadsshould be dry before storage
and efforts should be taken to kesp them
dry in storage. The objectives and
methods of seed drying and seed storage
ere discussed indetail, as, they are of
much importance in determining the
quality of seeds.

14:3 Seed drying

The presence of high moisture content
in seeds during storage is one of the main
reasons why they [ose their ability to
germinate, Seeds, are therefore, dried to
safer moisture levels before storage to
maintain seed viability and vigour. [t
involves basically the process of evapo-
ration of moisture from seed.

The moisture content in seeds affects
the respiration rate of seeds, and moisture
levels above 20 per cent may produce
heat encugh to kill the seed. Some
seeds may suffer mechnical damage in
handling and processing, if they are
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moist. Micro-organisms may grow in
moist lot of seeds, particularly, when
the seeds are cracked or damaged. Insect
damage is also related to moisture content
of seeds. Most of the weevils and insects
cannot breed properly at moisture levels
below 8 per cent and tend to die. When
fumigation is done to control insects,
seed injury would be more, if the seeds
contain high levels of moisture. Thus, it
could be seen that seed drying is an
important operation to be carried out
scrupulously to get quality seeds.

Moisture is distributed in seeds
in two forms, viz. the surface moisture
which occurs on the outer surface and
the internal moJsture distributed through-
out the inner parts of the sesd.
Itis easyto expel this surface moisture
while drying and the air readily absorb
it. However, for removing the internal
moisture, it has to be transferred to outer
surface of the seed by way of diffusion
where evaporation can take place.



14:3.1 Methods of seed drying

The methods of seed dryingcan be
classified as natural or artificial. Matural
drying takes place with atmospharic air
moving naturally around damp seed
spread on trays, canvas floor, or field.
Sun drying comes under natural drying
method. Artificial drying methods use
heated or unhsated air that is forced
mechanically through a drier (forced air
drying). We shall ses the important
methods of seed drying in detail,

Sun drying

Sundrying is the commonly employed
seed drying method used by farmers,
still now, even though several easy to
dry artificial methods are available. Sun
drying can be used to dry seeds as long as
the relative humidity (RH) of the air is
lower than the RH in equilibrium with the
moisture content of the sgeds. Sun
drying invelves spreading the threshed
or winnowed produce in thin layers on
cement floors or bamboo or pandanus
mats and allowing it to dry in open sun
light. The main advantage of sun drying
is that, it requires no additional expendi-
ture or special requisites. The disadvant-
ages are delayed harvests, risks of
weather damage, and increased chances
of mechanical admixtures,

Certain precautions should be tzken
to ensureseed quality while sun drying.
The threshing floor and the fiooron which
seeds are spread for drying should be
dry and clean. To avoid mechnical
admixing, as far as possible, only one
crop cultivar may be handled on a thre-
shing floor.

Forced air drying

In artificial drying methods, either
heated or unheated airis forced into
seeds. The air passing through the damp
seeds absotb the moisture. The heat

necessary for evaporating the water is
contributed by the temperature drop of
the air. This is the very basic principle
of forced air drying.

Seeds bahave like hygroscopic mate-
rials and their moisture content depends
upon the temperature and humidiiy of
the surrounding air. As we have seen
earlier, the decisive factor here is the
water vapour pressure in tha seed
and inthe air surrounding it. As long as
the vapour pressure in the seed is greater
than that of surrounding air, vapour would
move out of the seeds, which means the
seed is losing moisture. When the vapour
pressure gradient is reversed, the move-
ment of water is also reversed, je., the
seeds would gain maoisture. When the
vapour pressures are equal, there isno
movement of vapour. In this condition.
the mofsture content of the seedis ina
state of equilibrium with the surround-
ing atmosphere and it is called eguifi-
brium moisture content at that atmos-

‘pheric condition.

There are three mzjor drying me-
thods with forced air.

Unheated or natural air drying:
Here unheated, ie., natural air as such is
forced to dry the seeds.

Dehumidified air drying: Air, after
reducing the humid content chemically or
by refrigeration, ie., after dehumidification,
is used here.

Heated air drying: In this method,
the drying air is heated considerably,
usually, around 432°C, and forced for sead
drying.

The first two methods may require
more time from a few days to two weeks
or more 10 reduce seed moisture to safer
levels. The third method is the most
common forced air drying method.
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Advantages of forced air drying:

When compared to sun drying or
ordinary drying methods, forced air drying
has got certain advantages.

1) Earlier harvest of the crop is possible
‘ Early harvest of the crop provides
" higher vyields of" seeds, and losses from
over ripening and shattering are less. The
damage {rom insects and birds is also

less, if harvested early. Early harvest
means mofe moisture content in tho
seads. Such seeds take longer time to

get it dried in sun drying method. How-

ever, when forced drying is employed,

total drying period is reduced.

2) Losses due to bad weather is redu-
ced.

Sundryi_ng is not dependable through-
out the year, especially in tha rainy
saason.

3) Early sale of the produce is possible.

If the crop is dried immediately after

the harvest, the farmer coutd take them for
sale.

4) Savings in labour.

Labour utilisation is comparativaely
less in forced air drying than sun drying.

Limitations of forced air drying:

1) There are chances of
growth in seeds.

2) The vigour of seeds may be reduced.

3) There are chances of
sesd-coat.

4) Seeds may be damaged while hand-
ling

714:3.2. Extent of drying required for

seeds of major crops:

Seeds are to be dried until they
attain a particular percentage of moisture.
This moisture level differ from crops to
crops. Maximum permissible moisture
level of important crops are given below:

microbial

hardening of
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Crops Maximum

percentage of

moisture allowed
Rice 12.0
Cowpea 9.0
Groundnut 9.0
Greengram 9.0
Blackgram 9.0
Sesama 9.0
Amaranth 8.0
Okra (bhindi) 10.0
Brinjal 8.0
Cucumber 7.0
Bittergourd 7.0
Tomato 8.0
Chillies 8.0

14 4. Seed storage

The average life span of seeds varies
greatly with the kind and species of seeds.
The maintenance of high seed germina-
tion capacity and viability until planting
is of paramount importance in a seed
production programme. |If the seeds
fail to give adequate healthy and vigorous
plant stands, the seeds are practically,
useless. Neediess to say, good storage is
a basic requirement in seed production.

The seeds are said to be in storage
from the moment they reach physiologicat
maturity, untill they germinate. The

entire storage period can be divided into
6 stages.

1. Storage on plants (from physiological
maturity to harvest).

2. Storage while processing (from har-

vest to storage in a warehouse)

Storage in ware houses.

Storage in transit.

Storage in retail stores.

Storage in the consumer’s farm.

Unless appropriate principles of sto-

rage and handling are practiced. the

germination capacity, health and vigour

etc. would be considerably atfected. So

great care has to be taken during the
above stages.
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General

storage;
The general principles to be followed

in storage to safeguard the viability and

vigour of seeds are given below:

1 The storage conditions should be dry

14:4.1. principles of seed

and cool,

2 Precautionary measures should be
taken against storage pests and
diseases.

3 There should be proper sanitation in
the seed stores.

4  The moisture content of seeds under
storage should be within tie limits of
safe moisture levels.

5  Store anly high quality seeds, which
ara well cleaned, treated and are
having good germination percentage.

714.4.2 Storage needs,

Storage needs of seeds depand upon
the length of storage and prevailing climate
ot the area during the storage period. Long
term  storage demands mcecre exacting
conditions than short term  storage.
Simijarly, the areas with favourable
storage climate, for instance, an area
where relative humidity is low, requires
less efforts than areas of high relative
humidity. It is important, to decide well
in advance, how long it would be necessary
to maintain the germination capacity of
seed lots.

14:4.3. Seed longivity in storage:

Seed longivity in storage depends
upon a number of factors. These have to
be taken into consideration while assessing
the seed fongivity or how long the seed
keeps its high germination and viability.
They are briefly mentioned below:

Kind of seed: The . seed longi-
vity is considerably infiluenced by the
kind of seed. Soma kind of seeds are
naturally short lived, eg, onion. soybean

groundnut etc. Sometimes. different
cultivars of the same species show
differences in longivity.

Original  seed  quality;. Good

quality seeds, having high vigour and
health, can be stored for a longer time
than others. Even seed lots of good
germination at the beginning of storage
do decline rapidly with time, depending
upon the severity of dameage caused to it
by means of mechanical injury or adverse
weather.

Seed moisture: The moisture present
in the seed is the mest important factor
influencing longivity. High moisture s
probably the major cause of the loss
of germination in seeeds. In general,
there may not be fungal growth tn seeds
having a moisture content of 12 percent
or below. Fungal attsck starts at 13
percent moisture level and is much faster
at 15 percent or above. At this level.
respiration of fungi and seeds may induce
generation of high temperature, thereby
killing the seeds. Similarto fungi, insect
attack would also be higher at higher mois-
ture levels. Though insects can survive
in seeds having 8 percent moisture con-
tent, they cannot reproduce. However, at
14 per cent, insect_reproduction would be
rapid and seed germination is lowered
considerably. For ideal long term storage,
where all deleterious factors are eliminated’
a moisture content of 9 percent is in-
dispensable.

Humidity: Seed longivity is affected
by humidity of the atmosphere also.
Seed attain a specific and characteristic
moisture content when subjected to diff_
erent levels of atmospheric humidities.
This characteristic moisture content is
referred to as equilibrium moisture content
(EMC). At equilibrium moisture content,
there is no net gain or loss in seed moisture
content. The establishment of moisture
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equilibrium in seeds is a time dependant
process. Under open storags conditions,
seed moisture content fluctuates with
changes in RH.

Storage temperature: Temperature
also plays an important role in seed
storage and its longivity. The higher

the moeisture content of seeds, the higher
the adverses, effects of temperature. As the
temperature increases insects and fungal
activity also increases, Therefore decreas-
ing both seed moisture and temperature is
an effective way of maintaining seed
quality in storage. A storage temperature
below 21°C is desirable for seed storage.
The ideal range of temperature forin-
sect and fungal activity is between 21°C
and 27°C. For safe storage of 1-9 months
period, the following ranges will ba fairly
good for rice.

Moisture Temperature RH
129 30-C 509,
139, 20°C 80Y,

Storage atmospharic gases: Oxygen

and carbondioxide contents of the
air around the seed also influence the
storage life of seeds. Grains like tice

having a moisture content below 10 per
cent,sutvive [onger at higher CO, and
lower O, conditions around them.
However, grains with 14 par cent moisture
content or above will have only a shorter
life at higher carbondioxide and [ower
oxygen conditions.

In addition to the longivity factors
discussed in the foregoing, there are
several other factors which may have an
influence on storage and seed [ife. They
are effacts of sun light on saads, fumi-
gation effects, seed treatment effects
efc.
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14:5 Seed treatment

Seeds are usually subjected to certain
treatments before storage or sowing in the
fields. Thesa trea'ments are mainly done
with fungicidas, insecticides or a combi-
netion of both with the objective of pro-
tecting them from s=2ed borne or soil
borne plant pathogens or storage
insacts. The treatments to induce germi-
nation or to brezk dormancy such as
immersion in water, exposure to sunlight
scarification etc. or othar treatments to
have variation (in plant breedingj, vernali-
zation come under the broad term seed
treatment. The objectives and important
methods of seed treatment are covered
in this section.

14:.5.1

Seed treatment is done to achieve
certain objectives. The following are
the common objectives behind seed
treatments.

Objectives of seed treatment

To control and prevent the spread of
plant diseases:  Seed treatment for this
objective is a reasonable guarantee
against crop failure due to at least by
externally seed borne pathogens. Even
in the absence of seed born pathogens,
it is a sound practice to use treated
seeds. More details on thase aspects are
cavered elsewhere.

To protect from storage insects: The
incidence of storege insects is consider-
ably reduced by seed treatment with
insecticides.

To control soif insects: Soilinsects
are also controlled to a limited way by
seed treatment with insecticides.

For convenience in sowing; In
crops like cotton, seeds, on account
of the fluff adhering to them cling

together and cannot be easily sown, either



through drills or by broadcasting. In
such situations, seeds are so treated that
the fluff becams pasted on the seed and
they cannot adhere to each other but roll
apart just like tha grains or pulses.

To enhance the germination:

Seeds, especially those with hard seed
coats are dipped in water to get
quick germination.

To break dormancy: There are

several treatments such as hot water treat-
ment, acid scarification, percussion, etc.
to break the seed dormancy and to have
early germination.

For better yields: Certain special
treatments are claimed to produce incre-
ased vields in the treated crop. In
‘Mendran” banana suckers. certain treat-
ments are preferred befors the actual
planting. Dippingin cowdung slurry and
drying in shade is a usual practice folld-
wed by many farmers which is said to
increase yisld.

For increased nitrogen fixation by
fegumes: The inoculation of legume seeds
by organisms of the cross inoculation
group also come under the purview of
seed treatment.

Seed treatment for inducing varia-
tion: This is a usseful tool in the hands of
plant breeder. He subjects the seeds to
X-rays or gammea-rays or some chemicals
to induce mutation in experimenting seeds.

Seed treatment to induce earliness
{Vernalization): Seeds, so treated, give
rise to crops whose period of maturity
become shorter than the normal period
that takes when the seeds are sown with-
out the treatment. The process of induc-
ing earliness is called vernalization.

Likewise, seed treatment ¢an be done
for several objectives, However, in the

present discussion our emphasis is mainly
on seed treatment against diseases and
other pests.

74:5.2 Conditions favouring sced treat-
ment egainst diseases and other pests

Seed treatment against diseases and
other pests may become essential in many
situations. Seeds may suffer mechanical
injury while harvesting and threshing
operations. A breakage in the seed coat
facilitate easy entry of the pathogen. and
they, either damage the seed or weaken
the resultant seedlings from the seed.
Thus .seed treatment is a guarantee to
guard against infection to injured seeds.

Some times, chances are that saed.
may be infested by disease organisms at
the time of harvest. Seeds may also get
infection while processing or storage.
Seeds, thus carry disease causing organi-
sms. To destroy them, seeds should be
treated with disinfectants or disinfestants
bafore storage or sowing.

If we have followed the post harvest
handling of seeds scrupulously, we may
get good quality, healthy seeds for sowing.
However, chances are that seeds may be
infacted with diseass pathogens while
germination, especially from soil. Unfavo-
rable soil conditions such as cold end
damp soils greatly favour the development
of diseases which damage the seads. Seed
treatment is rewarding In such situations
too.

714:5.3 Types of seed treatment

Seed treatmant with various materials
are effected in a number of ways. It can
be a dry or dust treatment, wst treatment,

slurry treatment, pelleting or even seed
coating. We shall see each of them
briefiy.

Dry or Dust treatment: 1n this method,
the seed treatment material (chemical)

93



would usually be a powder. The dry seed
is thoroughly mixed with the powder
usually in a seed dressing drum,

Wet treatment; Here, the treatment,
materials are dissolved or made into a
suspension with water and the seeds are
immearsed in this suspension orsolution for
specified period of time.

Slurry treatment: In the slurry treat-
ment, the treatment materials are made
into a slurry with water and the seeds are
treated with it.

Pelffeting: Pelleting is usually done
as a protection against soil micro-organi-
sms. It also act, as a repellant against
birds and rodents especially when seeds
are broadcast,

Seed coating: In seed coating, certain
materlals are coated around the seeds. The
coating may be for better growth or as a
protectant against soil micro-organisms.
Seed coating is mostly adopted in
ieguminous seeds with nitrogen fixing
bacterial inoculum. .

14:5.4 Chemicals used for seed treat-
ment

Fungicides, insecticides, ora combi-
nation of the two are generally used for
seed treatment. Fungicides are the most
commonly used seed treatment chemicals.

Fungicides; Mercury compounds
are most commonly used. Recently, duse
to the toxicity and ecological hazards
involved, there is a growing tendency to
discourage the use of mercurials and to
promote the use of non-mercurials.

Mercury compounds come under two
categories—-organo mercurials and inorgano
mercurials. Organo mercurials are reco-
mmended for the seed treatment of rice,
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cotton etc. FProper dosage is important.
Over doses may result in seed injury and
under doses may fail to control diseases.
Examples for organo mercurials include
Methoxy ethyl mercuric chloride (MEMC)
and Phenyl mercury acetate (PMA).

lnorganic mercurials include mercuric
chloride and mercurous chloride.  They
are toxic materials _and extreme care
should be taken while using them.

Numerous non-mercury compounds
are also nowdays used in seed treatment.
Exampies of organo non-mercury compou-
nds are captan, thiram, mancozeb, zineb
etc. Inorganic non-mercury compounds
include copper carbonate, cuprous oxide
and copper sulphata. However, organic
compounds are more famous and widely
used for seed treatment.

Insecticides:; insecticides are used
for seed treatment to protect seeds from
insects.These are used as such or combhi-
ned with fungicides. Insecticicides used
alone may damage the embryo of my
the seed and when used in combination
with a fungicide, damage is reduced.
Most commonly used insacticides, are
aldrin, lindane, dieldrin, heptachlor, chlo-
rdane, malathion etc.

Normally, insecticides are applied just
before the seeds are planted, and thattoo
after applying the fungicides or combining
both. If the seeds are to ba stored after
the treatment moisture content and storage
temperature should be kept low to help
prevent damage.

14:55 Seed treatment for important
crops
Certain common seed traatment

methods employed for a few important
crops are given in the Table 14.2).



Table 14.2, Seed treatment of important crops

Crop Name of material Dosage Method of application
1 2 3 4
Rice MEMC-3%, 1g/litre Soak the [seeds for 30 minutes.
(Agallol-3. Aretan-3 of water Afterwards drain and resoak in
or plain water for 12 hours to
MEMC-69, {Agaliol-6, 1g/2 litre induce germination.
Emisan-6 etc.) of water
or
Agrosan- GN 2.5g/kg of Dry treatment.
seed.
or
Ceresan-dry 2.5 g/kg -do-
or : of seed.
Hexasan -do- -do-
or
Captan 1.5g/kg of -do-
seed
Cowpea Captan 1g/Kg of Dry treatment.
seed,
Groundnut oil or 10 ml/kg Smear the seeds against storaga
Coconut oil or of seed. pests,
Neem oil
Sesame Agrosan-GN 2.59/kg of Dry treatment,
seed.
Banana Aldicarb 0.1¢9, solution. Dip the suckers against
nematodes.
HCH 0.29% .. Dip the suckers against rhizome
weevil.
Carbofuran-39, 20g/rhizome  Smear around rhizome at the
tims of planting.
Ginger Mancozeb 0.3%, — Soak the rhizome
for 30 minutes
Malathion 0.19
Sugarcane MEMC—39, 5g/litre Dip the cut ends of setts
or against red rot
MEMC—-69/ 2.5g/litre
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5) Pest contro/: Control of weeds,
ingsect pests and diseases etc., should be
done scrupulously as any slackness in
controlling them reduce the quality of
seeds,

6) Roguing: Roguing should be donse
three times; first prior to flowering pre-
ferably at late vegetative phase, second at
.flowering, and third at maturity. The
second and third rouging are extremely
important to maintain the genetic purity of
sgeds.

Rogue out plants of other cultivars,
wild rice plants, plants infested by stem
borers, and diseased plants.

7) Harvesting: It is important to har-
vest the crop when the seed is ripe. Most
improved rice cultivars show a variation
in growing period by 5to 15 days dep-
ending on the season. * This variation is
caused by variations in day-length, tem-
perature, rainfall, sunlight, and cultural
practices. In most cases, we may not be
knowing the variations and we take the
average growing period of a cultivar as a
guide in deciding when to harvest. The
time of harvest can be judged by a look on
the panicle.. The proper time of harvest
will be when the gralns on the upper
portion of the panicles (809,) are straw
coloured. Drain the fields 7 to 10 days
before harvest to hasten maturity and to
assure uniformity in field driage of grains.

8) Threshing and winnowing: The
threshing floor should be neat and free
from other paddy seeds, The threshed
paddy seeds should be stacked in a cool
and dry place away from walls and pre-
ferably on wooden stacks. Seeds are
winnowed after threshing to remove chaff,
dust, empty husks, and light grains.

9) Drying: The moisture content of
paddy grains at harvest time varies with

locations and seasons. During the
Virippu harvest, the grains woule gen-
erally have a moisture content of 20 to
25 percent and during, the summer harvest
this would be within 15 to 16 percent
This has.to be lowered to 14 percent or
13 percent molsture by drying before
storage.  Sun drying is the easy and
cheapest method of seed drying and can
be adopted as long as the RH of the air is
lower than the RH in equitibrium with the
moisture content of seeds.

1

If the RH of the hot air of the clear
bright day goes down as low as 45 percent,
the paddy takes only, two hours for sun-
drying to reduce the moisture content to
14 percent level from an original content
of 25 percent. However. the paddy seeds
should be spread out as & thin layer. Sun
drying can damage the seed, if the tem-
perature rises above 44°C. Use clean dry -
tarpaulins or cemented floor for drying
sgeds.

10) Seed storage: Paddy seeds of high
germination and vigour can be stored
safely for six months at 11-13 percent,
one year at 10-12 percent, two years at
9-11 percent and upto four years at 8-10

percent moisture contents.

Paddy seeds in storage at a jow
moisture content regain moisture under

humid conditions. Seeds of 12 percent
moijsture regain moisture, whenever the
RH of the air rises above 60 percent; and
if they are dried to 9 percent, they regain
moisture, whenever the RH is above 35
percent. Therefore, moisture proof pack-
aging materials have to be used. for
storing seeds. Polythenes bags of 700
guage are suitable for the packing and
storage. When stered in this way, the
viability can be maintained upto one year
or mote. '
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15.

Quality control of seeds

1 Seed testing

ﬂ 5:1. Introduction

.~ Production and maintenance of qu-
‘ality seeds are of prime importance in
crop production, and there should be
some ways' to Tegulate the quality
'of saeds. The seed quality con-
trol system includes all aspects dire-
.;cted towards the production of quality
.seeds, and there are three important pro-
iceduras to meet this end. They are sead
Itesting, seed certification, and sesd law
-enforcement. The various procedures
:under seed testing are covered in this
;chapter.

15:2. General aspects of seed
testing:

Testing of seed quality is a very im-
portant procedure in seed production
programmes. The main aim in testing
seeds is to assess their quality and to
determine whethsr seeds conform to the
established quality standards or labelling
specifications. That is to say, the suita-
bility of a particular lot of seeds for
planting depending upon its quality
factors. The seed quality problems and
the probable causss can be identified by
means of sead testing. The need for
drying and processing can also be deter-
mined by the results of seed tests. Seed
testing aiso provides a basis for price
and’ consumer preference in tho markets.

It is very difficult to judge the quality
of sseds, by visual inspection. A final
say on seed quality can be possible only
by testing for the quality attributes. Seed
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quality can be analysed into ten com-
ponents; though all of them are not of
squal wvalue or importance. Practical
laboratory methods are available to test
all these attributes. We may have an idea
of all these 10 attributes.

Analytical purity: Analytical purity
indicates how much of the seed in the
lot is pure crop seed. In other words,
how much of the seed in the lot is of the
correct botanical species. It is determined
in the laboratory by examining & small
sample. After removing seeds of other
species and inert matter such as broken
seeds, soil particles, chaff, and pieces of
leaf or stem, the remaining pure seed is
weighed and expressed as a percentage.

Species purity: Since the samples
usually taken for analytical purity is too
smell, this method is not adequately pre-
cise to indicate the contamination by other
crop seeds. For example, the working
sample for analytical purity for rice is
only 40g, and chances are that none of
the eeeds of other species might appear
in the laboratory sample. A much larger
sample is, therefore, taken and the number
of foreign seeds in the quantity is deter-
mined and expressed as number of foreign
seeds in the quantity examined.

Cultivar purity: Cultivar purity or
trueness to variety indicates the genstic
purity of the seed ie., how much of the
seed belongsto the true cultivar in ques-
tion. In general, Itis very difficult to
distinguish the seeds of different cultivars



in a routine laboratory test. Therefore,
the determination of cuitivar purity is
based on inspection of the plants from
which the seed ia to be harvested; sup-
plemented by roguing operations and also
by a laboratory test.

Fraedom from weads. Normally,
this can be obtained fromthe laboratory
report on analytical purity. However, fof
certain noxious weads, this may not be
enough. In such cases, a larger sample
as In the case of species purity is examined

and the number of weed seeds present .

are expressed asthe number per unit
weight.

Germination capacity: ~Germination

capacity indicates the planting value of
a particular lot of seed. Itis usually
expressed a&s the percentage by number
of pure seeds which produce normal
seedlings in a laboratory test. In general,
germination capacity is the best indica-
tion of a seed lot's potential for estab-
lishing plants in the field.

Seedvigour; Seed vigour indicates
a seed's ability to establigsh in poor field
conditions. Good germination is usually
associated with high vigour; howaever, it
does not necessarily mean that seeds of
high germination capacity always have the
same vigour. In good field conditions,
seeds of low vigour may also germinate;
but it may not establish well. Low vigour
may be due to mechanical damage, poor
nutrition of the mother plant, immaturity

" at harvest, small size, senescence, or
disease.
Seed size: Seed size, in general, is

an indication of vigour. The size of a seed
depends on its maturity at harvest and its
position on the mother plant. Seeds from
different plants in the same crop may also
vary in size due to genetic or environ-
mental factors. Small, shrivelled seeds
end abnormal seeds have no planting
value. Seed size can be measured in the

laboratory and is usually expressed as the
weight of 1000 seeds or volume of 1000
saeds. For instance, inrice, the seed size
is assessad by determining 1000 grain
weight and 1000 grain volums..

Seed moisture: Testing of moisture
content is extremely important for safe

' gtorage, as high moisture content is the

major cause of the loss of germination of
seeds. This quality greatly affect the ret-
ention of germination capacity from har-
vest until sowing time.

Uniformity or homogenity:  Testing
for homogenity is also important.  Every
seed lot is 8 mixture of pure seeds, other
crop seeds, wesad seeds, and inert matter.
The contents of every seed lot should be
the same. For this, blending is usually
resorted to. While sampling seeds, bigger
goed lots have to be divided into smaller
sub lots and sampled, and analysed ind-
evidually to find the heterogenity.

Seed health: The testing fol seed
health is conducted to find out the associ-
ated micro-organisms causing seed born
diseases.

The International Seed Testing Asso-
ciation (ISTA) founded in 1924 have done
a lot to advance the quality of seed
testing, and to have common methods of
seed testing and evaluation of test results.
They have published a set of International
Rules for seed testing. The head office
of ISTA is in Norway. The test procead-
ures discussed in this book are mainly
based on ISTA rules.

15:3 Seed sampling

For determining the seed quality attri-
butes like purity, germination capacity,
moisture content etc., it is not expected
to test the whole lot of seeds. Itis neither
physically possible nor practical. Hence,
representative samples are taken from seed
lots and tested, Usually, the quantity of
seed sample subjected to testing is meagre,
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’.Ewhan compared to the seed lot which it is
:supposed to represent.  Therefore, it is
'iutmost important that a sample is drawn

‘itn such a way that it represents the whole
Iot of seed.

‘We may not expect that a seed lot is
completely homogenous because of the
natural variations in the field from which
the seed is harvested. Even within the
bzg. it may not be homogenous becauss
impurities may separate into layers in the
process of filling the bags. It is imperative
that a reasonable degres of homogenity

must be assured for sampling purposes by
some means.

) There are certain terms in connection
with the sampling procedures,

Primary sampfe: When we start the
sampling procedure, first we draw a few
samples at random from different portions

in the lot. These first drawn samples are
the primary sample.

Composite sample: When we com-

bine or mix the primary samples we get
composite samples.

Submitted sample: From the compo-
site sample, smaller samples of specified
weights are taken through one or more
stages. This is the sample which we send

to laboratory for analysis' and hence the -

name ‘submitted sample’. .
Working sample: In the laboratory,
various tests are to be conducted. For
this, it is not necessary to subject all the
submitted samples for testing. For each
quality traits, size of sample is specified.
The sample that is subjected to actual
testing is known as ‘working sample’.

15:3.1 Drawal of primary samples
We may come across situations in

which seed samples are to be taken from
bags and from, bulk.storage. Though the
sampling procedures ‘for . both these are
essentially the same, there are certain
differences in the drawa! of- ptimary sampl-

es. The steps in sampling procedure in
these two cases are dlsscussed belov:
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(@)

Sampling seeds stored in bags
(bag sampling) )

The following steps shall be followed
while sampling seeds from bags or bag
sampling.

(1) Inspect the labels and bag markings
and make sure which are all the
bags constituting the total lot.

Determine total number of bags in
the lot.

All portions of the lot should be
accessible and sampled.

Determine the number of bags of
sample, -

The following sampling intensity is
prescribed for bag sampling. '

(2)
)

Number of bags Number of bagsto be

inthe lot sampled
1—5 ' Sample each bag
6—30 Sample every third bag
{but not less than 5)
31 or more Sample every 5th bag

{but not less than 10)

Draw: primary samples of almost
aqual quantity from each container
or bag selectsd at random.
A stick or sleeve type trier or sam-
pling probe. which consists of a hollow
brass tube divided into a number of com-
partments inside a closed, fitting outer
shell or sleeve, is used to draw the samples.
The trier has a solid pointed end. The
tubeand sleeve hava open slots in their
walls. By turning the tube, the slots in
the tube and sleeve can be made to
come in a line, so that seeds can flow
into the cavity of the tube. When the
tube is given a half turn, the openings are
closed.
Sampling loose seeds (Bulk sampling)

Seeds stored in bins, boxes, heaps, or
other similar containers may be sampled
by thrusting the hand or long bin samplers
at an angle into the heap. The following
sampling intensities may be adopted. -«
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Size of seed ot

Less than 50 kg;
50—500 kg;
501—3000 kg.
3001-—20000 kg

The primary samples ghould be drawn
from random positions and depths.

The sampling procedures after the
drawal of primary samples are similar
both for bag sampling and bulk sampling.
When the primary samples taken are
combined and mixad, they form the
composite sample.

15:3.2 Preparation of submitted
sample

The submitted sample is otherwise
the minimum weight of seed sample to
be sent for analysis to the Seed Testing
Laboratory. The size of the submitted
sample varies between crops. The mini-
mum weight of submitted samples pre-
scribed for important crops is given below:

Maximum Size of sub-
Crop weight of mitted sam-
seed lot ple (q)
(kg) (minimum)

Rice 20,000 400
Wheat 20,000 1,000
Maize 20,000 1,000
Cowpea 20,000 1,000
Greengram 20.000 1,000
Black gram 20,000 1,000
Ground nut 20,000 1,000
Sesame 10,000 70
Cabbage - 10,000 100
Cauliflower 10,000 100
Brinjal 10,000 150
Chlllies 10,000 100
Okra (bhindi) 20,000 1,000
Tomato 10,000 150

- Cucumber 10,000 150
Pumpkin 10,000 350

post
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Number of primary samples to be drawn
at lsast 3 samples.
at least 5 samples.
one primary sample for each 300 kg (but not less than 5)
one primary sample for each 500 kg (but not less than 10).

For obtaining the minimum weight
of the sample as shown above, the com-
posite sample should be mixed thoroughly
first. Then by repeated quartering or by
abstracting and subsequently combining
small random portions, obtain submitted
samples of required size.

15:3.3 Despatch of submitted sample

The sample mey be packed in a
cloth bag or double gunny bag and
stitched nicely. If moisture test is to be
conducted, a polythene bag holding a
minor sample (100 g for those species
that have to be ground and 50 g for all
other species) shouldbe included with
the major sample. The following infor-

. Mation should be placed inside the bag

and submitted with the sample.

Date sampled.
Sampled by
Name and address of sender
Kind and variety
Origin orclass of seed

.- Sample designation or lot No.
Quantity of seed in lot.

Kind of test required. Germination/
purity/moisture etc.

Remarks (Date of harvest)

N O RWw b=

©

As far as possible, after packing the
sample and writing the full address of
the Seed Testin

the pack,
it should bo Hﬁﬁim\( parcel
5@‘
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. In Kerala State, there are two_noti-
fied Seed Testing Laboratories, one
attached to the Regional Agricultural
Research Station, Pattambi (under the
Kerala Agricultural University) and the
other at Alleppey (run by the Department
of Agriculture).

15:4 Purity analyses

We have already seen that out of the
10 ssed quality attributes listed, four
relate to the purity of the seed lot, viz,
‘analytical purity, species purity, cultivar
purity and freadom from weeds. Excepting
cultivar purity, all the other purity attri-
butes can be determined in a laboratory
test. However, the primary emphasis of
E}hes seed purity analyses is given for the
_ang_lytical purity.
: Analytical purity is a measure of the
-amount of impurities ina seed sample
and is expressed in terms of the percentage
by weight of pure seed of the species
‘under test. To indicate contamination by
seeds of weeds or other crop seeds.
analytical purity is notsufficiently precise,
‘because the sample is too small. For
axample, the working sample prescribed
‘for analytical purity for rice is only 40 g
‘and chances are that none of the seeds
of other species might appear in the
'lsample. Amugch larger sample (400 g in
the case of rice) is, therefore, taken and
the seed analyst searches it for weed
’:seeds, objectionable wesds, and other
crop seeds and express them as number
.of seeds in the quantity examined. The
lobjective of other species determination
+1is to identify correctly the rate of occu-
‘rance of those species defined by laws
'|and regulations as noxious. The pres-
;cribed size of working samples for deter-
‘mining the analytical purity and species
.purity for different crops are given in the
'Table 15.1. :
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Table: 15.1. Working samples for purity
analyses
Working Working
sample for sample for
Crop analytical count of
purity (g) seeds of
other
species (g)
Rice 40 400
Wheat 120 1,000
Maize 800 1,000
Cowpea 400 1,000
Green gram 120 1,000
Black gram 700 1,000
Groundnut 1,000 1,000
Sesame 7 70
Cabbage 10 100
Cauliflower 10 100
Brinjal 15 150
Chillies 15 150
Okra (bhindi) 140 1,000
Tomato 7 15
Cucumber 70 150
Pumpkin 180 350

15.4.7 Test for analytical purity:

The analysis is made on the working
samples as shown in the Table 15.1.
This weight is determined to have about
2500 seeds in the sample. The  working
sample is examined visually and divided
into three fractions—pure seeds, other
seeds, and Inert matter. For this, the
seeds are placed on a board or plate glass
covered with a smooth paper and is
worked over with a knife or scalpe! to
separate pure seeds from other seeds and
inert matter. Pure seeds consist of all
seads of the species under test, regardless
of whether they are immature, shrivelled
etc, If the fragmentis bigger than half
the original size of the seed, it goes Into
the pure seed fraction. Ifit is half or
less of the original size of the seed, itis
placed in the inert matter. Similay



criterion is.used for other seeds also, which
are placed in a separate fraction. The third
fraction Is the inert matter which contains
everything not already included in the pure
seed and other seed fractions. This may in-
clude such things aiso as fungal sclerotia,
nematode galls, and Insects, which are not
‘inert” actually. There are other special
techniques of analysis aiso which amploy
sleves to remove smaller or larger particles,
blowers or aspirators for removing [light
particles and diaphanoscopes to detect
whether there is a caryopsis inside the
glumes of some grasses. A duplicate
test may also be conducted;as a check.

The results are expressed as follows:

Pure seed—Percentage
Other seeds—Number per working sample
Inert matter—Percentage

15:5. Seed germination test

The germination capacity of the seed
is determined mainly by a germination test,
Germination capacity is* generally expre-
ssed as the percentage of pure seeds which
produce normal seedlings in a laboratory
test. The seeds which give weak or defo-
rmed seedlings are not regarded as having
germinated and thus, not assessed. Ger-
mination capacity indicates the seed lot's
potential for establishing plants in good
field conditions. However, this potential
is seldom fully achieved in practice. At
sowing time, some seeds fall on stones or
under stones orare eaten up by birds or
damaged by insects. In such cases, the
seeds cannot sutvive, no matter how good
the seeds are. Or else the environmental
conditions may be adverse. However,
seedlings differin their
factors and some survive. In spite of all
these limitations, germination capactiy is
the best indication of a seed lot's ability to
establish plants in the field. .1t means that
seed lotsof low germination should be

response to these

rejected. Germination capacity is influ-
enced mainly by harvest and post-harvest
conditions and is extremely variable.

In a germination test, the seeds are
placed under optimum environmental con-
ditions of light, temperature, and moisture
to Induce germination. Several methods
are used for determining germination cap-
acity of seeds using paper, cloth, sand or
soil. 1STA rules specify that at least 400
seeds should be tested for .germination.
These seeds should be taken from the pure
seed fraction of the sample at random.
The counting of seeds may be done by
hand, by theaid ofa counting board, or
with a vacuum seed counter.

715:5.1. Methods using paper

Paper is the most widely used medium
for seed germination tests. The paper
used for this purpose should have certain
essential qualities. It must not contain

any substance toxic to the developing
seedlings and is able "to hold and supply

to the seeds adequate moisture to imbibe ~
and germinate. The paper should be strong
enough to withstand any possible breakage
while handling. It should also prevent
penetration by the roots of developing
seedlings. Fourtypes of papers are gen-
erally wused. They are paper towels,
blottars, filter papers, or pleated papers.

Rolled papertowef test: Ina rolled
paper towel test, the seeds are germinated
between paper. This method is particularly
suitable for medium to large seeded crops
such as cereals and grain legumes. Blotters
which are similar in quality to filter papers,
and paper towels which are used in wash
rooms can be used in this procedure.

Paper towels of size 30 x25 cm are
generally used. The towels {4 numbers)’
are soaked in water, taken out, and gently
wrung between the hands, until no more
water is squeezed out, Three towels are
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faid on top of ons another. The seeds
afe then placed on top of the upper-
most sheet in a regular pattern, so
that they are approximately equidistant
with each other. The seeds should not be
placed within 6 cm of the basal longer
edge of the paper and 3 ¢cm of the other
tiiree edges. A fourth towel is then placed
on top of the seeds and basal 2-3 cm of
the longer edge of all the four towels
turned up to form alip to prevent the seeds
fa:alling out. The towels are then gently
and loosely rolled to form a tube of about
5-6 cm diameter. Tightrolling should be
avoided, as it prevent air circulation bet-
ween them and results in poor or abnormal
germination. The friction between seed
qnd towels is sufficient to prevent the

seeds from - falling from their positions.
when the rolled towe! is stood upright
(Fig. 15.1). Once the towels have been
rolled, these are placed ina germinator or
incubator, where the temperature, moisture,
lightetc. can be controlled for germi-
nation.

Fifter papers; When filter papers are
used, the seeds are germinated on top of
paper. They are used for germination
tests in petridishes. Normally, 9cm dia-
meter filter papers are used. Because of
the small size of working area, smaller
seeds are usually tested using this method,
The filter papers can be moistened in two
ways. They may be soaked in water for
10 minutes and then-hung upto dry, or

Fig. 15.1, Seed germination test between rolled paper towels

1. The towels {4 Nos.) are soaked in water; (2) Then, thetowels are wrung by
hand; (3) Three towels are laid as the base, and keep a label; (4) Count the seeds
using a counting board or spatula; (5) Seeds are arranged on the top of the
third paper; (6) A moist towel is placed on the top of the seeds, and
turn up the bottom 2.5 cm of all the 4 paper towels; (7) Gently roll
the towels. (8) Rolled towels.

(Partially adapted from 'Hand book of seed Technology for gene banks Vol, I. Principles and
methodology, IBPGR. Roma).
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they can be moistened after placing the
paper. in the petridish by means of an
automatic syringe.

Place the tilter paper in the smaller of
the two halves of the dish and firm down
using an upside down 9 cm funnel.” Nor—
mally,.two filter papers are required- for
each' dish. The seeds are then distributed
on top of the filter paper, petridish closed,
and allow it for germination.

Pleated paper This is notﬁing but

a [ong piece’ of paper which has been
repeatedly folded in a concentnc fashion
to provide many pleats into wh[ch seeds
can be placed. These are useful 'in cases
where an individual seed need to be iden-
 tified from an intermediate count of ger-
mination to another and where it is neces-

sary to keep seeds ‘isolated, for instance

pelleted seeds.

15:5.2 IMethodsusing cloth

"Wet flannel cloth can be used in a
simjlar fashion to that' of papertowels,
Flannel cloths of size 35 cm x 27.5 ¢cm are
convenient. After soaking tha cloth in
water, wring gently between hands until
no more water is squeezed out. The cloth
is then spread on a flat surface. After—
wards, count exactly 100 seeds and dist-
ribute them - evenly in rows of 10 on the
. cloth, leaving about 2cm from each border.
A bamboostick of. about 40 cm !ength is
then placed along the Ionger border of the
cloth., Press the.border ofthe damp cloth
agamst the .,stlck and slmultaneously roll
the.stick_ thh the cloth "JThe, cloth is. then
Secured lnrplace by.. ,tvlng both ends w:th
rubber-bands;or, r,twines. o s ‘Thls test is van
ously calleds etm‘-cloth -roiimg method
Rolled cloth towal test or the Rag doil
Tethiod.

. The rag goff contaiming theisgeds are

1t.° b?ngn‘ orstened - Dy GIpping -~ In‘a- “pail of
Water decasionally ““Abolit'thYes digginGs

per day ere sufficient to keep the seeds
continuously moistened. The rag dolls
are to be stored in a shaded place at room
temperature (about 28°C). Care should
be taken to protect the rag dolls from rats.
The seeds will germinate in4 to 5 days
As inthe other tests for germination, the
test is to be replicated ‘four times. This
method can be easily adopted in farmer's
conditions since laboratory conditions are
not necessary for the test

75:5.3 Methods using sand .‘

Sand is not normally used in laboratory
tests for germination. However, it may
be necessary to use it where there -are
difficulties in obtaining suitable paper for
the tests. The washed sand must consist
of uniform particles. .Its pH should be
between 6.0 and 7.5. Use sand particles
which are in between 0.8 mm dia. and
0.0Z mm dia. size. The sand must.be ste-
rilised before use. Great care should be

taken while adding water to the sand.

The exact quantity of water to be added
depend upan the size of the seeds under

test and the characteristics of the sand,

esplcially water holding capacity.

For germination tests using sand, alu-
minium dishes of size 15cm dia. at the top.
12.5 cm dia. at the base and-4 cm deep
are generally used. The seeds aresown
on top of the sand and then covered with
1-2 cm of loose sand. , However, in-a few
cases, especially with small seeded ones,
the seeds are only pressed into the surface
of the sand and not ¢overed. “*The dishes
are then placed in a ;germinator.

15:5.4. Methods 'u.siﬁg soil-

Soil,“compost” or ‘eatmoss! may be
used mstead of sahd Y However, it is: ‘gen-
erally not'€asy to staridardise ‘the” proce’
dures? an‘d therefore,fl iable to cause‘gréater
Variations betWeen“‘results N<These tests
are useful'when ‘abnidrimal‘germination'is
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observed on paper or sand, especially from
seeds which have been treated with fungi-
cides or insecticides.

15:5.5 Appraisal of germination tests

A germination test usually takes tan
days to four weeks or even longer periad.
We have to take in to account only “normal’
seedlings as having germinated. A normal
seedling should havea well developed
root and shoot. In the seed lot, there may
be abnormal seedlings, hard seeds, dormant
seeds, and dead or decayed seeds. Abno-
rmal seedlings, may result from the decline
in seed viability due to §a variety of causes
such as age, poor storage conditien, insect
attack, diseases, mechanical injury, fungi-
icide and insecticide toxicities, frost dam-
lage, mineral deficiencies, and toxic mat-
%erials present in germination trays, medi-
um, tap water etc. Dormant seeds can be

+distinguished from non-viable seeds as the
fomer are firm, swollen and free from mo-
t;'ulds. Any ungerminated seed should be
‘examined to find out the possible reasons

 Seed dormancy of the freshly harvgsted
seeds poses difficulty in direct testing and
may prolong the testing period,.and some-
times affect the reliability of the test.
Methods of breaking dormancy will have
flo be adopted depending on the dormancy
f|actors in such cases.

Minimum germination percentages
N

For seed certification, minimum ger-
mination percentages are prescribed. The
g'lermination percentage is calculated on
.the basis of  two counts or observations.
The number of days required for first and
final counts and the minimum germin-
ation percentages prescribed for & few
important crops are given below
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Crop ~ First  Final Minimum
count count germin-
days days ation per-
centage
Rice 5 14 80
Cowpea 5 8 75
Green gram 3 7 75
Black gram 4 7 75
Groundnut -5 10 70
Okra (bhindi) 4 21 65
Sesame 3 6 80
Chillies 6 14 60
Tomato 5 14 70
Cucumber 4 8 60
Bittergourd 4 8 60
Pumpkin 4 8 60

15:6. Seed viability .

The possession of those processes
assential for a seed to germinate is referred
to as seed viability. Viability is the ability
of a seed to germinate. This means all
viable seeds are alive. However, it is not
essential that all the viabla seed will ger-
minate, for instance, the dormant seeds.
Though a germination test is the best
method of estimating its germination cap-
acity, itis not reliable in all the cases. A
germination test can function as a viability
test only if all the seeds are non-dormant,
or special treatments are applied to remove
dormancy. Difficulties will also be there
with regard to empty seeds, slow germin-
ating seeds etc. Moreover, the relatively -
long period of time required for the com-
pletion of germination test is also a pro-
blem. This necessitated the development
of rapid methods for establishing or predi-
cting germination capacity or seed viabi-
lity. Two methods are available for this
purpose—the Topographical Tetrazolium
Test and the Excised Embryo Test.

15:6.1. The Topographical Tetrazolium
Test (TZ Test)
The tetrazolium testis a biochemical
method in which viability is determined



by tha appearance of red colour when ths
seeds are soaked in a 2, 3, 5 triphenyl te-
trazolium chloride (TTC) &olution. Intha
cells of living tissues, it is changed to an
insoluble rad compound; non-living tissues
remain uncoloured. The reaction can take
place both in dormant and non-dormant
seeds. Results ara available within 24
hours of the test-sometimas even within
2-3 hours.

75:6.2 The Fxcised Embryo Test (EE test)

The excised embryo test isnormally
used to test the germination capacity of
seeds of woody shrubs and trees, whose
embryos require long periods of after
ripening before germination can take place.
It can also be applied to determine quickly
the viability of sseds which germinate
slowly. In this test, the embryo is excised
from the seeds and germinated under ste—
rile conditions. A viable embryo will
either germinate or sometimes show some
signs of activity. In contrast, a non-viable
embryo becomes discoloured and deteri-

orate.
”»

15:7 Sead meisture
The moisture content
strong influence on the

in a seed has
length of time it

remains viable or keeps its germinability. -

Seeds may sprout or moulds start to
develop at higher moistures {evels and the
soeds may lose viability in a few days. The
lower the moisture content of any kind of
sead, the greater the time it remains
viable.

There are several methods of deter-
miningseed moisture content. Important
among them are
Air-oven methods
Using desiccants or drying agents
Lyophilization
Re-drying
Kar| Fisher-titration method
The toluene distillation method

@O BWN =

15:7.1 Air-oven methods

Air-oven methods are the basic me-
thods of determining moisture content of
seeds in Seed Testing Laboratories. A
weighed sample is heated in an oven at
a specified temperature for a specified
time, untill they attain a constant weight.
The loss in weight as a result of heating is
taken as the moisture content of the seed .
material, Varlous types of ovens are used
and various temperature and time of hea-
ting are spaecified. :

The procedures suggested by ISTA are
summarised below:

Determinations are to be made on duplicate
samples

The meisture determination is to be
made in duplicate on two independently
drawn samples. The rutes prescribe 4-5¢
for each of the duplicate samples with two
exceptions. If the diameter of the drying
container is greater than 8 cm, then 10g is
required for each duplicate sample. If
pre-drying is required (see below), then
at least 25 g of seeds must be taken.

" Pre-drying

If the sample istoo moist, then it
should be pre-dried. If moisture content
is more than 30 percent, the previously
weighed samples are left overnight on top
of a heated oven. Ifthe seeds are large
and the moisture content is between
17 percent to 30 percent (10 percent to

. 30 peicent for soybean or 13 percent to

30 percent for rice), then the pre-weighed
samples are first placed ‘in an oven at
130°C for bto10 minutes, and subsequen-
tly exposed to the room temperature for 2
hours, To determine the loss in moisture
during pre-drying, the samples (at least
25 g) are first weighed, pre-dried, and the
loss in weight determined by substraction.
This forms the first step in a two stage
seed moisture determination.
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Dry the drying containers before use .

The drying containers must be dried
before use. For thls, they are placed in an
oven at 130°C for an_hour, and then allo-
wed to cool in the desiccator for a further
one hour Thrs ‘is” particularly rmportant
'rn hurmd régions.

Weigh the containers

"The'containers, usuélly dishes and lids,'
:are then welghed The sample—pre—drled
ground or not—is then placed in the cont<
ainer, the lid is replaced, and the weight
of dish 4-lid+-seeds is taken. Normally,
all weighings are to three decimal places:

Large seeds are to be ground

Large seeds are to be ground before
subjecting it to final drying. However,
grinding is not’ recommended for seeds
that have a very high oil content which
makes them d|fflcult to grind. ‘A few
examples of crops that requlre grlndlng are
g 0undnut, bengal gram, soybean, _peas‘
beans cotton barley, rice, wheat; sorghum,
maize etc:| 'FFOJ cereals ° and cotton,’fine
grlnd:ng is” necessary and-for Iegummous’
and tree seeds, fine grinding is not nece=~
ssary.i!

Lor, nonzoity, seeds,. figh constant. . tem—
perature.oven.

z1,1~Dishes.containing:non-oily, seeds are
then placed in _an,-oven-maintained: at
130YC-133°C, ) after- -remoying the_ -lids:
The samplesare then . dried for-four. hours;
(maize), two hours. (pther cereals), or one
hour: «(ali-. other_cnan-oily -seeds).- This,
drying period commences when the -oven
temperature - has attained-130°C t0-133°C,;
and after placing the samples jn the oven;
and.closing, the oven;door.- .Normally, , .it,
takes 15 minutes Qfor this . At the end of.

pl@pad_b.ackcqn th,e_ _d_ISh,a.nd ;h@ _c.on_tal.ner'

is allowed to cool:in a desiccator for-abaut,
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45 minutses. After the cooling, the contai-,
ners along with the- contents are welghed
eg. Trice,. ,wheat sorghum marze cu.
cumber, pumpkm etc.

For oily seeds and seeds of all tree species
fow constant temperamre oven

This method is carrled out “in the:
same way as the above’ method for non-~
oily seeds, except that the oven is malnt—
ained at a temperature of 103°+2°C for
17+ 1 hours.;

eg. sesame, groundnut soybean, chillies
etc.

Calculation of seed moisiure content

The moisture content inthe seeds is
exprassed as a percentage of the orlginal
weight of seeds, and is calculated upto

ore decimal - place using the following’
formula. Thisis known as ‘moisture per-
centage On wet bagis,
Wb = M — M3x100
M —M, -
whire Wb—mmsture percemage .on ‘wet’
basis. ,
M,—Weight of.tha container (with’
cover)

M,—Woeight -of the.:container
*2 r.contents before drying.
M,--Weight of 'the : container

- contents after~drying.

In a‘two stage drying procedire where
pre-drying is<émployed,-the moistiré <lost:
in each stage can be ‘determinad as above
on the-'wet -basis.- If S;'and §; ars the:
percentage of moisture in the first and
second “stages;: then the original per-
centage moisture content:(wb) will be

= (Sl + Sn) - (Sr X S:) 3

~100; .
z:0<ISTA rules, specify that, the difference
between the duplicate, samples- tested: for
moisture should not begreater;than 0.2
percent. - If it ia greater,.the determination
should:be repeated:



15:7.2 Other moisture determination
methods

Using desiccants or drying agents:
In this method, the samples are dried in
vacuum using phosphorus pentoxide
(P,0.) as a desiccant,

Lyophifization=* Here;tne Seeds are
frozen and the water content removed by
sublimation in vacuum.

Karl-Fizher.titration.method:.In this,
method, the.-water. content. is extracted!
from finely ground seed with methyl
alcohol. The water is then deterriined by
titration. by special reagent.

Toluene distilfation method: In 10[u-
ene- distillation method a \ﬁfelghed port:on
of the finely ground seed is bOl|ed
tmdene in'an apparatus whlch collects

the condensed .water in a tube and
returns the condensed toluene to the
hoiling flask. The moisture in the seed
is calaulated from the volume of water
condensed.

75:7.3 Secondary or practical methods
of moisture _determination

All the methoas ot moiswre determi-
nation mentioned above form the’basic
methods. Since the baslc methods taka.
too much time to get results’ in
particular: -occasions, ' practical . methods
are standardisad. - The practical methods
are standardised: against one or 'more of
the basic methods. THhis include: Brown-
Duvel distillation method, method using
calcium carbide, infra-red moisture meter,
Relative humidity ‘method, nuclear:mag-
netic resonance, electrical moisture--meter

etc..
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16.

i[l. Seed certification and seed

16:1. Introduction

The genstic purity in commercial seed
p:roduction is often regulated through a
system of seed certification and seed law
enforcement. Seed certification is. a leg-
ally sanctioned system for quality control
in seed multiplication and production.
The principal objective of seed certification
is to protect the genetic qualities of a
cultivar. To achieve this, the seed certi-
ﬂ(ing agency determines the eligibility of
particular cultivars to get certified, and
sets up standards for isolation distance,
rogumg and quality of harvested seeds.
There are also provisions to make regular
inspections of the particular fields to see

,that the standards are maintained. Super-
vision of seed processing is also involved.
The provisions of the seeds act and its
e;mforcement is also directed towards the
production and distribution of quality
glieeds in the country.

) fi6:2. Classes of seads

The genetic purity of seeds is maint-
ained by utilizing certain classes of seeds
whlch designate the generations allowed
away from the original source. Four

classes of seeds are gensrally recognised

iin seed certification.

Breeder’s seed
r Breedar’s seed or nuclsus seed is that
seed or vegetativeiy propagated material,

|wh ich originate with the sponsoring plant
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Quality control of seeds

laws

breader or institution, and provides the
initial source of all the certified seeds, It
hias the maximum genetic purity.

Foundation seed

This is the progeny of breeder's seed
and it is handled insuch a way asto
maintain the highest standard of genetic
identity and purity. It is the source of al|
other certified seed classes. However, it
can also beused to produce additional
foundation seed plants.

Registered seed

This is the progeny of foundation seed
or sometimes breedet’s seed or other regi-
stered seed that is produced under speci-
fied standards, approved and certifiad by
the certifying agency to maintain ganetlc
identity and purity.

Certified seeds

Certified seeds are the progeny of
registered seed or somstimes breeder’s,
foundation, or other certified seeds. Nor-
mally, certified seeds are the class of
seeds which is produced in the largest
quentity and sold to growers.

Certified seed produced from certified
seed shall not be eligible for further muiti:
plication under certification rules, How-
sver, Inthe case of highly self pollinated
crops, cettification of one more gener-
ation may be permitted.



Bags of the different.seed classes are
identified by different colourtags, so that
they are difficult to remove without defa-
cing the bags.

Certified seeds—blue tags
Registered sesds—purple tags
Foundation seeds—white tags

The certification tag shall contain the
following particulars.

1 Name and address of the certification
agency

2 Kind and variety of seed

3 Statement to the effect that the seed
.of the variety is genetically pure

4 Lot number or other identifying mark
of the seed

6 Name and address of the certified
seed producer

6 Date of issue of the certificate and its
validity.

7 An appropriate sign to designate cer—
tified sqed

8 An appropriate word denoting the
certified class designation of the seed

9 A statement to the effect that no one
should purchase the seed if the seal
or the certification tag has been tam-
pered with.

10 Any other statements if nesded

The container of the certified ssed
shall carry & seal as prescribed by the
certification agency. Such containers sho-
uld also carry a label under the labelling
specifications,

Truthfully labelled seeds )

The seeds Act, 1966 provides for yet
another class of seeds. According to the
act, the seeds of notified kinds or varieties,
in their notified area, can be sold only in

containers, and it should mest seed stand-
ards, especially for purity and germination,
and be labelled., Such saeds are known
as truthfully labselled seeds. The following
information should be recorded on the
label.

1 Kind

2 Varjety

3 Lot number

4 Date of test

5 Pure seed percentage

6 Inert matter percentage
7 Other crop seeds

8 Woeed seeds

8 Germination percentage

10 Net contant

11 Seller's name and address
Whether treated or not
If treated, the word” POISON' or the
warning ‘Do not use for food, feed, or
" oil purposes’ should be written on the
label.

168:3. Steps in seed certification

In seed certification, there is a chec-
king of quality at each stage of seed prod-
uction, processing etc. The following are
the various stages in seed certification.

1 Administrative check: This
verification of seed source.

2 Field inspection to prescribe field
standards: This is to prescribe stand-
ards for isolation, roguing etc.

means

3 Supervision of the operation of harv-
esting, storage transport, processing
etc.

4 Seed analysis to verify conformity to
prescribed seed standards,
6 Tegging and sealing.

The seed certification standards for
.- paddy are given in the Table 16.1.
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Table'q b:PSeede ﬂertlficat:bnrstandards for paddy-

e ‘O!"]fM'~ﬁ I-,n _”ql... q L ST L

Quality traits, e ouhbdéti'h"n T Cetifiec Tr thfully‘ o
B seed ‘seed’  iabBlEH 5 éeél:l

POTe SeeldS(iiituni) biuode 98y 989, 97%,
Other crop seed (maximum) 10 No./kg Fogitooy a
Weed seed (maximum) 10 No./kgs 101085
Inert matter (maximum) 2% anr 1y2® obae
Objectionable weed seed (ma)urnum) 2 No./kg ™ 5 No. Ay
Germination (minimum) 80yr’ '880,% 570%,
Moisture content (maximuruy,,

Ordinary containe 294 12

Vapour pmnf r-br;;{tamer é‘%/’ | mg‘?%“‘

Source:

‘Indian Minimam Seed 1Cerf1f|cat|un Standards (1971)zCentral iSeed: Cbmm-

ittee., DepartmentofAgricuiture, Ministry.of ;Food, ..Agriculture, Community

Development;.and;; Coroperation,

16:4. Seed legislation in India

The Seed Act-passed by, the,parliament
in:1966/has bean jn.. forge since, . 1989, to
regulate the qual ity, qt”ceruam seeds and
matters; fconnected. ,there”gwnh - Hnder
section 3 (1) of the Act a Lentral Sead
Commlttee has been constltuted to adwse
admlnlsgatlon of tlle Act” . Forgnulatlon ‘of
standards for ckeimfl,cayotp an\d the s minimum
llm['(si tb’ape[jmg '%%%"?‘B%’E%?é ,%"‘853 gf
the cgmgg:; eg;, e Act also provides ggr
the formation ofa Central Seed ‘Certifica
tiom Boardl State’Seed Certification:Board,
State SeedoiiCértificationoitAgencies, a
CentraldiSgedy Testingodabaratorys apd
State:Sead Testing L:aboratotiegn e

A CERT SR8 Tost P LabSratory is
imezistancésidilie SeediTesting,lahoratqry
atizstheniglndiannoAgrigultural .pResearch
Institute (IARI), New Delhi hasjebeen
notifiedoias ; thesvCentialy:Ssed;Iesting
Laboratory. anAE6RIdINTgs:d eath?aé%‘?& the
.State Government 1t ma also estgblish one
‘or more State Sead 'l%strnrb‘ REbFatorifs.
Thé‘;fé"a‘?é‘t%o RBEHR S22 Testiny Labo-
ratoriest HAKESIE "SGR Uiz, Vii§aSeed
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New DB.UH'\

OB ~ah »
Tes{mg 1\1L1§b Jﬂat\b‘}'\}’ e étt%cheﬁ a to the
Regional Agricultural Reseafch’ Statlon
Pattambicand lanothefbne at'Alleppdy. &

' The Central Government is empowered
to ﬁi'31ttfy ‘the kinds*or icultnﬂ'aris‘ of seeds,
to specify the minimum limits’ f"germl-
ngtioH AHd PUrity, ‘1o regulaté’c"értlflcatlon
agencies of states, and to grant ‘certificates
to! any'!perfon>1dealing Hinovany, seed (of
notifled cultivar:iiFhe State Government

is;.compatent .,tomagpomt, nSeed Analysts
anq Seed, Inspectors tocanforcs, the, pro-
visions.of the Seed Act.in.the State. .

16:5. | Seed 'a‘ﬁ"ni’.’?fs?é}:em?%"wm or
hangz % g

law entorcement is a post pro-
dr\.lcn%n 3 stle’r’r;‘;p:\lio!&ng TdrPer qUallty
elxglggﬂ,j 133 %rj‘tm)st ttf’gertth@atmnfﬂﬁ
f‘er qus \Iar i PE!EM&BSWM?:E
& es 8 on“ n“']lﬁ the® BPEaueHBA ok

opera
unUlfﬁf}'hOQQ?

eeds
In Kerala State, bhaslthén! Additional

‘DirectoreobiAgrictitare (Crop production)
off the oBirectorate cobsAdricultirasis the

- State Seed CerfificationrQificersd nall the

rdistrictsyacdistrict leval offigen isidegiarad



as the Seed Inspector and he has jurisdic-
tion over the entire district. Besides,
four Assistant Directors (Quality control)
attached to the offices of Joint Directorate
of Agriculture at Trivandrum, Alleppey,
- Calicut and Palghat are also declared as
Seed Inspectors In their respective juris-
diction. In all the districts, the Principal
Agricultural Officers are declared as the
licensing authority for the area within their
jurisdiction.

16:5. Seed certlfication in Kerala

The Department of Agriculture from
1976-77 .onwards is issuing certified seeds
to the farmers which are produced in the
State Seed Farms., One of the District
level officer is declared as the cField
Inspection Officer of "each Seed Farm to
ensure the quality of seeds,

The State Seed Certification Officer
will issue authorisation for the procure-
ment and distribution of 'seeds. This is
based on the inspection reports of the
Inspecting Officers pertaining to individual
seed farms and registered seed grower's
plots. While doing this, the analytical
reports of the seeds obtained from the
notified Seed Testing Laboratories in the
state will also be examined.

The following are the minimum certi-
fication standards fixed for the certification
of paddy seed in the state.

16:7. National Seeds Corporation

The National Seeds Corporation
(NSC) Ltd. is a Government of India
undertaking, established in 1963, to
organise the development of a sound and
viable seed industry in India. The
Corporation is under the administrative
control of Ministry of Agriculture, Govern—
ment of India, and got jurisdiction af!
over India. It functions as a foundation
seed production, stocking, and supply
organisation. The main objectives behind
the formation of such an organisation are
the following.

1. To carry onthe production, process-
ing, drying, storing, transportation
and distribution of crop seeds.

2. To enter into agreement with indi-

" viduals, co-operatives, corporations,
and Govt. Agencies, in the pro-
duction, processing, drying, storing,
distribution, and transportation of
crop seeds. '

3. To undertake seed quality control
measures by inspection in all the
facets of seed business, carried on
behalf of the Corporation or in co-
operation with the Corporation.

4. To store and stock file reserve supply
of any seed needed for improvement
of agriculture in India.

NSC’handles foundation and certified
seeds of'nearly 230 cultivars of 70 crops.

Quality factors Certified Truthfu(ly labelled
seed seed

Pure seed (Minimum) g89, 979,

Other crop seeds (Maximum) 2 seedsf40 g. —

Inert matter (Maximum) 2% -

Woeed seeds (Maximum) 0.19, —

Germination (Minimum) 809% 709,

Moisture (Maximum) 13% —_

Source;

Farm Guide, 1986, Farm information Bureau, Trivandrum,
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National Seed Corporation is also helping 3.

State Seed Corporations in procuring
materials for establishing seed processing
facilities under the National Sead Project
'Phase-1 and il.

NSC has established_a Regional 6.

fOffice at Trivandrum with the jurisdiction
iof State of Kerala and Union Territory of
, Lakshadweep.

The Services rendered by the National

Seeds Corporation can be summarised as 9.

10.
1. Production of foundation ssed. 11

follows:

2. Production of certitied seeds.
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Sead certification.

Seed quality control.

Seed'processing, handling, and pack-
ing.
Seed marketing.

tnformation, communication, and
public relations.

Sales promotion and advertising.
Project formulation and'management_.
Training.

Consultancy services in all the above
fields.



17. Tillage and tillage implements

17:1 Introduction

Forsowing or planting a crop, we
have to prepare the field. There may be
differences in the method or in the extent
of preparation for a particular crop. How-
ever, in any case, we are working with
the soil in order to have better plant
growth and yield. The practice of working
ths soil with certsin implements for the
purpose of bringing about more favourable
conditions for plant growth is usually
referred to as tillage. All the operations
which we do on the earth surface dor
the purpose of agriculture such as stirring,
fining, firming, and inverting come under
the purview of this term.

In olden days, it was not actually
known why we are doing tillage. However.
it was a known fact that loosened soil
produced good crops. Some light was
thrown on the art of tillage by 1731 with
the publication of the book ’‘Horsehoeing
Husbandry’ by Jethro Tull, and he was
rightly called the father of modern tillage.
He put forth a theory of tillage. According
to him, tillage: is manure, and the
advantage resulting from working the
soil was a freeing of the soil particles.
Jethro Tull bélieved that earth was the
only food for plants, and that the plants
are fed from the minute particles of soil

_that ware secured around the soll grains.
Accordingly, the more finely divided the
soil, the better the plant would be
nourished and hence the tillage. Our
knowledge on tillage has improved much

than the above according to the recent fin-
dings. Now, it is generally conceded that
tillage fulfils several purposes. According to
Cole and Mathews (1938), tillage is done
to prepare a suitable seed bed, to elimi-
nate competition from weeds, and to
improve the physical condition of the soil,
These three basic reasons are commonly
accepted.

17:2 Objectives of tillage
The objectives of modarn tillage can
be listed as follows:

To prepare a suitable seed bed

Seed bed is the place where the
seeds germinates and the medium from
which the resulting plants draw moisture
and nutrients. The several operations in
connection with the preparation of a sead
bed are aimed at the preparation of soil
in such a way that it would be favour-
able physically, chemically, and Dbiolo-
gically for plant growth. For this, itmay
be necessary to destroy native vegetation,
weeds, or esven another crop. Removal
or incorporation of crop residues may
also be involved. In some cases, the
surface will have to be loosened, mello-
wed orcompacted before sowing acco-
rding to the typa of crops.

To minimise resistance to root penetration

It is a known fact that loosened soil
offers little resistance to root penetration.
The main purpose of intercultural operati-
ons is to minimise the resistance to root
penetration.
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To improve humus and fertility status
of soil

The addition and incorporation of
organic matter in the soil or leaving it on
the surface as instubble mulch farming,
is necessary for improving the humus and
fertility status of soil. Organic matter
also brings about several desirable benefits
to the soil. '

To control weeds

~ The menace of weeds in crop produ-
ction and the use of tillage in controlling
weeds is discussed in detail elsewhere.

To aerate the soil

Loosening the soil with tillage imple-
ments improves soi! aeration. Soil aera-
tion is necessary for many of the chemical
and biological activities taking place in
the soil. '

To increase water absorbing and retention
capacity of soil

Tillage has a marked
the water absorbing and retention chara-
cteristics of the soil. Tiliage affects the
infiltration, run off, temporary surface
storage, internal storage, and availability
' of water to plants. Surface loosening of
the soil also act as a soil mulch and
conserve soil moisture.

To minimise soil erosion

Tillage is also helpful in minimising
soil erosion. For details, see the chapter
on soil erosion.

To prepare the land for water management

For providing irrigation water to the
crops, we have to pregpare the land accord—
ing to the method of irrigation. For

example, the method of preparation of

land for check basin differs from that
of furrow method of irrigation. Similarly,
for providing drainage also, field prepara-
tion is necessaty. '
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influence on.

To destroy insects and plant pathogens

Tillage operations such as summer
ploughing dastroy harmful Insects and
their eggs present in the soil.

17:3 Soil tilth

While describing the physical condi-
tion of the seed bed for a particular crop, it
is quite common to use'a term, ‘soil tilth”.
Soil tilth is a collective term indicating
the whole of the physical conditions of
the soil. Inasoil, the higher the degree
of aggregation of soil particles and the
higher the percentage of crumbs or granu-
les, the better would be the soil tilth. An
rmproved soil tilth indicates that condi-
tions are more favourable for aeration,
drainage, soil erosion control, plant nutri-
ent availability, and high yields.

Usually, tilth is estimated by the
farmer by feeling the soil. The farmer
strains the soil through his fingers and look
at the aggregates. If the clods break down
easily and are mellow, he would say
that itis with a good tilth. Tillage alterthe
tilth or fabric of soil, so that water, air,
temperature, and strength conditions of
soil are improved for plant growth.

Generally, tilth is described for crops
in two ways—Ffine tilth and coarse tifth.
In alluvial soils and sandy soils, it is easy
to'have fine tilth by way of tillage.  Fine
tilth is necessary for small seeded crops
such as tomato, chillies, amaranth,
sesame and tobacco. In clayey soils
and black cotton soils, the tillagse opera-
tions result in small ¢lods. It will not
break into fine granules. However, by
repeated tillage, it can also be possibla to
break thess. Butin such cases, after the
receipt of rains, the surface may get hard-
ened and a thin hard membrane may be
found on the surface, which result in
reduced infiltration and increased run off.



In such situations, coarse tilth is desirable
and large seeded crops such as cotton,
maize etc, are grown.

Soil tilth is dynamic in nature.
Mechanical forces may change the rough-
ness of the soil surface, total porosity,
aggregation and clod size. Tilth is also
dependant on soil structure, texture, soil
moisture, air, drainage characteristics, and
such other physical characteristics of the
soil.  Soil tilth once established may
further improve or degenerate by the
forces of water and wind. It may be
deteriorated by heavy rainfall and erosion.
The action of drying. wetting, freezing,
and thawing of soil often improves the soil
tilth.

17:4, Types of tillage

Tillage can be of many types. Based
on the timing of tillage operations for a
particular crop, we can have two types of
tillage—preparatory culftivation and after
cultivation.  All the tillage operations
which we do in a field after the harvest of
a crop and before the actual sowing or
planting of the subsequent crop is termed
as preparatory cultivation. In other words,
these tillage operations are done in pre-
paration to sow or plant acrop. Pre-
paratory cultivation ends by the formation
of a good seed bed. The tillage operations
perfermed for a crop after sowing or
planting till its harvest is known as ajter
cultivation. All the intercultural opera-
tions including earthing up, weeding etc.
come under this.

Tillage can also be classified based
on the type of equipment used and
intensity of tillage. If we follow this
criterion, we can have primary tillage
and secondary tillage. The primary
operations performed to open up any
cultivable land with a view to prepare a
seed bed is termed as primary tillage, for

example, ploughing and digging. Primary
tillage implements include country
ploughs, mould board ploughs, bose
ploughs, disc ploughs etc. All the
lighter tillage operations performed
on the soil after the primary tillage
operations are known as secondary tillage.
Secondary tillage operations are done on
the surface soil only with very little
inversion and shifting of soil, for example,
harrowing, hoeing etc. The implements
such as cultivators, harrows, hoes, level-
lers, etc. are secondary -tillage imple-
ments.

17.5 Tillage implements

The very definition of tillage indicates
that it is working the soil with some
implements. The farmer uses a variety of
implements for tillage purpose from the
preparation of seed bed to the harvesting
of the crop. )

Tillage implements are usually classi-
fied into certain broad groups based on
ditferent criteria.

a) Based on the type of tillage for which
they are used

1. Primary tillage

ploughs.

2. Secondary tillage implements eg.,

cultivators, harrows, hoes etc.
b) Based on the source of power used

1. Hand operated teolseg., Thoomba,
spade setc.
2. Animal drawn implements eg.,
country plough, Bose plough etc.
3. Tractor drawn implements eg..
rotary cultivator, tractor drawn
disc plough etc.
c) Based on the specific purpose for which
they are used., )
1. Ploughs — eg. country plough,
mould board plough,
Bose plough, disc
plough etc.

implements eg.,
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2. Cultivators — rigid tyne, spring
loaded tyne, spring

tyne gtc.

3. Rotary cultivators

4. Harrows — toothed type harro-
ws, disc harrows
etc.

5. Hoss — Thoomba. Mamm-
atty, spade, hand-
hoe stc.

6. Seed sowing
devices E— Seed drills, planters
etc.

7. Special purpose implements,

’ eg! leveller, roller, clod
crusher, bufd for-
mer, basin lister,
green manure tram-—
pler, wet land pudd-
ler, etc, '

The most commonly used tillage
implements which fall under the above
categories are describad in the following
pages. '

17:8.1. Ploughs

Ploughing is a primary tillage opera-
tion carried out for preparing seed bed for
crops. Four main types of pleughs are
used in India. Thay are the country
plough or the Desi plough, the mould
board plough, the! Bose plough and the
disc plough. The primitive model of all
the present day ploughs might have been
a thick crooked twig or a branch of a tree
drawn by human beings. Later on, this
model might have been subjected to
various improvements with the advance-
ment of agriculture. However, the basic
design remains more or less the same.
The plough was believed to have evolved
as more of less a common prototype over
the several parts of the world indepen-
dently as the only implement to start
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with field preparations. All the other
implements were evolved for completing
the work commenced. by the plough.
Suitable modifications in dasign of the
original plough for performing specific
purpose of work have contributed to the
evolution of several implements that are
used today.

The country plough

The country plaugh (Fig. 17.1) or the
Desi plough orthe indigenous plough is
being used by by Indian farmers from time
immemorial. It was developed in our

villages through years of experienca. In

Fig. 17.1 The country plough

the country plough, excepting the share
portion, all the other pari3 are made of
wood. A country plough;has the follow-
ing parts—(1) share (2) shoe (3) body(4)
handle and (5) beam. The country plough
has certain modificatons from place
to place in India. The mode! which is
commonly seen in Kerala is described
below.

Body and shoe: The body is the
central portion of a plough. To this |s
connected the beam, the handle and the
shoe. In the country plough of Kerala, the
shoe and body are in one piece, ia., there



is no joint between them. This con-
struction is mainly adopted in gravelly
soils where stones and other obstacles
are generally encountered while ploughing.
A joint between shoe and body is pur-
posefully avoided with a view to .make
the plough rigid and strong. The body is
made with a bent piece of hard wood
with the two arms making an angle of
135°. The body is usually having a
wadge shape with an isosceles triangular
section. ) ’

Share: A small piece of flat iron
serves as the share, the piercing point of
the plough. The share is fixed on the
shoe.

Beem: The beam attaches the body of
the plough and the yoke, The beam end
is provided with grooves for proper
hitching.

Handle: The handleis fixed bshind
the body to direct the movemant of the
plough.

Maethod of operation

The ploughs are worked usually with
a pair of bullocks.
buffaloes are also used. The plough is
hitched to the yoke with the help of baam
and ropes. For this, the yoke is provided
with grooves or notches or both. The
yoke rests on the neck of the bullocks.
The ploughman controls the plough with
one hand and drives the animal with the
other. :

When the plough is worked in the
s0il, the shoe and share enters the soil
under the wedge action of the body, and
make ‘V' shaped furrows. The soil is
split and pushed on both the sides to
make room for- the body. Since the
furrows are ‘v’ shaped, unploughed ridges
of land are left in between adjacent
furrows, and the land is completely stirred

In certain caseg, he--

and moved only when the plough is
worked over the land: twice or thrice. The
furrows usually would have a depth of
10cm and a width of 15 cm on the top of
the furrows. The depth and width of
furrows are more or less constant for each
plough, though the depth of penetration
can be increased a little by pressing the
implement, by increasing the angle bet-
ween the body of the plough and the
yoke, and/or by hitching the, beam under
the yoke. By reversing these adjustments
the depth of cut can be reduced.

In general, the ploughing method
with a country plough is as follows: The
ploughman takes the first furrow with the
plough about 10 m away from one side
bund and parellel to the longer sides.
After completing this furrow, he goes
through the head end, turns back, and
take a sacond furrow by the side of the
origina! side bund. Then, the ploughman
goes through the tail end, turns back and
take the third furrow adjacent to the first
furrow in the inner side, Likewise, after
ploughing about 3 m away from one side,
the plough man takes a new furrow about
8 m from the original first furrow, and
he goes on ploughing as a continuation
of the last ploughing. In this way, the
ploughing of a new piece of land before
completing the original one and con-
tinuing ploughing as a single unit is the
most common method of ploughing
prevalent with a country plough.

The mould board plough

The mould board plough (Fig. 17.2)
has been introduced to India by the end
of 19th centuary. Excepting the beam,
all the other parts are made of iron, and
hence, the plough is also known as iron
plough., A mould board " plough, in
general, is having a plough bottom, a
standard, a handle and a beam.
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Plough bottom: The plough bottom
is the most important part of a mould
board plough. This consists of four parts
viz., the body or the frog, the share, the
landside, and the mould board.

Frog or body: This part is seen in
the central portion of the plough. To this
are fixed the share, the mould board and
the land side.

Share: The share Is that part of the
plough which actually cuts- the soil.
Since this is the cutting portion, itis
subjected to heavy wear and tear. The

share penetrates the soil, cuts the soil
in a horizontal direction, and separates the

-~
Pt
v

P

17.2 The mould board plough
(Diagramatic)

Fig.

furrow slice from the ground. This sepa-
rated furrow slice is transferred through
the side of the landside to the mould
board. The share has four parts: the
share point, the wing of share, the throat
or cutting edge, and-the gunnel.

Shares can be of different types and
shapes, based on the nature of soil and
the purpose for which it is used. Slip
share is the most commonly used one.
Prominent among others are slip nose,
shin, and bar share.

Mould board: The'mould board is
also known as breast or wing. This is
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‘with the plough bottom.

fitted in the plough bottom immediately
before the share. Mould board is usually
fitted on the right side of the plough. It
receives the furrow slice from the share,
lifts, breaks, and inverts, it. The mould
board is provided with a curvature for this
purpose. As in the case of share, there
are different types of mould boards also,
for various purposes. The general purpose
mould board is the most commonly used
one which slowly inverts and -pulverizes
the _soil. " Other types include stubble
mould board, sod mould board, and slat
mould Iboard.

Land side: Land side or slade is the
part which stabilizes the plough. This
part of the plough bottom slides against
furrow wall and counteracts the turning
movement of the plough. The portion of
the land side which always slide with the
furrow behind is called the heel of the
land side.

Beam: This part of the plough con-
nects the power source to the plough
bottom,

Standard: This connects the beam
Its main pur-
pose is to adjust the height of the beam
according to the height of the animals.

Handle: Handle is provided to con-
trol the plough. It is fitted-on the land
Side.

Plough accessories:

[n addition to the parts described
above, some ploughs may be having
certain additional parts for specific pur-
poses.

Jointer: It is a miniature plough
located in front of the plough bottom and
closer to the gunnel side. It turns over a
small strip of furrow slice in front of the
plough..



Caoufter: Coulter is a device very
commonly used in ploughs to cut the
furrow slice vertically from the land ahead
of the share. it helps the plough to
move easily. The coulter may be either
aknife (skim coulter) or a steel disc (disc
coulter) which is free to rotate.

Bridle: This is fitted in front of
the beam. The yoke and the plough are
jointed by means of arope or chain tied
on the bridle. Bridle is useful to adjust
the depth and width of the furrow.

Whee/: The wheel is suspended
from the beam and partly supports the
weight of the plough, and maintainsa
uniform depth of cut,

Adjustinents of mould board plough for
proper functioning

In a mould board plough, the share is
designed to penetrate the soil by soma sort
of adjustments. These adjustments would
be provided while manufacturing the
plough, Two suctions, viz., the horizontal

suction and the vertical suction are impor—

tant.

Vertical suction (share pitch) When
the mould board plough is resting on
a horizontal plane, a vertical clearance
could be seen between the plough
and the plane starting from the share point
to the heel of the land side. The clearance
is maximum at the point where share and
land side unite (3mm to5 mm). This
clearance is formed due to the slight down
ward bending of the share. The vertical
clearance or the share pitch helps the share
to penetrate the soil in the required depth.

Horizontal suction (lead-to-land)
Horizontal suction is, the maximum hori-
zontal clearance between the land side
and a vertical plane touching the heel of
landside and the point of share at its

gunnel side when the plough restsona
horizontal plane. This usually varies from
3 mm to8 mm. This clearance is formed
due to the slight bending of the share to
one side. Horizontal suction helps to
maintain a uniform width of cut, and also
to pullin to the unploughed land. Hence
the suction is also known as "lead-to-land’

There is one more term worth mentio-
ning in this connection—the size of pfough
The perpendicular distance between the
wing of share and a line connecting the
point of share to the heel of land side at
the gunnel side isthe size of plough. 1t
is also called the furrow width or width
of cut, since it determines the width of
cut of a particular plough.

Nosing

When the share point is subjected to
heavy wear and tear due to continuous
ploughing the suctions as described above
may not be effective to have a good pene-
tration or a uniform width of cut. Insuch
cases, the plough man lifts the plough a
little at the hind portion and makes the
share point to penetrate the soil. This is
known as nosing.

Ploughing methods with mould board
ploughs

Generally, two methods of ploughing—
gathering and splitting—are followed with
the use of a mould board plough. Before
starting the ploughing operations, the field
is first divided into convenient small plots.
The division of fields into convenient
small plots is knownas feering. After
feering. gathering or splitting is done:
In gathering, a plough furrow is taken
first in the middle of the - field. Then
the plough man turns back the plough to
the side of mould board, and takes the
second furow adjacent to the first furrow.
After completing this, the plough is again
turned back to the mould board side, and
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third furrow is taken in tha other side in
first furrow. Likewise ploughing is-con-
t!nued. This method of ploughing which
starts from thg centre, and subsequently
ploughing around the first furrow is known
as gathering. When ploughing is over,
there will be a slightly raised ridge in the
centre. This ridge is known as back
furrow.

in splitting, ploughing starts from
sides. After ploughing the full length of
a side, the plough is turned'to the opposite
side of the mould board, continued ploug-
hing through the sides, and end upin the
‘centre. After the completion of plough-
ing in this method, there will be a furrow
in double the size of aplough furrow in
the centre. This is known as dead furrow.

"Bose plough
i Bose plough (Fig.17.3) can be con-
sidered as the modified version of a coun-
itry plough, suited for our conditions.
-However, it inverts and pulverizes the soit
‘just like a mould board plough. Here, the
imould board and share are'in one piece of
‘metal. Excepting this mould board cum
share, all the other parts of the plough arg
made of wood.

Fig. 17.3_ Bose plough
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Bose plough has become much pop-
ular among Kerala farmers. I[tis rapidly
replacing the old model country plough.
The plough can go as deep as 10cmin
dry lands and 12.5 cmin wet lands. The
width of cut is about 15 cm. It may take
about 27-30 hours to plough an areaof
one hectare. The ploughing method ado-
pted is similar to that of a country plough.
Dige plough

In a disc plough. instead of mould
board and share, the plough bottom con-
sists of one or more steel concave discs
with their plane of cutting edge set at an
angle with the direction of travel. The
discs are mounted on a frame. The discs
cutthe soil, break it, and push it side
ways.

Here, the plough bottom is a rolling
one instead of a sliding one. The princi-
ple is that the rolling friction is lesser than
the sliding friction. Penetration of soil is
effected mainly due to the wsight of the
plough and the angle of the disc. Animal
drawn ploughs usually weigh about 30 kg
and tractor drawn ploughs about 150-
250 kg per disc (Fig. 17.4). Disc ploughs
are espacially suited in hard, dry soils

whete mould board ploughs may not
penetrate.
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Eig. 17.4 Tractor drawn disc plough



17°5.2. Culiivators

Cultivators perform functions inter-
mediate between those of ploughs and
harrows. While preparing a seed bed, the
ploughs are first used as a primary tillage
implement. The plough cuts the furrow,

- and the mould board inverts'it, Cuitivators
are then used principally to pulverize the
soil, and to comb out the weeds Cultiv-
ators are used mainly to break down the
furrow slice so that the harrow can work,
and further refine the .soil. Baesides,
cultivators are also used widely for inter-
culture operations in between rows,

A cultivator is operated by the action
of a number of tynes which break up the
soil, but perform no inversion. When the
tynes are drawn through the soil, the larger
clods of soil are shattered on contact;
while some of the smaller clods are pus-
hed aside. The cultivator has a shattering
and stirring effect on the soil.

The major parts of a cultivator are
shovel, tynes, main frame and cross bars.
Many of the cultivators in useare tractor
drawn implements with 9-13 tynes fitted
in two rows.

|

Cultivators are usually classified into
three types by the design of their tynes;
the rigid tyne, the spring loaded tyne and
the spring tyne cultivator. The rigid tyne
cultivator consists of a number of vertical
rigid tines clamped firmly to the frame.
Rigid tyne cultivators are used for general
cultivation to a depth of 10-60cm. Ina
spring loaded cultivator, the tynes are held
in a position by strong springs, and if they
meet an obstruction, they can spring back
out of the way, When the obstruction Is
cleared, the springs return the tynes to
their position. So spring loaded culti-
vators are more suitable in gravelly or
stony soils Most of the tractors are
titted with spring loaded implement; usual

.rotovator. There

depth of cut is 22.5¢m to '30cm.  Yet
another type isthe spring tyne cultivator,
wherein the tynes are made of spring stesl.
As the tyne are drawn through, they vibrate
the soil, shattering the clods better than
rigid tynes. However, these are suitabla
for light work only.

17:5.3 Rotary cultivators

Rotary cultivators are now widaly
used as an alternative to ploughing. Itis
capable of producing a seed bed in a
fewsr operations than ploughing. They
produce the combined effect of ploughing
and cultivating. Rotary cultivators can be
either pedestrain-operated “or tractor
mounted. The working of a pedestrain-
operated, rotary cultivator Is described
below.

The implement essentially consists of
a rotating shaft—the rotort—on which are
bolted a series of 14-20 ‘L’ shaped blades,
which can be changed when worn. The
shaft and the tynes together is called the
is a shield around the
rotor which controls the type of tilth pro-
duced, and protects the operator from flying
stones and clods. The blades rotate In
the direction of forward travel, and cut out
slices which are pulverized against the
shield and by other blades. It may loosen
soil upto 15-20cm. The depth of cutis
controlled by an adjustable skid which
enters the soil and prevents the rotovator
going too deap.

17:5.4 Harrows

Harrows are also secondary tillage
implements and normally follow the culti-
vators in sequence forseed bed prepara-
tion. The harrow supplements the work of
a plough and a cultivator for preparing the
seed bed for crops, and for covering the
seeds after sowing. Harrowing, after plo-

ughing and cultivating, provides & proper -
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tilth of soil. The uses of harrows can b2
summarised as; to break the clods in a
ploughed soil, to remove weeds, to stirr
the top soil, to level the field, to cover the
seeds after sowing, and to mix the ferti-
llizers with the soil. °

I' Harrows widely differ in size and
shape. The blade, the toothed, and the
disc types are the most common forms,
However, harrows are not popular in
Kerala. A few important forms are descri-
bed below.

.;Spike tooth harrow

| This type of harrows are seen in
certain parts of Kerala, especially in
'Quilon region. There, it is called “Palii'.
This is mainly used for seed bed prepar-
ation of paddy. On a wooden frame, about
30-35 wooden spikes are fitted. The beam
is fixed at the centre of the frame. The
harrow is drawn by yoking to a pair of
-:bullocks. The depth of penetration varies
'from 5-7.5cm.

!Blade harrows (Bakhar, Guntaka)

They are popular in North Indian
‘States. Blade harrows are generally used
:in clayey soils. It consists of a blade like
cutting edge which is fixed horizontally.
!’It brings about pulverization of about 5-8
cmof top soil. Certain types are used for
the harvesting of groundnut also. Tractor-
‘drawn blade harrows are also available.

'"Disc harrows

i Disc harrows can be conveniently
lused as an alternative to
when the surface trash is more. They
consist of a series of concave saucer
shaped discs mounted on ashaft. All the
discs mounted on a shaft are together
"called a gang. Two or four gangs witl be
mounted on aframe as & set. In animal
‘drawn harrows the number and size of
‘discs will be less, Tractor drawn harrows
.are usually with four or two gangs.
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cultivators,

The discs are positioned equally alo-ng
each shaft by spacers, and an adjusting
mechanism enables each shaft angled in
relation to the direction of travel. As the
discs rotate, they cut into the soil. The
discs throw a small furrow. In order to
kesp the land level, the rear discs return
the soil thrown out by the front discs.
The depth of cut can be increased by
adding weights on the frame.

In certain disc harrows, the discs may
be having notches. These type of notched
disc harrows are more suitable in grassy
situations.

Based on the number of gangs
and their settings on the frame, disc
harrows can be single action double
action or offset. In single action
types two. gangs are placed end to
end. Both gangs throw soil either towards
the centre or away from the centre, based
on the fixing of discs on the frame. In the
double action types, there are four
gangs. The discson the two gangs placed
inthe front would be in one direction,
and the discs on the two gangs placed
behind, in the opposite direction. As a
result, itthrows soil in both directions. In
the offset type (Fig. 17.5), there are only
two gangs placed one behind the other.
Similar to double action types, offset

harrows also throw soil in both directions.

Fig. 17.5 Tractor drawn disc harrow .



17:5.5 Hoes

Hoe s an instrument used for scraping
or digging up weeds and loosening the
earth. Though many of the hoes available

are  designed for removal of weeds
only, many multi-purpose designs are
also available. In general, hoe in its

various forms can be used for preparing
seed beds, forming ridges, bunds, water
courses, and channels. Certain forms are
also useful for harvesting crops such as
ginger, turmeric, 'potato, groundnut etc.
Many of the hoes available aré hand
operated .

We may sse here a few important
hees (Fig 17.6) used by farmers.

Fig. 17.6 A sslection of hoes
1. Mammatty 2. Thoomba 3. Digging fork
4. Spade 5. Garden rake

Thoomba (Pick): This implement is
a multi-purpose one used almost all over
Kerala. The Thoombs is a two handed
hoe. and consists of a wooden handle of
varying lengths to which a flat iron blade
is attached at nearly right angles. The
size of the handles as well as the size and
shape of blades show considerable varia-
tions. For heavy digging, the blades are
longer and narrower with thicker sections.
The operator lifts the implement with both

hands and by the application of force the
cutting edge penetrates into the soil.

) In Kerala, the Thoomba is mainly
used for digging purposes in dry and
garden lands, where ploughs cannot be
worked. It can also be used for making
bunds, furrows, ridges etc. Basides, it is
also suitable for hoeing purposes.
Thoomba can also be used for harvesting

purposes such as ginger and turmerlc,

Mammatty: The Mammattyjused in
Kerala is also a two handed hoe very similar
to Thoomba. However, the width of blade
is more and length less. The length of
wooden handle is also less. Mammatty
is used to work the soil for seed bed
preparation after the TAoomba is used. It
is also suitable for intercultivation and
weeding in dry and garden land crops,
The implement can also be used for
removing soil just like a spade.

Spade: The spade is maily used for
removing soil. It can also be used for
digging and trenching. Spade handles
are made out of light, but strong wood
and the end may be ‘D’ or ‘T' shaped.
The ‘D’ shaped handles are commonly
available. The blade is connected strai-
ghtly to the handle unlike the Mammatty
wherein the blade is connected at right
angles to the handle.

Digging fork: Digging forks are
usually used for digging over the soll
already turned by the spade, Thoomba, or
Mammatty. They normally have four
prongs which vary in size and shape.

Hand hoe (Khurpi): This implement -
is a small one with a sharp edged triangular
or sickle shaped blade fitted on a wooden
handle, operated in a sitting position.
Several size and shapes are available. It
is pushed into the soil to dig the roots
of weeds.

Japanese hoe: This hoe is designed
to use in row sown paddy crop. It con-
sists of two rollers with pointed fingers
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| }
and are pushed in between the rows of
paddy when water is standing in the field.
Thls weedar buries the weeds in the mud.

Garden rake: Garden ‘rakes are nor-
mally used for gathering stones, weeds
and hedge clippings in a garden. They
usually have 10 rigid teeth with a long
handle

17 5.6. Seed sowing devices

:  Seeds are sown either by broad-
casting, dibbling or by drilling. Sowing
seeds by drilling is prevalent in many
parts of India for several crops such as
paddy, cotton, jowar, groundnut etc., and
the devices used for drilling seeds ara
!(nown as seed drills. Seed drills are
popular in many parts of India. However,
'the devise is not popular in Kerala. These
‘are generally operated by attaching to
country ploughs.

1 A seed drill, insimple design, con-
sists of a vertical tubs with a seed bowl,
;.-a"d is fitted with a shoe piece and a
wearing point at the lower end. This
‘arrangement is tied by a thin rope, and is
"dragged behind the country plough. The
‘country plough is adapted to line sowing
by attaching the seeding tube directly to
sthe' body of the plough, or to a hole
driiled in the shoe piece of the plough.

Seed drills designed for sowing more
|than one row simultaneously are also
.available. The most widely used type is
,.baswa]ly a bullock drawn hoe or harrow
ihavmg two to twelve tynes, each carrying

a seed tube -attached to a common seed
ibow].
! Nowadays, a large number of impro-
ived seed drills, both automatic and hand
|operated, are available. Among the
'automatic seed drills, the Mc~Cosmic seed
drill, the Master seed drill, the Gunti seed
| drill and the Kirloskar seed drill are a few
'to mention. A Ipw cost hand pulled paddy

126

seeder designed for row seeding on pudd-
led soils developed at the International
Rice Research Institute, Philippines, is
ideally suited for small farm holders.

Nowadays, seed cum fertilizer drills
are also available. Howaver, these types
are not popular in India.

Transplanting devises are also .be-
coming popular, Paddy transplanters
developed by the I[nternational Rice
Research Institute are examples.

17:5.7. Special purpose implements
Leveller

Levellers are of different types and
shapes. They are used for levelling. The
leveller commonly used in Kerala is
Gnavari or Maram.

Gnavari is used in many parts of
Karala for levelling in wet lands. This
implement is used before wet sowing or
transplanting of paddy. All parts are
made of wood. Its main part is a plank

‘of about 1.5 m length, 37.5 cm height,

and 5¢m thickness. The lower edge of
the plank which touches the soil is
serrated. The implement is connected to
the yoke with the help of two iron rings
and fastened with ropes. It is operated
by a person who keeps standing on the
fiat surface of the leveller. ~He-buffaloes
are commonly used instead of bullocks on
a Gnavari.

Clod critsher

Clod crushers are used to break the
clods after ploughing or harrowing.
According to the soil types, different types
of clod crushers are there. In heavy soils,
a hand operated, mallet shaped log is .
used. In Onattukkara light soiis, &
planker is prevalent for this purpose. |t
consists of a plank of about 1.5 m length,
and 10cm width and 7.5cm thick-
ness. |t has got a beam too. The beam



is connected to the yoke, and when the
implement is dragged by the animals, the
man stands on the plank and the clods get
crushed. It also helps to compact and
level the top soil.

Roller )

Rollers are used widely in dry farming
areas to compact the seed bed. In lawn
making also rollers are used. It ctushes
clods and smoothens the surface soil.
Wood, stone, or concrete are used for its
construction. Animel drawn and tractor
drawn rollers are available. Small. sized
rollers which can be drawn by human
beings are also in usa.

Wet land puddier

This implement is used to puddle
the wet lands after the initial ploughings.
It essentizlly consists of a number of
blades fitted on a common axis. The axis
rotates when drawn by the animals. This
action breaks the clods and mix the soil

with water and the field get puddled.

Puddling destroys weeds, reduces the
leaching of water, and soften the soil for
transplanting.
Green manure (rampler

Green manuring is a common practice
adopted by farmers to enrich the organic
matter content of soil and to provide
plant nutrients. To have proper decom-
- position of green manures, it has to be
mixed with soil thoroughly. Tramplers
are used to facilitate this. it consists of
four to five circular discs of about 25 cm
diameter attached to a horizontal axis.
After spreading the green manures on the
surface, the implement is drawn over it.
As it moves, the discs are rotated, and
they cut and incorporate the manure with
soil.
Bund former

Bund former can be used to make
separating bunds in & field, to make ridges

for planting. and for making bunds along
the contour as a soil conservation measure.
The main part of the implement is a pair
of mould boards fitted face to face. When
the implement is pulled, soil from both
sides are pushed towards the centre of the
mould boards and a bund or ridge is
formed. )
Basin lister

Basin lister is mainly used for soij
and water conservation purpose, especially
in dry land farming areas. Rainfall iscolle-
cted in small basins formed by the basin
lister. 1t consists of two mould boards and
a tyne attached to that. Due to a mecha-
nism fitted behind the implement, it is lifted
intermittantly, so that alternate basins and
bunds are formed.

17:6 Tractors and tractor drawn
implements

Mechanical power is increasingly used
in modern agriculture. Mechanically po-
wered implements are now available for
almost all the agricultural operations such
as land preparation, sowing, transplanting,
interculture, weeding, irrigation, harvest-
ing and post-harvest operations. How-
ever, unlike Western countries, these
implements are not so popular among
Indian farmers due to various reasons.
Since agriculture has almost transformed
to a business rather than simply a way of
life, labour saving and money saving
machines should be welcomed and accept—
ed. Tractors and power tillers have become
a common sight in Kerala. These are not
only used for usual agricultural operations
but also for transportation of farm produ-
ces. The demand and use of these machines
are also rising. S0, an attempt has been
mads here to have a general discussion on
tractors and tractor drawn implements.
17:6.1 Tractors

Tractors can be defined as machines
capable of pulling, carrying or operating
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a variety of agricultural implements and
machines. A tractor isa ‘prime mover’.
!The farmer, according to his requirement,
‘attaches different types of implements to
this and carry out various agricultural
operations. Since more power is genera-
fed ina tractor, it can do more jobs,
which cannot be done by using bullock
power. The tractor is actually a modifi-
Lation of a motor car to perform agricul-
tural operations. However, its wheels
'are bigger, speed slower, and is more
sturdy, so that it can work in rough fields.
Arrangements will also be there to attach
difterent implements to it, and also for
[running stationery machines by using the
ipower take off.

| Tractors are divided into two broad
classes, viz., ride-on tractors (tractors on
'which the operator rides) and pedestrian-
iOperated tractors (the operator walks
Jbehind or beside and controls the work).

Ride-on tractors

Ride-on tractors may be with four
wheels or three wheels.
.of the agricultural tractors are four wheeled
Iones with an average horse power (HP)
iof 30-35. Ride-on tractors with 15-60
HP are usually classified as large tractors,
'and those with 5-15 HP are known as
Ismall tractors. The tractors are fitted
iwith pneumatic tyres. They can be used
Ifor ploughing, cultivating, harrowing,
.sowing, harvesting, transporting and for
ibelt work. They can also be used for
!in:ercultivation inrow crops by making
iuse of an arrangement by which the width
_ibetween the wheel can be changed. By
jattaching trailors, tractors can also be
.used for transporting manures, fertilizers,
iseeds and other farm produces. Belt
yworks such as lifting water, hulling coffee
1etc. canalso be done.
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However, most

fn certain situations, ride-on tractors
may be fitted with tracks instead of wheels,
which provide better traction and exert
lower ground pressure. This tractors ate
known as craw/er tractors or track layers.
These are suitable for relatively high draft,
and for low speed work. Track layers
are useful on uneven ground or on soit
marshy land, where the wheels would not
work. The HP ranges from 60-500. They
are employed for reclaiming large pieces
of barren land, for levelling the land, for
Preparing barriers or bunds, and for drain-
ing away excess water,

Pedestrian-operated tractors

Pedestrian-opsrated tractors are pop-
ularly known as ‘power tillers’. A power
tiller is also a small tractor but with two
wheels or one axle. Power tillers are
generally made as single purpose units
with equipment such as rotary cultivators
permanently fitted. The handle bars on
pedestrian controlled machines are usually
adjustable in height to suit different op-
erators. They may also be movable to
either side so that the operator can walk
to one side when it is undesirable or
uncomfortable- for him to walk behind
the machine.

Power tillers can also be fitted with
seats mounted on an extra pair of wheels
or rollers, so that the operator can ride.
A trailer can also be attached so that farm
produces can be transported. Power tillers
are useful instruments under Indian con-
ditions, and can be used .for several
operations such as ploughing, harrowing,
puddling, transporting, pumping water,
spraying insecticides, hulling coffee etc.

When :the four wheeled ride-on
tractors, or the two wheeled powver tillers
are used inwetlands, cage wheels have to
be used instead of pneumatic tyres. Cage



wheels are otherwise known as skelton
wheels. These wheels help the tractor to
distribute its weight, and do not allow it
tosink. Cage wheels are also useful in
puddling.

17:6.2 Tractor drawn tillage imple-
ments

Tractor-drawn implements generally
fall into two broad categories. One group
of implements is for tillage operations
such as ploughs, cultivators, harrows,
sced drills, combines, harvesters etc. The
second group is stationery equipments
such as pumps, stationary threshers,
winnowers, hullersetc. In addition, tra-
ctor can also be used for transporting
manures and fertilizers, farm produces
etc., by attaching a trailor to it.

Ploughs; Mould beard ploughs and
disc ploughs are used in tractors. They
cut two to five furrows at a time depending
on the number of bodies composing the
plough. The correct speed of the tractor
is important for good ploughing. Tha
best speed is around 2.4 km/hr depending
upon soil and other field conditions.

Cultivators and harrows: Cultivators
are used for heavy work, and harrows for
lighter operations. Spring loaded culti-
vators with 9-11 tynes are most oftenly
seen in tractors. These 1types are quite
often used for primary tillage operations
also, especially in light soils, The average
out put of 2 2.6 m wide cultivators with
11 tynes is about G.6 ha/hr.

Among the harrows, disc harrows—
both double action and offset types —with
or without notches are commonly used in
tractors,

Rotary cultivators: Rotary culti-
vators can be used as an alternative to
ploughing and cultivating. It can either
be mounted on ride-on tractors oron
pedestrian operated tractors.

Rolfers. Many of the bigger rollers
are tractor drawn.

Seed drills: Seed drills are drawn
by wheel orcrawler type of tractors. They
can sow upto about 12 ha in a day
depending on soil conditions.

Planters. Sugarcane planters, potato
planters, and paddy transplanters are
examples.

17:7 Newer concepts in tillage

Before concluding this chapter, we
may also see some new thinking on tiliage.

In the conventional system of tillage
commonly followed all over the world,
the general practice is to have a fine
seed bed by ploughing a number of times.
Clean cultivation is also followed tradi-
tionally. This practice of giving maximum
tillage operations was deveioped mainly
bacause of the fact that the cost of up-
keep of draft animals was practically the
same whether they were working in the
field or were stalled. Farm labour was
also cheap. However, after the commer-
cialization of agriculture, these concepts
are being questioned. The cost of tillage
operations had become a substantial part
of the overall production cost. It indicates
that a little change in the number and
depth of tillage operations could make
considerable saving. Sincethe beginning
of the present century, many experiments
have been conducted on the effacts of
tillage on crop production. Results indi-
cated that numerous tillage operations as
were done in the past was not necessary.
Such findings paved the way for many
new concepts in tillage such as stubbls
mulch farming, minimum tillage, and no
tillage.

Stubble mulch farming

In the traditional concept of clean cul-
tivation, the farmer frequently undertakes
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.intercultivation operations and completely
bury the weeds and crop residues. How-
.ever, in stubble mulch farming, the soil is
'protected atall times by a growing crop
or by crop residues. It was observed
ithat the rates of erosion of a mulched
surface were about 1/6th only of those
iresultingfrom clean tillage. The stubble
,mulches also improved penetration of
water and infiltration besides reducing
‘evaporation. This system of farming has
been found to be most effcctive and bene-
"ficial in regions and seasons of low rain-
| fall.

Minimum tillage

Minimum tillage can be defined as a
method aimed atreducing tillage to the
minimum necessary for ensuring a good
seed bed and favourable growing condi-
tions. Several minimum tillage methods
have been developed and is practised.
Wheel track planting, plough plant system,
combined tlllage and planting etc. are
examples.

In wheel track planting method, the
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field is ploughed initially as usual, but
instead of using the conventional methods
of seed bed preparation, the seeds are
planted in the area compacted by the
wheels of the tractor. The soil betwesn
the rows ramain rough and loose, and
therefore, able to absorb moisture and to
reduce run off. This method is found to
save about 40 percent of tillage cost.

Zero-tillage or no-tillage

In the no-tillage system, tillage oper—
ations are reduced to the barest minimum
or practically nil. The system usually
consists of killing of weeds and other
undesirable vegetation over the area with
herbicides, and planting seads like maize
by removing soil plugs with a soil
sampling tube. The seeds are dropped
in the holes, and filled the holes with soil.
No aftercultivation is given except spray-
ing herbicides and perhaps othar plant
protection chemicals. [n many experi-
ments with these systems, yields were
comparable with the conventional met-
hods.



18.

18:1 Introduction

The control of weeds is of great concern
to farmers. Weeds have been a serious
problem in crop production, and they

cause considerable difficulties to the
farmers by way of interfering with agri-
cultural operations and increasing labout,

thereby adding to the costof cultivation,
and finally reducing the vyield of crops.
Weeds compete with the crop for soil,
water, nutrients, light and space. Woeeds
have also been reported to create health
hazards both to animals and human beings.
They are also athreat in lakes, rivers and
other water ways and aquatic systems;
forests, ornamental gardens and lawns; and
non croppedsituations like industrial areas,
roadsides, railway tracks, airfields, premises
of buildings etc. Thus, it may be seen
that the problem of weeds is not limited
to cropped situations alone, but to other
human activities as well.

18:2 What is a wead?

A weed is a plant where it is not desired
to grow, or in simpla terms, a plant out
ot place. Whether we consider a parti-
cular plant to be a weed is dependant on
its characteristics and relative position
with reference to other plants which we
are growing. Thus, a crop plant in the
field of another crop,where itis not wanted,
is a weed. For instance. a sesame plant
in the field of ginger is a weed with
respect to ginger and have to be removed.
However, when we refer to weeds, usually
we mean undesirable,injurious andtrouble-
some plants which interfere with cultivated
crops and affect human atfairs.

Weeds and weed ecology—an introduction

Weeds, insects., nematodes, rodents,
disease causing pathogens, and all other
organisms causing damage to crops are
collectively known as pests. However,
an estimate shows that 1osses due to weeds
are greater compared to other pests. About
45 percent of total crop losses in India
are reported to be due to weeds alone,
This shows the importance of weeds and
weed management in crop production.
The study of weeds and weed manage-
ment—the weed science—has thus deve—
toped as a distinct and significant branch
of agronomy. It has made considerabls
progress during the Jast few decades,
assuming almost an independant status
and Iimportance similar to other pest
sciences like entomolagy. plant pathology
etc.

18:3 Characteristics of weeds

Weeds have certain characteristics in
common compared to crop plants. Thay
grow in an undesired location competitive
in habit, and aggressive in nature. Weed
seeds germinate earlier and their seedlings
grow faster compared to crop plants.
Besides, they have got high fecundity.
They flower and form seeds in plenty and
mature ahead of the crop they infest.
Mother nature has bestowed these quali-
ties on weeds so that their seeds are
collected along with the produce of the
crop at harvest and get distributed along
with the produce of the crop to other
places where the produce may bs taken.
Some weed seeds are provided with hairy
or spiny appendages, and thus, they are
carried to long distances by man and
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animals, eg: The seeds of Abutilon
indfcum and many grassss stick to clothas

and animal bodies and are carried to
distant places.
Weed seeds may germinate under

varied condittons. However, they are
generally season bound and the peak
period of germination always takes place
in certain seasons in regular succession.
The possession of seed dormancy which
resists germination isanothercharacteristic
enjoyed by most weed sgeds. Weed seeds,
in general, do not lose their viability even
under adverse conditions.

A number of weeds can spread vegeta-
tively, even if they are prevented from
producing seeds. The tubers of nutgrass
(Cyperus rotundusyand runners of bermuda
grass (Cynodon dactylon) produce new
plants, in addition to plants from seeds.
Similarly, many perennial weeds are able
to regenerata lost parts.

Another important characteristic of
weeds is the possession of certain modi-
fied structures. These enable them to
successfully compete with cultivated crops
by sustaining adverse circumstances.
Sticky materials, pubescence, spines,
thorns, and other such devices protect the
weeds from destruction by animal and
human beings.

18:4 Origin and distribution of weeds

Weeds have been a problem eversince
man started to cultivate crops. The majority
of present day weeds are the products of
the ‘survival of the fittest’. Woeeds as a
class represent the most successful form,
that have evolved simuitaneous with the
destruction or disruption of the indigenous
vegetation and its habitants. The Darwin-
ian concept of tha struggle for existence
is well applicable in the case of origin of
weeds,
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It is often observed that weeds, when
form part of the introduced flora, are more
aggressive and troublesome than when
they form part of the native flora, eg.,
Eupatorium, 'African payal’ etc. it
appears that a sizeable proportion of the
weeds exist in their present form today,
as a result of their use by man sometimes
during the past ages. In most cases, they
were originally members of the native
vegetation. However, with removal from
this environment, and to some extent, their
selection and dispersal into man created
habitats, certain types among this popula-
tion persisted and thrived under the new
condition. The disturbed habitats with jts
peculiarities resulted in more aggressive
and successful form of plants-——in most
cases, weeds.

As we have seen earlier, weeds are
now a problem in cultivated fields, waste
places, roadsides, lakes, rivers— everywkere
and his struggle to control and eradicate
weeds will continue In pace with the
struggle for existence of the weeds,

18.5 Harmful effects of weeds

The harmful effects
summarised below.

of weeds are

Weeds reduce crop yield.

Weeds compets with crops for moisture,
nutrients, soil, space and light. Being
vigorous in growth habit, they may soon
smother the crops andconsume large
amounts of water and nutrients, thus
causing heavy lossass in crop yields.

Weeds increase cost of culitivation

For removing weeds, weg have to
engage labourers or use herbicides. This
operation consumes considerabie amount
of money, which ultimately increases the
cost of cultivation and thereby reduces the
net returns.



Weeds limit the selection of crops.

Some crops may not compete effect—
ively against heavy weed growth. So we
have to avoid selacting such crops in places
where heavy weed growth is expected.
Similarly,, some weeds are specitic
parasites of certain crops.

Weeds reduce human efficiency.

Weeds affect human efficiency mainly
by causing allergy and poisoning. Weeds
such as Partheriium cause itching, hay
fever, and allergies, The presence of
spiny and thorny weeds like Amaranthus
spinosus, Mimacsa pudica etc. may restrict
movement of farm workers in carrying out
farm operations efiiciently.

Weeds reduce the land value.

Heavy infestation by perennial weeds
may make the land unsuitable or less
suitable for cultivation resulting in loss in
its market value.

Weeds reduce the quality of farm produces,

The quality of vegetables, especially
leaf vegetables, may sufier on accounts of
weeds. Presence of weeds and weed
seeds in grains and other farm produces
may impair the quality of the produce
which result in low price in the markst.
This can also cause spoilage in storage.
Similarly, weeds may also reduce the
quality of animal products such as milk,
hyde etc. Presence of spiny weeds may
reduce the quality of hyde. Likewise,
feeding on certain weeds may impart an
off flovour or distaste to milk and meat
products.

Weeds harbour insects and diseases.

Weeds may either give shelter to vari-
ous insects and disease pathogens or sarve
as alternate hosts and thus help in perpe-
tuating the problem of insects and diseases.

Weeds contaminate water bhodies.

The presence of African payal (Sa/vi-
nia sp.) Water hyacinth (£ichornia sp.)
etc. in rivers and back-waters create severe
problems. Water transport, drinking water
atc. are affected. It may also create certain
health problems.

Weeds create dif ficulties in water
management,

Weeds create problems in irrigation
and drainage systems also. Channelsare
choked. and water carries weed seeds to
different fields where irrigation wvater is
taken. Besides, aquatic weeds are well
known to create problems in irrigation
tanks, ponds etc.

Allelopathic effects of
plants.

The harmful effects of weeds include
its alielopathic effects too. The pheno-
menon of one plant having detrimental
effect on another through the production
of certain chemical compounds is known
as allelapathy. These compounds are
proved to bed toxic to plants. These are
known to inhibit seed germination of crop
plants The growth of plants is also aife-
cted due to the influence of these chemi-
cals. These materials may be exudates
from the roots, leachings from the foliagse
or even vapour from the piants, There are
many reports of allelopathic effects of
weeds on other plants. Thatch grass
(/mperata cylindrica) and quack grass
(Agropyron repens) are good examples of
weeds which cause alielopathic effects on
other plants.

18:6. Uses of weeds

Weeds. though notorious for their ha-
rmful effects, possess certain beneficial
attributes as well. However, in most sit-
uations the harmful effects mask the good
effects. The beneficial eifects are briefly
mentioned below.

weeds on crop
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Weeds as a source of maiure

Many weeds are axcallant green man-
ure yielding plants. eq: Tephrosea purpu-
rea, Eupatorium odoratum etc. Weeds as
green leaf manure or when ploughed in
situ add nutrients to the soil and increase
organic matter content of thesoil. For
compost making also weeds are good.
Composting is particularly effective to
reduce the threat of certain problematic
weeds like water hyacinth. Methods have
been developed to make thess weeds into
compost. Several terrestrial weeds like
Tsphrosea, Fupatorium, Clerodendron
etc. are also used for compost meking.

Weeds as soil binding agents

Weeds are well known to check ero-
sion in areas which are not under cultiv-
ation. They act as soil binding agents.

Weeds as food for human beings

Some of the weed seeds are good for
human consumption. For instance, the
grains of jungle rice(Echinochloa colonum)
is sometimes eaten by human beings. Some
weeds aro good green vegetables. eg.,
Amaranthus viridis.

M’ eeds as forage for animals
Many weeds are eaten by cattle and
form gocd forage.

Weeds as medicinal plants

A good number of weeds have medi-
cinal properties and are also used for cer-
tain aromatic preparations. eg. Sida rhom-
bifolia, Leucas aspera, Phyllanthus nir-
urii ete.

Weeds as indicators of soil conditions

Several weeds are used as indicator
plants for detecting specific soil condi-
tions like salinity. acidity and alkalinity,
eg., zlkali grass (Puccinallia spp.)—alka-
linity; salt grass (Distichlis strica)—sali-
nity.
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Weeds as waste water cleaning agents
Some aquatic weeds ara found to

scavenge inorganic and some organic
compounds from wastes The weeds
absorb and incorporate the dissolved

materials into their structure. Effluents
renovated by the plantsis stripped of its
pollutants and when released into water
ways, cause less environmental damage.
eq: water hyacinth (Eichurnia crassipes),
duck waed (Lemna spp. etc.

Weeds for making paper and pulp

Several problematin weeds can bs
effectively utilized this way. eg: water
hyacinth.

Use af weeds in plant breeding

Certain weeds are utilized in - he plant
improvement works especially for impar-
ting certain qualities like pest and
disease resistance, drought rasistance etc.
Wild relatives of crop plants are usually
employed in hybridisation programmes.

18:7. Classification of weeds

For the study of weeds and to suggest
suitable methods of weed control, a gro-
uping of weeds is essential. Weeds are
usually classified into different groups
based on certain ¢haracteristics in common
like life cycle. growth habits, growth sea-
son. habitat, mode of reproduction etc.
Important systems of classification of
weeds are given below.

18:7.1. Classification based on life
cycle

This classification is the important
one and most widely used. According to
this systam, weeds are grouped into three
principal groups, viz., annuals, biennials,

and perennials.

Annuals: Annuals complete their life
cycle in a year or in a season. After pro-
ducing the seeds they die. Most common



field weeds are annuals and due to their
abundance of seed and fast growth, they
are very persistent. eg: Amaranthusviridis,
Emalia sonchifolia etc.

Biennfals: Biennials have a life
span of two years or two seasons. |n the
firct year or season, the plants grow vege-
tatively and store food in the underg-
round portions, and in the second year or
seasgr, reproductive phase starts, seeds
are produced, and the plants die. Only
afew weeds falin this group. Wild
carrot and wild parsnip are examples.

Perennials: Perennials live for more
than two vyears and socmetimes persist
for many years. ltis divided into two
groups based on the hardiness of ihe
stem, viz., herbacuous perennials and
woody perennials,

Herbaceous perennials: The plant
body is herbaceous in nature. This group
is further divided into simple perennials,
bulbous perennials, and creeping perenni-
als based on the mathods of propagation.

Simple perennials reproduca mostly
by seeds, However, vegetative reproduc-
tion can also take place when roots and
stem are cut mechanically. Bulbous
perennials propagate  mainly  through
parts like bulbs, bulbils, etc., and also by

sgeds. Wild onion and wild garlic are
examples for this. Creeping perennials
are able to propagate by means of rhizo-
mes, stolons, offsets, spreading roots etc.
and also by seeds. Examples are Cantel/a
assatica, and Convolvulus &rvansis,

Woody perennials: As the name,
indicates, the plants are woody In
nature. These are generally shrubs, trees
or woody climbers. They may not
produce seeds for the first fe'w years and
continue the wvegetative growth. How-
ever, once the plants mature, seeds are
produced annually. eg: Lantana camara.

718:7.2 Classification basad onthe
morphology of [eaves

Based on the size and shape of leaves,
weeds sre classified into broad Jeaved
wzeds and narrow f{saved weeds. WNost
of the monocot wesds, especially grassas
and sedges are narrow leaved weeds.

78.7.3 Classification bssed on habitat

Certain  weeds may like spacific
habitats. On the basis of the habitat,
weeds can be classified as terrestrial
weeds, aquatic weeds and semi-aquatic
weeds,

Terrestrial weeds: All  the weeds
found on land surface ara included in
this categorv. Terrestrial weeds include
weeds of cultivated | ands, lawns, orch-
ards and waste places. All the dry land
weeds come under t his group.

Aquatic weeds: Aquatic weeds
include weeds of aquatic environments
and those that are seen in water saturated
environments. Aaquatic weeds are further
classified into threse types, viz,. submerged.
emerged and f{loating aquatics.

Submerged aquatics are anchored to
the bottom of the habitat, say a ditch-
and grow entirely beneath the surface of
the water, eq: Vallisnaria, Elodea etc.
Emerged aquatics have their roots beneath
the surface of the water but the leaves
and slems are above the water line. eg:
water lotus (Me/umbo sp ). water primrose
Jussisea spp.) etc, Floating or sur-
face aquatics either float freely on the
water like “Afrizan payal’ (Salvinia sp. ),
water lettuce (P/st/a sp.) etc., or float
only in a limited area |ike water hyacinth
(Eichornia crassipes),

Semi-agquatic weeds: Semi-aquatic
weeds are, in general, of amphibious type
which can live both in water or land.
Certain weeds of rice fields such as Cyp-
erus iria, wild rice etc. are examples.
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78:7.4 Classification based on the
associfation with ths crop:

Based on this cniterion, weeds, are
clagsified into season bound weeds, crop
bound weeds and crop associated weeds.

Season bound weeds: They grow
only in specific season of the year, dis-
regard to the crop grown in the field. For
instance, Johnson's grass is seen only in
Kharif season.

Crop bound weeds: Weeds which
are parasitic on crops are crop bound
weeds, These parasitic weeds are of two
kinds, the total parasites like Cuscuta and
partial parasites like Loranthus. They
directly atack the plants and deprive them
of water, nutrients and assimilates.

Crop associated weeds: These weeds
are always seen associated with certain
crop plants only. However they are not
taking or deriving food from the host pla-
nis. eg: Wild rice,

78:7 5 Botanicalclassification of weeds

We have seen that any plant out cof
of place is a weed. So, it is quite natural
that any system of classification of plants
is appiicable to weeds also. Plant taxo-

nomy or the classificatory system of
plants is mainly based on a natural rela-
tionship between the individual plants.
For the scientific study or the understa-
nding of any plant, the taxonomical
features are made use of. There are
several systems of classification based on
many concepts and features. A most
commonly followed system, based on
natural retationships, is briefly outlined
below.

All the plants on earth come under
the kindgom of plants or Plant kingdom.
The kingdom is divided into two divisions
—the Cryptogams and the Phanerogams.
The Cryptogams reprssent the lower group
of plants and Phanerogams, the higher
group of plants. Majority of crops and
waads belong to the division Phanerogams.
Each division is again divided into sub
classes; sub classes into orders and orders
into families; families into genera and
genera into species. Species is usually

the ultimate point in plant taxonomy,
though in certain cases, species is also

divided into sub species and botanical
varieties.

An outline of the system is shown here:

Piant Kingdom

|

Cryptogams Phanerogams
| !
| I | I |
Thallophyta Bryophyta Pteridophyta Gymnospermae Angiospermae
‘l— Algae I— Hepaticae |— Filicinae — Monocoty-
. (liverworts) (ferns) ledonae
— Fungi ] (Monocots)
— Bacteria _ — Equisetinaa — Dicoty-
— Musci l ledonae
— Lichens {mosses) — Lycopodinae {Dicots)
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Almost all the weeds belong to the
class Angiospermae, though the class
Filicinae (ferns) is also important in
certain situations. The class Angiospermae
consists of two sub classes, Monocoty/e-
donae (monocots) and Dicotyiedonae
(dicots), based on the number of cotyle-
dons present in the seed. While descri-
bing weeds, the terms monocots and
dicots are frequently used.

Naming of weeds

Like any other plant, the #&inomial
nomenciature is to be followed for weeds
too. For this, the rules given in the
International Code for Botanical Nome-
nclature is to be followed. The complete
scientific name of any plant should include
the genus, the species, and the subspecies
or the variety name, if any. When the
scientific name has two parts, it is abino-
mial, eg., Nut grass--Cyperus rotundus:
and when it has three parts, it is a
trinomial, eg., wild rice— Oryza sativa
var. fatua. All the parts of the scientific
names are to be written in Latin forms.

18:8 Persistance of weeds in soil

Several factors determine the occur-
ance and distribution of weeds, Woeeds
persist in environments created by man
such as crop lands, orchards, gardens.
lawns etc. They withstand all the extre-
mes of soil and climate, better than the
crop plants. The persistence of weeds is
due to differant mechanisms associated
with the weeds. These are briefly
discussed here.

18:8.7 Adaptive potential of weeds to
grow inanyenvironment

Adaptive potential of weeds to grow
in any environment is largely influenced
by many climatic, soil, and biotic factors.

Climatic factors like light, rainfall,

humidity etc. affect the persistance of
weeds. Some weeds adapt to grow in
shade which is responsible for its persi-
stance. Similarly, rainfall and water
availability in an area determine the
occurrence and disiribution of weeds.
Wind is one of ths effectivo source of
oCcurrence and distribution of weeds., It
has been found that some of the weed
seeds are carried a long way by wind, and
the distribution of the weed plants is
effected in this way.

Soif factors like soil, water, air, temp-
erature, pH, fertility etc. influence weed
population. Some weeds can thrive in
water logged areas; some others tolerate
alkali goils; while some others tolerate
acidic soils.

alkali loving plants — eg: Quack grass

{pH 7.4 — 8.5)

acid loving plants — eg: Bermuda grass
(pH 4.5 — 6.5)

water logged areas — eg: Salvinja,

Eichornia

Bjotic factors include both plants and
animals. Crop plants affect the weed
population and persistance by competing
for the availableresources. Some plants
secrete root exudates that influence other
plants (allelopathy). Soil flora, fauna,
insects, grazing animals, man etc, affect
the weed persistance directly or indirectly.

78.8.2 Survival mechanism of weeds

There are szveral mechanisms for

weeds 1o survive and persist. Important
among them are discussed below:
Prolific seed production: Annual

weeds survive principally by means of
seed only. Biennial and perennial weeds
reproduce vegetativeiy also, in addition
to seeds. Most of the weeds are prolific
seed producers, which ensures their
survival.
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Vegetative reproduction: Biennial and

most perennial weeds can reproduce
vegetatively also. The rhizomes, tubers,
corms, cormels, buds, bulbs, bulbils,
stolons, offsets, stem pieces etc. are

examples. Many of these parts are located
very deep in the soil, which help them to
withstand adverse weather conditions and
to survive.

Seed dissemination: Almost all
weed seeds are having highly developed
mechanisms like wing or hairy or thorny
appendages for dispersal by wind, animals
and by other means.

Evasiveness: Many weeds are cap-
able of escaping from animals and man,
due to theair bitier taste, spiny nature,
causing allergy etc.

Seed dormancy: Weed seeds ger-
minate only when the condions for its
growth are favourable. The possession
of seed dormancy is probably the single
most important characteristics of weeds
that enables them to survive,

Numerics! impact: There are ever
so may types of weeds, and even if one
weed 1s destroyed, several other weeds
are there to take its place.

18:9. Weeds and seed dormancy

Seed dormancy is a state in which
viable seeds fail to germinate even when
favourable conditions of moisture, tem-
perature, and oxygen are there in the
envitonment. (For details on seed dor-
mancy, see the part on seed dormancy
in this hook),

Many annual weeds produce dormant
seeds that germinate undsr a narrow range
of environmental conditions.  Thus, seed
dormancy is an efficient survival mecha-
nism of weeds. Seeds of several wead
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species of the plant families, Boragt-
naceae, Convolvulaceae, Cucurbitaceas,
Fabaceae (Leguminosae} and Poaceae
{gramineae), have a longer dormancy
period, often runing into several months
or even years.

18:10. Germination of weed seeds

Germination of any seed takes place,
only if the environmental conditions
required for the mechanism are favourable.
The seed must have adequate moisture,
favourable temperature, and a supply of
oxygen. However, weed seeds possess
special germination mechanism adapted
to changes in temperature, soil moisture,
aeration, exposure to light, depth of burial
of weeds etc. When conditions are
unfavourabls for germination,  they
remain dormant or dslay germination,
Those weed seeds, that germinate under
the same conditions and at the same time
as crop seeds, are the most persistant and
successful.

Seeds of many weeds require an
exposure to light for germination. This is
regulated by a pigment called phytochrome
which is responsible for the seasonal
changes in light sensitivity of seeds.

Many weeds gzrminate under serobic
conditions, while some others require
anaerobic conditions. The stirring of soil
while ploughing and other land prepara-
tions inzreases oxygen availability and an
exposure to light, which induces germi-
nation,

Periodicity of germinatian is also
found in weed seeds. Summer annuals
favour higher temperatures for germination,
while winter annuals germinate at lower
temperatures in the autumn or winter.
Cortain othsrs germinate freely throughout
the year.



“19.

19:1. Introduction

The concept of weed management is
a much broader onethan simply weead
control. The term 'weed control’ is used
to denote the process of controlling weeds
from cropped or non-cropped situations by
employing mechanical, cultural, biolegical,
or chemical means. The control of weads
may be for the time being. ~Weeds may
again re-infest the area, and again, control
measures have to be employed. Qur aim
should not be to control the waeeds for a
short period only. 1t should have a long
range effect. That is to say, our aim
should be to maintain an environment as
detrimental to wesds as possible. The
concept of weed management takes into
account this objective and employs preve-
ntive, control, and eradication measures.
We shall distinguish this three terms and
study their significance in weed manage-
ment.

Prevention means preventing a weed
species from establishing and contamina-
ting a new area. Prevention may ba the
most practical means of weed control.
Contro/ is the process of limiting wesd
growth in an area. In crop situations, the
weeds are restricted by smploying different
means of control, either mechanical, cul-
tural, biological, chemical, or a combina-
tion of these, so that there is minimum of
weed competition. Eradication means
complete eradication of all weeds, weed
seeds, plant parts etc., from an area. This
is often a laborious and costly affair, and
we may not aim at this exceptin particular

Weed management

situations. Eradication should bsour aim
with regard to noxious and problem weeds
like Parthenium, Salvinia etc.

The concept of weed management is
to be appiied on a co-ordinated basis. A
control measure should be undertaken
with efforts to prevent further infestation
of weeds. Preventive and usual control
measures should go hand in hand so asto
havealong term impact. The effect of a
chemical contro] measure can be reinforced
by employing certain cultural or mechanical
measures, and vice wversa. A successful
weed management system takes the entire
farm instead of a portion asa unit and
design the management of weed problem.
This new concept helps in reducing the
ill-effects of over depandance on chemical
control methods, and thus ensure a better
ecological balance.

19:2. Prevention of weed infestation
in new areas

As we have seen earlier, mother nat-
ure has provided weeds with a number of
devices that help them to be disseminated
widely. As weed seeds are easily dispe-
rsed by natural agencies like water, wind,
animals and by the farmer himself, it is
important to prevent weeds from flowering
and setting seeds. As the famous proverb
‘prevention ‘is better than cure’ says
prevention is often the most practical
means of controlling weeds. Preventive
methods include using clean seeds not
contaminated with weed seeds, using
manures, irrigation water and agricultural
implements not contaminated with weeds,

139



enforcing weed control laws, insisting
seed certification, quaratine laws etc.

Varipus preventive measures are noted
below.

Use weed fiee crop seeds for sowing

Thare may be chances of weed infest-
ation ina cropped area {rom thecrop
seeds itself. The weeds, associated with
a crop, have life cycles similar to that of the
crop, and they set seeds at the same time
as the crop. In certain cases, seeds of
some weed species resemble crop seseds in
size and shape, In such cases, crop seeds
are easily contaminated with weed seeds.
The presence of alittle amount of weed
seeds alone is enough o pose a problem
ina new area. Therefore, as far as possi-
ble, use certified seeds only for sowing.

Use weed free manures

The use of fresh farm yard manure or
cowdung is to be discouraged, Use only
well decomposed weed free farm vyard
manure and compost, The weed seeds can
pass through the digestive tract of animals
without losing their viability. Composting
and allowing time for decomposition des-
troy most weed ssgeds.

Use clean agricultural equipments

Weed seeds and vegetative propaga-
ting parts adhera to Mammatties, ploughs,
harrows, drills, hoes etc., during the pre-
planting and post-planting operations and
get carried to new fields, Therefore, it is
essential that these equipments should be
cleaned before using them.

Use irrigation water not contaminated with
weeds

Avoid the chances of carrying weed
seeds and vegetative parts along with
irrigation water to the cropped fields. By
using screens and othar such devices at
the diversion points in the irrigation
channel, the farmer can eliminate this pos-
sibility of weed spread to a large extent.
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Take appropriate measures during harve-
sting, threshing and storing to get pure
crop seeds

When the crop is for seed production
purposes, we have to take extra care. We
have to provide the crop good crop-mana-
gement practices, so that it exert a check
on the spread of weeds. Vigorous and
fast growing crop cultivars compete effec—
tively with weeds, by giving better leaf
canopy and covering the ground rapidly.
Aouging is another important practice to
be followed scrupulously, to eliminate
weeds. Roguing at the time of harvesting,
is very important to eliminate weed seeds.
While harvesting, threshing and befora
storing, separate crop seeds from weed
seeds based on seed size, shape, surface
area, density, stickiness, pubescence, col-
our and other such notable properties.
Several mechanical devices are also avalil-
able to distinguish weed seeds from crop
seeds based on thess properties,

Seed certification

Seed certification measures are to
supply genetically pure seeds and propa-~
gating materials of crops to farmers. For
certitying seeds, there are certain standards
prescribed for pure crop sesds, weed
seeds, moisture content etc. For details
on seed certification, see the section on
seed certification in the chapter, Quality
control of seeds-Il. Enforcing seed certi-
fication will ensure, toa greater extent,
weed {ree crop seeds.

Weed laws

Enforcing weed laws is important in
reducing the spread of weads to new
areas, They help inprotecting the farmers
from using mislabelled and contaminated
seeds, and legally prohibiting seeds of
noxious weeds from entering the country
or a region. However, there are no weed
laws applicable all over India.  Perhaps,



excepting Karnataka, no other states have
made weed laws. In Karnakata, they have
declared Parthenium a noxius weed. The
weeds like "African payal’, water hyacinth,
nut grass, thatch grass, wild rice, Panicum
repens, Parthenium etc. are causing
great problecms to our farmars and public,
and suitable weed laws should be enacted
to eradicate these weeds.

Quarantine laws

Quarantine laws restrict the entry and
movements of imported plants capable of
spreading plant diseases and insectsina
country. There are also provisions to
isolate an area in which a severe weed
has become established, and prevent the
movement of the weed into an uninfested
area. However, these laws do not always
restrict import of weed seeds, either
separately or in the form of admixture, with
crop seeds.

The spread of African payal and
several other imported weeds point out
that our quarantine laws are not effective.
Actually, African payalcameto Indiaasan
ornamental plant, and that too, for experi-
mental purposes. From there, it escaped
and created a big problem for us,

19:3. Weed control methods

The common methods of weed control
include mechanical, cropping and com-
petition {cultural), biological, and che-
mical methods. Each of this method has
certain merits and demerits, and the farmer
can make use of one means or a combi-
nation of them to control weeds efficiently
and econmically.

19:3.1 Mechanical methods

Mechanical or physical methods com-
prise of hand weeding, hand hosing,
tilling, sickling, burning, mowing, flooding
etc. These are briefly mentioned below:

Hand weeding: Hand weeding is,
perhaps, the oldest method of controlling
weeds, and itis still a practical and effi-
cient method of control, especially in
cropped areas. It is done by pulling out
weeds from the fields by hand. Hand
weeding is found to be very effective
6gainst annual weeds, as they do not
recover from the remnants of plants left
behind in the fields. In Kerala, hand
weeding is widely practiced in paddy crop
to control weeds.

Hand hoeing: The hand hoeing is an
age old practice in many parts of India,
It is an appropriate method to eliminate
weeds from the rows of crops. It also
helps in stirring the soil for soil aeration.
This method is effective in annuals,
biennials, and shallow rooted perennials.

Digging: Digging is very effective
in the control of perennial weeds, as this
helps in removing the underground pro-
pagating parts of weeds from the soil.
Digging followed by hand pulling or

collecting and removing weeds from the
dug soil is the usual method. This method

|s found to be more effective than hand
weeding, especially against perennial
weeds. However, digging is a labour
intensive and slow process, and hence,
restricted to perennial weed situations
only, and that too, when other methods
are likely to fail.

Sickling: Sicklingorsickle weeding
is done by means of a sickle, and the top
growth of weeds are removed to prevent
seed production and to starve the below
ground portions.  Sickling is pepular in
slopy areas. As the top growth alone is
removed, leaving the root system and a
little portion intact to hold the soil in
place, possible soil srosion is also pre-
vented. In certain cases, where applica-
tion of post-emergence herbicides require

141



greater quantity because of excess foliage,
these are sickled first, and then, herbicides
are applied.

Tilling: Tilling is a practical and
economical method of controlling weeds,
The plough (country, mould board, Bose
etc.), the harrow (disc, spike, spring tyne
etc.), and the cultivator are the common
implements used in tilling. This method
helps to burry all the annual weeds. Till-
ing also.disturbs the root system of most
perennial weeds though complete control
is not possible.

Mowing: Mowing is a machine
operated process, and the machine am-
ployed is called ‘mower’. It is mainly
practised along roadsides and lawns. The
purpose is same as that of sickling.

Burning: Burning is a useful method
of controlling undesirable weed species in
roadsides, fallow lands, ditches, and
other waste places. This process also
destroys insects and dissase pathogens
present in the soil and plants. When
burning is used for selective control of
annual weeds in crop rows, it is known as
flame cultivation. Cotton plants can
resist controlled flame, and hence, flame
cultivationis adopted in cotton. Differant
types of flame throwers or flame torches
are available for the operation.  Noxious
weeds like Cuscuta which is a problem
in many parts of Wynad can be destroyed
by burning.

Flooding: Flooding is generally used
for controlling weeds which are sensitive
to water stagnation. In rice, it is success-
fully employed. The low weed growth
observed in the Mundakan and Punja
seasons {s mainly because of maintaining
a satisfactory level of standing water in
the field.

Grazing: Prolonged grazing of the
tops of weeds by animals like cattle,
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sheep, goats etc., prevents the flowering
and seed formation in weeds, which
eventually exhausts the underground
parts, and the weeds are controlled. |t
is suitable for non-cropped areas.

19:3.2, Cropping and competition
methods

The cropping and compsatition met-
hods or the cuitural methods of weed
control play an important role in weed
management. Woeeds are found to be In
better competition with crop plants for
light, water, nutrients, soil, space etc.
However, by employing suitable cultural
practices which help the crop plants to
compete with weeds more effectively,
the menace of weeds can be reduced to
minimum. The important practices which

coms under these are discussed hereunder.

Crop competition:- Thisisoneof the
cheapest and most useful method of weed
management. Seeds with good germi-
nability and vigour give the crop a
vigorous and close stand which enable
them to have an edge over the weeds,
Crop cultivars which are well adapted to
a region defenitaly compete better with
the weeds than cultivars poorly adapted
to it. Some crops are found to be better
competitors than weeds. For instance,
crops like cowpea, sorghum, cover crops
like calapagonium etc. are good competi-
tors and are called smothering crops;
while, crops like groundnut, tapioca etc.
are poor compstitors with weeds. So,
growing of smothering crops will be of
great advantage in controlling weeds.
They grow rapidly and fill the inter row
space with their canopy, faster than
weeds, which give a smothering effect on
weed growth. Howaever, one disadvantage
is that their seedlings in the initial stages
grow slowly. Therefore, we have to find
some other methods to contro! weeds in
the early stages of growth.



Crop rotation:~ Croprotation means
growing of different crops in the same
field in rotation. A good rotation system
certainly results in reduced weed growth.
It has been obsarved that the continuous
growing of a crop in a field could result
in an increase in the population of weeds
that are associated with it. Certain weeds
are more common in some crops than
others. Several annual weeds like wild
rice [n rice, and parasitic weeds like
Striga in sorghum and Orobancha in
tobacco are associated with crops. In

such cases, crop rotation may pay the
desired effects.

Muliching:~ Mulching refers to the
application of some materialslike plant re-
sidues,green leaves, straw or even poly-
thene sheets over the surface of soil to
prevent evaporation from the soil surface,
to have desired soil temperature, and of
course to reduce weed growth. Mulches
smother weed growth by preventing light
from being fallen on the photosynthetic
parts of the weeds which eventually inhi-
bits its growth. This is an effective method
in most annual weeds and many perennial
weeds. Commonly available materials
like straw, plant residues like paddy husks
and coffee wastes, dry or green leaves,
saw dust etc. are usually employed for
mulching. Black polythene sheets, tar
paper etc. are also used. However, since
polythene sheets and paper are too expens-
ive they are used only in high value crops.

Close planting.~ Cloger planting of
crops In weed prone areas give the crops
a competitive edge over weeds. It also
produces a smothering effect on weeds,
and reduces weed emergence and establi-
shment. This is especially suitable for
poor competitive crops like groundnut.

Minimum tillage or Zero tillage.—
In the recent years, there is a growing
trend towards reducing the amount of
tillage in crops. It is a common fact that

tillage, other than for weed control, is of
little benefit to the crops, especially in
light soils. However, in heavy soils
tillage may have some other banefits too.

Studies showed that in crops like
maize, sorghum etc., innovative practices
which involve killing the existing weed
growth by translocated herbicides and
planting the crops immediately thereafter
with minimum or no tillage is favourable
comparedto the conventional methods.

19:3.3. Biological methods:

In biological method of weed control,
a natural enemy of the plantis used—
which is harmless to the desired plant,
Insect pests and piant pathogens are the
usual natural enemies. Parasitic plants,
fishes, and other animals aro other forms
of biological agents.

The first attempt on biological control
of weeds was made in Hawaiian islands
in the early 1920’s to control Lantana
camara which was introduced there
around 1860 as an ornamental plant.
They tried the larvae of Crocidosema
lantapa (tortricid moths), Agromyza lan-
tana (seed fly), and larvae of Thec/a echion
and Thec/a bazochi. All these insects
were affective in controlling the weeds.
The success In the case of Lantana camara
led to many other investigations on the
bio—enemies of other noxious weeds, In
recent vyears, plant pathogens are also
used as good biological agents.

The selection of a particular bio-
agent should be based on certain criteria.
They are-

1) The agent should be host specific
which would not attack other econo-
mically important plants. [t should
fead only the particular weeds to be
controlied.

2} The bioagent can be muitiplied in
large numbers. The control of weedg
take place, only if there are enough
population to feed on the weeds. This
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is possible, only if the bio-agents are 50-100 weevils are recommended for
multiplied fast. release in an area. If the collection of
3) The bio-agent should feed the weeds weevils is difficult, even 1 kg of infected
fast. , Satvinia will do the purpose. The
The agent should be a voracious feeder .0 o1i1c are released on tender Salvinia
on the weeds. Then only, the control of ¢, oacy multiplication.  Almost 100
weeds is done quickly. ) percent control of weeds would be

A few examples .Of blOIOg'cfal means possible in a time span of 12-18 months.
of weed control are given below:

Name of weed Name of bioagent
Examples of insscts as bioagent
African payal —Cyrtobagous salviniae (weevil),
—FPaulinja aceuminata (grass hopper).
Opuntia spp. —Cactoblastis cactorum (moth borer)
Imperata cylindrica—OQrseolielia javanica (gall midge)
Cuscuta ~—Melanagromyza cuscutae.
—Smicronyx cuscutae.
Nut grass —Bactra vermosana (plant feeder),
—Athesapeuta cyperi (rhizome and stem boring weavil).
Loranthus —Delias hyparete (caterpillar of a butterfly)
Examples of plant pathogens
Water hyacinth ~ —Cercospora rodmanii (fungus)
Hydriila —Fusarium roseum (fungus)

Examples of fishes as bio-agent
Aguatic weeds —Tilapia,common carp

Biological control of African payal

The control of African payal was a
serious problem in Kerala. It was every-
where-in lakes, streams, backwaters, and
in cultivated paddy fields ('Fig. 19.1°). We
have tried every possible method to check
the spread of this noxious weed, but of
no avail. However, the recently tried
method of blological control has shown
much progress in this direction. The
control of Salvinia by the release of
Cyrtobagous salviniae weevils is gaining
momentum in Kerala, and the weed is
being kept at bay.

In places where Sa/vinia is a problem,
the weevils can be released. Even one
pair of weevils is sufficient forthe esta-
blishment in an area. However, usually,
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20. Chemical

20:1. Introduction

The use of chemicals for weed control
has developed rapidly since 1940's,
especially after the Second World War.
Weed Killing chemicals are usually known
as herbicides. In some cases, the term
weedicide is also used. However, her-
bicide is the apt term, since the chemical
may have got action not only on weeds
but on all herbs. Thatis to say, if the
weed killing chemical is not properly used,
it may even kill the crop, besides weeds.
A herbicide is any chemical that kills the
plant or inhibit its growth.

Chemical weed control has got certain
advantages over other methods. [t can
be adopted in situations where manual or
mechanical weeding becomes difficult.
Another advantage isthat it kills the
weeds incrop row orinthe immediate
vicinity of crop, where intercultivation is
not possible. Moreover, the chemical
method is easier, lesstime consuming,
and less costly than weeding by other
means. It also reduces the need for
heavy preplanting tillage. Herbicides are
found to be of muchuse in minimum
tittage or no-tillage practices. In addition,
chemical methods are found to be effective
against many parennial weeds which are
not easily amenable to other methods of
control.

20:2, Classification of herbicibes
Several criteria are used te classify

herbicides. One may group herbicides

into catogories based on chemical

methods of weed control

similarities, method of application, mode
of action, selectivity, or time of use. An
outline of the most common classifications
is given below:
Based on the chemical similarities

— Inorganic herbicides

— Organic herbicides.

Based on the method of application
— Soil applied herbicides.
— Foliage applied herbicides.
— Aquatic herbicidas.

Based on the mode of action
— Contact herbicides.
— Translocated herbicides.

Based on the selectivity
-~ Selective herbicides
— Non-selective herhicides.

Based on the time of use
— Pre-plant herbicides.
-— Pre-emergent herbicides.
— Post-emergent herbicides.

These classes are not mutually exclu—
sive always. For instance, an organic
herbicide may be a soil applied, trans-
located, selective, pre-emergent one.

20:2.1 Classification based on the che-

mical similarities

Based on the chemical similarities, al!
the herbicides are grouped into two, viz.,
inorganic and organic herbicides. Inor-
ganic herbicide are acids or salts of
inorganic compounds and includes chemi-
cals iike sulphuric acid, copper sulphata,
sodium chloride etc,

Almost al} the modern herbicides
belong to the group of organic herbicides.
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Organic compounds may also be sub-
grouped based on their chemical simi-
larities such as chlorophenoxy compounds,
substituted phenols, amides etc.

20:2.2 Classification based on
method of appiication

Applying this criterion, a herbicide
may be a soil applied, a foliage applied, or
an aquatic herbicide. Foliage applied
materials must be able to enter the leaf
and must be able to contact and wet the
leaf. Soil applied herbicides are taken
up by the roots, or they may be fumigants
killing a variety of living objects in the
soil. Examples of soil fumigants include
chemicals |ike methy| bromide, vapam etc,
Soil sterilants are herbicides used to stop
growth fora number of years., Sodium
arsenates, borates, sodium chlorite etc-
are specifically used as soil sterilants.
Compounds like monuron, simazinc etc,
at higher doses act as soil sterilants. A
number of chemicals are used for cont-
rolling aquatic weeds by dissolving or
emulsifying them in water channels, ponds
etc. Suchchemicals are known as aquatic

" herbicides and include aqualin, copper
sulphate, 2, 4-D etc.

the

20:2.3 Classificaiion
selectivity

On the basis of tha szlectivity, salective
herbicides and non-selective herbicides are
there. Selective herbicides are selective in
action and kill plants of only certain species
while the plants of another spzacies survive,
Biochemical differences in plant tolerance
to herbicides is the main basis for selecti-
vity. For instance, the biochemical
differences in tolerance between monocots
and dicots enable chlorophenoxy acids
like 2,4-D fo remove dicots from grasses;
and dalapon to remove grasses from
dicots. Within the grasses itself, DSMA
is salective against certain species.

based on the
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Selective herbicides with biochemical
selectivity cause differential injury to
different parts. The desired plants may
also be damaged if the herbicides are
used at incorrect rates or in advese sail
or climatic conditions. Selective her-
bicidal action may be due to a multiplicity
of factors. I[tmay be due to differential
wetting of leaves due to the morphology
of leaves, physiologicai differences,
differential absorption, differential trans-
location, morphological selectivity, or
biochemical selectivity,

Non-selective herbicides are, however,
effective against all plants which include
weed oils, sulphuric acid etc. Non-
selective herbicides are often used to
control roadside weeds, playground weeds
etc.

20:2 4. Classification based on
mode of action:

According to this criterion, herbicides
belong to two groups. viz,. contact {nan-
systemic) and translocated (systemic).
The contact herbicides do pot move
into the plant far beyond the point
of contact. Only plant tissues touched
by the herbicides are killed, and the roots
and rhizomes protected by the soil may
regenerate in due course. Contact herbi-
cides are usually used around buildings,
fences, non-cropped situations and other
waste places. eg: paraquat (Gramaxone),
cacodylic acid (Ansar, Arsan etc; , propanil
etc.

the

The translocated herbicides, which
enter a plant, move into the plant and
affect the tissues at a distance from the
point of entry, Usually. the entry of her-

bicides to the plant body is through
leaves. In certain cases, it may enter
through stem and roots also. The trans-

location is through the vascular system to



the growing points of both shoots and

roots. eg: Chlorophenoxy acids (2.4-D,
2,45-T, MCPA etc), dalapon,
simazine etc.

20:2.5. Classification based on the time
of use

A herbicide may be a pre-plant, pre-
amergent or post-emergent one, applying
this criterion. The time of application of
herbicides is determined by the weed
species, time of germination of weeds and
crop plants, and growth stages of the
weeds.

Pre-plant herbicides are those which
are applied to soil bafore the crop is
planted, Herbicides which have greater
toxicity on the emerging crop seedlings
are usually applied before the crop is
planted Similarly. chemicals which need
to be incorporated in the soil are also
applied before planting the crop. eg:
calcium cynamide, methyl bromide, vapam
etc.

Pre-emergent herbicides are applied
before the crops or weads have emerged.
eq: diuron, bromacil. In the case of
annual crops, these are applied after seed-
ing or transplanting the crops, but before
the weeds emerge. In the case of peren-
nial craps, these could be applied only
after completely removing the existing
weeds by some other methods.

Post emergent herbicides are those
which are applied after the emergence of
a weed, eg: paraquat, glyphosate.

20:3 Herbicide formulations

The term formulation relers to the
way in which the basic herbicide chemi-
cals are prepared for practical use. Itis
essential that the basic ingredient must
be amenable to application in an effective
manner, so as to come into contact with
the soil or the foliage. In usual cases,

only a small quantity of the basic chemical

(active ingredient) is required for the use
in a large area. Active ingredient is that
part of the formulated product that is
directly responsible for herbicidal effects.
It may be a solid, liquid. or a gas. Herbi~
cides are usually formulated to get
solution, emulsion, or suspension so as to
apply as a spray in the field. {tis also
formulated as granules, but not generally
as dusts due to the danger of drift. The
important  herbicide formulations are:

Water soluble powder (WSFP): Soluble
materials such as dalapon, sodium methyl
arsenates etc. can be prepared for spray-
ing in the field by dissolving in water,
The salts of most herbicide chemicals are
ina powdery form and are soluble in
water. They are dissolved in the required
amount of water and sprayed.

Water soluble concentrate, (WSC):
Chemicals such as 2,4-D amines and
dicamba form soluble liquids and formu-
lated as such. These chemicals are easily
miscible with water.

Wettable powder (WP): Wettabie
powder is prepared by absorbing the her-
bicide is an inert carrier together with an
added sufface acting agent. It is then
finely ground, so that it form a suspension
when agitated with water. Examples are
monuron, diuron and simazine.

Emulsifiable !iquid concentrate
(£LC): An emulsion is a liquid dispersed
in snother liquid, each maintaining its
original identity. The two liguids are
prevented from reacting sach other by the
addition of an emulsifying agent. Herbi-
cides such as 2,4-D esters are soluble in
oil only and not in water. In such cases,
it is formulated as ELC in a light oil with
an emulsifying agent. When ELC is mixed
with water, it forms a milky liquid. The
mixture is to be agitated from time to time
to avoid separation.
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Granules: In this type, the herbicide
is adsorbed or impregnated into an inert
material (carrier), so that the final for-
mulation consists of granular particles.
Granular herbicides can be applied as
such or by mixing with soil or sand.
Carriers such as clay, sand, vermiculite, or
finely powdered vegetable parts such as
corncobs and tobacco leaf debris are
generally used. Granules are always soil
applied. '

20:4. Important herbicides

A few of the
commonly used
below:

important herbicidas
in crops are discussed

2.4-D (2, 4-Dichlorophenoxy acetic acid)

2,4-D is a selective, translocated,
post emetgent, foliar applied herbicide.
Sometimes used as an aquatic herbicide
also. It is generally used to control broad
leaved weeds in narrow leaved crops.
Grasses usually have narrow and erect
leaves, the leaf surface is rough and waxy:
and the growing points are located in the
crown of the plant below the soil level
and are protected by the surrounding
leaves. Broad leaved plants, on the other
hand, have leaves that ara smooth. The
growing points are exposed at the tip of
the shoots and in the leaf axils. The
droplets of 2, 4-D bouncs off the lpaves
of grasses and wet them only in spots.
Whereas, the droplets stick to the broad
leaved ones and completely wet them.
That is why, 2, 4-D is toxic to broad
leaved plants.

2, 4-D is available in salt and ester
formulations Salt formulations are usually
with sodium and amines. [tis recomm-
ended for the control of many broad leaved
weeds in crops like rice, sugarcane,
rubber, and in non-crop areas.
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Common formulations:
2, 4-D sodium salt—Fernoxone B80Y, WP
2, 4-D ethyl sster —Weedone concentrate
349, EC

-do- —Weedone 189, WP
Recommended dosage({ai.)—0.5-2.0kgha-1

Recommendeation forrice: The recomm-—
ended dosage for rice is 1 kg ai.ha-t.
Apply 2. 4-D at1 kg ha-1 in 400 litres of
water, 25 days after transplanting. Wher-
aver the field is level, 2, 4-D at 1 kg ha-!
can be mixed with 10 kg urea, and apply
on the 20th day after sowing or transplan-
ting, which saves spraying charges.

Dalapen (2, 2-Dichloropropionic acid)

Dalapon is a selective, translocated
herbicide. It is both soil and foliage
applied, either as pre-emergent or post-
emergent. It is used for the control of
annual and perennial grasses. Dalapon is
found to be effective against thatch grass
{/mperata cylindrica) and! quack grass
(Agropyron repens). The chemical has
proved to be highly resistant to break
down in plants. |t is most effective in
young plants in active growth and on
plants receiving an adequate water supply.
Dalapon is absorbed through both the
roots and the foliage rapidly reaching all
plant parts within an hour of application.
However, 2-3 weeks may take to show
injury symptoms., Dalapon causes leaf
chlorosis and necrosis and eventual growth
inhibition by systemic action.

Dalapon is available assodium salt
which readily dissolves in water (soluble
powder). [t is hygroscopic. and therefore,
must be stored in moisture proof contain-
ers. Commonly applied in sugarcans,
grapes, tea, orchard crops etc. Recomm-
ended dosage is 2-5 kg ha-1, and generally
available in the trade name Dowpon.



Butachlor

Butachlor is a translocated hetbicide.
It affects seed germination and seedling
growth by inhibiting root and shoot
growth. Itis applied pre-or post emerge-
nce. The chemical is available in EC and
granular formulations. Generally, EC is
used as pre-emergence and granular form
as post-emergence. However. EC can also
be usad as post-amergence by mixing with
sand, and then throwing the sand plus
herbicide mixture as in a granular herbi-
cide. It controls most annual grasses
like Echinochioa crusgalli, E. eolonum
and some broad leaved weeds.

Commercial formulations—Delchlor,
Machete, Butachlor; Dosage (both pre-
and post)—1-3 kg ha-1.

Recommendation for rice; Spray at1.0

kg ai. ha-1 immediately after transplant-
ation (Delchlor @ 21 ha-1). Maintain

water level at5 c¢cm at the time of applica-
ticn and 5-10 cm for 3 consecutive days.
When granules are used. spread the gran-
ules (Machete 59%) @ 20 kg ha-! evenly
on soil surface 7 days after sowing or
4-8 days after transplanting. However.
caution should be taken not to trample
the soll after spreading the granules.

Benthiocarb

Benthiocarb is a selective, pre-emer-
gence, and early post-emergence herbicide
used in rice for the control of many annual
and broad leaved weeds. It cancontrol
aquatic weeds in rice too.

Commercial formulation— Saturn 50 EC
Dosage —2.0 kgai. ha-1

Recommendation for rice; Dty sown
crop —pre-emergent spray of Saturn 50 EC
@ 4| ha-1, on the day of sowing or imm-
ediately after sowing, effectively controls
all types of weeds.

Transplanted crop—Spray Saturn 50 EC @
4 1 ha-1 on the 6th day after transplanting.

Propanil

Propanil is a post emergent herbicide
applied for the selective weed control of
Echinochfoa spp. (barnyard grass and
jungle rice) and sedges in rice. Usually
applied at 4th leaf stage of rice seedlings
and usual dosage is 1.75 kg ha-*-

Commercial formulations: Stam F 34,
Hexanil 359 EC.

To cover one hectare, five litres of the
commercial formufation is needed. Certain
precautions are to be observed while spra-
ying this chemical inrice. Dewater the
field prior to application. After 48 hours of
applying the chemical, reflood the fields.
Caution may also be taken not touse
insecticides within 10 days of applying
the herbicides, since there is every possi-
bility of propanil-insecticide interaction.

Penoxalin
Penoxalin ar pendimethalin is a soil

applied systemic herbicide. Inrice, it has
to be applied on the 6th day after trans-
plantation of seedlings. Recommended
dosage for rice is 1.5 kg ha-1 Comm-
ercial formulations available are Stomp
50 EC and Pendimethalin 50% EC, which
means 3 | ha-1 of the commercial formul-
ation is to be used.

Nitrofen

It is used as a pre-emergent contact
herbicide to control many annual grasses
and broad-leaved weeds. 1t is highly
efficient for the control of Echinochloa
crusgalli wsnd Phalaris minor. HNitrofen
is a popular herbicide for weed controlin
dry sown crop of rice. Commercially
available as Tok E 25. For dry sown crop
nitrofen at 1.5 kg ha-1(Tok E25 at 6 |ha-1)
isto be sprayed on the same day of
broadcasting.
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Paraquat

Paraquat is one of the most widely
used herbicides. It is a post emergent
contac 1 broad spectrum herbicide in crop
and non-crop situations. Paraquat is a
popular herbicide for the contro! of weeds

in plantation crops like rubber, tea and
coffes.

Commercial formulations -— Gramaxone,

ortho para—
quat.

Recommended dosage--0.2-0.75 kg ha—!
Diuron

Diuron Is a pre-emergent selective
herbicide used for controlling grasses and
broad leaved weeds, aspecially in crops
like coffee, tea, and citrus. It is extremely
persistant in soil. At higher ratss, diuron
will behave justlike a non-selective her-
bicide. Ithas got some post-emergent
action also and shows some synergestic
action when mixed with paraquat, and

this helps in better control of perennial
weeds.

Commercial formulation — Agromex—
diuron
Recommanded dosage — 0.5-3.0 kg ha -1

Glyphosate

It is a selective post emergent her-
bicide used effectively against rhizo-
matous and desp rooted perennial weeds
like thatch grass (/mperata cylindrica),
quack graes (Agropyron repens), and
torpedo grass (Panicum repens). Gly-
phosate is to be applied on the foliage
when there is active growth. It is exten-
sively used for the weed control in crops
like coffee, tea, rubber, oil palm, pine-
apple, citrus, and other orchard crops.
Commercial formulation— Roundup,

Glycel weedoff

Recommeanded dosage — 0.5-2.0 kg ha—!

20.5 WMathods
herbicides
Herbicides are generally applied as

of application of
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a spray or as granules. Spray is most
common by using the formulations WP,
WSP, WSC, and ELC. Granules are
applied by hand or with the help of a
granular applicator, Sometimes, the for-
mulations like WSC and ELC are also
applied just like granules by mixing with
sand eg: 2, 4-D and Delchlor may be
mixed with sand and apptied in rice.

Spraying is done with ths use of
sprayers just like insecticide or fungicide
spraying. Howaever, special types of
nozzlges are to be used. The nozzle
influences unifarmity inspraying, spray
pattern, and aroplet size. Though there
are different types of nozzles available
(Fig. 20.1), herbicide spraying is mostly
done with floodjet fan or tloodjet defiector
nozzles, as they produce a more even
distribution of spray and uniform coverage
than the usual cone types.

Fig. 20.1 Different types of spray nozzles.
1. Floodjet Fan 2. Solid cone
3. Hoallowcone 4. Floodjet deflector



In the case of floodjet fan nozzle,
the tip has a ractangular orifice behind
which two streams of liquid meet, becauss
of the shape of the bore. |In the floodjet
deflector types of nozzles (also known as
flooding, anvil, or impact nozzle), a jet of
liquid passes through a relatively large
orifice and strikes a smooth surface ata
high angle of incidence to form a fan
shaped spray pattern. This type of
nozzles deliver coarse droplets of spray
fluid under pressure, thus minimizing
drifr. Clogging is also reduced as the
nozzle orifices are large.

Cur {armers, usuaily use the same
sprayer for spraying Insecticides, fungi-
cides and herbicides. In such cases, he
should take extra care in cleaning them.
The equipment should be thoroughly
cleaned with water or preferably with one
percent ammonia before itis used for
other purposes. When an ester is used,
the equipment should be rinsed with
kerosene before it is washed with water.
After use, fill the sprayer tank and lance
with water and keep it overnight, and the
other day, give thorough rinsing with
water.

20:6 Spray calibration

For effective and safe use of
herbicides. accurate calibration of sprayer
is essential. A sublethal or an overdose
would work contrary to our cbjectives.
A sub-lethal dose fails to give satisfactory
control of weeds. An overdose increases
costs, besidues killing a crop or resulting
in the accumuiation of toxic residues in
the soil. The nozzle type, nozzle orifice,
spraying pressure, spraying spsed etc.
determine the desired rate. So, we
calibrate the sprayer by spraying in a
known area. We have to take into consi-
deration average walking speed of the
individual also, The area covered per
hour by the individual can be calculated
as follows:

Area coveted in one hour (m?) =
=Walking speed x Spray width

(m hr—1) (m)
eg: Suppose a person is walking at
1 km hr—! covering a strip of 0.6 m

width. The area covered perhouris = 1 x
1000 x 0.6 = 600 m2Z = .06 ha

That is to say, the individual will
cover an area of 600 m?in an hour. At
this rate, he takes 16 hr 40 mt. to cover
an area of ofRe hectare. In normal
courses, 300-500 litres of spray fluid is
required to cover an hectare. In the above
example, if the discharge rate of sprayer
is 30 L hr— ! it would require a spray
volume of 500 | ha =1, which means we
should determine the spray volume based
on walking speed and discharge rate.
ie., spray volume = the time required to
cover an hectare x the discharge rate.

20:7. Calculation of the dosage

levels:
As stated earlier, herbicide recom-
mendations are generally given as

aclive ingredient per ha. In some cases,
acid equivalents are also used. Acid
equivalent refers to that part of a formula-
tion which can be thaorstically attributed
to the acid. In such cases, ai.is given in
acid equivalents eg 2, 4-D, MCPA etc.

The percentage of ai. or ae. isgiven on
the label. To calculate the quantity of
commercial product required for a particu-
lar area, the following formula can be
made use of
Weight of commercial product ==

Weight of the ai to be applied

Percentage of ai. in the commercial product
eg: Say, we have purchased Delchlor
50, EC.

For applying the chemical at 2 kg ai. ha—1
we have to calculate as follows:

Weight of Delchlcr 50 EC required for 1
ha. = 2kg x 100 =4 kg ha. —*

50 ]
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21.

21:1 Introduction

In this chapter, we shall see some of
'the common‘and troublesome weeds of
iKerala. The descriptions are given under
‘two heads—monocots and dicots. All
athe 26 weeds described are of common
"occurrence and can be easily identitied.
| The botanical name of the weed is given
‘first followed by ita family name.
+ Popular common names in English and
' Malayalam (Malayalam name in italics)
_are also given in brackets.

' 21:2. Monocot weeds:

" Cynodon  dactylon.
(Gramineae)
(Bermuda grass, Doob grass, ‘Karu-
kappuliu')

Bermuda grass (Fig. 21.1) is a peren-
nial grass commonly seen all over Kerala.

Fam. Poaceae

Fig. 21.1

Cynodon dactyion
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This grass has got long runners which
strike roots at the nodes. Certain cultivars
of Cynodon are used for lawn making.
Propagation is mainly by seeds and stem
pieces. Repeated ploughing or digging
helps in the control of this weed, Sum-
mer cultivation is much effective, since it
exposes the plant parts to the sun and
kill the grass, Post-emergence application
of herbicides such as glyphosate, dalapon
etc. are found effective. Bromacil is also
effective, either pre-or post-emergence.

Cyperus rotundus. Fam. Cyperaceaa

(Nut grass, 'Muthanga’)

Nut grass (Fig. 21.2) is one of the
most troublesome weed in crop and non
crop situations. The weed produces
quite a lot of seeds, which are capable of
reproduction. Besides, it has got a net
work of tubers in the soil, which also act
as propagating material. Usual chemical
or mechanical measures are ineffective to
destroy these tubers. So, the most effective
method is to check and suppress the
aerial growth of the weeds by mechanical
methods and by the use of hetbicides
such as 2, 4-D. A pre-emergence spray

of 2, 4-Dor MCPA (2 to5kgha )
delays the germinaticn of tubers, thereby,
preventing the early competition with the
crop. If eradication is aimed at, digging.
collecting and destroying tubers have to
be undertaken and repeated. It has been
reported that deep cultivation in summer
followed by 2, 4-D sodium salt at
4 kg ha—'is effective in controlling
this weed.



21.2 Cyperus rotundus

Fig.

The tubers have certain medicinal
uses. Itis a diaphoretic and astringent.

Echinochioa crusgalli: Fam., Poaceae

{Barn vard grass, ‘Kavada’)

This is a major weed in rice
fields (Fig 21.3). It emerges
almost with ths crop, and difficult to
identify in the early stages. Howsevar,
in the later stages, itis distinguishable
and can ba easily removed. Unliks rice
plant, the ligules are absent and this
peculiarity may be made use of to distin-
guish them from rice in the early stages.
Reproduction is by means of seeds only.
Hand weeding and roguing are tha usual
control measures against this weed. Pre-
emargent herbicides such as alachlor,
diuron, atrazina, simazine, benthiocarb,
butachlor etc. are effective.

Fig. 21.3. Echinochloa crusgalli

Echinochloa colonum: Fam, Poaceae

(Jungle rice, Kavada’)

Echinochloa colonum is very similar
to barryard grass. However, the promi-
nant awns are absent here. It is also a
major weed of rice. Propagation is
mainly by seeds, though vegetative propa-
gation by separated shoots is also possible.
Control measures are similar to £. crus-
galli.
Eichornia
riaceae

(Water hyacinth, ‘Kulavazha')

Water hyacinth (Fig. 21.4) is a floa-
ting aquatic weed. The shoots and leaves
are very spongy in nature, it remains either
creeping or rooting in the mud or float
about on the surface of water. itis afast
growing, troublesome, and indestructible

crassipes: Fam. Pontede—

153



i

?

i r;‘;‘-‘ "\
iy 3%
i ﬁ

ﬁ

21.4. FEichsrnia crassipes

)l

!

Fig.

weed. It can be a problem in village
ponds, tanks, streams, drainage ditches,
irrigation canals and water ways. However,
man succeeded in getting some benefit
out of this troublesome weed, It is a good
source of animal feed, organic fertilizer,
biogas and fibre. It can also be used to
make pulp, paper, and even human food.
The plant also acts as &n efficient sca-
venger of pollutants, when grown in
waste waters.

Chemical control measures involving
2, 4-D is effective. Within two or three
weeks, the plants are killed, decayed and
sunk to the bottom.

Fimbristylis miliacea: Fam. Cyperaceae
' ‘Mang'

" Itlsa fine leaved sedge found in both
low'land and upland rice fields. Propa-

gation is through seeds. (Fig. 2.5)
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Imperata cylindrics: Fam Poaceae
(Thatch grass, ‘Tharippa’ ‘Dharpha’)
Imperata cylindrica is a perennial
grass having an extensive and deeply
penetrating system of rhizomes. Propa-
gation is by rhizomes and seeds. The
shoot grows to a height of about 60-120cm
depending on the growrh conditions. It
is a troublesome weed in perennial crops,
especially plantation crops such as tea,
rubber and coffee  The grass is some-
times used as a thatching material for
houses and heance the name thatch grass.

The weed is very difficult to get
eradicated due to deep rhizomes.  How-
ever, chemical control with glyphosate
(0.8-16kg ha.l)y has been found to
control the weed effectively when in
active growth.

Monochoria vaginalis: Fam Pont-
ederiaceae. :

(Water hyacinth, ‘Nee/olpalam’

‘Karimkoovaiam')
This weed is also a floating aquatic,

similar to Eichornia. However, the leaves

Fig.



are small and narrow; and linear or lanceo-
late in shape. Thay are also leso abun-
dant in nature, unlike Fichornia, and less
troublesoma. It is a weed of rice fields
and seen in ditches and small streams.
Propagation is through the creeping
thizomes. It has got several medicinal
properties and used in Ayurveda (Fig.
21.6).

Oryza sativa var. fatua: Fam. Poaceae.

(Wild rice, 'Varineliu’).

Wild rice is very similar to cultivated
rice, and is very difficult to eradicate it
from the cropped fields. However, by
following certain precautions, this weed
can be controiled to an extent.  As far as
possible, pure seed devoid of weed seeds
is to be planted. If ail the seed production
techniuges have been followed scrupulo-
usly, we get pure seeds. Roguing is
particularly important. It is easy during
later stages, since wild rice has awned
panicle and have highly spreading tillers.
Where wild rice infestation is severe and

"

i
i

Fig. 21.6. Monochoria vaginalis

persistant, use coloured cultivars of rice.
Transplanting method is preferred, rather
than broadcasting. Leaving the land
fallow for one year and frequent culti-
vation to kill wild rice plants is also feasi-
ble. Another method is giving irrigation
to the fields, so as to effect the germi-
nation of wild rice already present in the
soil and removing it by repeated ploughing
before the actual sowing of the crop.

Panicum repens: Fam. Poaceae
{Torpedo grass, "/nchipullu’)
Torpedo grass is an aggressive creep-

ing perennial grass which spreads rapidly

in both cropped and non-cropped situa-
tions. The rhizomes are knotty and
swollen and send out erect culms from the
nodes. The weed is easily propagated

by means of rhizomes and seeds. It is a

persistant and troublesocme weed in many

crops such as coconut, pepper, arecanut,
banana. coffee and tea.

Repeated tilling or digging, followed
by collection and destruction of rhizomes,
is effective to control and eradicate this
weed., However, this operation is costly
and laborious. Translocated herbicides

such as glyphosate and dalapon are
effective against this weed. Thess
herbicides get translocated into the

rhizomes, and prevent their regeneration.

21:3. Dicot weeds

Abutilon indicum: Fam. Malvaceae
(The country mailow, ‘Oorpum’)
This is a weed of the waste lands.

Also found in cultivated lands, especially
where perennial crops are grown. Propa-
gation is by means of seeds. The seeds
are sticky in nature due to the bristles on
them which help its easy dispersal through
animals. Sickling and deep ploughing
may control the weeds. Several post-
emergent herbicides are also effective.
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The leaves of the plant are rich in
mucilage. The bark of the stem vyields
tibre suitable for country rops making.

Ageratum conyzoides: Fam. Asteraceae
(Compositae)
(Goat weed, "Appa’)

Ageratum conyzoides (Fig21.7) is
an annual weed of the waste places and
cultivated lands. Propagation is by seeds.
The stem is erect, hairy and usually attain
50 tc 90 cm height. The weed is easily
controlied by hand weeding. before they
set seeds. Pre-emergent herbicides like
simazins, diuron, and] ‘post-emergent
herbicides like 2,j4-D are effective against
‘his weed.

Certain forms of Ageratum are good
ornamental plants,

Fig. 21.7. Ageratum cony.ib;'des
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Biophytum sensitivum: Faim.

Geraniacoas

(Biophytum, ‘AMukkutti’)

Biophytum (Fig. 21.8) is a small
slender herb, the leaves rising directly
from a stout stock, orthe leaves may
resemble a crown on a hairy stem. The
plant produces smali yetlow beautiful
tlowers. Propagation is by ssads. Hand
weeding, digging, and ploughing are
effective against this weed.

The weed has gotseveral medicinal
propetties and used in Ayurveda.

Cassia occidentalis. Fam. Fabaceae
fLeguminosae)
(Sickle pod, ‘Thakara')

It is @ weed of common occurrence

in waste places after the receipt of rains.

Fig. 21.8. Biopytum sensitivum



Itis also seen in cultivated fields. Ths
weed plants can be used for green
manuring. The young leaves and pods
are sometimes used as a vegstable. it
has got medicinal values too.

Cleome viscosa. Fam. Capparidaceae.
(Wild mustard, ‘Kattukaduku')

A common weed found in bath culti-
vated fields and waste places. Propaga-
tion is by seeds. It has got medicinal
uses and the seeds are stimulant, carmi-
native, and antheimintic. Hand weeding
and herbicides are effective.

Cuscuta spp. Fam. Convdivuiaceae

{Dodder, ‘“Nifamthodavally', ' Moodii-

lathaliy’

This weed is a persistant one. Itis a
parasite which is twining and leafless.
The propagation is by seeds and veget-
ative parts Stems closely twining and
vellowish green or yellow, form dense
yellow masses on trees and shrubs. The
weed is usually seen on fences, hedges
and trees. It isa common occurrence in
Wayanad and such other places and do
considerable damages to crops like
coffee and pepper.

it may be controlled by pulling out
the plants and burying or burning them.
When on hedges or fences flame culti-
sation can be tried.

S milia  sonchifolia Fam. Asteraceas

('Muyalcheviyan')

The leaves of the weed hasa resem-
blance of ths ear lobes of the rabbit and
hence: the name ‘Muya/cheviyan in
Malayalam (meaning rabbit'sear). Itisa
alender annual herb found both in waste
places and cultivated lands. It has got
medicinal uses also. Hand weeding and
herb:c:des are effective against the weeds

(Fig. 21.9).

/%(\% ‘_' S,

‘Fig. 21.9. Emitia sonchifolia

Eupatorium  odoratum (Chromolaena

odorata) Fam. Asteracsae (Eupatorium,
communist pacha’)

Itis a troublesome weed found all
over Kerala. it is somewhat drought
resistant, and thrive even in summer when
all other greens disappear. Itisa per-
sistant weed' of perennial crops, waste
fands end roadsides. Repeated sickling,
digging, and herbicidal applications are
effective.

The leaves and tender portions oi
the stem can be used as a good green
manture.
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Lantana camara. Fam. Verbenaceae
(Lantana, ‘Konginipoovu')
The plant is a native of Central

America which became naturalised in
India as a weed, especially in waste places
and roadsides. Several ornamental types
are, however, there which produces
beautiful flowers of yellow, red. or white.
The plant is a perennial one which pro-
pagates by means of seeds and vegetative
parts.

Clean cultivation is an effective step
against the control of this weed. Herbi-
cides like 2,4-D, 2,4,5-T, and glyphosute
give good control.

Leucas aspera. Fam. Lamiaceae (Labiatae)

(Thumba')

It is found through out the ygar, and
is 2 common weed of waste places and
arable lands. Hand weeding is. very
effective for the control of this weed.

The plant has got medicinal pro-
perties. The juice of the weed is used

against snake bite, cut injury, and ring-
worm (Fig. 21.10).

Fig. 21.10. [leucas aspera
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Oxalis cornicufata. Fam. Oxalidaceae
(Lady’'s sorrel, "Puliyarefa’)

It is a perennial and shads loving
plant of gardens, road sides, waste places,
and cultivated fields. it has a short, thick,
tuberous or bulbous root. The propa-
gation is by means of seeds and bulbils
formed from roots. Certain forms are good
ormamental plants (Fig. 21.11).

Mechanical methods like digging and
turning over the soil in summer will
control the weeds by killing bulbs and
bulbils. Herbicides like paraquat and
glyphosate are also effective.

Oxalis corniculata

Fig. - 21.11.
Phyilanthus niruri, Fam. Euphorbiaceae.

(‘Keezfrarnelli’)

This weed is generally seen in waste
and fallow lands and in cultivated fields.
The plant has got several medicinal uses.
It is consideted deobslruent, diuretic,
astringent and cooling. It is reported to
be useful against-jaundice too.

Handweeding and clean cultivation
will keep off the weeds from the arable
lands (Fig. 21.12)

Physalis minima. Fam. Solanaceae('Njot-
tanjodiyan’)

Physalis minima (Fig. 21.13) is an
annuel weed found in both arable and
waste lands. Propagation is by means of
seeds. Clean cultivation and weeding



before the plants come to flowering will
keep the weeds at bay. Ripe berries ara,
soma times edible.

Sida rhombifolia. Fam, Malvaceae.

(Sida hemp, ‘Kurunthotti’)

it is a common weed of waste places.
Its roots are used in Ayurvedic medicine.
Propagation is by means of seed. Hand
weeding, hoeing or digging, and clean
cultivation will keep off the weeds from
the field.

Vernonia cineria. Fam. Asteraceae ('Poo-
vankurunnifa')

Aslender annual herb, which flowers
and fruits all the vear round, except in hot
season. Propagation is by seeds. It is
found in cultivated lands and waste
places. MHand weeding is an effective
method of contiol. It has uses in medi-
cine {Fig. 21.14).

Fig. 21.12. Phyllanthus niruri
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HORTICULTURE

22,

Horticulture is a major branch of agri-
culture. The term ‘horticulture’ is derived
from two Llatin words—Hortus, means
garden ‘end cuftura (colere), means to
cultivate or to care for. Originally,
horticulture meant cultivation of plants
in a garden. Plants such as flowers,
fruits  and vegetables wers grown in
gardens (enclosed areas or protected
areas), and thus, these crops acquired the
name ‘horticultural crops’. Horticulture
may be defined as a branch of agriculture
concerned with intensively cultured plants
directly used by people for food,
for medicinal purpose, or for aesthetic
gratification (Janick, 1982). It is the art,
science and business of cultivation, prod-
uction and processing or utilisation of
crops like fruits, vegetables, ornamental
plants, plantation crops, spices, aromatic
plants and medicinal plants.

The major divisions of horticulture
are pomology (cultivation of fruits), ole-
ricuiture (cutivation of vegetables), flori-
culture and land scape gardening, spiceg
and plantation crops, medicinal and aro-
matic plants, and procassing technology. In
addition to these, nursety trade, seed pro~
duction of horticultural crops etc. are
developing asstrong branches of horti-
culture with a business orientation.

Most of the horticultural crops need
plant-to-plant intensive care. In mostof
the horticultural creps, the useful parts
are highly perishable in nature and used
in the fresh stage. In contrast, agronomy,
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another major branch of agriculture, inclu-
des cultivation of all the field crops such
as grains, pulses, oil seeds, fodder crops,
fibre crops etc. The field crops are culti-
vated extensively and they do not require
the plant-to-plant attention; and in most
of the field crops, the useful parts are
dried or dead parts and are not easily
perishable.

Importance of horticulture

When we hear the term horticulture
the first feeling is about its artistic or
aesthetic value. Of course, itis an art.
Designing a garden or landscape, propa-
gating plants, flower arrangement etc.
require an artistic talent. Nowadays, a
new technique called ‘Horticultural The-
rapy’ is getting developed to .cure the
abnormal minds of mentally retarded and
disturbed patients through ‘engaging them
in ornamental gardens, orchards and vege-
table cultivation.

In Kerala, more than 70 per cent of the
cultivated area is occupied by various hor-
ticultural crops. These crops, especially
the plantation crops and spices {or the cash
crops) contribute to the major part of the
total agricultural income of our state-
Besides, the horticultural crops give a
higher profit per unit area of land per
annum. By export of various products
like spices, we earn a good amount of
foreign exchange. Inrecent years, the
export of various fresh as well as processed
fruits and vegetables to the Arabian coun-
tries has become a booming business,



When compared to the field crops,
the productivity of horticultural crops,
especially that of fruits and vegetables is
higher. Fruits and vegetables are also
important with respect to their nutritive
value. They containvitamins and minerals
required for our balanced diet. Fruits and
vegetables are often referred to as ‘prote-
ctive foods’ as the vitamins and minerals
present in fruits and vegetables protect us
from many diseases.

As a diversified enterprise also, horti-
culture is important. |n Kerala, afarmer
may cultivate fruits, vegetables and plant-

ation crops in a mixed manner in his home-
stead. The horticultural crops also provide
scope for more employment throughout
the year. Horticulture is also gaining
importance as a specialised enterprise. The
cultivation of tea, cardamom, pepper, or
rubber on a large scale are examples for
specialised enterprise in Kerala. Thegro-
wing of oranges and mango in Andhra
Pradesh, grapes in Tamil Nadu. Karnataka,
Andhra Pradesh and Punjab, appls in
Himachal Pradesh and Kashmir etc. are
examples for specialised enterprise in other
states. Landscape designing, nursery busi

ness etc. are some other specialised enter-
prises.
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23.

23:1. Introduction

For the popularisation of any new
cuitivar developed,.its multiplication on a
large scale becomes necessary. The multi-
plication or perpetuation of a plantto a
number of individuals is called propa-
gation.

Propagation of plants can be divided
into two broader groups—sexual and
asexua!l. Sexual propagation is done by
seaeds which result from the fusion of
female and male gametes, known as zygo-
tic fusion. Seedlings grown from the
seeds of a cross-pollinated crop will not
be true-to-type. For example, a seedling
produced from the seed (under natural
cross poliination) of a Neelum mango tree
will not be exactly similar- in its charac—
teristics to that of the mother tree. Asexual
propagation, on the other hand, is usually

'not by seads. In asexual propagation,
vegetative parts like cuttings, suckers.
bulbs, rhizomes etc. are used, and hence,
the plants produced will be true-to-type.
Since vegetative parts are used, asexual
propagation is also known as vegetative

_ propagation.

23:2. Sexual method of propagation,

Seeds are the propagating material in
sexual method of propagation. In a cross-
pollinated crop, if seeds are used for
multiplication, the off-springs will not be
uniform. Seed propagation is most com-
monly used in annual crops like vegeta-
bles and annual flowering plants. More
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details on seed propagation, production
of quality seeds etc. are given in the
chapters on seeds.

Some of the advantages of sexual or
saed-propagation are given below:

1 Seedling treas usually have a langer
life—span and they bear heavily.

2 In plants, where vegetative propaga-
tion is impossible or becomes very
costly, seed propagation is the only
way ed., /jpapaya.

3 Sexual propagation is the only way
to evolve a new hybrid cuitivar.

4 Seedlings are deep rooted and so
more hardy; and they thrive over
adverse conditions as drought; wind
etc.

Seedlings are comparatively cheaper
and easy to produce.

[47]

Seedlings are used as root stocks for
budding and grafting.

7 Occasionally. superior plants are obt-
ained as "‘chance seedlings’.

The sexual or seed-propagation has
some demerits also. They are—

1 Generally, seedling trees are not uni-
form in theirgrowth, yield and qguality
of the produce. The time of flower-
ing and harvest may also be different
for different trees, ie., not true-to-type
to that of the mother tree.

2 Seedling trees take more time (years)
for flowering and bearing.



Seedling trées are growing very tall
and spreading in nature. So, pruning,
harvesting, spraying etc. are difficult
and become costly also.

It is not possible to multiply a desired
hybrid cultivar through its seed since
the progenies of hybrids are highly
heterogenous.

23:3. Asexual methods of propagation

The various methods of asexual pro-

pagation are the following:

1) Apomictic embryos
2) Runners

3) Suckers
4) Separation-
5) Division
6) Cuttings
7} Layering

8) Graftage—grafting and budd'ing

. 9) Micro propagation

Advantages of vegetative (asexual}
propagation

1

Through vegetative propagation, we
can produce ftrue-to-type plants as
that of the mother tree. The growth,
vield, quality of produce, flowering
and harvesting period etc. will be
similar in such plants, ie., they will
be uniform or homogenous.

In trees, where seeds are not formed,
vegetative propagation is the only
way. eg., banana, pinedpple.

In plants where seed germination is
very poor or slow, vegetative propa-
gation will be the easiest and chea-
pest.

Some cultivars may be susceptible
td certain pests/diseases. Similarly,
some cultivars may not be growing
well in certain soils. Successful culti-
vation of such cultivars is possible
through vegetative propagation, if

10

they are grafted on the pest/disease
resistant root-stocks or on rootstocks
which are adapted to the unfavourable
soil, ie., we can impart the resistance
of a root-stock on a cultivar through
vegetative propagation.

Vegetatively propagated plants come
to flowering and fruiting earlier than
that of seedlings.

Vegetatively propagated plants are
often dwarf in stature. So, itis easier
and cheaper to conduct various
operations like pruning, spraying, har-
vesting etc., and it is also possible to
accommodate more number af plants
per unit area.

Some plants are dioecious (male and
female plants are septate), eg., nut-
meg. In such cases, the useful fem-
ale plants can be multiplied by asexual
methpds.

Through vegetative propagation me-
thods like top working, even inferior
plants can be changed to superior;
or the male plants can be converted
to productive female trees, eg., male
nutmeg trees can be converted to
female ones by top working.

Some fruits are self-unfruitful, ie., if
a single variety is grown, it will not
produce fruits. Only through cross
pollination with other varieties, it
can produce fruits. Such self-incom-
patible fruit plants can be made fruit-
ful by grafting shoots of another
variety on their branches.

Through vegetative propagation met-
hods, it is possible to produce differ-
ent varieties on a single plant. Itis
also possible to heal wounds caused
by rodents, implements or natural
damages through bridge grafting—
a form of repair grafting.
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::Disadvamages of vegetative propagation

|

1 Vegetatively propagated plants are
generally smaller in size, and hence,

per plant vield is lower and are short’

lived,
2 There is no possibility of getting
chance seedlings or new cultivars
‘ naturally.
i3 Root system of vegetativeiy propa-
gated plants is often not as deep as
that of seedlings, which results in low
anchorage in soil; and they are more
easily damaged by winds.
Vegetative propagation methods can-
not be used for evolving new cultivars
ar for breéding purposes. In breed-
ing programmes, seed propagation is
mostly used.

CE

: 23:3.1. Apomictic embryos

Apomixis means the development of
;seeds without fertilisation. In such seeds,
.apomictic embryos develop into new plants.
|Since there is no fertilization, the apo-—
mictic embryos will be true-to-type as
that of the mother plant. Plants produ-
1cing only apomictic seeds are called
"‘obligate apomicts’. eg., Mangosteen.

Partial apomixis is seen. in many fruit
crops. In this case, apomictic embryos are
produced along with the normai zygotic
embryo and such plants are called
‘facultative apomicts’.  (Polyembryony is
the phenomenon in which two or more
embryos develop in a seed. A polyemb-
ryonic seed on germination gives rise to
more than one seedling. eg., some mango
varieties, avocado, oranges etc.). The use
of apomictic embryos has got some ad-
vantages. They are—

1 The progenies will be true-to-type.
2 The root and shoot systems will be

vigorous and the plants will bear
heavily.
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3 Virus diseases of mother plantare not
transmitted through seeds into the
off spring.

However, the apomictic seedlings
have long juvenile or pre-bearing period,
which is a disadvantage.

23:3.2. Runners

Runner is a specialised stem growing
from the leaf axil and which runs horizo-
ntally along the ground. Roots are formed
on the nodes of the runners. Such rooted
runners (daughter plants) are separated
and can be used as separale plants. eg.,
Strawberry.

23:3 3. Suckers

Sucker is a shoot developed from the
underground stem of a plant and growing
upwards. eg. pineapple, date palm,
banana. In some plants like curry leaf and
bread fruit, shoots develop from vegeta-
tive buds of roots, and hence, called
root-suckers.

22:3.4. Separation

The process of multiplication of plants
using naturally detachable structures such
as bulbs and corms is termed separ-
ation. eg,. onion, garlic, lilly etc (using
bulbs) and gladiolus (using corms).

23:35 Division

When the plants are perpetuated using
organs ¢ut into pieces, the method is
called division. eg., canna, ginger, tur-
meric, cardamom etc. (using rhizomes);
Sweet potato, potato, dahlia etc. (using
tubers); yams (using corms).

The primary function of the structures
used for separation and division is food
storage. '

23:3.6. Cuttings

In this method, a portion of the stem,
root or leaf is cut from the mother plant
and induced to form roots and shoots by



placing them in some rooting medium
(sand, soil, potting mixture etc.) under
favourable conditions.

Based on the plant part used, the
cuttings canbe grouped into four—root
cuttings, leaf cuttings, leaf bud cuttings
and stem cuttings.

Root cuttings:
about 15-25 cm are cut and pianted hori-
2ontally in,a rooting medium at a depth of
3-5¢cmi  under favourable conditions.
When the shoot and root systems develop
well, they can be transplanted. eg., bread
fruit, curry leaf.

Leaf cuttings: Here, leatblade or leaf
blade with petiole is used for propagation:
The cuttings’-are kept over the rooting
medium  with close contact. Root and
shoot systems develop from the leaf, and
thus, new plants are obtained. eg. Begonja,
Sansevieria, Bryophy/fum, Peperomia etc.

Leaf bud cuttings: In this method,
a leaf blade with its petiote, axiltary bud
and a short piece of stem is used for plan-
ting. eg . lemon, tea, hydrangea etc.

Stem cuttings: This is the most pop-
ular, easy and cheap method of propaga-
tion in many plants. Depending upon
the hardness or age of the shoots, stem
cuttings are divided into four groups—
hardwood, soft wood, semi-hard wood
and herbaceous cuttings. :

The cuttings taken from shoots of one
year's or one season’s growth are termed
hard wood cuttings, eg., pomegranate,
grapes, tea, Hibiscus, rose, fxora, Bouga-
inviilea, citrus etc. )

The tender cuttings taken from the
shoots of recent growth and with little
woody tissues are the soft wood cuttings.
They are taken mostly from the soft, ter-
minal or central portion of the shoot.

[n this case, roots of

Usually leaves on the top of the cuttings
are retained when they are planted for
rooting. eg., jasmine, passion fruit, olea-
nder etc.

The cuttings which are partially mat-
ured, or which are intermediate to the
hard wood and soft wood cuttings are
termed semi-hard wood cuttings. eg.,
Acalypha, croton etc.

Herbaceous cuttings are taken from
the succulent herbaceous plants. eg.
coleus, geranjum, dahlia etc.

Method of taking cutting and planting for
rooting

Tha maturity of shoot and season ot
taking cuttings depend on the type of
plant. [n the case of hard wood cuttings,
well matured healthy shoots are to be
selected, and the leaves are removed.
Cuttings of 15-25 cm length .and pencil
thickness are to be taken from the middle
or basal portion of the shoot. Each cutt-
ing should have at least two or three good
buds. The cuttings are to be prepared
using a sharp knife to ayoid damage of
tissues on the cutend. The cuttings are
made into small pieces by giving a slanting
cut of about1.5-2.0 cm. long just below
the node at the basal portion and a cross-
cut is given about 4-6 cm above the node
of the top portion. The slanting cutis
given to get more area for large and quick
absorption of water and nutrients, and to
induce mare roots. The transverse cut at
the top is given to reduce the area of
exposure, which will help to reduce the
loss of water from the cuttings. Always
use fresh cuttings for planting.and avoid
wilted or dried ones. While ptanting,
polarity shouid be maintained, fe., cuttings
should not be planted in the inverted posi-"
tion; the basal part of the cutting should
be in the soil.
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Growth regulators to induce rooting

Plant growth'regulators or plant hor=
mones can be used 1o induce rooting in
many of the difficult-to-root cuttings.
Indole Butyric Acid (IBA).. Indole Acetic
Acid (JAA), Naphthalene Acetic Acid
(NAA) etc. are the common growth regul-
ators usad to promote rooting. Depending
on the type of cutting, these chemicals are
~used Invery low concentrations. The
chemicals can be applied in different
methods like powder application, dilute
solution (20 to 200 ppm) soaking method,
ar quick dip method using concentrated
solutions of 500 to 10,000 ppm. (One
milligram of the chemical dissoived in one
litre of water gives one ppm solution).

The powder preparations are easier
_ for application. Commercial formulations
like Seradix—B are available inthe market
for the purpose. Seradix B-No.1 is used
for soft wood cuttings, No.2 for medinm
cuttings and No.3 for hardwood cuttings.
The bottom end of the cuttings are to be
tregted with the hormone powder. For
this, fresh cuts are to be made atthe
bottom. If the cut ends do not have eno-
ugh moisture, they may be dipped in water
and tapped with finger to remove the
excess water. Then the cuttings are dipped
in the hormone powder. The excess
poweder is removed by tapping the cuttings
gently with the fingers.
ready for planting.
23:8.7 Layering

" In layering, rocting is made to occur
on growing/intact shoots, stem or branches
of the mother plant. After the formation
of root, the shootis cut off from the

parent plant to get the new plant. This
method is used in plants, where the
cuttings do not root easily by the

usual methods. Since the layered shoot
is attached to the mother plant. it'gats
nutrients, and the rooting is enhanced.
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The cuttings are.

Priciples of layering

One important feature of layering is
that the stem used for rooting is intact of
attached to the mother plant. While
layering, some notching or bark-ringing
treatmants are usually given on the shoots.
The food materials and plant hormones

‘produced by the leaf and shoot are trans—

located and get accumulated at this cut
portion. This accumulation of\ food and
hormones initiate rooting. At the same
timme, the top portion of the shoot gets
water and nutrients through the undis-
turbed xylem vessels {wood portion).

Methods of layering

The various methods of layering are
(Fig. 23.1)—
1)" Tip layering
2) Simple layering
3} Serpentine layering
4) Trench layering
5) Mound or stool layering and
6) Air (pot or chinese) laysring.

Thase methods are briefly discussed
below.

7Tip layering: 1n this method, the tip
of a current season’s shoot is burried in
soil. The tipgrows first into the soil and
then comes above the soil surface.
Rooting takes place from the nodes
burried in scil. Then tha rooted shoot
cut off from the mother plant to get
the new plant. This method is not
usually practised in tropical crops. In
black berries and rasp befries, tip layering
is practiged.

Simple layering: Here, the low-
lying one year old branches of_the mother
plant are bent to the ground, partially
covering it, leaving about 15- 30cm of
shoot-tip above the soil surface. To
induce better rooting, a slight slanting cut
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Fig. 23.1
' 15 given on the portion of the stem cove—
red with soil; or a ‘ring of bark of about
2-3 cm length is removed and eovered
with soil. lrrigate them daily at the place
of layering. Roots develop within 45 to
60 days from the injured portion. Then,

LAYERING

Principal methods of layering

it is detached from the mother plant and
used as the new plant. eg., guava,_litchi,
limes, lemons etc.

Serpentine or compound layering:
This method is suited to creepers and
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climbers like pepper, jasmine etc. The
mathod is same as in simple layering but
the long stem is injured and buried in
soil at a number of places. So, we will
be able to get a number of new plants
from a single shoot.

Trench fayering: The branches of
the mother.plant are bent downwards
and placed horizontally in a trench of
10-15 cm deep and covered with soil.
Such trenches will be irrigated daily.
After some ‘months, roots and shoots
develop, and the shoots grow above the
soil surface. Then, the soil is removed
carefully, and each rooted stem is detached
and planted. This method is not common
in India.

Mound or stoof layering: 1nmound
layering, the top portion of the mother
plant is cut off about 20-30 cm above the
ground level. When new sprouts develop
from the stump, earthing up is done.
As the shoots grow, the amoiint of
earthing up will be increased gradually
for
gation is also given. Each sprout forms
roots at its base in the soil. After
about three to four months, the soil -is
carefully removed and each rooted plant
is separated from the mother plant.
This method is usually practised in
plants like guava. papaya, azalea etc.

Air layering: Air layering is known
in various names such as chinese layer-
ing, pot Iayenng, circumposition layering,
marcottage and gooteeing.

In air layering, the rooting medium or
soil is taken to the branches instead of
bringing the branches to soil as in other
methods. The shoot, at a point about
20-30 ém from the tip, is injured either
by giving an upward slanting cut or by
removing a ring of bark of about 2-3cm
length. This portion is then
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‘from the medium,

three or four times, and regular irri--

enclosed’

in a bail of moist sphagmum moss or
layer mixture, and covered with a poly-
thene sheet, and tied wellat both ends.
After about 45-60 days, when roots are
sesn through the "polythene sheet, the
shoot is detached fromthe mother plant
and it can be used as a separate new plant
(Fig. 23.2). Layering would be successful,
if done in rainy days.

Earlier, gunny pieces or cloth pieces
were used for covering the rooting medi-
um around the wounded partion of shoot.
In such cases, due to the loss of moisture
regular watering was
necessary. For this, pots were used.
Pots filled with water were tied above
the layer and a piece of cloth-string was
strung from the hola.made at the bottom
of the pot to the rooting medium.’

It is advisable to cut-off the rooted
layer gr/dually ie., give a slight cut at
first, and then, gradually despen it at
weekly intervals. In thisway, the layers
are separated after three or four cuttings.

Merits and demerits of layering

Layering is successful in many plants
where cuttings do not root easily. By
using large branches for layering, we

get bigger plants as compared to other

Fig. 23.2. Steps in air layering



methods. Since the rooting takes place
on the unseparated shoot of the mother
plant, the rooting will be quicker than in
cuttings. But layering has a disadvantage
that it requires some hardening process
between the stage of separation and
planting in the main field.

Methods to induce better rooting in layers:

As in the case of cuttings, rooting
can be enhanced in layers also, by the
application of growth regulators. Growth
regulators are applied in the {orm of a
paste. For this, the chemical is mixed
with lanolin paste or petroleum jelly at
the required concentration and this is
applied on the bark above thering or
notch for about 2-4 cm in length. Then
perform the layering as described above.

Etiolation is another method used to
induce better rooting in layering. It is the
practice of covering a part of shoot with
some materials, which prevent the entry of
light. In trench layering, the whole bra-
nch is covered with soil; so also in stool
layering—the base of all new sprouts. This
practice induces better rooting. In air
layers, etiolation can be done by covering
a portion of branch of 5-8 cm length with
black polytheane sheet or paper or cloth for
about 2 to3 weeks before layering.
Then ringing/notching is done on the
etiolated portion after removing the
black covering, and the layering is done
as usual,

23:3.8. Graftage:

In certain plants, cutting, layering or
other simpler methods of vegetative pro-
pagation are not found to be successful.
Under such situations, graftage may be a
practical method. Graftage is an art of
joining parts of plants together so that in
due course they unite and grow con-
tinuously as a single plant. Graftage inc-
ludes two methods—grafting and budding.

Since thera are quite a lot of methods of
grafting- and budding and require an
elaborate treatment, they are presented
separatety (See the next chapter).

23:3.9. Micro propagation:.

The method of micro propagation is
of recent origin. Micropropagation is
the development of plants from very small
plant parts in an artificial medium under
aseptic conditions. This method is based
on the principle of ‘totipotency” of cells.
Totipotency means the ability of a single
cell to divide, grow and differentiate to
form a complete plant.

Depending on the plant-parts used,
the micropropagation can be grouped as
organ cultures, embryo cultures, and callus
cultures.

In organ culture, plant organs like
root tips, shoot tips, leaf primordia, imma-
ture flowers, anthers, pollen, ovule,
immature fruits etc. are used for the dev-
elopment of plants. In embryo culture,
mature or immature embryos (embryoids)
are used. Callus culture is also known as
tissue culture. Callus is a mass of undiff-
erentiated cells, capable of growing and
dividing fast. Such undifferentiated tissues
are aseptically cultured in callus culture
technique.

In micropropagation, depending upon
the plantpart used, either shoot system or
root systam or both are developed from
the tissues, and thus, a complete plant is
obtained. All the processes are done
under strict aseptic and controlled atmo-
spheric conditions. The room, equip-
ments, glass wares, culture medium etc.
are sterilised to avoid possible contami—
nation of fungal, bacterial and other
pathogens.

The tissues are cultured in artificial
medium. The essential ingredients of a
tissue-culture tedium include minerals,
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sugar, growth regulators, vitamins, orga-
nic complexes like coconut water etc-
Depending on the type of organ/tissue and
the plant species used, the composition of
medium varies. Similarly, the ‘atmo-
spheric condition such as temperature,
humidity, light intensity and duration etc.
are also controlled in a tissue culture
laboratory.

" The plantlets obtained by tissue cul-
ture technique are first transplanted into
small pots filled with sterile medium, Then
the plants will be -hardened gradually so
that they will be able to withstand and
thrive under normal atmospheric and
soil conditions.

Micro-propagation techniques are
used for many purposes like-

1) To study the fundamentals of
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plant physiological, pathological
and genetical aspects,

2) To screen or isclate pathogen-
free plants,

3) To screen or isolate plants which
are resistantjtolerant to adverse
soil conditions,

4) To enable rapid multiplication
under conditions that maintain
freedom from diseases etc.

Micro-propagation  techniques are

commercially employed for the multiplica-
tion of orchids. Methods of micropropaga—
tion have been standardised and developed
in many crops like banana, citrus,
papaya, jack, cardamom, tea, coconut etc.
Micropropagation techniques are employed
for muitiplication of banana and cardamom
by some private firms in Kerala and in
future we expect many such developments
on a commercial basis,



24. Grafting and budding

24:1. Introduction

Grafting and budding are techniques
of graftage, ie., joining two separate plant
parts together in such a way that healing
occurs between them and they grow to-
gether as a single plant. The art of graftage
isalso called ‘plant surgery’. In this con-
nection, we should be familiar with two
words—scion and rootstock.

Scien (or cion} is the plant " part used’

for graftage which grows asthe upper
portion, say, the shoots of selected varie-
ties used for graftage. The scion after
graftage develops into the shoot system.
We should select high yielding mother
plants free from pests and diseases to take
the scion.

Root stock (understock or istock) is
the plant part of a graft or budling which
provides the root system. In other words,
rootstock is the basal part of the graft
or budling on which graftage is perfor-
med. It is the rootstock which absorbs
and translocates the water and nutrients
to the scion for its growth and develop-
ment. Depending upon the plant species
we can use a seedling (sapota, mango,
rubber etc.) or cutting (rose) or layer as
the rootstock.

In grafting, the scion used will be a
short piece of shoot or twig with many
buds. But in the case of budding, a
single bud s taken as the scion. Thisis
the main difference between budding and
grafting. Budding is also known as bud-
grafting, and budlings as bud-grafts.

24.2 Principles of graftage

The principles of graftage is based on
the process of healing wounds in plants.
If the longitudinally split branch of a plant
is tied tightly together, a large number ot
parenchymatous cells (callus) are pro-
duced from the outer layer of cambium
from both the split pisces. From this,
cambium cells are developed along the
line of cambiai layers of the split pieces.
This cambia] layer produces xylem (wood).
and phloem (bark) tissues, which inter-
mingles with the wood and bark of
the split pieces of the branch. Thus, the
healing process is completed. The same
process takes place in the healing between
the cut ends of rootstock and scion to
form a single plant.

24:3. Merits and demerits of
graftage:
The merits or advantages of graftage
are—

1 Graftage can be practiced success-
fully, when other simpler methods
of vegetative propagation are failures
in a plant.

2 In grafitage, it is possible to get the
desirabie effects of a particular root
stock on a particular variety.

3 Through graftage, it is possible for
top working to obtain special forms

" of plant (eg. with fruits and flowers of
different cultivars in a plant), to repair
damaged trees, to study the details
of virus diseases (eg. indexing) etc.

171



The demerits or disadvantages of
graftage are—

1 Graftags is not successful in mono-
cots. Itcan be used only in dicots.

2 We have to select suitable scions
and stocks (for the type and physical
maturity) for graftage. Otherwise, in-
compatability and failure to form
graft union may result. Similarly the
season or atmospheric condition
also has profound fluence on the
success of the graftage.

-24:4. Grafting:

There are several methods or techni-
ques of grafting. Some common methods
arg-

1 Splice or whip grafting

2 Tongue or whip and tongue
grafting

3 Cleft or wedge grafting

4 Saddle grafting

5 Side grafting

6 Veneer or side veneer grafting

7 Approach grafting

Splice or whip grafting:

Thisis a simple method of grafting
(Fig. 24.1). It is commonly practised in
apple. In this case, the rootstocks and
scions selected should be of the same
thickness— say, pencil thickness to finger
thickness. First, a slanting cut of about
4-5 cm is made at the bottom of the scion.
Then, a similar cut is given on the top of
the rootstock. They are placed together
in such a way that their cambium tissues
are in close contact with each other. After-
wards, it is firmly tied together using
waxed cloth. For tying, the usual plaster
used in hospitals for bandage of wounds
can also be used. The cuts unite ina
few months and the scions grow. The
grafts are ready for planting in the field.
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(Cambium is a thin layer of tissue
.present in between the bark or phloem
and the wood or xylem. The graft union
starts first by the union of cambial layer of
scion and stock. So, the success of any
grafting or budding depends on the pre-
paration of proper cut surfaces and place-
ment of scions and stocks so that the
cambial layers are in close contact with
each other).

Tongue or whip and tongne grafting:

This method is similar to that of
splice grafting described above. But, in
addition to the slanting cut, an inward

second cut to get a ‘tongue’, is also made
both in the scion and stock (Fig. 24.1).
The scion and stock are joined together
so that their tongues fit into the slits

made. Then, the united portion is tied
well.

Cleft or wedge grafting:

In this method. the bottom of the
scion is cut tothe shape of a wedge (Fig.
24.1). The stock is horizontally cut
(cross-cut) first, and then, a V' shaped
slit (cleft) is made. Then, the scion is
insterted into the slit so that their cambial
layers come in a line. eg: apple, mango.

Saddle grafting

In this case, first give a cross-cutjat
the bottom of the scion. Then two
slanting cuts are made upwards so that a
cleft is formed. After this, the top of the
rootstock is cut to form a wedge, which
fits correctly into the cleft of scion. Then,
the scion is placed over the stock and
tied firmly. This methad is successful in
apple, pear, papaya etc., but not commonly
practised.

Side grafting

In side grafting, the rootstock will
not be cut onthe top. At the bottom of
the scion, two slanting cuts are madse,
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Fig. 24.1. Principal methods of grafting

of which one cut is slightly longer than
the other. On the stock, an incision is
made at 20-25" and the wedge of scion
is inserted Into it. Theunion is tied well.
When they unite well and scion starts

SpEouting, the rootstock is cut at about
.3-5 cm above the graft union (Fig. 24.2).

Vencer or side-veneer grafting

This is a modified type of side-
grafting. Inthis case, a slanting cutis
made on the rootstock. At the bottom of
this slanting cut, another short slanting
cut is made so that a piece of bark with
some wood is also removed. The scion
is also prepared in such a way that its cut-
ends come in close contact with - the
cutting given on the stock and in line
with their cambial layers. That is, first a
slanting cut is made at the bottom of the
scion on one side. Atthe end of this
slanting cut, a short cut is made. Then
the scion is inserted tightly into the cut
made on stock and tied well (Fig. 24.2).

Approach grafting

Approach grafting is employed only
when other methods of grafting are
not successful enough because, this
requites more labour and is more expensive.
Usually, we get a high percentage of reco-
very in this method and it can be tried even

SCION

. STOCK STION

SIDE GRAFTING

VENEER GRAF TING

i%

Fig. 24.2. Staeps in side & veneer grafting
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in dry conditions. Approach grafting is
popular in Kerala for the propagation
of plants like mango, jack, sapota, mango-
steen and ornamenta] trees like ‘chem-
paka’.

"In approach grafting, both the stock
and scion grow on their own roots. In
other words, the scion is not separated
fromthe mother plant as in the case of
other methods. )

Fruit crops like mango, sapcta, guava
etc.. are mostly propagated through
approach grafting. For this, rootstocks
are raised in small pots or in coconut husk
or in any such other containers, and grown
for about 1-12 years to get pencil thick-
ness and 30-45 cm height. Such grown
up rootstocks are taken to the. mother
plant. (Usually, for commercial multi-
plication, mother plants are grown very
closely and trained to get low-Iying,
spreading branches for easiness of grafting.
Such orchards are known as ‘close planted
progeny orchards”.)

From the mother

(girth) as that of the root stock. Make
an inward ‘arch’-shaped cut of 3-5 cm
long on the rootstock. The depth of
cutting in the centre should be about 1/3
of its thickness and a portion of wood is
- also removed while making such acut.
Then, make a very similar cut on the side
of the selected branch (scion) of the
maother plant insuch a way that the cut
surfaces of the stock and scion can be
brought together perfectly in close contact
with sach other. The cambial layer should
be in the same level. Then, tie the union
with a good gunny twine and cover
it using plaster or grafting wax or mud-
mixture. Care should be taken to Irrigate
the stock. After about 2 to 3 months,
the cut surfaces are healed, ie., the graft

union is completed and the graftis ready
for separation.
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plant, select an
upward branch having the same thickness

For separation, a shallow cut is made
on the scion just below the graft union
and another shallow cut on the sgtock
just above the graft union. Atan interval
of 2-3 weeks, gradually deepen the cuts;
and with the final cut, say the 3rd or 4th
cut, separate the graft from the mother
plant and keep under shade. Throughout

“these stages described above, the root-

stock should be watered. A few days
after giving the first or second cut, if the
scion-branch dries, we  understand
that the healing of graft union was not
complete or the grafting was not done
perfectly (Fig. 24.3).

Sometimes, a modified method of
approach grafting, known as ‘tongued
approach grafting’ is also practised. In
thig case, a tongue each is made on
the cut surfaces of the stock and scion to
get a firm joint or union.

Approach grafting is sometimes known
in_arching

as ‘inarching’. But the term

APPROMACH GRAETING

STOQNE GRAFTING

Fig. 24.3. Steps in approach & stone grafting



is also used to denote the method of
grafting employed for repair work. That
is. when the lower portion of a plant is
damaged by pests/diseases/other causes,
it can be repaired by inarching. For this,
depending upon the size of the damaged
plant, 3-6 rootstocks are planted aro-
und the damaged tree. The rootstocka
are cut above the height of the damaged
portion of the mother plant. A slanting
cut is made at the top of the cut rootstock
towards the side facing the mother plant.
Then the bark with some wood portion (si-
milar to the cutting of rootstock) is remov-
ed on the mother tree at the same height as
that of the stock. Fix the cut end of the
stock into that on the mother.plantand it is
tied and waxed well. Such graftings are
made all round the damaged tree. When
the union is successful, the rootstocks
absortb and translocate the water and
nuttients to the mother plant. The stocks

provide good znchorage also.

24:5. Stono grafting

Recently, this method is gaining po-
pularity for the multiplication of mango
and cashew. In this case, seeds ('stones’)
are sown in the nursery and the grafting
(wedge method) is done on the epicotyle
region of the seedling, 7-10 days atter
germination. The joint is tied firmly with
a polythene ribbon of 0.5-1.0 ¢m width,
and the grafts are kept under shade and
nursed well. The epicotyi region {above
the cotyledons of seedling) will be soft
at this stage. Graft-joints heal within a
month of grafting, and subsequently the
scions sprout.,’ Since stone grafting is
performed at the epicotyl region, it Is
also known as ‘epicotyi grafting’ (Fig.
24.3). . '

The advantage of stone grafting over
the approach grafting is that, we may
get the established grafts in 6-8 months

from thes sowing of rootstock seeds. But
in approach grafting, about 2 to 2} years
will be required to obtain the established
graft from the sowing of seeds, ie., stone
grafting is quicker. Another merit of
stone grafting is that it requires less labour
and management cost, whereas approach
grafting needs high labour and manage-
ment cost, ie., stone grafting is cheaper
and less laborious.

The demerit of stone grafting lies
in the fact that the percentage of success
is lesser when compared to the approach
grafting. Also, the stone grafting could be
done only in rainy season, or undar high
humid conditions; otherwise the success
will be poor. , Moreover the viability of
seeds is also lost at a faster rate. But,
approach grafting can be done throughout
the vear.

24:6. Budding

Budding is also known as ‘bud
grafting’ as the physiological processes
invalved are same in budding and grafting.
In budding, we are using a single bud
as the scion, but in grafting a small shoot
with a number of buds are used. It is
noticed that the bud union is more stron-
ger than graft union, .

The chances of breaking graft union
by wind etc.. when the grafts are grown
in the field would be higher than that of
budlings. This is an advantage of budding
over grafting. Another merit of budding
is that it is more economic. A fu!l grown
plant can be produced utilising a single
bud of the scion or bud wood. However, in
grafting, we get only a single plant utili-
ing a scion-shoot containing several
buds. Budding is more easier and quicker
than grafting.

As in grafting, seedlings/rooted cutt—
ings/rooted layers can bas used as the
rootstock for budding. The rootstock
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should have desirable characteristics like
vigorous growth and resistance to pests,
diseases, drought etc, Usually tender or
current seasons’ shoot is used as bud wood
in order to separate out the bark with bud
without damage. !f the bark-peeling or
barks’ slipping is difficult, the bud with a
piece of wood (chip bud) is used as the
scion. Naverselect abud, which is physio-
logically mature and about to sprout. Bud
wood or bud stick is a piece of shoot of the
mother plant from which the buds are
taken for budding.

Methods of budding

Depending upon the nature of the
method of taking buds from the budwood,

" or the method of bark peeling on the root-

stock, budding can be classified into the
following types—(See Fig. 24.4).

1) ‘T’ budding

2) Inverted 'T' budding
3) Patch budding

4) ‘I’ budding

5) Ring budding

6) Flute budding

7) Chip budding

T budding

“I" budding is also known as shield
budding. This is the most popular and
common method of propagation in citrus,
rose etc. In this method, a well promin-
ent round (bulged) bud with a portion
of bark of about 2-3 cm length is taken
out in the shape of a shield from the
desired cultivar. A portion of wood will
also be attached to the bud. The bud is
taken from a current season’s shoot using
a sharp knife, For this, a slanting shallow
cut is made about '1to 2 cm from the
bottom part of the bud towards the top.
Then a vertical cut is given on the top of
the bud, about one cm above the bud. The
wood portion is then removed carefully
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without damaging the bud and the bark.
For easy handling of the bud, a piece of
the petiole can be retained along with
the bud. Afterwards, make a ver-
tical cut of about 2-3 cm long on the
rootstock and a small horizontal cut over
the top of the vertical cut in the shape
of ‘'T'. Then, open the bark towards both
sides and insert the bud.into the gap for-
med between the wood and the bark on
the stock. For this, slowly slide the bud
from the top portion of the slit opened,
Tie the union well with a polythene strip/
tape of about 0.5 to 1 cm width. While
tying, care should be taken to keep the
bud portion exposed in order tg facilitate
its growth (Fig. 24.4).

Inverted 'T" budding

This is a modified method of ‘T
budding. In inverted ‘T’ budding, the
cutting of the bark on the stock is ina “}°
shape. Similarly, while taking the buds
from the bud wood, the slanting shallow
cut is made from the top of the bud
downwards and the vertical cut at the
bottom of the bud. After opening the
bark of the stock towards both sides, the
bud is inserted from the bottom to top by
light-sliding. Other practices and opera-

tions are same as that of ‘'T° budding. eg.
citrus.

Patel budding

As the name indicates, in this method,
the bud (scion) is taken out as a rect-
angular patch with the bud at its centre.
A similar patch of bark is removed from
the rootstock and the bud (scion) is
placed in this portion and tied well. eg.,
rose, rubber (Fig. 24.4).

'I' budding
In this method, the preparation of
scion bud is similar to that for patch

budding. But, on the stock the cutis
made in the shape of ‘I’ and the barkis



opened to bath sides. Then the scion is
inserted keeping the bark of stock on it,

and tied well exposing the ‘eye’. eg..
peach, plum, pear, mulberty etc.
(Fig. 24.4).

Ring budding

In this case, the scion bud is slipped
off as a ring with its ‘eye’ in the centre.
A similar ring of bark is removed from the
stock, and in this place the scion ring is
fitted tightly. Care should be taken to sce

BUDWOOD

STION

Fig. 24.4  Principal methods of budding
1. Patch budding. 2. ‘I’ budding

3. Ring budding 4. Flute budding
6. 'T" budding

that the girth of the bud wood and the
stock are same. Otherwise the union
will not be perfect (Fig. 24.4).
Flute budding

This is wvery similar to patch
budding. In flute budding, the bud-patch
(scion) and the patch of bark removed
from the stock almost encircle the stem.
It can be said as a method in between
the patch budding and ring budding.
(Fig. 24.4;.

Chip”budding

Chipj,{budding is also known as
yemma budding. This method is adopted
in plants, where it is difficult to slip off
the bud with bark since the bark and
wood [are very tightly associated with
each other. So, the bud is taken out with
a large piece of wood and a similar
portion is removed from the rootstock.
The scion (chip bud) is {fitted into the
gap mace on the stock, and tied weli
exposing the ‘eye’ to develop. eg. grapes.

24:7. Care of grafts and budlings
To obtain good grafts and budlings,

they should be cared intensively from the

day of grafting/budding. Some of the
impottant points to be remembered in this
regard are,

1) Providing regular watering and partial
shade in summer months from the
day of grafting till its full establish-
ment. The rootstocks are to be
irrigated daily. After separating
grafts, they may be kept under shade
and watered daily.

2} Feriodical removal of sprouts deve-

loping from the rootstocks. Only the
scion-twig or bud should be allowed
to grow. All the new growths com-
ing from the rootstock have to be
remaved. Otherwise, it may affect the
growth and health of the scion.
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3; Removal of the bandage or tying
material after the perfect graftjbud
union to avoid girdling at the union.

4) The rootstock portion, if any. exist
above the graft/bud union may also
be cut off carefully.

When the scion put furth new growth,
we can understand that the grafts/bud-
lings are established, and such established
plents can be planted in the main field in
the coming mensocon season.

24:3. Top working or top-grafting

Top working is a process of grafting/
budding on the cut off branches of an old
tree or plant by which the cultivar is
totally changed. Take the case of a
mango seedling-tree of 15 years age,
which has a very low yield. By adopt-
ing the method of top working, it can be
changed to a good bearing Neelum or
Prior tree.  For this, cut off all the main
branches of the tree at about 0.6to 1.0 m
distance from the main stem ortrunk. On
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these main branches grafting is done
with the scians of the desired cultivar,
say Neelum, by cleft grafting or any other
suitable method.

Care should be taken to see that only
scion shoots are sllowed to grow and
develop. All the growths which arise
directly from the trunk or branches of
the mother plant should be removed.
After some years, the entire canopy of the
tree would be of the new cultivar. The
top working can also be practised to
change a male nutmeg tree to high vield-
ing female plant. It is also possible to
have different cultivars on diffarent bran-
ches of a plant by top working.

Different methods of grafting like
wedge grafting, eplice grafting, side
grafting etc. are employed for top working
in different crops. Depending on the
nature of the mother plant, budding
methads can also be employed, and in this
case, it is known as ‘top-budding’. eg.
nutmeg.



25,
nursery

25:1. Introduction

We have seen the principles and vari-
ous methods of propagation in the pre—
vious chapters. The specific methods of
propagation of important fruit crops and
the principles of nursery management are
described in this chapter. The details of
propagation of mango, jack, sapota, guava,
papaya, banana, pineapple and other fruit
crops are covered.

25:2.
25:2.1.

Polyembryonic cultivars like Bapakai,
Kurukan, Muvandan, Mayilpeeliyan, Ofour,
Chandrakaran etc. are usually propagated
by seeds, as they produce true-to-type
. progenies. For propagating monoembr-
yonic cultivars, vegetative methods are
employed. Approach grafting, stone graf-
ting, soft wood grafting, veneer gtafting
etc. are successfully practised in mango.

Propagation of fruit plants
Mango (Mangifera indica)

a) Approach grafiing

Sprouted seeds are planted in nursery
beds (of 1.0-1.5m width, 15-20 cm height
and of convenient length) at a distance of
20-30 cm between seedlings. They are
maintained for about one year in the beds.
lrrigation, weeding and manuring may be
carried out as and when required. During
June-July menths, seedlings having pencil
thickness are uprooted and potted in
coconut husk or polythene bags or earthen
pots filled with potting mixture. They are

Propagation of fruit plants and
management

kept under shade with regular watering
for about a month so that the seedlings
establish well in the container. Then, the
rootstocks are ready for grafting. Grafting,
nursing, separation etc. may be done, as
detailed under epproach grafting, in the
previous chapter. The grafts are ready for
planting or sales about two months of
nursing in shads after the separation when
the scions have putforth new growth.
b) Stone {epicotyl) grafting

This method is becoming popular now
a days for the propagation of mango. In
this case, the seeds are sown in nursery
beds or polythene bags. Grafting s per—
formed on 7-10 days old seedlings when
the stem and leaves are still in purple-
red colour.

For better success. pre-curing of scion
is a must. Mature shoots of 4-6 months
age are defoliated for about 10-12 cm
length from the tip with their petiole intact
tothe shoots. After about 10-14 days,
when the petioles fall down, the scions
can be taken for grafting. Select scion-
shoots with plumby and round tips for
grafting. Never sslect sprouted scions for
grafting.

Gralting may be performed by
wedge method as described under
stone grafting in the previous chapter. The
maximum success will be obtained when
grafting is done during July-September
months, under high humid conditions. The
scions may sprout in 4to 8 weeks time,
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If new seedlings arise from the base of tho
grafted seedling, they should be destroyed
immediately.

If the grafting is done on seediings
grown in nursery beds, the grafts may be
transplanted to pclythene bags/pots, about
14-2 months after the sprouting of the
sction. Such transplanted grafts may be
nursed under shade. Within 6-8 months
after grafting, the grafts are ready for
planting.

¢; Soft wood grafting

This method is the latest one employed
for the multiptication of mango. The
method (wedge) of gtafting, precurlng of
scion etc. are same as that in stone graf-
ting. But, the grafting is done ona 1-1%
vear old rootstock, when they put forth
new growth. That is, the grafting is done
on the purple colcured, soft or tender
shoot of the rootstock,

This method can be practiced inthe
main field also, on 12-18 months old
seedlings in rainy season,

d} Veneer grafting
The precured scions are grafted on
12-18 months old rootstocks as described

in the previous chapter. This method is
more popular in North [ndia,

25:2.2. Jack and Szpota

The common method of vegetative
propagation in jack and sapota is approach
grafting. For jack (Artocarpus heterop-
hyflus), the jack seedlings are used as
the rootstock. In sapota fAchras sapota),
roctstocks used are seedlings of Khirnee
(Manilkara hexandra) or Mahua (Madh-
uka fatifofia).

The seeds are sown in nursery beds
very closely at a distance of. about 5cm
between seeds. After germination, seed-
lings of 8-10 cm height are transplanted
in a secondary nursery at 30 cm x 30 cm
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spacing and maintained for about 1-1}
years to attain pencil thickness. Potting,
nursing, grafting, separation, care of sepa-
rated grafts etc. are same as that in mango.

25:2.3. Pineapple (Ananas coamosus)

Pineapple produces three vegetative
propagating  units—suckers, slips and
crowns. Suckers are the side shoots ari-
sing from the bottom of the plant. Slips
are small shoots developing from the stalk
(peduncle) of the fruit; and crown is the
tuft of small leaves found on the top of the
fruit  Though all these materials can be
used for propagation, the suckers are reco-
mmended for commercial propagation or
planting because they produce fruits
earlier (15-18 months after planting).
followed by slips (20-22 months) and
crowns (about 24 months).

For large scaie planting, select and
separate suckers of 500-1000g weight
from high vielding varieties. Then dry
them in open, under shade for zbout a
week. Strip off the lower, old dried Jeaves
and again keep them in shade for another
week f{or drying. Afterwards dip the
bollom of the suckers in 1% Bordeaux
mixture and the suckers are ready for
planting.

25:2.d, Guava (Psidium guajava)

Guava is vegetatively propagated Dy
air layering and approach grafting.

Alr layering: For layering, select
pencil thick, healthy and dormant branches
from the mother plant. About 30 cm.
from the tip of the branch, remove a ring
of bark af 2-3 cm long. In the centre
of the girdled portion, make a knot with a
twine. Then cover the girdled portion
with a ball of layer mixture, (Sieved
sand, soil, cowdung powder and saw
dust or coir dust mixed in equal propor-
tions and moistened is the usual layer



mixture and can be just made in the form
of akall. The ball of mixture, with the

optimum mpisture content will break and
scatter into pieces when dropped from
about one metre height from the ground
level. Moist moss or wood shavings or sand
and saw dust or sand and coir dust can also
be used as the rooting medium for layet-
ing.) After enclosing the girdled portion in
the ball of rooting medium, the medium is
covered with a small sheet of polythene
film and tied firmly on both ends. The
covering and tving should bz so tight
that moisture is not lost {rom the layer
mixture. After 45-60 days of layering,
roots would be seen through the poly-
thene sheet. Then, the layer is ready for

separation. Seperation may. be done
gradually by deepening the cuts at 2-3
weeks intervals. Separated layers are

carefully potted in polythene bags/earthen
pots after removing the polythena covering
without damaging the roots. When the
potted layers produce new growth, they
are ready for planting. .
The best time for layering is Fabruary-
March so that the layers will be ready for
planting in June-July.
1 Citrus fruits:
Mandarin crange
(Citrus reticulata)
Sweet orange
(C. sinensis)
Leman (C. fimen)
Lime (C. aurantifotia)

2) Pomegranate (Punica granatum )
3) Grapes (Vitis vinifera)
4) Annonaceous fruits (Annona spp.)
5) Date palm (Phoenix dactylifera)
8) Mangosteen
(Garcinia mangostana)
7 Roseapple (Fugenia jambos)
8) Avocado (Persea americana)
9) Aonla or guosaberry
(Phyllanthus emblica)
10} Bread fruit {Artocarpus altitis)
1) Passion fruit (Passiflora edulis)
12) Cashew :

{Anacardium occidentale)

Approach grafting is also practised in
guava. Howsver, with respect to the cost

of production and time taken, air layering
is more easier and economical,

25:2.8. Papaya papaya)

The most economical and commercial
methad of propagation of papaya is by
seed. Using the secds obtained from
controlled pollination, the chances far
variation among the seedlings can ba
reduced. Stool layering can also ba
practised as an asexual method of propa-
gation in pspaya. Recently, tissue culture
techniques have been standardised, but
not started on a commercial scale,

(Carica

25:2.6. Banana (Musa spp )

Banana is propagated by means of
suckers. ‘Sword suckers’ with narrow,
small leaves and thick pseudostem are used
for planting. Broad-leaved and slender
stemmed suckers, known as ‘water
suckers’ are to be rejected.

25:2.7. Other fruit crops

The common methods of propagation
of some other important fruit crops are
listed below: —

‘T" budding.
T - buddirg

Cuttirgs. air layering.

‘T' budding, air l..yering. .
Cuttings, air layering.
Cuttings.

Seeds.

Sucker

Seed, approach grafting.

Seed air layering.
Seed, budding, grafting.
Seed, air layering

root-cuttings.

Cuttings, seed.
Stone gratting, air layering, sesds.
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125:3 Nursery management

Nursery and its management is an
mportant topic in connection with pro-
sagation and multiplication of plants.
Nursery management includes all aspects
in connection with production of plants.
right from the site selection to the distri-
bution especially when it is a commercial
one. Salient points in nursery manage-
ment are briefly described below:

Site sefection: The location selected
for a nursery should be near to a perennial
water source. The site should preferably
be flat and there should not be any
chances of water stagnation. The soil
should be free of toxic elements and other
adverse conditions. |f the nursery in
question is 8 commercial one, easy access
to the nursery and transport conveniences
shouid be there.

Water supply: Continuous  water
supply is essential for any kind of nursery.
The water should not have high salt
content.

Physical requirements: For easy,
economic and quick multiplication of
plants, they should be protected from
high temparature, high evaporation, wind
ete. For this, physical structures like
overhead shade or pandals are to be pro-
vided. Glass house, mist chamber, hot
beds, conservatory {a pandal-like siructure
on which climbers are grown for shade
and keeping the atmosphere cool and
humid—some times known as green house
or lath house) etc. may be useful for pro-
pagation and caring of some plants. Con-
servatory may be the cheaper and con-
vanient structure suited to our conditions.
Store houses for implements, pots and
other containers, chemicals, seed materials,
office building etc. are aiso required for a
commercial nursery.
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Layout: In a commercial nursery-
separate areas should be marked for gro-
wing mother plants of perennial crops
(eg: progeny orchards of guava, sapota,
mango etc.); seed production plots for
annual crops (vegetables and ornamental
plots); large shaded nursery area for
plantation crops and spices (coconut,
arecanut, coffee, pepper, cardamom etc.),
conservatory or green house for multipli-
cation through cuttings, nursing the
separated grafts, layers etc. and for gro-
wing and multiplying shade-loving orna-
mental plants like cactii, succulents, ferns
stc. Layout of all these should be done
with economic use of the available space.

Containers: Depending upon the
nature of plant and need, containers made
of mud (earthen pots), plastics or poly-
thene bags can be used for growing them.
Polythene bags are cheaper than other
containers. The size ¢f the container
varies with the nature of plant, duration
of nursing etc.

Potting mixture: For propagation
through cuttings or seeds, some rooting
medium/potting mixture is required. An
ideal potting mixture should be loose
enough to permit the drainage of excess
water, with good water holding capacity
and fertility. 1t should provide adequate
supply of nutrients for the growth of
plants and should be iree from pest and
diseases. Loam ({fertile top soll}, sand
and organic matter {dried cowdung) are
the ingredients of the wusual potting
mixture. |t is better to use sieved soil,
sand and cowdung powder. For general
purpose, a 1:1:1 mixture will be enough.
For some crops specific potting mixtures
are recommended, where the ratio of the
ingredients will be different.



Potting: Whilefilling potting mixture
in pots, great care has to be taken to get
good success. First of all, place some
flat stones or asbestos pieces orsmall
pieces of tiles above or side of the holes
of tha pots so that the holes for drainage
are not plugged by potting mixture, Then,
put one or two layers of rubbles or tile
pieces (3-5 cm size), and over this, spread

river sand for about 2-3 cmin thickness.
This basement will provide enough drai-
nage. -Then fill the pot with the potting
mixture leaving about 3-4 cm space on
the top.

Plant protection: The protection of
plants against pests and disease infestation
is very important. Adequate care should
be taken in this regard.
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26.

.:26:1.

Introduction:

We all tike beautiful things and wish
lo keep our rooms, home, office and other
isurrc:undmg?. in a beautiful way, Orna-
imental gardening is the art and science
,of developing a piece of ground by cul-
tivation and maintenance of ornamental
'nlants and other features, to provide a
ibeautiful and pleasant environment fo,
the work, play and relaxation of individu-
als or community. Thus, an ideal garden
will be an out door living room just like
an extension of the house. When we
.speak about a garden, it can be a home
garden, school garden, public garden, or
a childrens garden. When we study about
gardens, we can see that there are different
types of gardens based on some peculiar
‘characteristics or designs. There are
mainly three types or styles of gardens—
formal, informal and free style gardens.

?6:2. Forma! and informal gardens:

¢ The main characteristics of a formal
garden or symmetric garden are symmetry
:and geometry. Symmetry means exact
correspondence of parts on either side of
a straight line or plane. That is, a patt
(a half portion of garden) exactly resem-
bles the other part of the garden. Usu-
ally there is a focal point or a centre of
attraction like fountain or statue or water
pool or building. Around this central
ilobject, the different features like arches,
paths, flower beds, trees, bushes etc. are
arranged in a symmetrical fashion. Simi-
iarly, the different parts of the garden may
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Ornamental

gardening

have definite geometrical shapes such as
a circle, triangle, square, rectangle, oval
etc. The Brindavan gardens of Mysore is
an example of a formal garden. To attain
this symmetrical and geometrical features,
the land has to be levelled. While cons-
tructing a formal garden, the natural topo-
graphy would be changed. From the first
look itself, we can understand that it is
constructed artificially by giving exact
size, shape and spacing between plants
and other features.

The main characteristic of an informal
garden or a natural garden is the natural
out look as if it is created by the nature
itsulf. The natural uneven topography,
natural vegetations, rocky patches, streams
or ponds etc. would be relained as
such and beautified without destroying. its
naturality. And, it is diflicult to distin-
guish between the man-made features or
modifications of the garden and the natural
features existed. Irregularity is another
characteristic of an informal garden. The
area of an’ infarmal garden would be very
large, say 50 ha or more. National parks
of many countries are examples for
natural gardens.

26:3. Free style gardens:

Free style garden is a new concept in
ornamental gardening, which combines
harmoneously the good features of the
formal and informal gardens. In free style
gardens, no specific layout is defined.
They are suited for homea gardens, school
gardens, public parks etc.



The main differences between a formal and informal garden are listed below

Formal garden

Informal garden

Area is limited

Even topography
Geometric {regular) shape
Symmetrical arrangement
of features.

All features are introduced.

Natural topography is changed.

Area unlimited,

Uneven topography
Irregular shape
Assymetrical arrangement.

Existing natural
included.
Not changed.

features are also

Usually, in a free style garden, sym-
metry is maintained in the central part and
towards the periphery or boundary, natural
style is adopted. Both these parts are so
harmoneously designed and arranged in
such a way that we would nat be able to
-identify the division between them. eg.,
Lal Bagh Gardens of Bangalore, the Ooty
gardens.

Nowadays, the concept of ‘garden’
or ‘gardening’ is being replaced by "Land
scape architecture’. The term "Landscape
architect” is becoming popular and
‘garden designer’ is getling vanished. Or
we "can say, landscape gardening is
the modern concept and ornamental
gardening is traditional.

What is a landscape? The dictionary
meaning of landscape is ‘inland scenary’
or more correctly the picture of inland
scenary. Landscape gardening is the
arrangemertof trees, shrubs, climbers and
various other plants together with the
building: walks, drives, and other artificial
a2nd natural features for the use of human
beings. Landscape architecture is the art
of arranging land and landscape for human
use. convenience and enjcyment. The
profession of landscape architecture deals
with the site development, building
arrangement, grading, paving, plantings
and play grounds and pools. It

is related to individual home and the
whole community. A landscape architect

should be an artjst. horticulturist and civil
engineer.

26:4. Principles of gardening

As in the case of any other art and
science, a good gardner should know the
principles of gardening. A basic know-
ledge asout the plants, soil, climate ang
their inter-relationships, cultivation of
Plants, their propagation, garden opera-
tions etc. are very essential in laying out
and maintaining a good garden or land.
scape. The following are some principles
of gardening.

Knowledge of plants: We should study
each and every plant used in our garden
as well as those around our place. The
nature of their growth, affinity to shade
or light etc. has to be studied. Similarly,
by close watching we may be able to
select suitable plants for our garden from
our own locality. Some of the wild
flowering or foliage plants, which flourish
well in our locality can be suitably accom-
modated in our garden. If we go for the
introduction of rare and expensive new
plant species without knowing their
adaptability under our conditions, soma-
times, it may be a failure.
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| Soif: Loose, porous scil with high
organic matter content and fertility is the
ideal soil for gardens. It should have
good drainage properties.

Climate The selection of plants
again depends on the climate and season.
:l'emperature and light (both iatensity and
duration of sunshine) affect plant growth
and flowering. In open spaces, sun-
loving plants should be used and in
shaded areas, shade-loving plants.

: Watering: Water is essential for
plant growth. lrrigation is an important
operation in the garden except in rainy
seasons. Water should be sprinkled on
“the soil. Irrigation may be given in the
_=n10rning or evening. Avoid irrigation in
/the hot, sunny hours of the day. Soil
should be sufficiently porous; there should
4not be water stagnation.

Planting. For most of the plants,
,:rainy season is the best time for their
‘establishment, provided that water stag-
'nation is avoided. Similarly, if the plants
.are in dormant stage at the time of plant-
iing, they can tolerate the shocks and
‘rogt-pruning better, and there is thance
'for better establishment. Planting may
: be done in the evening hours.

? Maintenance.  The following are
 some important aspacts of garden main-
:tenanca,

.1} Use the best seed and planting
: materials.

:;2) Dig the land deeply before planting.
i 3) Apply only good quality fertilizers.

“4) Never over-water and over-manure a
i plant.

Soil may be forked well for aeration,
when the plant is growing.

Remove the old and faded flowers
from the plants; similarly, prune the
dried and damaged plant parts,

1 5)

iS)
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7) Timely weeding may be carried out.

8) Give special and proper attention to
potied plants, especially with respect
to irrigation, potting, repotting etc.

Though the methods and principles of
gardening can be learnt from books or
journals. only through experience and
keen interest in gardening, we will be abla
to design, develop and maintain a good
garden.

26:5.

For starting a garden, we have to pre-
pare a layout first. To tayout a good
garden, a knowledge of different parts or
features of a garden is essential. |f we go
to any garden, many of the fohowing parts
could be seen.

Parts of a garden

Lawn: Lawn is a piece of ‘end or a

large area of land with a fine grass-cover
kept mown (trimmed) and smooth.

Carpet beds: These are formed by
annual plants grown very closely in the
form of alphabetic lstters or in the form
of political map of a nation or state stc.

Edges oredgings: These are clossly
Planted bricks or concrete structures on
either side of a path or flower bsads to
demarcate the boundary. FEdges can also
be made of small, branching 1ype plants
(Fig. 26.1).

Hedges: Thess are formsd by grow-
ing foliage shrubs closely and kept
levelled to a height of around 50 to 756 ¢m
to divide tha garden into ditferent parts
(Fig. 26.2).

Shrubbery: Group of shrubs of ditf-
erent colours and sizes are known as
shrubbery. There are foliage shrubs and
flowering shrubs.

Topiaries: These are structures with
thick-growing shrubs, neatly trimmed in



Fig.

Fig. 26.2, A hedge with Phyllanthus sp.

the shape of animals, birds or in any

other particular shape (Fig. 26.3).

Arches: Arches are usually seen at
the entrance of a garden, or at the entrance

of paths. These are made of wooden or
metallic materials. Generally, flowering
or foliage creepers are trailed on the
arches,

Pergolas: Pergola is an extended
arch all along a path. These are structures
with closely planted pillars and roof, on
which ¢limbers are trailed.

Wall-type pergolas can also be seen
in some places. In this case, creepers are
trailed on closely planted pillars (or frame)
in the form of awall to act as a back-
ground. Climbers can be trailed on single
pillars also.

Trophy: Trophy is the arragement of
potted plants around a central object
(tlag post, statue etc.} in different tires or
steps.

Arfiours:  Arbours (pandals) are
structures with pitlars and roof on whizh
creepers are trailed. Sometimes, the side

Fig. 26.3. A topiary work
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walls may be absent. Arbour is con-
structed on the side of garden, for relaxa-
tion of persons.

Conservatory: This is a shelter-
house roofed and walled by creepers. The
objective of conservatory is to ehxhibit and
grow shade-loving and indoor plants,
which cannot tolerate the open conditions.
{Conservatory is often erroneously called
as green house dueto the green cover.
True green house is actually a glass
house).

Trees: Trees are planted either for
shade, or to create a balance, or for the
beauty of attractive flowers. In large
gardens, trees are planted as avenue on
either side of the road. Foliage and flow-
ering trees can be seen in a garden.

Balfoons: These are globe or oval
shaped metallic structures trailed with
creepers.

Sunken garden: These are formed by
beautifying natural ponds or’ depressions.
The slopy portions may be made into a
number of terraces, and on these, orna-
mental plants may be grown.

Rockery or rock garden: These are
artificial structures to imitate mountains,
valleys etc. To get natural appearance
along with the well shaped rocks and
stones, some Xerophytic plants, suctu-
lents etc. are also grown.

Water pools or water garden: A
water pond beautified with water-plants,
fountains, statues, fishes in water or with
any other structures can be considered as
a water garden. Sometimes bridges can
also be seen over the water garden.

Annual flower beds: These are
small plots of geometrical shape, grown
with annual flowering plants of various
colours,
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Chitdren’s play area: In large gard-
ens or public gardens, a portion may be
designed as children’s play area with
various structures like see-saw, merry-go
round, statues of animals etc.

Rosary or rosarium:  This is a small
piot of rose plants grown in situ or in

pots. The different groups of roses are
arranged in specific designs.
Statues, fountains, seats (benches

etc.), stepping stones, ferney, orchidarium
etc. are some other structures seen in a
garden.

A lot of garden features can be listed
out, but all these cannot be included in a
garden. Depending upon the area, topo-
graphy and the purpose of garden (school
garden, home garden, garden in front of
office etc.), we have to select the suitable
features without losing the harmony of
the garden.

26:6 Garﬂen design

The. main aim of the garden or tfand-
scape design is to create an attrative

effect. Design means the manner in
which objects or features are artificially
arranged in an attractive way. The

elements of design are cofour, texture
(usual effect of the surface qualities, eg..
difference between the surfaces of pine-
apple and rose petal), form {shape
and structure of objects like sphere, cube,
pyramid) and /ine (the means by which
form guides the eye).

26:6.1 Principles of garden design

The basic principles of landscape
design are unity, balance, accent, focali-
zation, scale, proportion, harmony and
rhythm,

Unity: Unity refers to the grouping,
arranging or placing the differant parts



w80 that they appear as a single unit. A
‘good design should give a pleasant picture
'form several angles. Unity can be achi-
.eved by the use of p'ants similar in texture,
form and colour. When paths, buildings
and other areas are not logically related
‘to the overall plan, unity is lost.

Balance: Balance means equilibrium.
"Balance can be achieved either through
‘symmetrical equilibrium  (symmetrical
placement of objects around a central
object) or through assymmetrical equili-
brium (assymmetrical placement of objects
utilising the lever principle). The equili-
brium is obtained by the co-ordination of
mass, distance and space. When we
speak about balance, it is not the actual
balance, but the visual equilibrium.

Accent: Accent provides emphasis.
It can be obtained by specimen plants,
use of water, lighting, variation in forms,
contrasting colours etc.

Focalization:  Focalization simply
relates to the dominant point or the
centre of attraction of a garden, whichI
attracts and holds the attention of the
viewer. eg., fountain, statue, arbour etc.
of a formal garden, or the plant composi-
tion or attractive groupings of an informal
garden.

Scale: |t denotes the relative size
or proportion of objects and plants. In
a small garden, large feaved plants would
be out of scale.

Proportion: Proportion means the
pleasing and proper relationship of one
part of a garden to another part and to
the whole garden. |f any part appears
larger or smaller than the rest, it wiil not
be attractive and pleasing.

Harmony: Harmony may be said as
a sort of ‘oneness” among the different
parts of a garden. Different components

of a garden should mearge into one another.
In an attractive garden, the separate
components lose their identity. eg., base
planting of shrubs and herbaceous plants
near the building makes the gradual
merging of the building into the garden
or the corner-planting of trees by the side
of a building.

Rhythm: Rhythm in a garden design
refers to the pattern of ‘spatial’ beats
that our eye follows in any arrangement
of objects. Rhythm directs and leads the
eye through the design. In other words,
rhythm is the repeatation of components
to create a motion of our sight.

26:6.2 Some hints on garden design

The following may help to prepare a
good garden design:

1) Base-planting of shrubs and herba-
cedus plants, or corner planting with
trees to, create harmony of building
in the garden.

2} Big trees can be planted behind the
buildings; the open and bare sky
behind the building may look dull and
unattractive.

3) The lawn may be constructed in the
centre of the garden, or in aside
getting good sight. Herbaceous
border planting can be done on
the boundaries of the lawn,

4) Boundaries of the garden can be
planted with herbs or shrubs. Never
plant tall growing trees in front of
the garden; if so, they may obstruct
the sight of the garden,

5) The garden should be attractive from
every portion. Similarly, the whole
garden should not be seen from the
first sight itself.

€) The annual flowering plants may be

planted in accerdance with proper

colour schemes selected for different
seasons.
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7) Roads and paths should be designed
utilising the minimum space; and
they should not be constructed in
straight lines.

8) Never plant shrubs or construct
tlower beds in the centre of a lawn.
If such plantings are done on the
sides and corners, the lawn will look
more spacious,

9) Better, not to plant any plants below
the trunk of atrea. |If planting has
to bedone, it should be loose and
informal; crowd plantings may be
avoided and planting may be done in
a spreaded way.

10) Steps and terraces made should be
aslow as possible and wider; they

should not be very narrow and high.

11) The badviews like cattle shed or
compost pit etc. can be masked by
constructing a wall-type * pergola in

front of them.

26:6.3 How to design a garden?

If we want to construct 2 building,
based onthe nature of site, necessities,
capital available etc., we prepare a detailed
plan. Theconstruction will be according
to the plan prepared. Similarly, the
garden-construction also requires a pre-
vious planning because it will be wvery
difficult., expensive and time-consuming
to correct the mistzkes made in a garden.

There are basically three phases or
steps in the garden designing and constr-
uction-—site analysis, preparation of tha
design or plan, and the execution of warks
or construction of the garden.

Site analysis: This refers to the
detailed study of the location, where the
garden is to be made. First of all, we
should prepare detailed and complete plan
of the site. The map should coniain the
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topographical features showing the con-
tours, natural features like trees, buildings,
humps and depressions, rocks, water
pools, streams etc. Such a plan drawn
on a paper should be in a convenient
scale like 1.0 centimetre = 1.0 metre, For
easiness to draw the plan to ascale, graph
paper can be used. We have to visit the
site saveral times to learn its landscape
character; the good views and bad views
etc. should be taken into account.

Preparation of the garden design:
Having completed the site analysis, dra-
wing a design of the garden on the plan
is the next step. The interests of persons,
recteational needs, economic and time
limits etc. must be taken into account
while preparing a garden design. A home’
garden must have three parts—the front
or the public space, the service space and
the private outdoor living spaca. Like the
different rooms in a house, these three
parts should be designed to serve the
specific purposes, but must be related to
each other.

When we start to prepare a design.
rough outlines of the various use areas
are sketched on a tracing paper kept over
the plan drawn atthe time of site analysis.
Then the detailed features like paths,
walks, flower beds, lawn etc. etc. are
drawn at appropriate locations. Then
mark the Jocations for irees, shrubs etc.
as a last phase. The existing features of
the site to be retained in the garden, the
{eatures to be removed and new features
to be introduced---all such modifications
should be clearly indicated in the plan.
Similarly, spzacify the type of plants to be
used in the garden,

The designing should not be hasty;
prepare the design with good thinking so
that the final design is complete and satis-
factory in all respects.



Execution of the work: Once we
have finalised the design, arrange all the
materials required for starting the constr-
uction, Thenclean the site, and the bound-
aries, and the walks, paths etec. are laid
out (marked) using ropes and pegs acco-
rding to the design prepared. The best
time for the layout and planting is April-
May under Kerale conditions; just before
the onset of monsoon season.

26:7. Garden maintenance

If the garden has to be beautiful and
attractive, it should be maintained well.
Qur personal and regular attention is hig-
hly essential to maintain the garden in a
-good condition. The following ars some
important aspectsin this regard.

1) Timely weeding, forking the soil, irri-
gation and manuring.

2) Regular training and pruning of herbs,
topiaries, hedges etc. to keep them in
good, attractive shapes.

3) Removal of old leaves, old flowers,
dried and damaged twigs etc. of
plants.

4) Planting of annual plants (espacially
in flower beds) in correct time, acco-
rding to the scheme of planting pre-
pared in advance.

5) Timely gap filling and other cultural
operations.

8) Timely plant protection measures.

7) Timely potting, repotting and special
care to plants grown in pots and
other containers,

It is difficult to design and construct
a good garden, and it is more difficult to
maintain a garden most attractively.

26:8. Lawn

Lawn is an indispensable part of a
good garden. 'Every good landscape ga-

rden invariably will have an attractive
lawn. The lawn adds to the beauty of the
garden. Like any other beautiful thing, it
is very difficult to establish a good lawn
and to maintain it well. The important
aspects in the establishment and main—
tenance of a lawn are briefly described
here.

26:8.17.

The area sslected faor establishing a
lawn should be in open conditions, get-
ting good sunlight. Maost of the grasses

Site selection

will notgrow well in shade. Lawns can
be established in almost all soils having
good fertility and drainage. High cont-

ent of organic matter and good water
holding capacity of soils are desirable.
Slightly acidic soils (pH 5.5 to 6 0) are
optimum for lawns, |f the acidity is high,
add lime @ 300g9/m? at the time of land
preparation.

26 8.2. lLand preparation

The land may be made clean by
scraping and weeding and dug to a depth
of 30-45cm in April—May, just before
the onset of South-West monsoon. After
three or four days, when the soil is dried.
break the clods well and remove all weed
stubbles with their roots and stones.
This may be repeated three to four times
till the soil is made fres of all weeds,
stones and prepared to a fine tilth. If
the soil fertility is poor, add well dried
and powdered cowdung @ 5 kg/m? and
mix well with the soil. Then frequent
irrigation may be given to make the soil
compact forabout two weeks. The ger-
minating weeds may be uprooted and
destroyed. Then the land has to be
levelled. Since the stagnation of waterin
lawns damages the grass, provide a
slight unnoticeable slope from the centre
to the peripheries. The soil has to be

191



pressad well using a roller or by bea-
ting hard on ground with some flat, heavy
wooden material,

26:8.3. Llawn grasses

The following are some of the grasses
suited for establishing a lawn.

Hariali grass or doob grass {Cynodon
dactylon} is suited to most of the parts
of India. There are many types of doob
grass— erect and spreading. Spreading
types are better for the lawn.

Blue grass or kikiyu grass {(Pennesitum
clandestinum) is suited to high ranges or
hilly areas with low temperatures, and
goose grass (Stenotaphrum secandatum)
suited to shady areas.

25:8.4. Planting

Planting can be by means of seeds,
turfing, turf-plastering, dibbling shoots or
by planting cut grass.

Using seeds: The soil has to be
forked to a depth of about 2 to 3cm
before sowing the seeds. The seed rate is
250 g/100m2.  Seed is mixed with some
inert material like sand and, sown above
the prepared land, Cover the seeds
with a thin layer of soil and press well
with a roller. Then irrigate with a rosecan.
Seeds germinate in three to five weeks.

Turfing or sodding: Turf or sod is a
piece of earth with a grass-cover. Turfs
of about 20 cm x 20 cm sizes and 6-8 cm
thickness are taken from places, where
the grass is growing without weeds.
Such turfs are paved closely on the pre-
pared land after forking the surface, and
the gaps are filled with soil. Then, the
sods are pressed with a roller and irrigated
with a rose can. Thisis the quickest
method of establishing a lawn,

Turf-plastering: After the preparation
‘of land, the grass is collected from a well
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established place. They are cut into small
pieces, each with two to thrae nodes.
The cut pieces are mixed with a slurry
of cowdung and sand and is placed
or applied on the prepared land. Then
the land is covered with a layer of straw
to prevent the evaporation for two or three
days and irrigated daily,

Dibbling shoots: This method is
almost similar to that of turf plastering.
The off-shoots of grass collected are cut
into small pieces, and scattered evenly
over the prepared land. Then a mixture
of sand and soil is evenly spread on it to
a thickness of about one centimetre, and a
light rolling is given followed by water-
ing. The grass develops the roots and
new shoots come out.

Turf-plastering and dibbling methods
are successfu! in rainy seasons.

Planting cut grass: In this cass, the
slips of lawn grass are collected and they
are planted very closely on the prepared
land. Then it is lightly rolled and irrigated
daily.

26.8.5. Aftercare

Once the lawn is established,
requires regular care and maintenance.
Otherwise the lawn becomes ugly and it
spoils the beauty of the whole garden it-
self. The important operations in the
maintenance of a [awn are mowing,
rolling, irrigation, weeding, manuring and
plant protection,

Mowing: Thecutting and levelling
of the grass periedically is known as
mowing. To have good appearance, the
lawn is to be mowed regularly at an inter-
val of two to three weeks. In the early
stages, grass-cutling swords can ba used.
When the grass has grown well, we could
use a mower for this purpose. For vast
areas, tractor-drawn mowers are used. The



height of grass should not be more than
five or six ¢m.

Rolling. During the tima of land
preparation, the soil is rolled to make it
level and compact. When the lawn is
established, rolling is done in order to
bring the grass in contact with the soil
and also to keep the ground level. it
also helps to prevent the sttack of white
ants (termites) and to fill the air pockets
created by earth worms. Rolling can be
done twice or thrice in a month. In rainy
season, or when the soil is too wet; it js
not advisable to roll the lawn.

/rrigation: The lawn needs watering
in summer season. Frequent and light
irrigation ts preferable than heavy water-
ing &t long intervals.

Weeding: All plants other than the
lawn-grass ars to be uprooted and remov-
ed frequently. Neglect in weeding may
result the spread of weeds in the lawn.
Never allow weeds to produce seeds.

Menuring: Yellowing of gress in-
dicates nitrogen deficiency. Drenching the
soil with 1 to 29, urea in water can cure
the yellowing. This can be dons every
month.

It is advisable to fork the lawn once
in a year. Then top dressing may be done
with a mixture of powdered cowdung
and sand in 1:1 ratio. Also, add a ferti-
lizer mixture of ammonium suiphate.
superphosphate and muriate of potash in
the ratto 2:1:1 @ 50-76 g/m? area. Then
roll the lawn well and irrigate.

Plant protection: Termite and earth
worms may damage the lawn. Rolling
cah control them to some extent. |f severe
attack of termite is noticed dusting with
109, B.H.C. can be done. indiscreminate
use of pesticides in the lawn is not
advisable.

26.8.6: Replanting

The beauty of the lawn s lost after about
four to five years its establishment. Then
replanting will be necessary after about
five years.

26.9 Rockery

Rockery is the arrangement of cactii,
ferns, succulents and other hardy plants
along with rocks to imitate a mountain in
a small area, Itis usually created ata
place unsuitable for growing other plants
(rocky patches) or by the corner of the
garden. A rockery can be accommodated
in natural and formal gardens; in open
space or in shaded places. We should
not construct a rockery near the walls or
at the base of a tree, The soil should
have good drainage. '

Rockaries are built as if they occur
naturally., Rocks, boulders or irregular
undressed stones etc. can be used In a
rockery. Very heautiful rocks for the pur-
pose c4n be collected from mountaineous
regions or from rivers or from sea side.
Sometimes artificial boulders of cement-
concrete and cut stones are also planted
in the rockery. Rocks biggar than 30 cm
size are better. The stones used should be
of different sizes and shapes.

Once we hava selected the site and
collected the rocks, we can start con-
structing the rockery. First of all, mark
out the area with lims powder. Dig the
place to a depth of 10-30 ¢m at various
places irregularly and escavate the soil.
Irregularity is the main feature of a
rockery. In the escavated places, place
rocks of different shapes and sizes. The
crevices are then filled with potting
mixture or good earth and the rocks are
partialiy covered. Arrange another layer
of rocks around this, and irregular tiny
peaks and depressions are also prepared.
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The slope of peaks should not be too
deep. The area can be filled with gravel,
broken bricks, stones etc. The rocks and
stones should not be over-crowded. One
or two streams or a water pool construct-
ed at the base of rockery may improve its
appearance.

Some hardy plants like succulents,
cactii, shrubs etc. can be planted irregu-
larly. Annuals like dianthus, petunis,
gomphrena, vinca, zinnia etc.; shrubs l:ke
drasaena, croton, lantana etc; creepers like
philodendron, pothos etc; cactii
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and’

succulents like sansevieria, pedelanthus,
agave, chlorophytum, opuntia, euphorbia,
bryophyilum etc; and ferns are the most
appropriate to get a narural appearance.
We may select any of the locally available
plants for the purpose.

Weeding, irrigation in summer season,
thinning out of the overcrowded plants,
application of organic manure, removal
of dead leaves and twigs and such other
operations are to be carried out whenever
needed. Regular care and management
of rockery is a must to keep It attractive.



27.

27:1.

Ornamental plants are an indispensa-
ble part of any garden. A large number
and type of plants are used for beautifi-
cation. Proper selection of plants for
specific purposes and their suitability or
adaptability to the climate and soil are of
utmost importance. Some of the common
ornamental plants and their general cha-
racteristics and uses are described in this
chapter,

The ornamental plants can be grouped
as trees, shrubs, creepers and climbers.
bulbs, cactii and succulents, ferns, hedge
and edge plants, orchids, annuals etc.

Introduction

27:2. Trees

The cultivation of trees for their be-
auty or aesthetic or recreational value is
termed arboriculture. They are per—
ennial plants attaining more than four
meters in height. Trees can be planted in
a garden either as single, or in groups in a
line on the sides of road a5 avenue. There
are folisge and flowering trees.

Foliage trees:

In foliage trees, the aesthetic value is
for their leaf or canopy. Foliage plants
will be evergreen in nature. eq: Polyal-
thia longifolia, P. longifolia pendula,
Araucaria- spp., Caesalpinia coriaria,
Azadirachta indica, Thujaspp., Casuarina
equisetifolia, Cupressus spp, Cycas
spp., Eucalyptus spp., Ficus spp., etc.

Flowering trees:
Flowering trees are planted for the
beauty of their flowers. While selecting

Ornamental plants

flowering trees, the colour of their flowers,
ssason of flowering etc. have to be taken
into account. eg: Plumeria alba, P. rubra,
P.hybrida, Bauhinia spp., Butea frondosa,
Callistemon lanceolatus, Cassia fistula,
Delonix regia, Jacarands mimosaefolia,
Micheiia champaka, Sareaca indica,
Spathodea campanulata etc.

27:3 Shrubs

Shrubs are important in any garden.
They are easy to grow. Thay are psren-
nial in nature and attain a height of 0.5
to 4.0 metres. Shrubs can be planted in
a garden either as a shrubbery (on a long
strip of land, whsre taller shrubs are
grown in  back, madium ones in middle
and the dwaif ones in the front), or in
small groups of a few plants or through
the border/boundary. There are foliage
and flowering shrubs.

Foliage shrubs:

The common foliage shrubs are Aca-
fypha, Polyscia, Codiaeum variegatum,
Dracacrra. Pandanus, Psuederanthemum,
Aphelandra, Euphorbia cotinifolia etc.

Flowering shrubs:

Some of the shrubs may produce
flowers throughout the year but some
others are seasonal in nature. Plants like
Hibiscus, Rhododendron, Bauhinia,
Califandra haematocephala, Cameiiia
japonica, Crossandra, Hamelia patens,
Gardenia, Hydrangea hortensis, Ixora,
Lantana camera, Mussaenda, Euphorbia
pulcherrima, Nerium oleander, Pentas
fanceolata etc, are good flowering shrubs,
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'27.4. Creepers and climbers:

Creepers trail along the ground and
iclimbers grow on supports. A large
Inumber of beautiful climbers can be used
.in a garden for arches, pergolas or for
‘growing on bare wallsfcompound walls,
ifences, trellies, arbours etg, In this case
.also, there are folisge and flowering
types. Plants lika Asparagus pilumosus,
\Scindapsus, Vernonia elaegnifolia,Hedera
Jhelix, Ficus pumila etc. are foliage clim—
ibers.  Some of the common flowering
‘climbers are Ipomoea, Jasminum,
iWClitorea  ternates, Gloriosa, Aristo-
Aochia grandiflora, Thunbergia grandi-
flora, Pyrostegia venusta, Quisqualis
indica, Allamanda cathartica, Antigonon
‘leptopus, Bougainviilea, Clerodendron
ithomsonae, Jacquemontia pentantha.
Lonicera japonica etc.

1
27 5. Bulbous plants

In the context of ornamental horti—
iculture, bulbous plants include all the
‘bulb forming and tuber forming plants,
|where the underground structures liks
‘;bulb, corm, rhizome, tuber etc. are used
for their propagation. Such plants have
fa vegetative (growth) phase, reproductive
i(flowering) phase and a dormant phase.
‘After flowering, when the shoot portion
vdries  off, the underground bulbjtuber
iundergoes a dormant period. Then the
atubers/bulbs are uprooted and stored in
.a dark, cool, airy place and planted in
the next saason. Bulbous plants are
used in flower beds, shrubbery, herbaceous
border, pots etc. in a garden. The common
bulbous plants are Amary/lis spp., Dahlia
8pp., Gladiolus spp., Hedychium spp.,
Polianthes tuberosa, Canna spp., etc.

“N° -

7:6. Cactii and succulents

Cactii and succulents are an import-
ant group of plants of a garden. They
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require less care and attention and lesser
space. Due to this, cactii and succulents
are becoming very popular in home gard-
ans especially in cities.

Cactii are a group of plants with
definite size and shape and are mostly
xerophytic in nature. They have thick
and fleshy stem; leaves are mostly absent,
sometimes rudimentary scales or very small
leaves may be present but they fall off
soon. Cactii have spines of various sizes
and shapes depending on the species:
Examples of cactii are various species of
Opuntia, Astrophytum, Borzicactus, Cer-
eus, Echinocactus, Epiphyilum, Feroca-
ctus, Notocactus, Rebutia etc.

Succulents are also adapted to desert
conditions. Their stem and leaves are very
juicy and contain about 95%, water, Suc-
culenis are grown in a garden for thair
particular shape or attractive foliage or
showy flower. They are suited to rocker-
ies. Some of the common succulents
are Agave spp., Cissus spp.. Echeveria
spp.. fuphorbia spp., Kalanchoe (Bryo-
phyllum) spp., Pedilanthus spp , Portulaca
spp., Sedumspp.. etc.

27:7. Hedge and edge plants

Hedges are required in a garden to
demarcate the garden from roads, or into
different parts. They ara grown very clo-
sely in arow and trained on sides and
at top to keep them in shape. Plants like
Phylienthus, Lawsonia, Casuerina Dura—
uta, Thuja, Inga, Malvaviscus etc. can
be grown formaking topiaries also.

Edges are constructed by the sides of
paths, flower beds etc. In this case, pla-
nts are grown very closely and trimmed to
a height ot 15-20 cm above ground.
Alternanthera, Aerva sanguinea, Pilea
mucosa, Portulaca, Colfeus, etc. can
bs used as edge plants.



27:8. Indoor plants

Many ornamental plants are shade
loving in nature. They can be used for
decorating ths rooms, verandas or can
be grown ingreen houses. Most of the
indoor plants or house plants are grown
in pots or in other suitable containers or
in hanging pots. In rooms, tha plants
may be kept near windows to get endugh
light for their growth,

Plants like Ag/aonema spp., Alocasia
spp., Anthuriumspp., Begoniaspp., Bill-
bergia spp., Caladium spp., Chlorophytum
spp., Cordyline spp., Costus speciosus,
Dieffenbachia spp., Dracaena spp., Ficus
spp., Gynura sarmentosa. Hzliconia spp.,
Maranta spp., Peperomia spp., Philo-
dendron spp., Sansevieria spp., Xantho-
soma /indenii etc. can be used as indoor
plants.

Some shade loving plants are suited
for hanging pots. Episcia spp., Piiea spp.,
Zebrina pendulaa, Tradescantia spp.,
Sedum spp., Kalanchoe spp. etc. come
under this group.

27:9 Annual flowering plants

Annual flowering plants are important
in any garden. A large number of annual
plants with a wide range of colours are

available. They can be grown in flawer
beds or in pots. They have short duration.
Annual flowering plants are easy to cul-
tivate and can be grown in almost all
seasons. However, winter and summer
seasons are better.

The common annual flowering plants
are Gerbera femesonii, Tagetes spp.,
Gomphrena globosa, Celosia cristata,

Impatiens balsamina, Zinnia spp., Cath-
aranthus roseus, Cosmos bipinnatus,
Petunia hybrida, Helianthus annus,
Salvia splendens, C/some spinosa, Am-
aranthus spp., Calendula officinalis, Ch-
rysanthemum spp., Tropaeolum (Nastur-
tium) spp. etc.

Annuals require an open site with
good sunlight for their growth and profuse
flowering. Usually seeds are used for
propagation, though cuttings or slips can
also be used in some species. The seeds
are sown in shallow pans or in nursery
beds containing a 1:1:1 potting mixture
and watered daily. Light watering is
enough; water stagnation or excess mo-
isture may cause damping off of the
seedlings. Seedlings with 4-6 leaves ara
used for transplanting.

The land is prepared by digging three
to four times to a depth of 30-45 cm.
The weed stubbles are removed, clods
are broken and the soil is mixed with weil
dried cowdung powder. Depending on
the growth habit of the species, the seed-
lings are transplanted at 15-30 ¢m dista-
nce, shaded for 4.7 days, and irrigated
daily.

Weeding, irrigation, hosing, plant
protection measures etc. may be conducted
as and when required. In addition to
the organic manure, small quantities of
feriilizers can also be applied to boost up
growth of plants,

Removing the stem tip (tipping), when
tha plants are 15-20 c¢m high, helps to
develop side branches. Sometimes selected
thinning of flower buds (pinching) is also
practised to get bigger flowers, especially
when the plants are grown for exhibition
purposes.
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28.

28:1.

Commercial flowers are those, which
are cultivated on a large scale for their
"market either for cut flowers or for extra—
ction of aromatic oils or concentrates.
Rose, jasmine, chrysanthemum, crossa-
'ndra, gladiolus, tuberose etc. are some of
-the important commercial flowers. They
lare widely cultivated in Tamil Naduand

Karnataka states. In Kerala, these flowers
are not cultivated on a commercial basis.

,28:2, Rose
' Rose is one of the important comme-
-rcial flower crops grown in Karnataka and
‘Tamil Nadu. However, rose is not a
commaercial crop in Kerala, but popular as
,an ornamental plant of the home gardens.
.Rose can be grown on a variety of soils
"having a pH range of 5.3 to 5.5 with good
, drainage and fertility. Cool dry climate
|is favourable for rose culture. The area
selected should be open with plenty of
sunlight and have protection against wind.

Introduction

Rose cultivars are classified as Hybrid
. Teas, Floribundas, Polyanthas, Miniatures,
., Ramblers and climbers etc. Some of the
+ popular cultivara recommended for comm-
ercial cultivation are Amerioan Heritage,
+American Home, Queen Elezabeth, Super
'Star, Christian Dior, King’s Ransom, Sweet
Heart, Baccara etc.

Rose is propagated mainly by T’
'budding, patch budding, air layering, or
rooted cuttings. Budding is the most
popular method. Wild rose, used as rooi-
stock, is propagated by cuttings.

198

Commercial flowers

Wild rose cuttings of pencil thickness
and 15-20 cm length are planted in poly-
thene bags. When they grow for about
six months, they produce vigorous side
shoots. ‘T’ budding is performed on thess
shoots with buds of the desired cultivars.
However, patch budding is more easier and
can be done directly on the rootstock
itself about 10 cm above the ground level,
1-1% months after planting when they
produce small sprouts of 4-6 cm long.
Within about 45-60 days of budding. the
union is completed and buds start sprout-
ing. Patch budding ispractised in the
high range regions like Wayanad, Ooty,
Coorg etc. But, the success or 'take’ of
patch budding in plains is not satisfactory.

Land preparation involves weeding
and digging for 3-4 times. All clods are
broken and weed stubbles are removed.
Then pitsof 45 cm x 45 cm x 45 ¢cm size
are taken at 0.75 mto 1.0 m apart. The
pits are filled with a mixture of the top
soil and well dried cowdung powder.
The months of June to QOctober is the ideal
time for planting.

The cultural operations include weed-
ing, watering, desuckering, pruning, man-
uring ete. In summer months, irrigate the
plants at an interval- of 7-10 days. Desu-
ckering involves the removal of all the
rootstock sprouts arising from the lower
and upper portion of the bud union. Retain
or allow to grow only the growth of the
scion-bud.

Pruning includes the removal of all
the dead, weak, criss-cross and diseased



branches,—known as ‘clean up’. There are
light, moderate and hard prunings depen-
ding upon the amount of shoots removed.
Light pruning involves cutting back the
shoots 2-3 buds from the tip after ths
clean up. Inthe case of moderate pruning,
the strong and healthy branches of the
previous year's growth are cut baek to
half length after the clean up. Hard pru-
ning consists of keeping only three or four
canes of the last year and cutting back to
about 20 cm from the base, approximately
above 3-4 eyes from the base. The abje~
ctive of pruning is to maintain the plant
in a healthy, short-stature and to get more
flowers. The moderate or hard pruning is
usually done once in a year (October to
December months); the light pruning can
be donae periodically, say, once in a month
or so.

Manuring is a must for rose for prod-
ucing maximum flowers, After the annual
pruning, about 2-3 kg of farm yard man-
ure should be applied in basins taken
around each plant. Similarly, fertilizer
application is also needed. N, P,O, and
K,O @ 5g: b5g: 7.5g/plant (or 50g of rose
mixiure) may be applied just after pruning
and irrigate well. About 45 days after
pruning a similar dose of fertilizers may be
given, Slight quantities of fertilizer appli-
cation at 13-2 months interval helps to
get good yields. .

Termites, cock chaffer beetles, redmites,
aphids, scales etc. are the major pests of
rose. The common diseases are die back,
powdery mildew and black spot.

About B-10 tonnes of flowers can be
obttained per hectare. The leconomic life
span of a budling is about 10 years. The
vield, economic life span etc. depends on
the cultivar also. Flowers are used for cut-
‘lower industry and for extraction of rose
water and rose oil.

2B:3. Jasmine

Jasmine is an important commercial
crop grown in Karnataka and Tamil Nadu.
The flowers are used for the preparation
of garlands. The essential oil and conce-
ntrate extracted from jasmine flowers have
great export potential.

It can be cultivated on a wide range
of soils. Drainage is 8 must.

Kakada, Gundumallige, Co-1 mullai
(Vasantha mallige). Jaji mallige etc. are
the important cultivars of Jasminum auri-
culatum (Mulla). J. grandifiorum (Pichi)
isalso cultivated commercially. Flowers
of Co-1 and Jaji mullai contain high con-
tent of essential oil (0.24 to 0.429%,).

Kakada is propagated by terminal
cuttings and suckers; other cultivars are
propagated by layering or cuttings.

Pits of 0.45 cm x 0.45 cm x 0.45 cm
size are taken at 1.5 m x 1.8 m spacing,
after land preparation. Planting is done
in monsoon season.

Cultural operations consists of weed-
ing, irrigation, manuring, pruning stc.
Irrigate the plants once ina week in the
summer months, Fertilizers may be applied
v 120g N, 240g P,0, and 240g K,QO in
two equal splits in January and July. Farm
vard manure (@ 20 kg/plant is also required.
Prune the plants in December to a height
of 40 to 60 cm from ground level to keep
them into bushss.

For garland preparation, flower buds
are picked; and for oil extraction, fully
opened flowers in the early morning. Ave-
rage yield of 8,000-10,000 kg of flowers/
ha is obtained from fourth year onwards.
The economic life span of jasmine is 10-15
years.
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Scales, mites, mealy bugs and leaf
eating catterpillars are the usual pests of
Jasmine. Diseases are Cercospora leaf
spot, Fusarium wilt, powdery mildew etc.

28:4. Chrysanthemum

Chrysanthemum is another important
commercial flower grown in Tamil Nadu
and Karnataka. Flowers are used “for cut
flower purposes, oil extraction and in the
preparation of pyrethrum dust,

It grows in all types of loamy soils
with good drainage. Chrysanthemum is a
cool season crop. Main season of culti-

vation is June to November.

Yellow, white and pink flowsred cul-
tivars are available. Green Goddes, Green
Sensation, Mahatma Gandhi, Prime Rose
etc. are some Indian cultivars.

The plants can be propagated through
cuttings, suckers or seeds.

After weeding and digging, furrows
are taken at 30 cm distance. Apply the
basal dose of manures and fertilizers
and plant the suckers at 20 cm spacing.
Farm yard manure @ 20 tonnes/ha
is needed. Fertilizers @ 120 kg N,
154 kg P,0, and 100 kg K,O are required
per hectare of land. Apply 1/3rd of N,
full P,0; and K,O as basal at the time of
planting. The remaining N is applied in
two equal splits at the time of pinching
and one month after pinching. (When
plants are 15-20 cm high, the terminal
buds are pinched off to induce the devel-
opment of .mare branches). Weeding and
lmgahpn (pnce in 4:days) are also given:

Usually, the plams start vyielding
ﬂowers in 3% momhs of planting and
continues for 45 days Average yield is
10 15 tonneslha :

-38.5.- Tube rose Lo
. Tube. rose iz -grown for the cut

.-
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flowers to use in the preparation of gar-
lands and boquetes and for essential oil
extraction.

Porous, well drained soil and a cool
dry climate are favourable for tuberose
culture. April-May is the time of planting.
Single, double, semidouble and varie-
gated varieties are available; but single
whorled varieties are popular.

Bulbs are used for planting. Spacing
is 30cm x 20 cm as in the case of chrys-
anthemum. About 800-900 kg of tubers
are required per hectare. Apply farm yard
manure @ 30 t/ha. Fertilizers to get 100 kg
of N, 50 kg P,0, and 50 kg K,O/ha are
also needed. Half dose of N and full
P,0;and K,0 are applied as basal. Remain-
ing N is applied as top dressing, 4 5 days
after planting. Irrigation and weeding
are also needed.

After the harvest, flower-stalks are
headed back and the field is manured and
irrigated to talke the -ratoon crop. About
3-4 ratoon crops can be taken.

Flowering takes place by 3-3% months
after planting. Average yield is 8 tonnes
of flowers per/ha.

28:6. Orchids

Among the commercial flowers,
orchids are getting considerable import-
ance nowadays. Orchids belong to the
family Orchidaceae and there are about
24,000 species and thousands of hybrids
amongthem. Orchid flowers are famous
for their beauty, due to their variability in
colour and size, variety of fragrance and
the long life of tlowers. Attractive blooms
of orchids are getting importance in cut-
flower industry. In Kerala too, there are
certain nursery men who grow and export
orchids on a commercial scale,

A large number of orchids are natur-
ally seen in our forests. QOver 200 species



of orchids are reported from the forests
of Western Ghats. Orchids require a high
humid stmosphere for their satisfactory
growth. Ample air circulation, optimum
ranges of light and temperature etc. are
the other reguirements. Orchids suited
to warm or hot conditions (night tempera-
ture 18.3°C and above) can be success-
fully grown in Kerala.

The natural habitat of many of the
orchids is forests. Hence, the atmospheric
conditions of a forest—protection from
direct, severe sunlight and wind, high
humidity of atmosphere, air circulation
etc.—are the most ideal for orchid culture.
An orchid house is essentially required to
grow the orchids. A flat roof lath house
is sufficient for this purpose. The roof is
to be covered with split bambocs or
wooden battens of 5§ cm width, placed at
a distance of 2 cm between them. The
sides may be covered with coir mats for
ensugh air circulation. Around the walls,
frames can be fitted for hanging orchids.
The height of the roof from ground level
should be 3.5 to 4.0 m. it is better to
spread sand or porous gravel or any such
other materials on ground to keep the
atmosphere humid. Similarly, a small
pond or water pool in the centre also
helps to keep the required humidity in the
lath house. Indoor and foliage plants can
also be kept on the ground to maintain
the humidity. It will be advisable to
spray water occasionally in the orchid
house to keep the house cool and moist

but over-watering should be avoided.
Nutrients are usually supplied through
foliar spray,

Orchids such as Cartfeya, Dendro-
bium, Oncidium, Vands, Cymbidium,
Rhyncostylis, Arundinia etc: which are
sujted to warm conditions can be sug-
cessfully cultivated in a lath house as
described above.

Orchids can be generally grouped
into two—epiphytic (which grow up on
trees and have their roots exposed to air)
and terrestrial {(which grow on the ground).
Epiphytic orchids can be grown on pieces
of wood, charcoal, bricks, or coconut husk
in a orchid house and the terrestrial ones
can be grown in pots filled with special
potting mixture of orchids, ie., well
decayed leaf mould (1 part) 4 charcoal
powder (1 part) -+ [oam (3 part).

Propagation of orchids is mairly done
by micro propagation. The seeds are
germinated and sesdlings grown in culture
media under aseptic conditions of con-
trolled atmaosphere. Vegetative propaga-
tion is also possible by means of offsets
(Dendrobium Epidendrum), air layering
(Vanda), cutting (Arachnis, Renanthera)
division of new growth (Catt/eya, Den-
drobium) division of psuedo bulbs
(Cymbigium) etc. Commercial multi-
plication of hybrids are mainly done
through meristem culture in tissue culture
laboratories.




ENTOMOLIGY

29.

29:1 Introduction

The science of entomology is a
branch of zoology which deals exclusively
with the study of insects. The word
‘entomology’ is derived from two Greek
words—"Entoms’ (insects) and 'Logos” (1o
study). Insects influence human life in
many ways. Both beneficial and harmful
. ingects are present around us. However,
harmful insects always outnumber the
beneficial ones. The struggle for existance
between man and insects has no end.
They cause great losses to his crop by way
of direct attack and aiso by spreading
diseases. Insects also attack livestocks
and even human beings and spread a
number of livestock and human dissases-
The study of insects in relation to agricul-
ture isknown as Agricultural entomology-
* Forest entomology, Veterinary entomo-
logy, Maedical entomology etc. are other
applied entomological sciences.

29:2 Scope of entamology

The importance of insects in human
life isgreat, since they influence almost
all activities of man. Agricultural ento-
mology, Forest entomoloy, Veterinary
entomology etc. are equally important in
this respact. '

The red palm weevil—which destroys
coconut palms by way of feeding the
internal parts of the trunk; the Anopheles
mosquito—which spreads malaria in human
beings; the blood sucking lice and fleas
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examples for the harmful

The world of insects

of domestic animals; the pulse bestle—
which damages the stored pulses; the
banans aphid—which spreads bunchy top
disease in banana etc. are some important
or destructive
activities of insects. However, some
other insects are useful to human beings.
Silk worm, honey bee and lac insect are
productive, and thair products are useful
to mankind. A large number of insects
help in the pollination of crops. There
are some natural insect-parasites and
predators which help to control the harm-
ful ingects, and hence, such insects are
important in the biological control of
insect pests,

insects
following sections of ento-

A fundamental study of the
includes the
mology.

Insect Morphology— Study of the
form and structure of differant
insects.

Insect Taxonomy— Study of classi-
fication of insects.

fnsect Physiology— Study of functions
of organs and parts of insects,

Inssct Anstomy— Study of the inter-
nal system of insects,

Insect Fcology — Study of insects in
relation to their environment
and to other organisms which
influgnce their life histories.

The applied branches of ento-
mology mainly deals with the methods of
insect control and management. It also



includes the use of pesticides,toxicologlcal
studies of pasticides, their residual effects
on crops, human life, and on the balance
of nature etc,

29;3 Harmful, productive and bene-
ficlal insects

Based on the relationship of insects
with man, we may classify the insects as
harmful, productive and beneficial.

Harmful insects

The harmful insects cause damages to
crops and other plants, spoil the stored
food, and spread diseases in human beings
and animals.

Pests of crops, "plants end forest trees:
Insects damage the plants by way of
feeding on various parts, oviposition, and
by spreading the disease organisms.

Pests of stored products: lnsects cause
considerable damages to the stored seads
and food products like rice, wheat, pulses
etc. Certain insects like cockroachss
spoil the food by contaminating with their
excretions,

Insects inimical to man and animals:
Such insects spread diseases in man and
animals, or inject venoms, or feed on the
blood, or cause other irritations,

Productive insects

Productive insects are those, which
directly or indirectly produce some usefu|
or commercial materials. Productive inse-
cts are, hence, beneficial also. The pro-
ductive insects can be grouped as follows

Whose secretory products are useful
eg. silk worm (silk), honey bee (bee
wax), lac insect (shellac) etc.

Whose bodies are wuseful, since it
contains the useful materials eg:
Cochineal insect (dye), blister beetle
(cantharidine) etc. .

those, who collect and store plant
products. eg: honsy bee which gives
honey using the nector collected from
plants.

those, which give useful products
from the piant galls caused by them.
eg: tannic acids, inks, and dyes
obtained from certain inszct-galls.

those, which form the food for
fishes, birds, certain animals, human
beings etc.

Beneficial or helpful insects

These insects do not give ug anything
directly, but are useful in many ways. For
instance, ingect pollinators aid in polli-
nation and give good vields from crops.
Parasitic/predatory insects of harmful
insects are employed in the biological
control of crop pests. Certain insects
feed on and completely destroy some
weeds, and therefore, they are effective
in the biological control of weeds. Some
other insecis act as good scavengers of
our surroundings.

29:4 General characters of insects

The major characteristics of an inssct
arg the presence of a chitinous exoske-
leton and presence of three pairs of legs.
Besides, the body can be easily recognised
into three conspicuous parts—the head, the
thorax and the abdomen.

The body of an insect has a chitincus
exoskeleton or body-wall. The exoska-
leton is nearly cylindrical in shape and
consists of ring-like parts or segments.
The head of the insect is made up of six
sagments. The structures found on head
are a pair of compound eyes, a pair of
antennaé (sensory organs) and mouth
parts. The thorax consists of three seg-
ments—the prothorax in front, the meso
thorax in the middle, and tha metathorax
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in the hind part. A pair of legs can be
seen on all these three segments. Simi-
larly, two pairs of wings are also attached
on thorax—one on the mesothorax and
the other on the metathorax. The thorax
is the most important part of an insect
with respect to its movement.

The abdomen consisis basically of 11
segments. Sometimes, pro-legs can be
seen on the abdominal segments, especi-
ally onlarvae. Other appendages seen
on the abdomen are a pair of cercii on the
10th segment, ovipositor for depositing
eggs (in bees, wasps, and ants, the ovi-
positor is modified as a stinging organ},
anus and ana! filaments, and spiracles or
the external openings té the respiratory
system. The major functions of the
abdomen are digestion, respiration, excre-
tion, and reproduction,

295 Mode of feeding and mouth
parts

The appsndages borne on the head
capsule around the mouth are collectively
called mouth parts. In a typical inssct,
the mouth parts basically consist of four
parts—labrum, mandibles, maxillae, and
labium.

Labrum — This is the flap-like upper
lip.

Mandibles — These are a pair of chewing
jaws.

Maxillae — These are the second pair
of jaws which help to to-
uch, smell. taste, hold, and
cut the food tissues.

Labium  — This is the lower lip which

halps to hold the food. It is
also sensory in nature,

The mouth parts described above are
suited to chewing, and commonly known
as chewing typs of mouth parts. Such
chewing mouth parts are seen in grass
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hopper, cockroach etc. Chewing type is
the most primitive and widely seen typs
of mouth parts. There are many othet
modified types also, suited to various
purposes.,

Types of mouth parts

We have seen the typical type of
mouth parts of an insest suited for chewing
purposes. However, all these parts may
not be present as such in several insects.
There would be certain modifications to
suit various needs. Based on the pur-.
pose it serve there are two basic tvpes of
mouth parts—the mandibulate or chewing
type and the haustellate or sucking type.
We shall see sach of them briefly,

M andibulate or chewing type

Those insects which feed on solid
food materials by masticatory process
have the mandibulate mouth parts. eg:
catterpillars, grass happers, beetles etc.

Haustellate or suctorial type

This type of mouth partsare seen in’
those insects which feed on diquid diet.
eg: bugs, mosquitoes, aphids_ jassids etc.
There are modifications in the suctorial
type of mouth parts. They are-

Siphoning type: The sucking organ
consists of an elongate hollow tube kept
rolled up and concealed vertically in the
head capsule when not feeding. eg:
butterflies, moths etc.

Piercing and sucking type: In this
case, the insect makes an injury by pier-
cing into the cell wall with its mandibular
stylets, andthen sucks the liquid cell sap
using the maxillary stylets, The mouth
parts consist of a long, foldable, and
curved stylat. eg: plant bugs, mosquitoes.

Spongi type: In this case, the
mouth parts are modified into a swollen,
flattened and sponging type argan, which



is moulded to any surface on which tha
insect is feeding. eg: flies.

Chewing and lapping type. This
consists of a combination of the mandibu!-
ate and haustellate types as seen in honey
bees,

Rasping and sucking type: Here,
the insect injures the epidermis {irst by
Tasceration or scratching, and then feeds
on the exuding sap Thisis an intermediary
type between the mandibulate and haust-
ollate type. eg: thrips.

23:6 Insact classification

About 80 percent of the known
species of the animal kingdom consists of
insects. To study such a large number,
it is essential 10 classify them into distinct
groups. The systematic  grouping of
insects, based on their external and
internal characteristics, metamorphosis
etc., is termed insect classification or
taxonomy.

The whole Animal Kingdom is divided
into certain major groups called Phyla
{Phylum-singular) and all insects and
certain related animals belong to
the Phylum Arthropoda. The Phylum
Arthropoda s divided into four
sub groups known as Cfass and all the
insects come under the class-Hexapoda

or Insecta. The class Insecta is divided
into two Sub-classes ({Apterygota and
Fterigota) and the sub-classes into
Orders. Under each Ordear, there are

other distinct groups known as Families.
Each family consists of a number of genera
and each genus contains one or more
species. So, the species is considered
as the basic unit or the ultimate end of the
classification. Species is a genetically
distinct, reproductively isolated population
which is evolved or evolving.

When we speak about a particular
insect, in scientific parlance, its genus

and species names are indicated, and
hence, this type of naming is called
binomial nomenciature, The binomial
namenclature was introduced by Linnaeus
and the system is accepted internationally
in plant and animal taxonomy. The genus
and species names are to be denoted in
Latin forms. For example, the scientitic
name of cockroach is accepted as Peri-
planata americana. This means that the
cockroach comes under the genus, Peri-
planata and its species name is americana.
Sometimes, the individuals of a particular
species may vary for some specific chara-
cters, and they are grouped into sub-
species. Insuch cases, sub species names
are afso given.

The general classification of insects
is given below:

Kingdom — Animal Kingdom
Phylum — Arthropoda
Class -— Hexapoda (Insecta)
Sub-class — Apterigota (wingless
insects)
1) Order Collembola
(spring tails)
2) Order Protura
(proturans)
3) Order Thysanura
(Silver fish, bristle tails)
4) Order Diplura
Sub-class — Pterigota (wingsd
insects)
5) Order Ephemeroptera
{(May flies)

6) Order Odonata (Dragon
flies, Damsei flies)
7) Order Plecoptera (Stone
flies)

8) Order Dictyoptera
(Cockroachas, mantids)

9) Order Grylloblatodea

10) Order Crthoptera

(grasshoppers, crickets)
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Order Phasmida (leaf
insects, stick insects)

11)

12) Order Dermaptera (ear
wigs)
13) Order Embioptera (web
spinners)
14) Order isoptera (termites.
white ants)
15) Order Zoraptera (bark
beetles)
16) Order Psocoptera (boock
lice)
17) Order Mallophaga
(bird lice or biting lice)
18) Order Siphunculata
(sucking lice)
19) Order Hemiptera
(plant bugs—leaf
hoppers, aphids, scale
insects etc.)
20) Order Thysanoptera
(thrips)
21) Order Neuroptera
(Aphid-lions, ant-lions)
22) Qrder Mecoptara
(scorpion flies)
23) Order Trichoptara
(caddis-flies)
24) Order Lepidoptera
(Moths and butterflies)
25) Order Diptera (two-
winged flies)
26) Order Siphonaptera
(fleas)
27) Order Hymenoptera
(bees, wasps, ants etc)
28) Order Colgoptara
(beetles, weeviis)
28) Order Strepsiptera
(stylopids) -
As described earlier, each of the

above Order may further be djvided into
various families, and tha families include
a number of specificindividuals or species,
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29:7 Metamorphosis

Insects lay eggs for reproduction. The
young ones of the insects (larvae) which
are coming out of the eggs on hatching
differ from the adult in many respects.
During its post- embryonic development,
most of the insects undergo marked
changes in its form te develop into an
adult, The changesin form, which occur
during the post embryonic davelopment,
is usually termed metamorphosis.  Meta-
morphosis is usually accompanied by
growth, differentiation and reproduction.
Growth is taking place in the larval stage;
differentiation in the pupal stage; and
reproduction in the adult stage.

The larvae which are coming out of
the egg will have a very hard body cov—
ering. This hampers the growth of the
larvae; and therefore, to continue the gro-
wth, it has to shed its outsr skin. This
shedding process is known as ecdysis or
moulting. The developmental stages of
an insect between two successive moults
is termed /nstars. The number of moults
vary with insects. After attaining adult-
hood, no moulting would take plage. At
the time of moulting the insects would be
ina non-feeding state, and specialised
hypodermal cells produce the moulting
fluids. This fluid helps in loosening the
outer skin, and subsequently, a new skin
is developed. [n usual casss, three to six
mouitings take place. However, it may
reach to even twenty three as in May flies,
During metamorphosis, the insects undergo
changes in their form and feeding habits.
The changes occur both internally and
externally. The internal changes are very
complicated and not visible to naked eyes. -
However, the external metamorphosis in
insects are highly conspicuous and stages
are well defined. Based on the way in
which the changes take place, there- could
be different types of metamorphosis,



Dervelopment without meiamorphosis
( Ametabolous)

There are some insects in which the
young ones coming out of the eggs are
exactly similar in form to the adult. In
such cases, there occurs little changes in
form between the subsequent instars,
except the development of sexual organs.
eq: Order Thysanura (silver fish) and
Order Collembola.

Gradual metamorphosis (Pauronetabolous)

In this type of metamorphosis, the
young ones resemble the adult in general
body form, food habits, and occupy the
same habitats. However, they differ from
adults as they lack wings and external
reproductive organs. The wings appear
externally during the later instars,
eg: Grass hopper, Aphids etc,

Incomplete metamorphosis (Hemimetabo-
lous)

Here, the young ones undergo more
pronottnced changes during their deve-
lopment, when comparsed to gradual
metamorphesis.  Usually, the adults and
young ones differ in their food habits
and habitats. Usually, the immature sta-
ges of the insects are spent in water, as
the nymphs possess tracheal gills. They
undergo a series of moults, and at last
insects with fully developed wings which
are suited to an aerial life are formed. eg:
May flies, Dragon flies elc.

Complete metamorphosis
lous):

It is a complex form of metemorphosis
which encomposses four developmental
stages, namely, eggs, /arvae pupae, and
adults. The larvae which are coming out
of the eggs are entirely different from the
adults. The larval stage isa growing

{Holometabo-

stage in which it undergoes a series of
moults keeping the general form as such.
Larvae of different orders are known by
different names; larvae of beetles are
known as grubs and butterflies and moths
as caterpilfars; and those of flies, bees,
and wasps as maggots. Thelarvae when
fully mature cease to feed and transform
into the pupal stages. It isthe non feed-
ing inactive stage in the development of
insects, The pupal stage is a distinctive
feature of insects with complete meta-
morphosis. After a lapse of several days
and months the adult insect emerges
from the pupa! stage with fully developed
wings and other appendages. eg: Ord-
ers like Neuroptera, Lepidoptera (Butter-
fties and moths) Coleoptera (beetles),
Diptera (flies), Hymenoptera (ants).

Hypermetamorplosis.

It is a modified form of complete me-
tamorphosis, in which there is the pres-
ence of two markedly different larval
stages. This is mainly noticed in the case
of some blister beeties and in some fami-
lies of Hymenoptera and Neuroptera.

29:8. Balance of life in nature

Every living organism is capable of
reproduction, and gives birth to several of{-
springs for the maintenance of its species.
The ability of reproduction in insects
is astonishing. We may just take the casa
of an insect laying about 200 eggs and
completing its life cycle in one month.
[f all the eggs come to maturity after one
month, there would be Z00 adult insects.
Assuming that half of them (100) are
females, they produce 20,000 eggs. If the
same process of reproduction continues,
after one year, the whole earth would be
covered by the insects to a height of about
24 m. It is a matterto ponder over, what
happens if all the insect species and other
living organisms multiply like this without
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any hindrance. However, this does not
happen in nature, It does not mean that
the organisms abstain from repreduction;
but a lions' share of the offsprings are
destroyed at various stages of their dev-
elopment by some natural forces. In other
words, the proportion of each and every
organism on the earth is always kept ina
balance. That is to say, in any environ-
ment, undisturbed by human beings,
there is a broad pattern of equilibrium
among the different species of plants and
animals so that no species would be
allowed to increase extraordinarily to the
detriment of another. This phenomenon
is called balance of life in nature or
poaulation bafance.

Factors of population balance

Biotic potential and environmental
resistance are the factors controlling the
balance of life in nature. Biotic potential
is the highest inherent capacity of an orga-
nism to reproduce under ideally optimum
conditions. When a particular species
multiplies like this, the various unfavour-
able climatic conditions (temperature,
relative humidity, light, wind etc.), scar-
city of food, natural enemies ({predators,
parasites, disease causing organisms, or
germs) etc. play an important role in
destroying the excessively produced pro-
genies to keep the population balance.

If the rate of reproduction and rate of
destruction (death) are equal, the balance
is maintained. In organisms, where multi-
plication rate is very higher, death rate
will also to be higher.  For instance, in
cotton ball worm (Earis fabia), the dest-
ruction is about 99.999,. In certain
species, where the reproduction rate is
too low, almost all the progenies may
survive.

When the reproduction rate over-
cames the destruction rate, ‘population
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explosion’ will occur; and if death rate
exceeds the reproduction rate, it may
result in the complete destruction of the:
species.

29:9,
Many of the insects have got specific
adaptations or devices to tide overthe ad-
verse conditions or have natural resistance.
Such adaptations can be classified as mor-
phological adaptations, behaviouristic
adaptations, construction of protective
structures, selection of safety niches etc.

Morphological adaptations: There
are several types of morphological adapta-
tions in insects to tide over the factors of
natural resistance, Some insects have
thick exoskeleton or scales on their body
to resist unfavourable temperatures, humi-
dity etc.; some have bristles, spines, hzirs
etc; and certain others can produce veno-
mous liquids for their protection. “ery
minute insects mzy escape from large
predators by their smaller size. Protective
resemblence of insects with their surro-
unding (mimicry) as seen in stick insects,
leaf butterfly, bark insscts etc. enable
them to escape from their enemies. We
could note a large variety of moropho-
logical adaptations like these in insects.

Adaptations of insects

Behaviouristic adaptations: Adapta-
tion is achieved in some species through
their particular behaviour. Certain insects
threaten the predators (though they have
no weapons), so that the predator is
frightened. Others adopt dodging atti-
tudes as feigning death. Some cater-
pillars, lady bird beetles etc. produce a
type of offensive liguid, whan the enemy
approaches them,

Construction of protective structures:
In some insects, the protective structures
provide them the adaptation. eg: gallaries
of termites, hives of honey bees and
wasps, underground nests of ants etc.



Sefection of niches: Jumping or
tlying capacity of some insects provide
them the means of adaptation. and to
escape from danger. Some species like
locusts, migrate from unfavourable places
to favourable places.

22:10. Insect collection

Collection and preservation of insects
are a hobby for many people. However, it
has got many other purposes, rather than
simply a hobby. Usually, insects are
collected due to their attractive colour
and nature. A good collection of insgcts
acts as a ready reference to understand the
elements of insect life in a particular
locality. It helps to understand their
relation with the nature, plants and
animals of the locality. A good insect
collection could also contribute a lot in
the classification of insects.

29:710.7.

The major devices used for insect
collection are a hand net, a killing bottle,
specimen tubes, alcohol, glycerine, labels,
setting boards, and a store box.

Insect collection devices

Insect net: Hand nets for collecting
insects are available. Usually, nets made
of cloih which are fitted on to a circular
frame and handle are used. The cloth bag
may be about 45-50 cm deep for collect-
ing bigger insects, and it should be
shallow and thick when used for collact-
ing aquatic insects. A convenient hand
net can be made by using the circular
frame of a badminton racket.

Aspirator: An aspirator is ussd for
collecting smaller insects like flies, aphids
etc. The apparatus consists of a glias
tube fitted with a two holed stopper. Two
pieces of metal or plastic tubing are fitted
to the stoppers. To the longer of the
metal tubes, attached a rubber tube of
about 50-60 cm length fitted at the ends
a cloth piece. The longer tube is directed

against the insects and by the sucking
action the insects are callected into the
bottle,

Killing bottle: Bottles made of thick
glass are used as killing bottles. For
killing the insects, chemicals like pota-
ssium cyanide, sodium cyanide and
benzene are used. The chemiical is placed
in the bottom of the bottle and covered by
a filter or blotting paper.  The chemicals
used in the killing bottle are extremely
poisonous, especially cyanide. So the
bottle should not be opened, except to
put in or take out specimens. Insects
like beetles and butterflies should not be
kept in the same bottle, as it may damage
the fragile specimens.  [nsects should be
removed from the bottle as soon as they
are killed; otherwise, they may be dis-
coloured due to the action of the chemicals
used.

Separator:  Small insects can be
collected by means of & separator or
Berlese funnal. It usually has a sieve, for
holding the litter or trash, which fits in to
a funnel. As the litter dries, the insects
move downward through the sieves and
drep through the funnel, which opens
into a killing bottle.

Sifters: Small insects can be first
sifted on a cloth back ground, and then,
they can be picked up by using an aspi-
rator or wet camel hair brush.

Light traps: They are common de-
vices used in surveys and other studies to
find out the distribution and number of
certain insects in a locality.

Baits: Baits of different materials are
used to trap insects.

29:70,2 Preservation of insects

Soft bodies insects are usually pre-
served in 80 percent alcohol or 4 percent
formaldehyde solution. Hard bodied
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.insects may be mounted on pins, and if
they are too small to be pinned, mount on
card points or slides. Insects are usually
put in relaxing jars before pinning. This
avoid their breakage and damage while
pinning. The jar contains wet sand or
saw dust covered by cardboard pieces.
Insects are put in this jar for two or three
days to get them sufficiently relaxed.

Insect pinning:. Insects are pinned by
using specialised pins which ars resistant
to rusting. Depending upon the type of
the insects, the part which is to be pinned
varies. For instance, grass hoppers are
pinned through the right side of the pron-
otum; bugs through the right side of the
scutellum; beetles through the right elytron
about the middie of the body; butterflies
and moths pinned between the base of
the fore wings; and bees and wasps thro-
ugh the thorax, slightly to the right of the
midline.

Usually, insects are mounted about
2.5cm above the pin point. The labels
attached to the pins should also be uni-
form and kept at the same heights.

Spreading boards: Spreading boards
are used in the case of insects, the wings
of which are to be spread in the mounted
condition. The boards are usually made
of soft wood to facilitate easy pinning.
The wings of insscts are kept in position,
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by pinning strips of paper across the
wings

{nsect baxes: Usually, the collected
insects are kept in boxes, the bottom of
which are lined with cork or such soft
materials. Before storing in the boxes, tha
specimens are to he properly labelled. The
label should give at least the following
details —the host of the insect, the collec—
ting date, locality of collection, name or
inilials of the collector etc. Labels should
be made of stiff paper of uniform size.
The insect boxes are to be keptin a dry
place with observations now and then.
Keep the boxes clean as well as free of
predatory insects which might have crept
into the store box. Repellants like napt-
halene balls are used to drive away the
common pests.

29:710.3. Rearing of insects

Rearing of insects is practised to get
specimens in good condition. 1t is usually
done in a natural condition as far as poss-
ible. Immature stages of insects are coll-
ected and Kkept in cages made of wirs
gauze along with their food materials. If
the insect is one which pupates in soil,
some loose soil Is also put in to the cage.
Insects attacking dried grains and such
other food stuffs can be reared by encl-
osing the infested material in a good vial.

‘Gall flies and such other parasitic insects

can be reared like this and studied.



30.

30.1. Introduction

Honey bees form one of the most
important group of productive insects.
They give us honey, a valuable and nutri-
tious article of diet having madicinal pro-
perties. Besides, the ‘bee wax’ obtained
as a by-product from the bee-hives have
got several commercial uses. Honay
bees also help the mankind by way of
assisting in the pollination of several
crops. The role of honey bees in
the pollination of cardamom 1s a well
known fact. Realising the importance of
honey bees, man started to domesticate
them from time immemorial, and there
are mentions of honey in the Bible and the
Furanas. Nowadays, bee rearing has accl-
aimed the status of a commercisl enter-
prise. The growing of honey bees ona
commercial basis is known as bee-keeping
or apiculture,

30:2, Kinds of honey bees

Honey bees belong to the family
Apidae of the order Hymenoptera. Mainly,
four species of honey bees are found in
India. They are the large rock bee (Apis
dorsata), the medium sized Indian honey
bee {Apis cerana indica), the little bee
(Apis f/orea), and the Dammer bee (Meli-
pona irridipennis). All these species are
social insects living in colonies. The divi-
sion of labour and other sccial instincts are
also there among all the members of the
colony. Of the four mentioned above,
Apis cerana indiceis the domesticatad
species grown extensively in India. We

Bee keeping

may see the general characters of these
four species in brief.

Apis dorsata(rock bee): They are the
biggest type of honey bees and are good
honey gatherers. Rock bses make jarge
single combs in open areas under overha-
nging rocks, branches of large trees, sides
of buildings etc. Though they produce
about 50-100 kg honey/year/colony, they
are not domesticated due to many undesi-
able characters. They are of low temper—
ament and ferocious in nature. Besides,
they make single combs, which make the
extraction of honey very difficult. They
are also migratory in nature,

Apis cerana indica {(Indian honay
bee}: This is the domesticated species
in India. They are smaller in size than
the rock bees, and Jound both in forests
and plains. They mainly colonise in
hollows of trees, cracks and crevices
in walls, burrows in grounds etc. They
make many parallel combs, usually seven
to ten in number. They are not migratory
in habits, and can be easily domesticated
in artificial hives. The annual yield of
honey is about 2-5 kg per colony.

Apis florea {little bee): This is the
smallest of the three species of the genus
Apis which constructs single combs on
twigs, bushes, caves of buildings ete.
They vield very small quantities of honey,
but is very sweet and possess medicinal
properties.

Melipona irridipennis,  (Dammer
bee): They differ from Apis bees in many
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aspects. They make small single combs
and do not develop stings. They are very
poor honey gatherers. and produce only
about 100-200 ml honey/colony/year.

30:3 The bee colony

The honey bees are social insects and
they live in colonies varying in strength
from 20,000-30,000. This population
consists of three categories of bees—the
worker, the drone, and the queen.

Warker: The worker-bee is an imper-
fectly developed female and is incapable
of reproduction. It is smaller in size than
the queen or the drgne. The workers are
selfless members of the colony. They
perform various dutiesin the colony lika
gathering of honey and pollen, constructing
combs, rearing brood, defending colony
from enemies, attending on the queens
and the like. Usually, the adult workers
go for honey gathering, and young work~
res look after the domestic affairs of the
colony.

Drone: The drones are the functionai
male bees and are bigger and darker than
the workers. They are sluggish in habit
and remain idle in the bee-hive for most
part of the day. Their only function is to
mate the queen during her nuptial flight.

Quean: The queen is the functional
female of thecolony, and usually, only
one queen ic found in a colony. Thay are
two or three times bigger than the workers.
The only function attributed to the gueen
is that of reproduction and maintaining
the colony strong.

30:4 Bee hives

The rearing of honey bees for gsatting
honey and wax is termed bee keeping
or apiculture. Usually, they are reared in
artificial hives for the above purpose.
Different types of hives like pot hive, book
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hive, house hive, nucleus hive, Newtons
hive etc. are commonly used for keeping
honey bees. Of these types, Newton's hive
designed by Fr. Newton is the most
popular hive in South India. The import-
ant parts of this hive are the floor board,
brood chamber, wooden frames, super
chamber and a roof with an opening
guarded by wire gauge.

The keeping of honey bees in artificial

hives has many advantages compared
to natural shelters. One advantage is
is that It protects the combs, and

thereby, save considerable time, encrgy,
and honey stored by the bees. |n primitive
methods, the honey combs are fully destro-
yed for extracting honay, and along with
that, a considerable number of young and
adult bees are also kiiled. This indescri-
minate killing of bees is completely elimi-
nated in the artificial hive. Frequent
extraction of honey is also possible in
the artificial hives. It also ensures good
protection to honey hses from inclement
weather and natural enemies.

Newton’s beehivz: All parts are
made of wood. It essentially consists of
a floor board, a brood chamber containing
the brood frames, a supet chamber cont-
alning the super frames, and a roof. The
hive is to be fixed over a termite proof
stand of about one metre height and in a
shady place. Also, provide oil bands on
the stand or water troughs under them to
protect from ants.

30:5 Important accessories needed
for the honey industry

Dummy division board: It is used
to confine bees to a limited space during
lean geason,

Comb foundation sheets: They are
made of wax and are acting as support to
construct comb cells by bees during
honey flow season.



Swarm trap: It is used to trap the
bees during swarming.

Queen gate: Itis provided to pre—
vent the queen from escaping out of the
hive. .

Smoker: Smoker isused to create
smoke which helps in controlling bees,
while collecting honey and catching new
colonies.

Honey extractor. This equipmentis
used to extract honey from the combs. It
consists of a drum containing a rack or
box inside to hold the frames. The box
can be rotated with the help of a gear
system, and honey is thrown cut from the
combs by the centrifugal action.

30:6 Management of an apiary

The success or failure of bee keaping
depends on the care taken by the owner
in directing the desirable instincts of bees
to his advantage and suppressing the
undesirable characters. The impgrtant
factors concerned with the bee keeping
are as follows.

Selection of site

While selecting a site for starting an
apiary, tha folio #ing points are to be kept
in mind. An apiary should be located in
a place whers there is availability of plenty
of nectar and pollen. 1t should be ina
shady place well protected from direct
wind and rains. Clean and fresh water
should be available in the nearby areas
and the site should be well drained.
Provisions should also ba there to protect
the hive from termites and black ants.

Precautions ro avoid sting of bees

The factors that irritate bess and make
them sting are many. Inclement weather,
rough handling, instinct to protect the
young ones, entty of enimies, smell of the
stings, excitemant, absence of queen etc.
. are some of them. With care and attention

given to the above factors, one can handle
the baes with confidence. Some precauti-
ons like wearing heavy clothsor gunny
bags and directing smoke can be resorted
to handle bees—while collecting honey
and during other oparations—to avoid
stinging by bees.

Care of colonies during breeding season

With the availability of enough
pasturage during honey flow season, the

activities in the colony will increase
considerably and there is an increased
rate of egg laving by queen. So, additi-

ional space has to be provided for the
increased population by supplying clean,
combs or comb foundation sheets.

Swarm confrol

According to the need of the apiarist,
new colonies are to be allowed, or are to
be curbed. Swarming lead to depletion
in strength of the colonies, and control of
swarming can be achieved by various
methods. Most important method is the
destruction of the special queen cells—as
the colonies will not swarm, unless a new
queen is produced.

Uniting

Whan the colonies become weak or
queenless or having bad traits, uniting is
resorted. Direct uniting or newspaper
methods are usually practiced.

Queen rearing

This is often followed to produce
good pedegree queens, and whenever new
queens are required. For this, the brood
combs from the dssirable colony are
distributed in two or three newly made
small hives. Then, a few cells in these
combs containing the just hatched larvae
are enlarged b, cutting the adjacent cells.
Queens are rearad in thase cells. This
will lead to the emergence of a new queen
in each hive.
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Care during lean season

During lean months, availability of
nectar and pollen will be very less. Due
to this inadequacy of food, the strength
of tha colony goes down, In this condi-
tion, bees are to be confined to a small
area in the hive, and are to be fad artifi-
ficially by providing honey or sugar syrup.

30:7 Enemies of honey bees

Wax moth: The larvae of this moth
live in tunnels which are made through
the honey combs. They penetrate the
wax layers, and thereby, dislodge them.
In severe forms of attack, the combs will
be fully covered by silken webs and
faecal materials of l[arvae. In such cases
the bees may desert the colony. By main-
taining the hive in a clean and hygenic
condition, the wax moth damage can be
avoided.

Ants: The black ants and the red
ants attack weak colonies and take away
honey, pollen etc.

Wasps, Birds: Both wasp and birds
are bee eaters. They catch bees from the
hives as well asfrom outside.

Diseases of honey bees: Diseases
caused by mites, viruses, bacteria, fungi,
protozoa etc. are attacking the bees. Of
these, Acarine disease caused by a para-
sitic mite (Acarapis woodi} and American
foulbrood disease caused by a bacteria
(Bacillus larvae) are important. Suitable
precautionary measures should be taken
against these diseases.

30.8. Properties and uses of honey
Honey may be defined as an aromatic,
viscid, sweet fluid obtained by the modi-
fication of nectar of flowers by the honey
bees. It contains about 209, moisturs,
65—809, sugars, and several minerals and
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vitaming. It also contains certain enzy—
mes and acids: The amount of moisture
in honey has great influence on its kee—
ping quality and granulation. It normally
varies with the source of nectar. Excess
moisture, if present, can be removed by
artificial ripening—by keeping at 60'C
in water bath for 30 minutes.

The worker bees collect nectar from
the flowers and keep it in their honey
stomach, till their return to the hive. The
nectar is pre-digested in the stomach and
mixed with the enzyme invertase—whlich
splits the sucrose of the nectar to dextrose
and levulose. The resultant fiuid is then
regurgitated into the honey cells. The
moisture content in the fluid is lessened
by taking it again and macerating it in
their mouths and regurgitating back into
the honey cells The winging action of
the bees also help to reduce the moisture.
All these processes of reducing the moi-
sture content of the honey is called natu-
ral ripening. After this ripening. the -
honey cells are sealed with wax. In con-
trast to the ripe honey in the sealed cells,
the honey in the unsealed cell is called
unripe or green honey.

Honey is used in a variety of ways.
it is an important item in several religious
rites. 1t is a rich energy giving food; and
along with milk, form a complete food.
Honey is given to new born babies as a first
food, since it provides ready energy.
Honey can also be used with coffee, tea,
or mitk in place of sugar. It is a laxative
and blood purifier and a curative for sore,
ulcers in tongues etc. It is good for sto-
mach and intestinal ulcers. Honey is
alkalinein nature and is a good stomachic,
It is an essential ingredient of many Avyur-
vedic and Unani medicines. Honey may
also be used to make alcoholic drinks,
skin e&nd beauty lotions etc.



From the bee-hives, we get the honey
as the main product. We may also get a
by-product—the bee wax-—without much
effort. It is produced from old combs,
cappings collected after honey extraction,
and combs affected by wax moth.

Ree wax is a yellowish solid, insoluble
in water, having an aroma reasembling
that of honey. Chemically, it is a mixture

of cerotic acid and myricyls palmitate.
It becomes plastic, when heated; and bri-
ttle, when cooled. Bee wax is used for
the manufacture of a wvariety of items,
especially cosmetics like beauty lotions,
creams, lipsticks, ointments and pomades.
It is also used in the manufacture of boot.
floor, and furniture polishes, paints and
varnishes, inks, electrical insulating appa-
ratus and candles.
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31.

31:1. Introduction

The word ‘pest’, in a broad senss,
includes insects; invertebrate organisms
such as nematodes, mites, slugs, and
snails; vertebrate animals such as rats,
squirrels,birds and jackals; disease causing
organisms such as fungi, bacteria and
viruses; and weeds, that cause signi-
ficant and economic damage to standing
crops, stored products and animals. Ho-
wever, the term ‘pest’ is usuaily used for
those living organisms having defenite
mouth parts which affect crop or livestock.

insects had appeared on earth, very
long before the descent of man. They
depend upon the same plant and animal
sources on which man depends for his
food, shelter, clothing, and other needs.
The struggle between _man and insects
had bsgun long before the dawn of civili—
zation. It is still continuing, and will
continue till human race endures on earth.
For getting their requirements, insects
cause injuryto plants directly or indirectly,
and nature of the damage caused by them
is mainly dependant upon their feeding
habits. In this chapter, we shall see the
various control and managemant measures
to be employed, so as to keep the pests
at bay.

31:2. Pest control

The factors which are capable of
making life hard for pests, that will kill,
repel, or intefere with its feeding, mating,
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reproduction, or dispersal can be consi-
dered as methods of pest control, in it
broadest application. In nature, the
various factors like climate, topographic
factors, and natural enemies of the insects
kesp the insect population at bay. This
is called natural control, and here, the
operations are not influenced by man.
But, sometimes, the insect population
which has survived natural! control, stil,
would be capable of causing sufficient
damage to crops. Under such circumst—
ances man has to think of some means to
control them. The applied or artificial
methods of insect controi can be grouped
as cultural, mechanical, physical, biolo-
gical and chemical methods.

Depending upon whether these meas-
ures are applied as a preventive step before
the actual occurrence of the pest or as a
curative step to eliminate the insects after
they had started attacking the crops, the
control measures may be grouped into pro-
phylactic or preventive methods and cura-
tive or direct mathods.

37:2.1. Prophylactic or preventive

methods
These methods are effective, especially
in the case of certain pests which are
known to occur in any area, year after year
or season after season. eg: Stem borer of
rice, Brown plant hopper of rice etc.
These methods include the following: .

Field or plant sanitation: Field sani-
tation measures such as regular removal of



weeds, grasses, pest sffected plants, or
plant parts etc. help to eliminate the
source of infestation of pest. In the case
of rice, keeping the field bunds free of
weeds help to reduce the attack of leaf and
grass hoppers. Similarly, the removal and
burning of infected twigs of coffee and
citrus helps to reducethe attack of shot
hole borer.

Cultural methods: The deep ploug-
hing of the rice field after the harvest,
would eliminate the breeding of stem borer
moths in the sprouts from the stubbles.
The use of pest fres, healthy, seeds and
seed materials may minimise the possible
infestation of seed borne insects such as
sugarcane scales, ginger scales, banana
weevil and sweet potato weevil. Certain
crop cultivars escape the attack of pests,
as they come to maturity before the pests
begin to cause much damage.

Growing pest resistant or tolerant
cuftivars: Growing of resistant or tol-
erant cultivaris one of the most effective
and economical method of pest control.
Pest resistant/tolerant cultivars are now
available in almost all field crops.

Other prophylactic measures: There
are several other prophylactic measures
also worth mentioning here. These include
treatment of seeds and planting materials
with pesticides before planting; swabbing
of tree trunks and branches with pesticides,
especially to ward off the attack of borers;
periodical drying of harvested produce to
prevent infestation by pests of stored pro-
ducts, adjusting the time of sowing etc.

37:2.2.Direct or curative methods
Curative measures are employed to
destroy a pest or check its further muitipli-
catiori after it has already appeared on e
crop. These measures can be grouped into
cultural methods, mechanical methods,
physical methods, legal methods, biolo~
gical methods, and chemical methods.

Cultural methods; Cultural methods
include ordinary farm practices which are
employed, in such away that the insect
pests are either eliminated or prevented
from multiplying their population. These
practices are designed to hit at some weak
points in the seasonal history or environ-
mental or host adaptation of the insects.
Cultural methods are the cheapest of all
measures and include practices like crop
rotation, mixed cropping, trap cropping,
and tillage operations such as deep ploug-
hing and flooding the field.

Mechanical methods: Here, the insect
population is directly hit by adopting mec-
hanical devices or manual operations.
These include handpicking of egg masses,
larvae or nymphs, and sluggish adults;
hooking out adult rhinoceros beetle from
the crown ol cocount palms; passing a
rope or thorny twig across rice crop to
dislodge the case worms over standing
water, which is then drained out and coll-
ected at the mouth of the field; digging
trenchesin the field to prevent the migr-
ation of army worms in groundnui; cover-
ing bittergourd fruits with polythene
bags to prevent the attack of fruit files
fixing tin bands around coconut trunk fo
prevent the attack of rats; setting light
traps to attract adult moths and beetles
etc.

Physical methods: Thase include arti-
ficial heating or cooling of stored products
to kill the insect pests; steam sterilisation
of soil to kill soil borne inssects and nema-
todes; use of high frequency radioc waves
to kill grain weevils and flour bettles; ste-
rilisation of male insects using chemicals
or gamma radiations etc.

Legal methods: These are aimed at
preventing the introduction of new insects/
diseases/weeds etc. from foreign countries,
preventing the spread of already establ-
ished insects/diseases/weeds etc. within
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the country, and forcing the farmers to
take up effective control measures against
established insects, diseases, or weeds etc.

These are achieved, mainly by enfor-
cing certain laws, In Kerala, there exist
restriction to purchase and transport
coconut seedlings from root (wilt) affected
districts to other districts. Plant quaran-
tine laws also prohibit import of planting
materials, without clearance certificates.

Riological methods: The successful
conuin’ of a pest species by means of
ano:nar living organism, encouraged and
disseminated by man, is called biological
control. Sucha programme involves the
introduction, encouragement, multiplic-
ation, and dissemination of natural enem-
jes by man with his own efforts. The
natural enemies of insects include some
of the insects themselves—both parasitic
and predatory, disease causing viruses,
bacteria, fungi, protozoa, parasitic nema-
todes, and predatory vertebrates. In Kerala,
black headed caterpillar of coconut is
successfully controlled by releasing para-
sitic natural enemies like Bracon brevico-
rnfs and Trichospilus pupivora. Efforts
are also under way to control the mealy
bug of coffee by releasing predatory lady
bird beetles.

Chem/cal mathods: Sometimes, owing
to many reasons, the preventive plant
hygeinic measures, cultural and other cura-
tive measures etc., will not be effective in
bringing down the pest population to a
balanced level. so that economic losses
are avoided, Undersuch situations, che-
mical agents are resorted to — both as prev-
entive or curative measure-—tominimise the
pest damage. These chemicals are called
pesticides. Today, a large number of pes-
ticides in different formulations, having
differsnt mode of action are available in
the market.
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31:3 Integrated methods

control

of pest

It is not always possible to have an
effective control of pests by the use of
pesticides alone. Neither, the adoption
of cultural, physical, biological, or
mechanical measures alone would bring
down the pest problem significantly
below tha injury levels. Sometimes, there
may be fresh outbreaks of pests inducad
by pesticide application, mainly due to
the destruction of natural enemies of
pests. Very often, the role played by the
natural enemiss in controlling the pest
population is totally ignored. The bene-
ficial insects like pollinators are also
killed by the indiscriminate use of chemi-
cals, besides leading to the pollution
of the eco-system. The prolonged use of
chemicals may result in the development
of resistant biotypes of pests. The residues
left over in the crop produce and soil
often cause health hazards to man and
animals. The dependance on chemical
control has to be reduced and rationalized,
because of the many similar hazards
ralated withit. Thus, pest control gave
way to pest management or rather inte-
grated pest management.

An integrated pest management is a
system in which we take into consider-
ation the biotic potential of the pest, the
environment in which they live, and all
the compatible methods to maintain the
pest population below the economic injury
level. The methods employed should bs
augmentative with the objective of pest
control, with little or no harm to the eco-
system. This system isnot justa super
imposition of one method over another.
It should be drawn out taking into consi-
deration the nature of the crop, pest,
environmental featurss etc. and giving
utmost importance to the ecosystem. The



main principles to be followed include
the-encouragement of the existing mort-
ality factors and the introduction of
additional mortality factors into the
ecosystem without much disturbance to it.

in any pest management system, our
first aim should be to preserve maxi-
mum natural control, Parasites, predators,
and pathogens contribute to natural control
when pests are endemic. The absence of
natural enemies may happen only where
man has interfered in the balance of
nature. Preservation of natural enemies
can be supplemented with the introdu-
ction of biological control agents where-
ever possible.

In recent years, growing pest resistant
cultivars of crop and search for more such
cultivars have evoked much response
among farmers and scientisis. Growing
resistant or tolerant gultivars are, of course,

a major part of the integrated system of
‘ pest management.

Another method is by limiting or
reducing the source of pest inoculum and
psst multiplication. Adjusting time of
planting, crop rotation, dastruction of
crop residues infested with the pest, clean
cultivation, destruction of alternate hosts
etc. help inreducing the pest inoculum,
It is a known fact that introduction of
ducks in paddy fields check the spread of
certain pests to a considerable extent,

Pest multiplication in fields also has
to be limited. This is mainly achieved by
limiting favourability of the crop for large
scale egg laying and consequent high
population of the pest. Insects require
nutritious food, especially amino acids,
for their multiplication. Giving too much
nitrogenous fertilizers in single doses
result in the concentration of {free amino-
acids. So, methods which prevent large

concentration of amino acids in plants
have to be an Integral part of the pest
management. For instance, splitdoses of
fertilizers and application of urea with
neem cake will help in the reduction of
pest population.

Chemical methsds are to be adopted
in the most judicious manner. !t may be
the most effective method of saving a
crop severely infested by large pest popu-
lation. Extreme care should be taken to
use pesticides, only to supplement the
natural methods of control. The general
ptinciples to be observed while adopting
chemical methods are:

1) Need based application

Z) Use of selective insecticides

2) Adopt selective method of application
eg. Seed lreatment, row application,
seedling root dip etc.

4) Use pesticides which are harmless to
natural enemies.

B) Avoid broad spectrum pestizides.

6) Avoid excess doses of pciiiurdes,

Another area of interest in an inte-
grated pest management is the third
generation pesticides such as juvenile
hormones, Chitin synthesis inhibitors,
sttractants, repellants, antifeedants, phe-
romones, microbial pesticides, chemo-
sterilants etc. Wheraver possible, these
materials may also be attempted to.

In nutshell, the use of various natural,
cultural, physical, mechanical, biological,
chemical, and other modern methods in
an integrated compatible manner, so as to
bring down the pest population below
the economic injury level with as little
disturbance to the ecosystem as posaible,
is integratod pest management.
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32.

"32:1. Introduction

All the chemicals which are used to
poison and control the pests are called
pesticides in a broad sense. Chemicals
which cantrol insects by chemical action
are cal ed insecticides. Similarly, chemical
substances used to control fungi, weeds,
nematodes, mites, radents and molluscs
lare referred as fungicides, weedicides(her-
bicides), nematicides, miticides (acarici-
.des), rodenticides and mollusicides, respe-
etively. In this chapter on pesticides, more
:femphasis is given to insacticides, since
iherbicides, fungicides, nematicides etc.
lare discussed elsewhere. An insecticide
iic:an be defined as a substance or a mixture
1of substances intended for killing, repel-
1ling, or otherwise preventing insects
from attacking crops and livestocks.

'32:2. Insecticide formulations

The basic insecticide material or
toxicant moay notbe in a state to be
iapplied directly on crops. So, it is essen—
tial that they are formulated in suitable
iwways for ditferent methods of application.
‘The term formufation is used to denote
|thé processing of a pesticide compound
iby any method which improves its pro-
\perties of starage, handling, application,
leffectiveness, or safety. The commonly
!available insecticide formulations are
"dusts, wettable powdsrs, solutions, em-
‘ulsifiable liquids, insecticide aerosols,
fumigants and poison baits. Sometimes,
‘the same insecticide is availablein differ-
ent formulations. The suitable formula-
tion has to be selected depending upon
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the crop, soil conditions, nature of insect
attack, environmental conditions, and
availability of equipments for application.
Common formulations, usually used are
briefiy discussed below.

Dusts: A dust formulation consists
of the toxicant (active ingredient) and an
inert carrier or diluent in dust form. Itis
prepared, either by mixing with or by
impregnation, on a suitably finely divided
carrier. The toxicantin a dust formulation
ranges from 0.65 to 10%. The particle size
should beless than 100 microns. The
carriers are usually an organic flourora
pulverized mineral such as sulpher, lime,
gypsm, talc, and clay. eg.. BHC 5%, dust,
BHC 109 dust etc.

Granules: In a granular formulation,
the particle is composed of a base which
may be an inert material or vegetable
carrier impregnated or fused with the
toxicant. The size of the granules varies
from 0.25 mm to 2.5 mm. Granules, usu-
ally contain 2 to 109, concentration of
the toxicant eg., carbofuran 3G, phorate
10G. Granular pesticides are commonly
used for the control of soil inhabiting
insects and nematodes. Granules of sys—
temic insecticides are used for making
the plant poisonous to sucking insects.
This is achieved by applying to the soil or
applying into the crown of plants. eg.,
banana, sorghum, maize etc.

Wettable powder: Thisis a powd-
ered formulation which vyields a stable
suspension when diluted with water.
It is formulated by blending the toxicant



with a diluent and dispersing or spreading
agents eg., BHC 50 WP.

Emulsifiable concentrates: A large
number of pesticides are formulated in
this form. An emulsifiable concentrate
contains the toxicant, a solvent for the
toxicant. and an emulsifying agent. It is
a clear solution and gives an emulsion
when diluted with water. eg., Quinalphos
25 EC. When sprayed, the solvent eva-
porates quickly, leaving a deposit of toxi-
cant, from which water also evaporates,
Emulsions are not stable and tend to
separate into component parts. Therefore,
the mixture is to be agitated from time
to time-

Concentrated insecticide liquids: The
toxicant at highly concentrated level is
dissolved in non-volatile solvents. This
is formulated, mainly to be applied from
higher altitudes in extremely fine droplats,
gspecially through aerial spraying using
helicopters. The concentrated insecticide
liquid is, therefore, non-volatile and have
high viscosity and high specific gravity.

Fumigants: A chemical compound
which is toxic and volatile at ordinary
temperature is known as a fumigant.
Fumigants are usually in {iquid form and
sometimes as tablets kept in air tight con—
tainers. Aclually, they are mixtures of
two or more gases. Areas not easily ac-
ceptable to other chemicals can be easily
reached by the fumigant due to pene-
tration and dispersal effect of the gas-
eg., aluminium phosphide, DDVP, ethylene
di bromide etc.

32:3. Classification nf

Alarge number of
used for the contro! of insect pests of
crops, livestock, and stored products.
While studying individual insecticides, it
is quite common to classify them into
certain groups so as to have a more easfer

insecticides
insecticides are

and meaningful study. Insecticides are
usually classified in three ways, viz.,
based on their mode of entry, mode of
action, and the chemical nature of the
toxicant (active ingrediant).

32:3.1. Classification based on mode

of entry

Based on the mode of entry of pestici-
des into the pest-body, they are classitied
into four groups. .

Stomach poisons: Thiskind of poisons
when ingested by the insects act on their
digestive system and bring about the Kill,
This type of poisoning is mainly limited
to chewing insects. eg., BHC.

Systemic insecticides: A systemic
insecticide is capable of moving through
the vascular system of plants and poison
insects that feed onthe plants. In other
words, a systemic insecticide is achemi-
cal compound that controls an insect
pest remote from the peint of application.
For instance, a soil applied systemic inse-
ticide can control the insects feeding on
the leaves or stem of the plant growing
in that soil. The compounds when applied
are absorbed by the plants, get translo-
cated within it, providing protection and
eradication of already established pest
menace. Mainly, sucking insects are
controlled by the application of these
insecticides. eg., phosphamidon, dime-
thoate, phorate, carbofuran etc.

Contact poison: A contact insecti-
cide controls the pests by means of get—
ting contact with the pest body. The poison
on contact with the wax layer of insect
body gets absorbed on the surface of the
cuticle. It also penetrates the pest body
through vulnerable sites like sutures,
membranes, base of satae and tracheal
system. A contact poison may be directly
applied on the pest species or the plant
surfaces coming into contact with the
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pest. These are effective against exter-
nally feeding insect pests. eg., carbaryl,
methyl parathion, quinalphos etc.

Fumigants: Fumigants enter the in-
sect body in the gassous form through the
tracheal system and kill them. All kinds
of insects, irrespective of their feeding
habits, can be controlled by fumigants.
These ate effective against storage pests
and concealed pests Iike red palm weevil,
eg., Aluminium phosphide, DDVP etc.

There is one difficulty in following
this classification. Many of the inssecti-
cides now available in the market enter
into pest body in more than one way.
This is obvious from the following ex-
amples.

Systemic and contact—eg. dimethoate,
monocrotophos.

Systemic, contact and fumigant—eg.
phorate.

Contact and
endosulphan,

Contact, stomach and fumigant—eg.,
BHC, DDVP.

So, nowadays, these terms are mainly
used to describe the modes of entry and
general nature of the insecticidas rather
than to classify_ them.

stomach—eg., DDT,

32: 3.2, Classification based on mode

of action:
Based on the mode of action, in-
secticides are classitied as physical

poisons, protoplasmic poisons, respiratory
poisons, or nerve poisons,

Physical poison: The Insecticide
chemicals which bring about the control
of insects by exerting a physical effectare
physical poisons. Heavy oils, tar oils
etc, cause the kill of the insects by
asphyxiation, ie., by exclusion of air. Inert
dusts cause loss of body moisture due to
their abrasiveness as in aluminium oxide;
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or absorb moisture from the body due to
their hygroseopic nature as in charcoal,
thus bringing about their kill.

Protopfasmic poison: Protoplasmic
poisons kill the insects by precipitation of
protsin, especially through the destruction
of cellular protoplasm of midgut epithe-
lium. Fluorine compounds, arsenic com-
pounds, etc. are examples of this group.

Respiratory poison: These poisons
block the cellular respiration by combi-
ning with enzymes like cytochrome oxi-
dase and other oxidases containing iron,
and thus inhibiting their catalytic action.
eg., hydrogen cyanide, methyl bromide
etc.

Nerve poison: Nerve poisons fun-
ction by blocking acetyle choline esterase
in insects and warm blooded animals,
thus causing the death of the pest species.
eg.. Organophosphorous insecticides,
carbamates, organochiorines etc,

32:3.3. Classification of pesticides
based on chemical nrature

This system of classification is the
most important one and is used widely.
Here, the chemical characteristics and
relationships are made use of. insecti-
cides are broadly grouped into Jinorganic
and organic compounds based an their
chemical nature. Inorganic compounds
include arsenic compounds, fluorine com-
pounds, sulphur and lime sulphur, barium
carbonate, thallium sulphate, zinc phos-
phide etc

Organic compounds are again grouped
into hydrocarbon oils, insecticides of
animal and plant orgin, synthetic organic
compounds, and other miscellaneous
organic compounds.

Hydrocarbon oils—eg; petraleum oils
(mineral oils), tar oils etc.



Animal origin— eg; Nereistoxin.

Plant origin—eq; Pyrethroids, Nicoti-
noids, Rotenoids, Azadirachtins etc.
Synthetic organic compounds—eg,
dinitrophenols, thiocyanates, organo-
chlorines, organophosphorus com-
pounds, carbamates, organic sulphur
compounds, etc.

Other miscellaneous organics —eg:
fixed oile and soaps.

32.4 Important insecticides

A short description of the commonly
used groups of insecticides is given in this
section.

32:4.7.

NVicotinoids: Nicotincids are well
known for their ingecticidal properties.
Nicotine {2 to 149,) is found in the leaves
of Micotiana tabacum (tobacco) and M.
rustica. Nicotine is the most important
alkaloid in tobacco contributing to about
97 percent of the twelve alkaloids present.
It is a highly toxic nerve poison, and do
not leave any harmful residual effect.
Nicotine sulphate, containing 40 percent
alkaloids, can be safely used for the
contral of sucking insects like aphids and
thrips. Tobacco in water and socap is
very commonly used for the control of
aphids, thrips etc, especially in vegetable
crops.

Insecticides of plant origin:

The preparation of tobacco decoction
is as follows: Take 500g of tobacco
wastes (refuses, leaves, or stem), chop
into pieces, and steep itin 4.5 litres of
watar for 24 hours. Then it is squeezed
well and the decoction is taken. In another
vegsel, take 120 g of sliced ordinary bar
soap, and dissolve it in sufficient quantity
of water. The soap solution is then added
to the tobacco decoction, and the result-
ant solution is stirred well. The stock

solution thus obtained is diluted with
water 6-7 times, and then sprayed on
crops. '

Pyrethroids: Pyrethroids are power-
ful contact insecticides having quick
‘knock down’ effect. The chief source of
pyrethroids are Chrysanthemum cine-
rariaefolium. Compounds such as piper-
onyl butoxide are used with pyrethroids
as synergists. Pyrocon E 2/22 (1 part of
pyrethrin + 10 parts of piperony! butoxi-
de) is recommended for the control of
coconut red palm weevil.

Azadirachtin: It is observed that
an alkaloid found in neem trees (Azadi-
rachta indica) has insecticidal proper-
ties. The alkaloid azadirachtin acts as a
good antifeedant, repellant, or deterrent
against a numbar of insects such as
locusts, grass hoppers, and other chewing
insects, especially of the order Lepido-
ptera. Since it is harmless to animals and
man, it is suitable in vegetable crops. For
spraying on crops, a neem-kernal suspen-
sion is usually recommended. The pre-
paration is as given below:

Take mature dried neem kernals, and
grind into a coarse powder. The effective
concentration of the suspension recomm-
ended is 0.1-0.3 percent.  For preparing
a 0.2 percent concentration, 2 gm of the
powered neem seed is required per litre
of water. The required guantity of the
coarse powder is putin a small muslin
cloth-bag, and dipped in the required
quantity of water for about 12 hours.
Thereafter, squeeze the cloth bag repea-
tedly, after dipping in the solution, until
the outflowing liquid turns light brownish.
This can be directly sprayed on crops.

39:4.2. Synthetic orgenic insecticides

Synthetic organic compounds are the
most commonly used insecticides in the
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field. The use of these chemicals became
popular only recently. Until 1939, only
inorganic compounds weare used. The
discovery of in secticidal properties of DDT
in 1939 revolutionized the pest contral
operations. Since then, more and mors
compounds are being added to the list, and
they are described, usually, under certain
broad groups such as organo chlorines,
carbamates, organo-phosphates etc. We
shall see the important groups under these
categories, and major insecticides among
them.

Organo chlorine compounds

Organo chlotine compounds, basically
contain carbon, hydrogen, and chlorine,
and in certain cases, oxygen and sulphur
too.

DDT (Dichloro diphenyl trichloro-
ethaney: D D T was first synthesized
by Othnar Zeidler, a German Chemist in
1874. However, its insecticidal proper-
ties were discovered only in 1938 by Paul
Muller. D. D. T. is acontactand stomach
poison with long residual effect. It is
effective in controlling a wide range of
insects affecting crops, stored products
and animals, 1t is wusually formu-
lated as 10 percent dust and 50 par cent
WP, and marketed under various trade
names.

The indiscriminate use of DDT has
posed several problems. It has many
undesirable side effects, due to the stable
chemical nature and high lipid solubility.
Killing of non-target organisms such as
natural enemies and thereby disrupting
the ecosystem is one among these. DDT
passes through the food chains of orga-
nisms, resulting in the killing of non-
target organisms such as fishes, birds.
wild animals etc. D DT is absorbed
by the body lipids, and it is even detected
in the milk of human beings. D. D. T.
poisoning suppresses the formation of
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egg shells in birds. Another hazard is
development of insect biotypes resistant
to DDT toxicity, due to its continuous
use. Because of these hazards to eco-
system and human health, DDT is banned
totally in several countrisas. In India, its
use is being discouraged in the field of
agriculture and not recommended at all
for food crops.

BH C (Benzene hexa chloride):
The correct chemical names of the materia !
is Hexa Chloro Cyclohexane and is also
abbreviated as HCH: The active ingredi-
ant is a mixture of a number of isomers of
which gamma isomer is the lethal com-
ponent. BHC contains 10-18%, of gamma
isomer. BHC is a contact and stomach
poison with fumigant properties also.

BHC is effective against a numbar of
insect pests such as caterpillars, beetles,
bugs. grass hoppers, locusts etc. [t is a
good soil insecticide, and commonly used

to control termites and ants. BHC ia
phytotoxic to some plants, especiatly
cucurbitaceous vegetables. It is comm-

ercially formulated as 59% WP, 109, dust,
and 59, dust, and available in several
trade names. The recommended dosage
for spraying is 0.2%. Dust application
is to be done at 2.0kg ai/ha. Waiting
period is 15-20 days.

Lindane: Lindane is a purified form
of HCH which contains 90-100%,0f gamma
HCH. This is suitable for the control of
pests of vegetables, since this does not
taint the products unlike ordinary BHC.

Cyclodiene compounds

Thesoe are highly chlorinated cyclic
hydrocarbons which includes chlordane,
heptachlor, aldrin, dieldrin, endrin, endo-
sulphan etc.

Endosuiphan: It is a contact and
stomach poison which is slightly fumigant.



1t is effective against a number of sucking
and chewing insects. This is usually
recommended for the control of tea mos-
quito in cashew. It is less toxic to honey
bees. However, it is highly toxic to
fishes.

Commercial formulations—Thiodan 35 EC:
Hildan 35 EC; Starsulphan 35 EC;
Corosulphan 35 EC; Premier Endosulphan
35 EC; Hexasulphan 35 EC; Endodel
35 EC; Hexasulphan 4%, DP; Parrysulphan
4% DP; Thiotex 4% DP.

— 0.059%, =ai./ha (spray)
2 kg ai./ha (dust)

Dosage

Organophosphorus compounds

A good number of presently used
insecticides come under this group. A
few important insecticides of this group
are described here.

Dichlorvos (DDVP): It is a contact
insecticide with fumigant action. It is
having a quick knock down action. The
toxicity lasts for only 24 hours, and does
not leave any residues. Therefore, it is
safer to be applied on vegetables.
Commercial formulations — Vapona 76%,
EC; Nuvan 100% EC; Marvex super 100%,
EC.

Dosage — 0.05% ai- (spray)
Waiting period — 1 day

Phosphamidon: A systemic insacti-
cide with slight contact action, and
effective against many sucking, chewing
and mining insects. It is a very common
insecticide used by farmers.

Commercial formulations — Dimecron
86¥% EC
Dosage — 0.059% ai. (spray)

Waiting period — 8-10 days.

Quinalphos: A broad spectrum con-
“tact insecticide with knock down. action.
Itis effective against sucking and biting

pests of rice, pollu beetle of pepper.
ginger stem borer, cardamom thrips stc.
It is also effective against mealy bugs and
scale insects,

Commercial formulations — Ekalux 259,
EC; Quinalphos 259, EC; Quinal-
phos 5% G: Quinalphos 1.5 ¢
DP. '

Dosage — 0.0259%,-0.05%, ai. (spray)

1.5 kg ai./ha (granules)

Waiting period OCne week

Mercaptothion: It is a safe insecti-
cide with contact action for controlling
pests of vegstables, fruits, stored pests,
and pests of poultry and cattle.

Commercial formulations — Malathion
269 WP; Malathion 509, EC;
Malamar 509, EC; Cythion 509,
EC; Malasandoz 509, EC; Star
Mal 509, EC; Cythion 5% DP.

Dosage — 0.19, ai. (spray)

0.5 kg ai./ha (dust)

3-5 days. °©

Methy! parathion: Itis ageneral inse-
cticide with contact aotion. It is having
rapid knock down action; and used against
many sucking and biting insects. It is
harmful against natural enemies.

Waiting period

Commercial formulations — Metacid 509
EC; Paramar M 509, EC; Paramet
M 50%, EC; Parataf 509, EC; Met-
acid 29, DP; Parataf 29, DP;
Ekatox 29, DP.
0.059%, ai. (spray)
0.5kg ai./ha (dust)
Waiting period 7.to 10 days.
Dimethoate: A systemic insecticide
with contact action., It has got miticidal
properties too,
Commercial formulations — Rogor 309,
. EC; Dimor 30% EC; Tara 909
30% EC; Corothioate 30% EC.

Dosage
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‘Dosage

0.03-00.5% ai. (spray)

;Waiting period — 7 days

Monocrotophos: 1t isa systemic and

persistant insecticide with long residual

action.

It has got ovicidal effect as well.

It is used to control many sucking pests
of rice including brown plant hopper.

Commercial formulations —

Nuvacron
409, EC; Monocrotophos 40 9%,
EC; Monocil 40g EC; Corophos
36% EC; Monophos 40% EC.

,sDosagé — 0.059 ai. {spray)

'Waiting period

3-6 weeks. -

Phorate: It is a systemic insecticide

cum nematicide, formulatad only in gra-

‘nutar form,

-rice

suitable for pest control in
and banana.

Commercial formulations—Thimet 109, G;

,Dosage, "—

Waiting period

Phorate 107, G.

1.5 kg ai./ha.
(Soil application)

3 weeks to 3 months

.Carbamates

These compounds are derivatives of

~carbamic acid and dithio carbamic acid,
Carbaryl and carbofuran are important
among these.

with slight systemic action,
against a wide

It is a contact insecticide
effective
insect pests.

Carbary!:

range of

Usually formulated as 59, DP, 10% DP.

*50g WP, and 859, WP,

A micronised

formulation Sevin 859, S is also available.

‘Dosage — 0.15-0.209%, ai. (spray)
2 kg ai./ha {dust)
Carbofuran: It is a systemic insecti-

cide and nematicide,
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effective against

sucking and soil insects,
used for the pest control in

It is widely
rice and

banana.’

Commercial formulations — Furadan 3 G;

Hexafuran 3 G.

Dosage — 05 to 0.75 kg ai./ha
(Soil application)
Waiting period -— 20-30 days.

32:5. Handling pesticides

Pesticides are highly toxic materials.

and extreme care should be taken while

handiing them.

If not handlad properly,

it may prove dangerous to human beings

and domestic animals.

The following

precautions should be observed while
handling them.

1)

2)

3)

4)

°)

8)

Pesticides should be stored in their
original containers only, and kept in
separate locked cupboards out of
reach of children.

‘The instructions found on the labels

should be carefully read and strictly
adhered to, while handling them.

Spray solutions should be prepared
in open places, and bare hands
should never be used for mixing the

_chemical with water,

Empty containers after use should

* be destroyed or buried.

The chances of inhaling of pesticides
should be avoided. Smoking, chew-
ing, eating, or drinking while mix-
ing or applying the chemicals should
be avoided. ’

Spilling of insecticides on skin or
¢clothing should be avoided as far as
possible. 1f happened accidentally,
thorough washing with soap and
water should be done.



7) It is preferable to use protective
clothing and devices, while handling
pesticides to avoid
sprays and drifts,

exposure to

8) Spraying and dusting should never
be conducted against wind. These
operations should be done in calm
and cool weather.

9) After handling pesticides, hands,
face and body should be thoroughly
washed and clothing changed.

10) Washing of equipments and con-
‘tainers connected with the use of
pesticides in or near wells, ponds,
or streams, should be avoided.

11) Persons engaged in spraying or
dusting pesticides should undergo
regular medical check up.

12) If any poisoning is suspscted due to
pesticides, the nearest physician

should be consulted immediately.

As already pointed out, pesticides
being toxic to human being and animals,
extreme care should be taken in their
handling and application. There is no
doubt that the indiscriminate use of pes-
ticides leads to pollution of the ecosystem.
Besides, the insecticides are more harmful
to the benaficial insects and natural
enemies than to the harmful insects. This
often lead to killing of non-target insects.
In the absence of the natural enemies that
had been exercising a partial contro} over
the pests in the area, the pests may rapidly
to economic injury level. This

condition due to the disturbance in the
pest-natural enemy balance is called pest
resurgence.

return

The pesticides indiscriminately used
enter into the biological chain, get sub-
jected to biological magnification, and
ultimately reach human beings. Recently,
the presence of DDT and BHC in exceeding
permissible limits has been detected in
many vegetables sold in Indian markets,
and even in the breast milk of human
beings. A good numbar of insect spsecies
have developed resistance to some of the
commonly used insecticides like DDT.
According to United Nations Environment
every Year about 10,000
people die in the world by pesticide poi-
soning, and the health of
4,00,000-is permanently impaired.

Programme,

anothsr

32:6. Preparation.of spray solution:

[tis a8 must that the insecticides
should be applied at the recommended
concentration. There are some formulae,
which can be used to find out the quan-
tity of insecticide required to be dissolved
in one litre of water to get the specified
strength, and also to find out the concen-
tration of the spray
known gquantity of the commercial formu-
lation is added to a known quantity of

solution, when a

water.

recommended
dosage of an insecticide in terms of the
concentration of active ingredient in the
final spray solution and the strength of
commercial formulation in percentage, the
following formula can be used to find out
the quantity of commercial formulation
in g or ml to be dissolved in one litre
of water.

When we know the
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, Quantity of commercial formulation 1000 x Dosage given as percentage

in g or ml, to be dissolved in of ai. in the final spray
one litre of water, to get the desired = solution.
, strength.

Strength in percentage of the com-
mercial formulation.
eg., The recommended dosage of quinalphos against pepper pollu beettle is 0.0259
spray. QOne commercial formulation of quinalphos, available in the market is Ekalux
25 EC. The quantity of Ekalux 25 EC, to be dissolved in one litre of water, so as
to spray it at a final strength of 0.025%, of quinalphos is,

= 1000x 0.025 x 100 = 1000 x .025 = 1 m|

100 25 25
Ifa par‘ticular area requires 500 litres of spray fluid at this rate we nesd 500 x
1 ml= 500 ml of Ekalux 25 EC. '

When we have added a known quantity of commercial formulation to a known
quantity of water, the following formula can be used to find out the strength of
'finished spray solution in terms of percentage of ai.

Quantity of Strength o f
Strength of commercial for— commercial
finished spray mulation usad X formulation
solution in 9 in litre or kg ' in 9.
of aj. = Quantity of finished spray solution

eg., If 500 ml of Ekalux 25 EC is added to 500 litres of water, the strength of quinal-
phos in the spray solution is

' 0.5 x 25 500 x 25
500 ' {500,000

} = 0.0259,
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33.

33:1. Introduction

. Tha group of animals which come
under the Phylum Namatoda are known
as nematodes. Several other names are
also used for nematodes such as thread
worms, eel worms, round worms etc.
These names indicate that they are wormy
in nature. They are found everywhere,
and great diversity exist among them,
Some are free living in soil or water;
while majority of them are parasites of
animals or plants. The group of nema-
todes which parasitize plants are known
.as phytonematodes, plant parasitic ne-
matodes or simply Jplant nematodes
(Fig. 33.1). The plant nematodes are
particularly important to us on a crop
production point of view. [n this chapter,
the main focus is on plant parasitic ne-
matodes and their control, especially
under Kerala conditions.

The plant nematodes are very small,
usually microscopic, of about 0.02 to
1.00 mm in length. Every parts of plants
such asiroots, stems, leaves, buds, flowers,
seeds etc, areliable to be attacked by one
or other nematodes. However, most of
the nematodes are seen in soil, attacking
the under ground parts of plants. Some
-of the nematodes are endoparasites which
enter into the roots of plants and feed
from within. The mouth of the plant
‘parasitic  nematode is modified as a
stylet. It is the stylet which aids the
nematode to penetrate into the plant
tissues and suck sap from them., Nema-
‘todes may be classified on the basis of

Plant parasitic nematodes

Fig.

ypica! plant nematode

parasitic or feeding habits and plant parts
attacked.

33:2. Symptoms and damages
caused

The plant parasitic nematodes are
obligate parasites. While feeding the plant
tissues, they inject several digestive enzy—
mes into the plant cells which alter the
plant metabolism. They act as primary pa-
thogens in such cases, They drain the plants
of the cell sap, destroy the plant cells, and
disrupt the transporting system in plants.
This leads to stunted growth, distortion of
leaves and stems, development of galls,
abortion of flowers etc.

Sometimes, nematodes attack the
plants in combination with other soil plant
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pathogens like bacteria or fungi, leading
to multiple disease symptoms. The primary
injury on. plant tissues, caused by the
namatode attack, acts as entry point for
other pathogenic fungi and bacteria result-
ing in serious complex diseases. Some
of the nematodes like root knot nematodes
are responsible for poor seed germination
and seedling damage. The altered meta-
bolism of the plants due to the nematode
attack make the plants more vulnerable to
the attack of secondary pathogens. Some
of the plant nematodes are found to act as
vecters of serious soil borne virus diseases.

The visible symptoms of nematode
attack are not well defined, and it may be
confused with the symptoms produced by
other pathogens. They are often of gener-
alised type and unspecific which gives the
impression that the plants are suffering
from shortage of nutrients and water,
Some of the common symptoms produced
by nematode attack on plants are stunted
growth, chlorosis, leaf curl, browning of
leaves, galls on stem and leaves, leaf drop,
root rot, root lesions, root knots, prelifer-
ation of roots, swelling on root tips, sha-
llow and reduced root system etc. Since
many of these symptoms are also produced
by other pathogens, laboratory examina-
tion of the diseased parts and soil is highly
essential to make sure of the association
of nematodes in nematdde induced plant
diseases.

33:3. Common plant nematodes

The common nematode parasites found
in association with crops are described
below

Root knot nematode (Meloidogyne spp.)
These are internal parasites. They are
the most common plant parasitic nema-
-tode widely distributed in India. They are
found to attack crops like vegetables,
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.pineapple, spices, etc.

pulses, tubers, coffee, cocoa, groundnut,
tea, black pepper etc. As a result of attack,
knot like galls are produced on the roots
of plants. The affected plants will be
stunted in growth and wilt during day
time even if sufficient moisture is present
in thesoil. An important species causing
serious damage under this group is Meloi~
dogyne incognita which affects brinjal,
chillies, tomato, cotton, carrot, bhindi,
pulses, pepper etc.

Cyst nematode
The dead mature females of this nem-

atode transform into a cyst. The cyst
contains the eggs which are released
only when favourable conditions are

present. This cyst forming nature help
these nematodes to tide over adverse con-
ditions, and make them very resistant to
control measures. Majority of nematodes
under this group are host specific. eg:
Heterodera rostochinensis (Golden nema-
tode of potato), and Heterodera oryzicola
(Rice cyst nematode).

Burrowing nematode

They are internal parasites which feed
on the root tissue from within.- They com-
pletely damage the feeder root tissues,
and lead to the complete destruttion of
root system resulting stunted plant growth.
eq: Radopholus simifis—which affects
crops like tea, banana, coffee, pepper,
cardamom, citrus, coconut, etc.

Root lesion nematode

. These group affect a number of crops
such as vegetables, coffee, cotton, rice,
They - are similar
to burrowing nematodes and cause lesions
by entering into the roots. Their life cycle

-is completed inside the roots and come out

only when the roots are fully decayed and

-unfit for feeding. The wounds made by

these nematodes facilitate the entry of
other pathogens like fungi and bacteria.



The combined attack by the nematodes
and the pathogens, causes complex plant
'diseases like root rot and wilting. eg:
Pratyfenchus spp.

Reniform nematodes (Rotylenchulus spp.)

"The adult females of these species are
kidney shaped and hence named as reni-
form nematodes. They are semi endopara-
sites, burying only thsir anterior portion
into the host tissue. These nematodes are
found to attack chillies, tomato, bhindi
(okra), brinjal, cotton. castor, papaya,
pulses etc. Due to their attack, the root

' system is reduced considerably.

Rice root nematode (Hirschmannietla
oryzae)

This nematode infects rice roots and
make them hollow. The feeding adversely
affect the absorption of water and nut-
riemis, production’ of tillers, and finally
grain weight. Besidas rice, this nematode
is also parasitic on other monocot crops
like bajra, sugarcane and wet land weeds.

33:4. Contro! of namatodes

The control of nematodes is a must
for successful crop production. The com-
plete eradication of nematodes from a
particular area is difficult, and as such
control measures are usually aimed at
keeping-the nematode population as low a
level as possible ‘to get profitable yields,

Diffarent methods of contro! are resorted -

to; which include cultural methods, biolo-
gical methods, physical methods and che-
mical methods.

33:4.1.

Though not as effective as chemical
methods, if adopted for a number of years,
they are found to bring about significant
results. The mainaim of cultural met-
hods is to keep the field with minimum
nematode population lead. The common
measures include the following.

Cultural controf

Crop rotation: Hostspecific nematodes
can be contralled by following suitable
rotations. Non-host crops are to be grown
in rotation with host crops for different
intervals.

Fallowing, Ploughing, Flooding etc
Summer fallowing with periodical ploug-
hing and flooding are found to bring about
good control of some nematodes like root
knot nematodes. The nematodes are very
sensitive to heat and they may not be able
to tide over the high temperature prevalent
in hot summer months.

Trap cropping: Here, the nematodes
are first allowed to attack and grow in a
susceptible and less remunerative crop;
and then, the crop is destroyed along with
nematodes before they complete their life
cycle and multiply further. Such crops
grown are called ‘trap crops' and the
method is trap cropping.

Soil amendments: Applying orga-
nic amendments such as green manures
{green leaves), cattle manure, oil cakes,
saw dust, poddy husk etc. are found to
reduce the nematode population. They
aid in the build up of the natural enamies
of nematcda parasites and release some
products in soil which are toxic to ‘nema-
todes.

Resistant cultivars: A number ot
resistant cultivars have been evolved
against specific nematodes. For example,
cotton cultivars like Auburn 56, Stone-
ville wilt etc. are resistant to Root knot
nematodes.

33:4.2 Biological control

The contro!l of plant parasitic nema-
todes utilizing the natural enemies is
termed biological control. These can
be done either by innoculating or by
creating a favourable condition for their
rapid multiplication. The natural enemies

include bacteria, fungi, protozoa and
viruses.
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'33:4.3. Physical control-

Hot water treatment of the planting
materials and the steam sterilization of
soil are two important physical methods
wvhich are commonly practised. The
lemperature and time of exposure of the
materials should be controlled, and they
differ for different nematodes and type
of planting matarials. eg: Dipping banana
suckers attacked by Radopholus similis
for 20 mts., in hot water of 55°C.

33.4.4. Chemical control:

\
Chemical control measurés are adopt-
ed where the economic value of crops is
higher and the environmental conditions
are favourable., The chemicals used for
the control of nematodes are known as
nematicides. Mainly, two formulations
of chemicals are used as nematicides, viz.,
fumigants and granular nematicides,

Fumigants: Fumigants spread through
the soil ina vapour form and kill. the
nematodes present in the soil. They are
most effective in warm, well drained soils
of tropics. eg: methyl bromide, ethylene
dibromide etc.
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Granular nematicides: They are non-:
volatile unlike fumigants. They are used
both in temperate and tropical conditions.
Granular nematicides should be mixed
well with soil to get optimum effect as
they are contaect or systemic in action.
They are absorbed by roots due to their
high water solubility; and kill internal
parasites and external feeders, eg: Carbo-
furan, aldicarb, phorate etc.

The chemical control of nematodes is-
yet to become popular in India. The
reasons attributed to this are the prohibi-
tive cost of the nematicides and difficul-
ties in their application. Nematicides
should be used only when the nematode
parasite can not be controlled by other
means and the possible damage done by
it is very severe. However, in the case of
certain high value crops like pepper,
etc., the chemical control of
nematicides {s commonly resorted to and
is popular, The best possible approach
that can be’ followed is an integrated one.
combining the different methods like crop
rotation, seed treatment, growing resistant
cultivars etc., supported by minimum
quantity of nematicide application.



PLANE PATEHHILOGY

34. Plant pathology and its improtance in agriculture

34:1 Introduction

Ever since man started agriculture,
the plant diseases have been taking their
toll of crops. Plant diseases are important
because of the losses caused by them.
The Iosses are caused both in vield and
quality of the praduces. The losses may
occur in the field, in the store, orat any
time between the sowing and consumption
of the produce. Nearly one fifth of the
total production is lost due to the attack
of pests and diseases annually-

Plant pathology is that branch of
agricultural science which deals with the
diseases of plants. [t may be defined as
the study of the nature, causes, and
prevention of plant diseases. The term
pathology is derived from two Greek
wards—pathos, meaning suffering and
{fogos, meaning discourse.

34:2 Importance of plant diseases

In the history of mankind, plant
diseases have been connected with a
number of important events. The classic
example is the Late blight of patato which
brought the science of plant pathology
into limelight. In 1845, Late blight dise-
gse completely destroyed the potato crop
in lreland, which was the staple food of
the pecple of that country. This led to a
famine dus to which the population of 80
lakhs was reduced to 60 lakhs. A large
number of people died of hunger, and
many became diseased due to physical
weakness. The famine led to migration

of people in large numbersto other cou-
ntries including North America. Many
social and political changes were brought
aboutin the affected countries. [n England,
free trade was permitted and food grains
were allowed to be imported from abroad.
The country strangthened its naval force
to protect the shipping. People who had
migrated, settled in other countries, and
helped in the development of nastions like
United States of America.

Wheat rust is another exampls of plant
disease which had forced farmers in many
countries to change their cropping pattern.
As a result, the pecple had to change
their food habits.

Colfee rust which appeared in 1867,
drastically reduced the yisld, and wvery
badly affected the economy of Sri Lanka —
the largest producer of coifee in the world
during that time. The economic crisis
forced the planters to cut down coffee
and to take up teaplanting. This resulted
in the decrease of coffee consumption in
England. Export of tea, however, revived
the aconomy of Sri Lanka to some extent,
and at the same time, the consumption of
tea increased in England. Coffee rust
was not prevalent in South America during
that time. With the decline of coffee
cultivation in Sri Lanka, its cultivation in
Brazil increased rapidly, and today, Brazil

produces the maximum coffee in the
world.
Another example for the ravages

causad by plant diseases to mankind is
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the Ergot of rye. Due to the consumption
of ergot along with the flour, several
people became diseased arnd died. This
is referred to as "St. Antony’s Fire’ in the
histoty. The grazing animals in rye fields,
when ingested ergot, got poisoned and
many were killed. The ingestion of srgot
caused abortion in pregnant animals.

During the second world war (1943),
Bengal faced a famine due to the He/min-
thosporium leaf spot of rice, and this
took a heavy toll of human lives. Bunchy
top disease of Banana, which was introdu-
ced to Kerala from Sri Lanka during 1940,
causes an annual [oss of 10-12 crores of
rupees in Kerala alone. The root (wilt)
disease of coconut brings about an anuual
loss of ebout 300 million nuts in Kerala.

34:3 History and development of
plant pathology

Like all natural sciences, plant
pathology had its begining in the dawn of
human civilization. There were references
in Vedas (1500 BC) to plant diseases and
the methods of control. Ths Old Testa-
ment also have references to blasting,
mildew, and insect pests of crops. As
back as 700 BC, the Romans used to
celebrate a festival ‘Robigalia’ to ward
off rusts. ‘Vruksha Ayurveda’, written
" by Surapal in ancient India, is the first
book in which plant diseases have been
described. Theophrastes, who lived
betwean 370 and 285BC, was the first
botanist to observe and writs about the
diseasos of trees, cereals, and legumes.
He was not aware that diseases were
causad by microorganisms, and the
goneral belief was that microorganisms
associated with the diseased or decaying
plants arise spontansously from plants or
environment. Thera was no development
for tha science of plant pathology during
300 AD to 1300 AD, like all the other
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sciences, and this period is called the
Middle Ages or Dark Ages. The period
between 14th to 16th century AD is
referred to as the Renaissance period.

Land marks in the history of plant
Pathology are listed below:

1675— Anton Von Leeuwenhock invented
microscope. He described bacteria

seen with his microscope in 1683,

1729 — Antonio Micheli published Nova
Plantarum Genera. He cultured
fungi on pieces of watermelon

for the first time.

1753 — Linnaeus, who introduced ‘bino-
mial nomenclature’ and is often
called the father of botany, publi-

shed Species Plantarum.

1765— Tillet published a paper on bunt
of wheat and demonstrated
experimentally that bunt of wheat

is contageous.

1807 — Frevost observed the germination
of spores of wheat bunt and put
forward the idea that the organism
penetrated the vyoung wheat
plants, and was the actual causal
agent of the disease. This pro-
vided the first proof for the role
of micro-organisms in the cau-
sation of disease.

1831—
1888

Anton de Bary contributed much
to the development of mycology
and plant pathology. He studied
the life cycles of several fungi
and the subtle mechanism of
parasitism and saprophytism. He
discovared heterocism in Puccinia
graminis Iritici, the causal
organism of black rust of wheat.
He also proved that thes late
blight of potato is caused by
Phytophthora infestans.



1858— J. H. Kuhn published the first
book on plant pathology, ‘The
diseases of cultivated crops, thsir
cguses and their control,’

1860— Louis Pasteur disproved spont-
aneous generation theory, which
held that micro organisms could
arise spontaneously from inani-
mate or non living matter. He
furnished evidences that micro
organisms arise only from pre-
existing living entities, and also
proved that fermentation is a
biological phenomenon.

1876— Robert Koch astablished germ
theary in relation to diseases of
men and animals, He put forward
certain rules or criteria that should
be satisfiad before identifying an
organism to be the cause of a
particular  disease. These are
called ‘Koch's postulates.”

Millardet
mixture.

1882 — discovered Bordeaux

34:4 Terminology

Some of the common terms used in
plant pathology and their descriptions
are given below.

Disease; Disease can be defined as
a physiological disorder or structural
abnormality that is harmful to the plant,
or to any ofiits parts, or products, or that
reduces their economic value. In simple
words, disease is a harmful deviation from
the normal functioning of the physiolo-
gical processes.

Host:  An organism that harbours or
supports the activities of a parasite is
called host.

Infection: It is the establishment of
a pathogen inside the host following
penetration, in which a parasitic relation-

ship ia established between the two orga-
nisms.

Ifnocufum:. Itis the infectious mat-
erial which causes disease, and it is
that portion of the individual pathogen

that Is brought into contact with the host,

Parasite: Any organism or virus
existing in an intimate association with
another living organism, from which it
derives an gssential part of the materials
for its existance, is called parasite.

Pathogen: Any organism or virus
capable of causing disease in a particular
host or a range of hosts is called pathogen.

Resistance; It isthe Inherent ability
of a plant to prevent or restrict the establi-
shment and subsequent activities of a
potential pathogen.

Saprophyte: An organism capable of
secuting nutrients {rom dead organic
tissues or from available inorganic materi-
als is called saprophyte.

Susceptibility: ltis the inability of a
plant toresist the effect of a pathogen or
any other damaging factor.

Symptoms: The external orinternal
alterations or reactions as a result of a
diszase are called symptoms.

34:5 Classification of plant diseases

A perusal of the various plant diseases
would reveal certain peculiarities. Many
of them are similarin one way or other. .
The similarity may be with tespect to the
disease causing organisms, or the host
plants, or on the mode of spread— which
means, we could group the diseases based
on several parameters. Such a grouping is
extremely important in order to have a
meaningful study of the discase, and it
would also help us to correlate tha
occurrance of one with the other.

Classification of plant diseases can
be based on several criteria.
Classification based on the host plants
affected

Based on this criterion, diseases can
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be classified as diseases of rice, diseases
of coconut, diseasss of mango, diseases
of sugarcane and so on. The classification
such as diseases of cereals, diseases of
oilseeds, diseases of fruits ete. are also
adopted.
Classification based on the parts of host
plants affected

If we adopt this criterion, plant disea-
ses may be root diseases, foliar dissases,

fruit diseases, vascular diseases, stem
diseases etc.
Classification based on the symptoms

produced on the host plants

Accordingly, there are blast diseasas,
rust diseases, smut diseases, damping off,
wilt, blight, anthracnose, mosaic etc.
Classification based on the causal organi-
sms or factors
" Plant diseases are classified into non-
parasitic and parasitic diseases, based on
the major causal factors. These groups
can be further classified based on the
actual causal agents

Non-parasitic diseases: These dise-
ases are caused by abiotic (non-living)
factors and include:-
a8) Low tempsarature injury.

eg: Freezing injury on many crops.
b) High temperaturs.

eg: Heat canker of flax.

c) Unfavourable oxygen.

eg: Black heart of potato.
d) Unfavourable soil moisture.

eg: Flooding injury.
e) Injurious atmosphere,

eg: Black tip of mango.

f} Lightning injury.

g) Mineral excesses.
eg: Internal bark
delicious apple.

R} Mineral deficiency.
eq: Khajra disease of rice.

necrosis of red

Parasitic diseases: These are caused
by biotic (living) agents and inglude:-
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a) Bacterial diseases.
eg: Bacterial leaf blight of paddy,
Bacterial wilt of ginger.
b) Fungal diseases.
eqg: Blast of paddy, Quick wilt of
pepper, Bud rot of coconut.
c) Diseasescaused by nematodes.
eg: Root knot disease of brinjal.

d) Diseases caused by phanerogamic
parasites.

eg: Striga of

trees etc.
e) Viral and mycoplasma diseases.

Viral diseases.

eg: Bunchy top of banana,
Yellow vein mosaic of bhindi.

Mycoplasma dis=ases.

eg: Little leaf of brinjal.

jowar, loranthes on

Classification based on the nature of occu-
rrence and severity of hifection

Based on this, diseases can he gnde-
mic, epidemic, sporadic and pendemic
diseases.

Endemic disease: When a disease
ismore or less constantly occurringin a
moderate to severe form and is confined
to a particular region, than it is called
an endemic disease.

eg. Udbatta disease of

Wayanad.

Epidemic disease: When a disease
occurs periodically but widsly in a
destructive form, it is called an epidemic
or epiphytotic disease. The pathogen
may be constantly present in that locality,
but the environmental factors favourable
for the disease development occurs only
periodically. eg. Blast of rice.

rice  in

Sporadic disease: The diseases
which occur at very irregular intervals
and locations, and in relatively fewer

instances are called sporadic diseases.

eg. False smut of rice.

FPandemic disease: These diseases
occur all over the world causing heavy
damage. eg. Late blight of potalo.



35.

35:1 Introduction

For each disease, there is a cause
behind it. It may be biotic (living) or
abiotic (non-living). The symptoms pro-
duced may differ based on the host, parts
affected and causal agents. To under-
stand a disease, a detailed study of
symptoms thus becomes necessary., A
knowledge on the causal organisms,
survival, their dissemination, mecha-
nism- ot dissase development etc. are also
important, In this chapter, an introduction
to the majordisease causing organisms
common symptoms of diseases, survival
and dissemination of plant pathogens,
infection, forecasting of plant diseases,
assessment of plant diseases, and the
methods of collection and despatch of
diseased specimens for identification
are covered.

35:2 Disease causing organisms

The important biotic agents causing
plant diseases are fungi, bacteria, viruses,
mycoplasma, algae, actinomycetes, nema--
todes, and phanerogamic parasites.
Among these, fungi, bacteria, and viruses
are the causes behind most of the plant
diseases.

Fungi

The fungi are responsible for
majority of the plant diseases. Fungi lack
chlorophyll and their body consist of
microscopic threads of filaments called
hyphae. The hyphae grow on or within
the substratum, from which it absorb food
thereby causing diseases. They reproduce
mainly by spores. Some are pathogenic
to man and anjmals too.

Disease causing organisms

Bacteria

Bacgteria are microscopic unicellular
otganisms belonging to the primitive
group of plants, Schizomyceteae. There
are five important genera of them—
Agrobacterium, Corynebacterium, Erwi-
nia, Pseudomonas and Xanthomonas—
causing diseases in plants. Bacteria are
less important when compared to fungi
and viruses as causal organisms of plant
diseases
Viruses :

Viruses are submicroscopic obligate
intracellular parasites. They are made of
nucleoprotein and lack enzyme system.
Viral diseases of plants are mainly trans-
mitted through insects. Vegetative pro-

pagating parts also play arole in the
spread of the diseases,
Before attempting to control a plant

disease, a thorough knowledge of the
cause of the disease, the life cycle of the
causal organism, collateral hosts if any,
environmental factors favourable for the
disease development, mode of spread,
nature of loss caused by the dissase etc.
are very essential. The first step is the
identification of the causal organism/factor.
In the case of biotic agents of plant dis-
eases, there are certain mathods to
establish the real causal organism. These
methods were put forward by Robert Koch

and are called ‘Koch's postulates’. They
are;

1) A specific organism must always be
associated with a disease.

2) The organism must be isolated in
"pure culture, and identified.
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3) The organism must produce disease
in a healthy susceptible host when
inoculated.

4) The organism must be isolated from
the artificially inoculated host, multi-
plied againin pure culture, and its
identity be established.

35:3. Symptoms of plant diseases

Symptoms are helpful in the diagnosis
of diseases; but the true nature of the
disease cannot always be understood
from the symptoms alone. Similar symp-—
toms may be produced by many unrelated
factors. A general yellowing of the plant
may be due to the infection by fungi, or
virus, or due to the deficiency of certain
minerals. Symptoms are only the means
to understand that the plant is suffering
from some disorder caused by an infectious
or non infectious agent or factor.

Symptoms of plant diseases may
appear on leaves, twigs, stem, roots,
flowers, fruits etc., in different ways. Based
on the nature of tissue changes involved,
the aymptoms of plant diseases can be
grouped into four--viz., hyperplasia
hypoplasia, hypertrophy and necrasis:
The enlargement of tissues as a result of
excessive production of cells is known as
hyperplasia, Areduction of tissues which
results in underdevelopment as in dwarf-
ing because of subnormal cell multipli-
cation is called Aiypopfasia. The excessive
growth of tissuss as a result of enlarge-
ment of individual cells is hypertrophy
and the term necrosis is applied when
there is destruction or death of plant
tissues.

The general symptoms of plant digeases
are given below.

Yellowing or chlorosis: The leaves
and other plant parts become pale green
or yellow due to the underdevelopmsnt or
destruction of chlorophyll. The grades
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of discolouration may vary depending upon
the intensity of the disease. eg. Yellow
dwarf disease of rice.

Mosaic: Mosaic symptoms are gene—
rally associated with virus diseases, and
there will be unaven development of
chlorophyll, resulting in alternate light
green patches with dark gresn areas.
Mosaic symptoms may appear on [eaf
lamina, leaf sheath, stem, flower. and
even on fruits wherever chlorophyll
is pressent. eg. Cowpea mosaic.

Reduction in feaf size: The leaf
size get reduced, and ultimately leads to
‘little leaf’ symptoms as in little leaf' of
brinjal.

Stunting or dwarfing: This is a
characteristic symptom of virus or myco—
plasma disease. The plants becocme s{unted
due to the reduction or underdevelopment,
resulting in the shortening of internodaij
length. eg. Grassy shoot of sugarcane,
Grassy stunt of rice etc.

Galls and tumors: These symptoms
are produced due to the overgrowth and
enlargement of affected tissues. The
overgrowth may be due to the increase in
size of the individual cells (hypertrophy)
or excessive multiplication of cells (hy-
perplasia). eg. Club root of crucifers,
Root galts formed by root knot nematodes.

Blistering, puckering and leaf curi:
Here, blistering and puckering of leaves
followed by leaf curling are the symptoms.
These symptoms are common to both fun-
gal and viral infection. eg. Blister biight
of tea, Peach leaf curl, Leafcurl of tomato
etc.

Witche's broom: The abnormal and
excessive developmet of axillary buds
stimulated by infection lead to such sym-
ptoms. eg. Potato witche's broom,
Witche's broom diseases of millets etc.



Phyliody: In phyllody, the floral
parts get transformed into green leaf like
structures as in phyllody of sesame and
cucurhits.

Damping off: This disease generally
appear in patches in the nurseries. The
tissues at the collar region rot and as a
result, tha seedlings coliapse and die. In
the case of pre-emergence damping off.
the seedlings get killed before they came
above the soil surface. eg. ‘Damping off*
of vegetable seedlings.

Rots: Rotting of piant parts such as
fruits, bulbs, tubers, rhizomes, roots etc.
may be caused by infection by fungi or
bacteria. When there is no ocozing of
liquid associated with the infected tissues
it iscalled dry rot. eg. Dry rot of ground-
nut. Here, the affected portion shrinks and
dries up ultimately producing a powdery
mass. When there is cozing of liquid or
softness of tissues, it is called wet
rot. eg. Softrotof ginger, Fruit rot of
citrus, apple stc.

Wiit: The leaves and other green
succulent parts loose their turgidity, be-
come flaccid and droop, thereby resulting
in the death of the plants. eg. Fusarium
wilt of cotton, Bacterial wilt of solanaceous
vegetables,

Cankers: Cankers cause localized death
of cortical tissues of stem, leaves and
fruits. The symptoms appear as malformed
necrotic lesions in the cortical tissues eg,
Citrus canker.

Anthracnose: The term anthracnose
is used to denote a plant disease having
characteristic limited black lesions, usua-
ily sunken, caused by certain fungi. eg.
Anthracnose of beans, chillies, grapes,
mango etc,

Scab: ltis a symptom having hypar-
plastic, roughened or crust like {esions-

eg. Apple scab, Potato scab, Citrus scab
etc.

Spots: The death of tissues {necro-
tic) in a limited area, usually appearing
on leaves, stem, twigs, flowers, and
fruits, are known as spots. eg. Brown
leaf spot of rice, Grey leaf spot of coconut
etc,

Blight: If the necrotic area is not
limited and extended to large area, then it
is known as blight. eg. Leaf blight of
turmeric, Bacterial leaf blight of rice etc.

Die back: In die back, the twigs or
young branches start drying from tip
downwards. eg. Die back of mango.

Rust: Rusty appearance of symptoms,
jdst like iron rust, on plant parts is known
as rusts. This is again classified acc-
ording to the colour of rusted area such
as Black stem rust of wheat, White rust of
amaranths, Red rust of pepper etc.

Smut: The plant parts, especially
floral parts, converted into black powdery
mass is known as smut. eg. Loose smut
of wheat, Grain smut of jowar, Whip smut
of sugarcane etc.

Mildew: Powdery or cottony growth
on green parts of the plants, young twigs
and leaves are termed mildews. Mainly,
there are two types of mildews—downy
mildew and, powdery mildew. Downy
mildew generally appear on the lower sur-
face of the leaves in high humid condi-
tions; whereas powdery mildew appsar on
the upper surface of the leaves in low
humid conditions. eg. Downy mildew of
grapes and millets; Powdery mildew of
cucurbits, rubber, rose stc.

35:4. Survival and dissemination of
piant pathogens

35:4.7. Survival

The overwintering or oversummering
of the piant pathogsn in advarse condi-
tions is generally termed as survival. It
may occur in soil, seed, vegetative parts,
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plant debris and on collateral host in the
absence of a susceptible host plant in the
field. In fungi, the survival structures
are chlamydospores, sclerotia, thick walled
hyphae, rhizomorphs and spores like
cospores, ascospores etc, When the
adverse conditions are over, these struc-
tures germinate giving rise to new in-

fection. For instance, Pythium and
Phytophthora survive as thick walled
mycelia and oospores; Frysiphe and

Mycosphaerella as ascospores; and Ahi-
zoctonia as sclerotia,

35:4.2. Dissemination

The transport of disease iniliating
propagules from the point of production
to the host plant is generally termed
dissemination. Wind, water, soil, seed,
vegetative propagating materials, animals,
insects and man help to disseminate
diseases. A few of them are disseminated
by contact also.

Wind: The sporesorconidia of fungal
pathogens produced on the surface of
aerial plant parts and seeds of phanero-
ganic parasites are effectively disseminated
through wind. Wind also carries some
plant pathogenic bacteria to short dis-
tances. eg. Wheat rust, Rice blast etc.

Water: Running water and flood
may carry inoculum present in or near the

son. Ine bacterial leaf blight of paddy is
spread in the field through irrigation
water.  Wind splashed rain also play a

role in the dispersal of plant pathogens
like Phytophthora attacking crops like
pepper, arecanut, coconut etc.

Soil: Fungal pathogens can spread
to short distances in the soil due to the
active growth of hyphae or hyphal strands.
eg. Fomes noxius attacking coffee
(brown reot disease).

Seed: The dissemination of plant
pathogen which survives in the seed tuzkes
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place along with the germination of seed
eg. Grain smut of cereals and many
mosaic diseases. '

Vegetative propagating parts: Vege-
tative parts used for propagation such as
suckers, rhizomss, tubers, cuttings, scions
etc. also aid inthe dissemination of patho-
gens surviving in them. eg. Katte disease
of cardamom, Bunchy top disease of
banana, Tapioca mosaic etc.

Animals: Insects mites, and nema-
todes also aid in the dissemination of plant
pathogens. For instance. bees and wasps
transmit the bacterial diseases such as
‘fire biight” of apple and pear. The Katte
disease of cardamom, ‘bunchy top’
disease of banana, mosaic dissase of
cucurbits etc. ars spread in the field by

insects.  Such disease carrying insects
are usually termed as vectors. In certain
cases, the plant pathogens multiply

within the insects, and some may survive
in them in the abserice of a plant host

AMan:  Knowingly or unknowingly,
man also disseminates discases. This
usually occur through thez transport oi
infected plant parts such as seed, nursery
stock, timber products etc. from one place
to cther place.

By contact: Some diseases may
spread inthe field on contact hy imple-
ments, or by touch of infected plants. egq.
Tobacco mosaic virus.,
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There is a sequence of events by
which the pathogen-host relationship is
established. The viable propagule of the
pathogen must arrive on the susceptible
paris of the host by any means discussed
under dissemination. Then, the propagule
germinates and penetrates into the host
tissue eithar by softening the epidermal
tissues of the host, or by mechanical
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force, or through the natural openings like
stoma and lenticels. After the penetration,
the pathogen establishes in the host tissue
till the external symptoms are expressed.
The period from germination of propagules
to the expression of external symptoms
is generally termed as incubation period.
The first viable symptoms indicate the
establishmant of pathogenic relationship,
and is considered to mark the beginning of
the disease.  Penetration, establishment
and expression of symptoms are the steps
in disease development.

35'6. Plant disease forecasting

Plant disease forecasting is a method
used in advanced countries to give warn-
ing for taking up early steps to protect
the crops against the diseases. It enables
the farmers to be conscious and to keep
ready all their resources to combat the dis-
ease. Faorecasting involves all the activity
in notifying the growers of a community
that conditions are sufficiently favourable
for certain diseases, and that application
of prophylactic measures wil! result in
effective management of the disease. It
gives the growers an opportunity to revise
their plans in order to avoid or reduce
losses.  Forecasting the incidence of a
plant disease is usually done taking into
consideration the environmental factors
like weather parameters favourable for the
plant diseases, viable inoculam loaded in
the atmosphere and the susceptible host
in the field. |f these three factors are
well known, then forecasting of a disease
is more reliable.

Netherlands pioneered the develop-
ment of forecasting and spray warning
services for the control of ’late blight’
disease of potato. Analysing the combined
effect of various weather parameters on the
incidence of ‘late blight’ disease, they
have laid down certain rules known as

‘Dutch rules’. The appearance of ‘late
blight” disease was observed to depend on
these rules. When all the conditions pres-
cribed under these rules are observed to
occur, control measures are immediately
recommended. In nutshell, forecasting is
mainly based on the weather parameters
congenial for a particular disease, viable
inoculam in the atmosphere &nd susce-
ptible host in the field.

As forecasting and warning system
involves considerable expenditure, they
should be economically justifiable. Fore-
casting is feasible in the following cases.

1) For destructive diseases of important
cash or food crops.

2) For diseases which can be reliably
predicted early enough for effective
and economical control measures,

3) For diseases against which economic
control measures are available.

35:7. Assessment of plant diseases

Quantitative assessment of plant
diseases is necessary to judge the
relative importance of diseases, so that
attention can be directed towards the
most harmful crop diseases. The measu-
rement of losses due to plant diseases is
helpful in convincing the farmers about
the economics of control measures, taking
into consideration the benefit/cost ratio,
and also to avoid indiscriminate use of
plant protection chemicals. The strategy
for the assessment of crop losses due to
diseases involves the following two steps.

1) Measurement of disease incide-
nce and severity, and its corre-
lation with loss in yield.

2) Assessment of the disease by
field surveys by making use of
the method of assessment deve-
loped in tha first step.
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The tactics of disease measurement
vary according to the nature of the disease
and the crop. Field keys and disease
indices to assess the severity have been
developed for most of the important crop
diseases,

35:8. Coliection and despatch of
diseased specimens for identifi-
cation

Very often, we can not identify a
plant disease by merely seeing the symp-
toms in the field. Wa may require some
laboratory  studies to arrive at definite
conclusions. Orsometimes, we may have
to seek the opinion of experts. For such
purposes, the diseased specimens have to
be taken to the plant pathology laboratory,
or sent to experts for further studiss. The
diseased specimens should be properly
collected from the field and despatched
neatly so as to reach the laboratory without
any damage. Along with the specimens,
basic informations such as the name of
the crop, locality, symptoms observed in

the field etc. should be furnished. The
procedure for collecting the diseased
specimens vary with the crops. The

procedures are briefly discussed here.

Field crops and vegetables

Diseassd but alive plants showing
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typical symptoms should be selected for
collecting specimens. Small plants can
be collscted as such including the root
system. A healthy plant should also be
collected for comparison. Labels written
with lead pencil should be tied separately
for healthy and diseased plants. Then,
they should ba wrapped loosely using
news paper or brown wrapping paper.
Care should be taken to enclose the spe-
cimen in a container which will not crush
or break during transit by post.

Fruit crops

The leaves, stem, or other affacted
portions which are diseased but still alive
must be collected. The leaves should be
pressed in a single |ayer between the folds
of a newspaper, and after drying, packed
properly in a box. The affected stem or
root portions should be wrapped separa-
tely with brown wrapping paper.

Fleshy fruits, vegetables, bulbs, tubers etc.

The specimens collected should show
early stage of infection. Completely
rotten specimens should always be avoi-
ded. Specimens are collected and wrapped
separately with an old piece of cloth,
and then with newspaper sheet. The
container selected for enclosing them
should not break or crush during transit,



36. Principles and methods of plant disease control

36:1.

Plant diseases are a great threatin the
cultivation of ¢rops. Diseases shou!d be
controlled. |n the control of plant dise-
ases, our primary aim is to prevent the
incidence or reduce the severity of dise-
ases, so asto minimiso the economic
losses. Several methods are available for
the control of diseases. These methods
are based on certain specific principles.
To achieve a satisfactory control, more
than one of the control moasures, singly
orin combination, have to be adopted,
However, before choosing the method, a
knowledge of the causal agents, stage,
susceptibility of the host, environmental
conditions, and the cultural practices
adopted for the crops setc. are essentijal,

Introduction

36:2. Principles of plant disease
control
The principles of plant dissase cantrol
can be grouped into prophylaxis and cure
or therapy.

36:2.7. Prophylaxis

Prophylaxis includes all the measures
adopted to protect the plant against the
disease. The various preventive or pro-
phylactic measures can bs described
under avoidance, exclusion, eradication,
protection and immunization,

Avoidance: The principle behind
this measure is to avoid contact between
the host and the pathogen, or to avoid
the coincidance of susceptible stages of
the crop with the favourable conditions
for the growth of the pathogen.

Exclusion: The principle is to pre-
vent the entry of pathogen to new areas
where it does not exist. This include
measures such as seed certification, plant
quarantine etc.

Eradication: The principle here is to
remove or destroy the pathogen at the
source, or from the plant, or plant parts
in which it has already established. The
primary aim of eradication measuras is to
break the infection chain.

Protection: Protection aims at pro-
tecting the plant, plant parts, or seeds
from the infection by pathogens through
the use of chemicals, or by other agents,

fmmunization: This is aimed at enhanc-
ing the resistance of plants by treating
with chemicals, or by evolving new varia—
ties [by hybridization, or by any other
suitable method. The growing of resis—
tant varieties is the best and economic
method of plant disease control.

36:2.2. Curejtherapy

The principle used here
the severity of diseases In the infected
plants. Chemicals or other agents are
used to reduce the infection, and there by
to cure the plants. Therapy is very diffi-
cult to be practiced in plants and success-
ful only in a few cases, Cureis achieved
mainly by the use of systemic fungicides
and antibiotics (therapeutants).

is to reduce

36:3. Methods of plant disease
control
Plant diseases cen be controlled by
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various methods such as physical, cultural,
chemical and biological measures

Physical methods

These include measures such as removal
and destruction of infected plant or plant
parts, making trenches to prevent the
spread of soil borne pathogens, flooding
the field to provide unfavourable anaero-
bic conditions to pathogen etc.

Cultural methods

Crop rotation, mixed cropping, ad-
justing the data of sowing/pianting, field
sanitation, r-moval of alternate and col-
lateral hosts etc. come under cultural
method of plant disease control,

Chemical methods

The control of plant diseases by the
use of various chemicals in different way
is referred to as chemical methods of
control,
Biological methods

Biological method of plant disease
control is defined as any condition under
which or practice whereby survival or
activity of a pathogen is reduced, through
the agency of any other living organisms
(except man himself), with the result that
there is a reduction in the incidence of
the disease caused by the pathogen. A
living agent other than man himself iS
employed or made use of in the biological
control. The use of Trichoderma viride
against Rice shesth blight pathogen
(Rhizoctonia solani) is an example of bio-
logical control.

Application of organic amendments to
soil is a widely accapted practice against
many soil borne diseases. By doing so,
tha population of antagonistic microflora
in the soil is enhanced, which bring about
a reduction in the disease incidence. For
instarce, the application of oil cakes like
neem calke to soil is beneficial in reducing
the incidence of soft rot of ginger,
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36:4. Fungicides

The word ‘fungicide’ was orginated
from two Latin words, Fungus and Caedo
(to Kkill), which means fungus Kkiller,
Chemical substances which have the abi-
lity to prevent the damage caused by fungi
to growing crops .and their products ars
callied fungicides. Chemicals which in-
hibit the fungal growth temporarily are
kKnown as fungistats and the phenomenon
of temporarily inhibiting the growth is
called fungistasis. Some chamicals like
Bordeaux mixture inhibit only spore pro-
duction without affecting the growth of
vegetative hyphae. They are called ant/-
sporulants, Fungicides can be classified
in many ways; based on their chemical
nature. mode of action and general use.

Based on the chermical nature

Based on the chemical nature, fungi-
cides are classified into two broad graups,
viz. inorganic and organic. Inorganic
fungicides include copper preparations,
elemental sulphur, nickel chloride and
mercuric chloride. However, almost gall
the modarn fungicides belong to the group
organic fungicides Organic fungicides
include organomercurials, organosulphur
compounds (Dithiocarbamates). hetero—
cyche nitrogen compounds, chlorinated
nitrobenzenes, quinones, nitrophenols,
organophosphorous compounds, organo-
tin compounds, antibiotigs, systemig
fungicides and mineral oils.

Based
Jungi
Accordingly, a fungicide may be a
protectant or therapeutant. Fungicides
can also be classified into systemic ar non
systemic based on this criterion.

on the mode of action against

Protectants and therapeutants: Fun-
gicides which are effective, only if applied
prior to infection are called protectants.



These cannot cure an already present in-
fection. Majority of the fungicides avai-
lable in the market are protectants. How-
ever, the fungicides coming under the
group therapeutants are capable of eradi-
cating fungi after the infection. and there-
by curing the plants. eg. Carboxin
Systemic and non-systemic fungi-
cides: Systemic fungicides act by enter—
irg into the system of plants. When
applied to any part of the plant, they get
absorbed and translocated in the fluid
system of plants to other parts and render
the whole plant toxic to fungi. eg. Car-
boxin. Howaver, nonsystemic fungicides
.do not enter into the system of plants,

but act from cutside. eg. Bordeaux mix-
ture,

Based on the general use

Based on the general use, jungicides
are classified as seed protectants, soil
fungicides, foliage and blossom protect-
ants, truit protectants, eradicants., tree
wound dressing fungicides and antibio-
tics.

Seed protectants: Seed protectants
are used for treating the seed prior o
sowing, so that the germinating seeds and
tha voung seedlings are protected from
the harmful fungi. Organomercuria! com-
pounds are ganerally used as seed pro-
tectants.

Soil fungicides (pre-planting): These
are used to treat the soil before sowing to
kill the soil borne pathogens. A certain
period of time should elapse between the
treatment and saowing or planting. eg.
Vapam, Formaldehyde.

Soil fungicides (for growing plants).
These are used for the application in the
soil for protecting the growing plants from
the attack of harmful soil fungi. eg.
Captan, Thiram, Brassicol.

Foliage and blossom protectants:
Fungicides like Captan., Zineb, Bordeaux

mixture etc. are applied on the foliage and
blossom of plants to protect them from
fungal infection.

Fruit protectants: Fungicides of
this group are used for treating the fruits
to protect them from infection in the field,
or during transit and storage.

Eradicants: Eradicants eradicate fungi
and cure the diseased planis. For instance,
[ime sulphur 15 used as an eradicant on
fruit crops like apple.

Tree wound dressing fungicides:
These are used to protect the cut ends of
branches after pruning and also the
wounds formed on the trunk and branches
of trees {rom the infection. eg. Bordeaux
pasta.

Antibiotics: Thase are substances
produced by certain micro organisms
which are toxic to other micro organisms
al very low concentrations. eg. Aureo-
fungin Streptocyclin,

36:5% Important fungicides and anti-
biotics

Now, we sha!l study certain impor-

tant group of fungicides and antibiotics.

36:5.1. Inorganic fungicides
Sulphur fungicides

Elemental sulphur has been in use as
fungicide for a long time and even today
it is one of the best for the control of
powdery mildew diseases. Sulphur also
acts as an acaricide. However, sulphur
fungicides when used on cucurbits in
warmer climates may cause severe burning.

Inorganic sulphur fungicides can be
grouped as elemental sulphur and lime
sulphur. Elemental sulphur is used in
two formulations—dust and wettable
nowder. Lime sulpur is generally used
against diseases of fruit crops as a dormant
spray.
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The fungicidal eificacy of sulphur
dust depends upon the fineness of parti-
cies, Particles having a diameter of
47.—75 ttm arg preferrable. For dusting,
15 —-20 kg of sulphur dust is requirad per
hectare,

Cosan, Esso wettable sulphur, Thiovit
80 WP and Microsul 809%, W ars the com-
mercial formulations of wettable sulphur
available in the market. They are to be
applied at a concentration of 0.2 - 0.59.

Copper fungicides

Copper fungicides are widely used
against the diseases of fruit crops, veget-
“ables and flowering plants, These are
also commonly used in plantation crops
like pepper, coffee, rubber, arecanut, car-
damom etc.

Copper fungicides can be classified as
copper sulphate, copper carbonate, copper
axychloride and cuprous oxide prepartions.
Copper sulphate preparations include
Bordeaux mixture, Bordeaux paste, Bur-
gandy mixture and Cheshunt compound.

lime are dissolved separately in 50 litres
of water. Pourcopper sulphate solution
to lime solution, or mix simultaneously
these two solutions by pouring into a
third container, while agitating thoroughly,
The mixture thus prepared should be
tested for free copper bsfore use, Fres
copper in Bordeaux mixture can be phy-
totoxic. To test its presence, a few drops
of 10 percent potassium ferrocyanide
solution are added to a small quanity of
prepared Bordeaux mixture. [fa reddish
brown precipitation is formed, it i ndi-
cates the pressnce of free copper. If
potassium ferrocyanide is not available, a
clean iron knife can be used by dipping
it for some time in the mixture; and ob-
serve fot raddish brown deposit of copper
on it. If reddish brown daposit of copper
is found, more lima should be added. The
containers used for the preparation of
Bordeaux mixture should be such that it
do not react with free copper. Coppar,
wooden, plastic or, earthern vessels can
be used.

Capper fungicides

] i3 1
Copper  Coppsr carbonate preparations Copper oxychloride Cuprous oxide
sulphate I preparations preparations
preparations Chaubattia paste

|

4 | 1A

Bordeaux Bordeaux Burgandy Cheshunt
mixture paste mixture compound

Bordeaux mixture: Bordeaux mixture
was discovered by Millardet in 1882 and
was first used against downy mildew dis-
oase of grapes. Later, it was used for
the control of "late blight" of potate, and
it became very popular.

Bordeaux mixture of ons
concentration Is generally used. In order
to prepare 100 litres of one per cent
Bardeaux mixture, one kg of copper sul-
phate and one kg of powdered hydrated

percent
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Bordeaux mixture shouid always be
sprayed fresh. On standing. it loses its
fungicidal property. However, it can be
stored for a few days by adding sugar or
jaggery at the rate of one gramme per
litre of the solution. The merits of Bord—
gaux mixture lie in its natural adhesijvensss
or tenacity, relative cheapness, and safe-
ness to handle. Morever, Bordeaux mix-
ture is suitakle for the control of & wide
range of diseases.



However, certain demerits are also there.
Bordeaux mixture is phytotoxic to certain
crops, particularly cucurbits. In certain
cases, it tends to delay ripening. The
botherations in preparation is another
demerit. The corroding action on the
metallic containers and the spraying eqg-
uipment is another problam.

Bordeaux paste: Bordeaux paste is
used to apply at the cut ends after prun—
ing and at the collar region of crops like
pepper, citrus etg. to prevent fungal
attack. It is primarily a wound dressing
fungicide as used for the control of stem
bleeding disease of coconut. It is pre-
pared in the same way as that of Bordeaux
mixture, However, the quantity of water
is reduced to one tenth, ie. 1 kg copper
sulphate -+ 1 kg lime in 10 litres of water.

Burgandy mixture: |t is prepared in
the same way as that of Bordeaux mixture
except that sodium carbonate is used in
place of lims. This preparation was
developzd at ths time when good quality
lime was not easily available. Nowadays
Burgandy mixture is not commonty used.

Cheashunt compound: Cheshunt com-
pound contains 2 parts of copper sulphate
and 11 parts of ammonium carbonate,
These two compounds are well powdered,
thoroughly mixed and then the dry mixture
is stored in an airtight coloured glass
container for 24 hours before use. Then
it is digssolved in water at the rate of
3g per litre, Cheshunt compound is
generally used to drench the nursery bads
against "damping off’ diseases. It is also
effective against ‘soft rot’ disease of
ginger.

Chaubattia paste: 1t is used as a
wound dressing fungicide in apple, peat,
peach, rose etc. Chaubattia paste is
prepared by mixing 800 g of copper car-
bonate and 800 g of red lead in one litre
of lanolin or raw linseed oil,

Copper oxychforide preparations:
Nowadays, several copper oxychloride
preparations ara available in thes market
Though they are not so effective as Bord-
eaux mixtura, in view of the convenience,
frequently wused in place of Bord-
eaux mixture. Copper oxychloride pre-
parations are generally available as
wettabie powders, and marketed in the
trade names as Blitox 50 W, Cupramar 50
W, Blue copper 50 W, Starcop 50 W,
Fytolan 50 W etc. These are recommended
against many diseases at 0,3-0.4 per cent
spray.

Mercury

Inorganic mercury fungicides are
mainly used for seed treatment and soil
drerching. Becausze of their extreme
toxicity and high persistance they are not
recommended for spraying on the foliage.
Mercuric chloride is the only inorganic
form of mercury fungicide being used.
Nickel

Nickel chloride is the only nickel
preparation used in plant disease control,
Nickel chloride is found to be specific
against the ‘blister blight' disease of tea
and recommended at a concentration of
0.2-0.5 percent for spraying.

36:5.2 Qrganic fungicides
Organo mercurials

These are compaunds of mercury with
organic materials. Since they are highly
poisonous and require heavy precautions,
they are used only for seed tresatment
especially against externally seed borne
diseases. These are also used for soil
drenching. MEMC (Methoxy ethyl mer-
cury chloride), EMMC ({Ethoxy msthyl
mercury chloride), and PMA (Phenyl
metcury acetate) are the commonly used
compounds under this group. A formul-
tion EMC (Ethyl mercury chloride) + PMA
(Phenyl mercury acetate) is also some-
times used. Important commercial
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preparations of these compounds are

given below:

MEMC — Agaliol-3, Agallol-6,
Emisan-6, Hexasan-6,
Tafasan-6, Ceresan wet.

EMMC — Aretan-3, Aretan-6

PMA — Ceresan dry, Hexasan,

Tillex
EMC+PMA — Agrosan GN

For wet seed treatment, MEMC and
EMMC are recommended at 0.05-0.19
concentration of the formulated product.
For dry seed treatment PMA and Adgrosan
GN are recommended at 2.5 g/kg of seed.

Organo phesphorus compounds

Two compounds of this group are
famous and widely used.

Ediphenphos. It is highly effective
against rice blast disease. Two commercial
formuiations are Hinosan 5609, EC and
H-Phos 509, EC, and are recommended
at 500 mi in 500 mi of water/ha,

Kitazin: This organo phosphorus
compound has got good systemic action.
it is mainly recommended against rice
blast. Kitazin—P 48% EC s the widely
usad commoarcial formulation of Kitazin
which is recommended at 500 mi/500I/ha.

Dithiocarbamates

These are derivatives of certain orga-
nic acids with dithio carbamic acid which
contains sulphur. Most important among
them are notled below.

Thiram: 1t is a good fungicide againsy
many foliar diseases. It can be used for
soil and seed treatment:
Commercial formulations—Thiride 75 WP
Hexathir-75WP.
Dosage —O0 2 to 0.3%, of the formulated
product.
Zineb: Zineb is used to control a
large number of diseases affecting foliage
and fruit.
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Commercial —
formulations

Dithane-Z-78, Sandos
zineb, Zineh-75,
Hexathane-756 W
0.2 to 0.49

Maneb: Maneb is not available in
India as a pure procuct. A combined
product of 78%, Maneband 2¢, zinc ion
by the name ‘Mancozeb' is available.
The product is being marketed in India
under the trade name Dipthane M-45,
This is recommended for foliar sprays and
also for seed treatment. The dosage
recommended is 0.2 to 0.49% of the
product.

Dosage —

Heterocyclic nitrogen compounds

Two compounds, viz., Captan and

Captafol are commonly used,

Captan: itis mainly used for seed
treatment and also as a post harvest
treatment for the preservation of fruits.
Common formulations available in the
market are Captan 75 WP and Hexacap
75 WP, For foliar spray, it is to be applied
at aconcentration of 0.1 to 0.2%. The
dosage for seed treatment is 15g/kg of
seed.

Captafol/: Itis widely recommended
against many foliar diseases of rice
and other crops. it is effective against
sheath blight of rice, sigatoka disease of
banana, pepper poliu disease ete, and
available as Difolatan 809, WP, or Foltaf
809, WP in the market. It is recommended
at 0.1 to 0.39%, of the formuiated product.

Nitrophenols

Among these, the fungicide dinocap is
most important.

Dipocap. ltis a gooc fungicide for
foliar spraying against powdery mirldew,
and proved to be an excellant substilute
forsulphur. This particular fungicide,
therefare, can be safely used in crops
which are sulphur shy or sulphur-sensitiva.
Usuaily recommended against the control



of powdery mildew diseases in cucurbits
and roses. Dinocap is mainly marketed
as Karathane 48 EC, and it is to be applied
at a concentration of 0.059%,.

,S_} stemic fungicides

A systemic fungicide is defined as a
systemic  fungitoxic compound that
controls a fungal pathogen away from the
point of application and that can be
detected or identified. These compounds
when applied are absorbed by the plant.
get translocated within it, providing pro-
tection and eradication of already establi-
shed infecticn. Thus by using a systemic
fungicide, it is possible to control the
diseases affecting inaccessible parts of
plants like roots. There is no possibility
of missing any plant parts or new growths,
as in the case of non-systemic fungicides.
Certain commonly used systemic fungi-
cides are described here,

Benzimidazole compounds
Carbendazim and benomy!

most widely used fungicides
group.

are the
of this

Carbendazim: This systemic fungicide
is effective against many rice diseases
such as blast, sheath blight and sheath
rot. 1t has got a wide spectrum of
activity. It is also recommended against
powdery mildew diseases in ornamental
plants. Carbendazim is available in the
market as Bavistin 50 WP or B-stin. The
dosage recommenned is 500g/500 I/ha.

Benomy!: Itisan excellant systemic
fungicide which shows good eradicant
and protectant activitiss. Benomy| has
got mite ovicidal action also. It is mark-
eted as Benlate 50 WP. The dosage reco-
mmended is 1-2 g of the formulated prod-
uct per litre of water,

Oxathins
Carboxin and oxycarboxin are the

compounds of this group. Carboxin is the

widely used ane.

Carboxin: This fungicide is effective
for seed treatment purposas and for foliar
application against rice dissases such as
sheath blight, sheath rot etc. Carboxin is
available in the market as Vitavax 80¢, WP
and Vitavax 759%,. The recommended
dosage is 500 g of the formulated product
per hectare.

36:5.3. Antibiotics

Antibiotics are substances produced
by certain micro organisms which are toxic
to other micro organisms at very low con-
centrations. These are systemicin naturs.
Antibiotics fall into two categories viz.
antifungal materials and antibacterial mat-
erials. A few examples are given here.

Antifungal materials: These are effe—
ctive against fungal diseases. Aureofun-
gin is @ common antibiotic which is
recommended against blast and brown
leaf spot diseases of rice. itis avajlable
as Aureofunginsol and to be applied at a
concentration of 50 g/ha.

Antibacterial materials: These are
recommended against bacterial diseases
affecting many crops. eg. Agrimyein-100
Plantomycin, Paushamycin, Streptocyclin
atc.

36:6. Characteristics of a good fun-
gicide
A good fungicide should fulfil the
following characteristics.
1) High field performance.
2) Low phytotoxicity.
3) Stability in sotrage.

4) Stability after dilution to spray
strength.

5) Low toxicity to human beings and
cattle.
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36:7. Formulation of fungicides

‘ Commercial fungicides are formulated
in various ways. Most commonly avail-
able formulations are noted below.

Dusts: These formulations are in
powder form and usually contain particies
of 47-75 ttmdiameter, and are used as dry
dusts. eg. Sulphur dust,

Wettable and water dispersable

oowders: Most of the fungicides are
prepared in these forms andare usedas
spray materials. eg. Difolatan 80 WP,
Blitox 50 WP, Captaf 75 W etc.

Emulsifiable concentrates (EC):

These are liquids in which the active ingr-
ediant is dissolved in a solvent. The fun-
gicide and the solvent will not mix thoro-
ughly with water. So an emulsifying mat-
erial is included. As a result, when the
formulation is mixed with water, weget
an emulsion. Very few fungicides are avail-
able in” this form, whereas most of the
insecticides are marketed in this formul-
ation. eg. Hinosan 59 EC, Kitazin 48 EC.

Solutions: Solutions are formulations
in which the active ingredient or a combin-
ation of active ingredients and solvent are
dissolved in water. eg. Cuman L.

Granules: Granular formulations of
fungicides are also rare. Granular fungi-
cides are meant for soil application. The
percentage of active ingrediant is usually
low. eg. Captaf 5% G, Kitazin-17 G.

36:8. Nlathods of application of fun-
gicide
Fungicides are applied in many ways.
Spraying is the most commonly adopted
methed. Othersare seed treatment, soil
treatment, dusting and pasting.
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Seed treatment

The purpose of seed treatment by
chemicals is to destroy the pathogens pre-
sent on them, and also for protecting the
germinating seeds from the attack of
certain soil borne pathogens. Seed treat-
ments are of different types and it is done
by various msthods. More details on seed
treatment can be had from the section on
seed treatment in chapter 14— seed produ-
ction and handling in this book.

Soil treament

Soil treatment with fungicide is aimed
at protecting the crop from the soil borne
pathogen. Fungicides are applied to the
soil in various ways such as soil drenching,
broadcasting and fumigation.

Soi/ drenching: Fungicidal solution or
suspension is applied to the soil in suffi-
cient gquantity to wet 10-15 ¢m depth of
the soil. This method is followed for
controlling damping off, root rots, or infe-
ction at the ground level. eg. Cheshunt
compound, organomercurials etc.

Broadcasting: |n this method, non-
volatile granular fungicides mixed with
soil or fertilizers are broadcast uniformly
on the soil surface. eg. Captafol and Kit-
azin granules.

Fumigation: The chemicals used for
this purpose are usually volatile, and on
coming in contact with soil moisture,
telease a gas which diffuse in the soil and
kill the soil borne pathogens. eg. Methyl
bromide.

Spraying

Spraying is the most commonly adop-~
ted method of fungicide application. Spr-
aying of fungicide is done on foliage. stem
and fruits. Wettabje powders are comm-



Based on the amo-
unt of liquid in which the plant protection
material is applied in unit area, the sprays
can be grouped as high volume, low
volume and ultra low volume sprays. High
volume sprays Tequire more than 500 litres
or more spray fluid per hectare. Low
volume sprays require 5-400 litres per hec-
tare, whereas

only used for sprays.

ultra low volume sprays
require less than & litres of spray liquid per
hectare.

Dusting

Dusts are applied to leaves, fruits
and stem of plants as an alternative to
spraying. Generally, dusting is practised
in calm weather, and a better protactive
action is obtained, it the dust is applied
when the plant is wet with dew. Dusting
is particularly advantageous when water
is scarce and in difficult terrains.

There are certain advantages and
disadvantages both in the case of spraying
and dusting. Spraying gives a batter
coverage of foliage and longer residual
effect of the chemical used. The spraying
opsration is comparatively easier for the
operator and the materials required
less costly in per hectare basis. On
other hand, in the case of dusting, the
equipment is lighter and cheaper and can
be used under adverge ground conditions.
Dusting requires no water, and therefore,
has less operational difficulties. Besides,

the materials meant for dusting sre in
ready to use form.

are
the

Fungicide pastes and paints
These are used at the cut ends after
pruning and also for tree wound dressing.

36:9 Storage and handling of fungi-
cides

The following precautions should be
taken during storage and handling of
fungicides:

1 Fungicides should be stored in a
separate room away from the reach
of children. As fer as possible, they
should be stored separately from
other agrochemicals,

2 The manufacturer’'s instructions sho-
uld be carefully read before use.

3 Preparation of spray solution should
be done in open air.

4 All the spills of spray fluid on the
body should be washed with soap
and water. In case of splashing of

any fungjcide material into eyes,

immediate washing with ¢clean water

is essential; and consult a doctor, if
necessaty.

5 The empty containers and packages
should be burnt or buried. They

should not be used for any other
purpose.

6 Spraying or dusting should not be
done against the direction of the
wind, Dusting should be done when
the atmosphere is calm, preferably,
in morning or evening hours.

7 Protective clothing should be worn,
while applying fungicides.

8 The operator should wash his body
Thoroughly with soap and water after
the application of fungicides:
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9 Individuals should not be entrusted
with the task of applying plant prote-
ction chemicals for more than four

hours a day. Otherwise, it may hamper
their health.

.10 It is desirable to know the first aid
measures and the use of antidotes, at

least of those fungicides which are
being used most frequently.

36:10 Compatibility of fungicides
. and other agrochemicals

In the plant protection schedule, very

often, it becomes necessary to combine

the application of different agrochemicals

f:such as fungicides, insecticides, herbi-

'cides and fertilizers, due to several consi-

derations. In doing so, we can save on
the cost of labour and time too.

Though the combined application is
uadvantageoUs, it may create a few pre-
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biems, if one is not.careful. Pesticides
and fertilizers being chemicals, tend to
react with each other, and in this process,
may form compounds which have no
pesticidal value. Forinstance, the fungi-
cide Captan can be mixed with many
other fungicides, Insecticides as we!l as
fertilizers. this is not done
when the materials are alkaline inreaction;

because under alkaline conditions, Captan

However,

gets decomposed, thereby losing its fungi-

cidal properties. Sometimes, materials
canbe mixed for immediate application
but not for using after a cartain time
It is. therefore, very essential to
know the interactions between these
materials, before they are mixed. Some-

times. mixing of agro-chemicals may result

interval.

in the fungitoxicity of
This phenomenon is

in an increase
certain fungicides.

called synergism.



37.

37:1. Introduction

Plant protection chemicals are formu-
lated in different ways such as dusts,
weltable powders, emulsifiable concen-
trates granules etc. Various types of
equipments are needsd for the application
or these formuylations. Depending on the
nature of crop also, the type of plant
protection equipment differs. For instance,
there arz differences in the type of spravers
suitable for spraying field crops and tree
crops. The important plant protection
equipmbnts used in agriculture are des-
cribed below. ’

37:2 Dusters

in ordinary situations, dusting oper-
atian can he done with a very simple
equipment. Dust filled in a small c¢loth
bag will serve the purpose, if only a small
area is to be applied. However, when

large area is to be covered, other improved

dusters are to be used. Two types of
dusters are commonly used by farmers,
They are hand operated rotary duster and
maotorized knapsack sprayer cum dustef.

Hand rotary duster

When compared to sprayers, dusters
are very simple in design and also in oper-
ation. Hand operated duster (Fig.37.1)
is a very simple equipment with only a few
mechanical components, The essentia!
compeonents are a hopper with agitator
which carries the dust, a fan to preduce
air current—which is the propuision force
to carry the dust, a feed mechanism to

Plant protection equipments

control the flow of dust—usually a rota-
ting brush is provided for this purpose,
and a nozzle—which is a flexible tube

* B

37.1 Hand operated rotary duster

Rotary dusters function properly, only
if the dust used is of good quality. With
arotary duster, an area of 1-2 hectares
can be covered in 8 hours.

Motorized dusters

Power driven knapsack sprayers (Fig.
37.2) are designed in such a way that
they can be used as dusters also. This is
a fast equipment and work" well because
of the high velocity of air current pro-
duced in the system. This type of duster
operates mare or less similar to that of a
rotary duster, except that the fan is
propelled with a petrol engine.

37.3. Sprayers

Sprayers are used to deliver the
chemicals as fine droplets on plant sur-
faces. Sprayers not only break the liquid
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into fine droplets but also ensures uni-
form application on the plant surfaces.

37.3.1.

Sprayers consist of different parts,
each with defenite function. The impor-

Essential parts of sprayers:

tant parts of a typical sprayer is discus-

sed below.

Fig. 37.2 Motorized knapsack srayer
cum duster

7ank: The liguid to be sprayed is
stored in a tank which is made of corrosion
resistant materials like brass or polythene.
An agitator may also be provided in the

tank. Some type of sprayers do not have
a built in tank.
Pump: |In order to propel the spray

liquid and to break it into fine dropletes,
some pressure is to be applied inside the
tank. In compression sprayers, an air
pump is provided for producing high
pressure inside the tank. This pneumatic
pressure forces tha spray lipuid through
the spray lance, and also help in breaking
the liquid into fine droplets. In a mist
blower, instead of pneumatic prassure, a
high velocity air current is usad " for
the propulsion of the [liquid. A blower
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is provided here in the place of a
pump. However, in hydraulic spravers,
pressure is developed by the direct action
of the pump on the spray fluid. This
presssure forces the liquid through the
nozzle. Plunger pumps, rotary pumps,
and centrifugal pumps are hydraulic
pumps and used in [different types of hy-
draulic sprayers,

Vaives: Valves are provided in vari—
ous points of the sprayer to check the direc-
tion of flow of air and liquid. The
common compression knapsack sprayer has
an important valve at the bottom of the
pump to prevent the entry of spray
solution.

Spray lance or gun:  The spray lance
or gun is provided for adjusting the spray
to the desired plant part. It is a tube of
convenient length and shape made of high
corrosion resistant metal. Flexible hose
is used for connecting the spray lance to
the tank.

Spray release and cut off devices:
There wiil be atrigger mechanism with pro-
vision to release or cut off the flow of
liguid. This is attached at the beginning
of the spray lance in most of the sprayers.

Nozz/e: The nozzle is fitted at the
extreme end of a spray lance or gun. Nozzle
breaks the spray liquid coming through
the spray lance into fine droplets. The
spray pattern and droplet size can be
changed by altering the nozzie. Different
spray patterns are used for the effective
application of fungicides, insecticides,
and herbicides. Hollow cone or solid
cone patterns are suitable for applying
insecticides and fungicides. For herbicide
application, flat fan and ficod jet are more
suitable.



v

'37:3.2. Types of sprayers
‘Hand sprayer .

It is a very small hydraulic pump
commonly used in households for spraying
chemicals against houseflies and mos-
quitoss. This will be enough for spray-
ing pesticides in a small kitchen gatden.

Stirrup pump or bucket sprayer

Stirrup pump does not have a built-in
tank. [t consists of a pump, adjustable
foot rest. and spray lance with a long hose,
The spray liquid is taken in a bucket or
suitable container, and the pump is imm-
ersed in it before working. This is a
cheap and simple hydraulic sprayer andis
sufficient for treating small areas or
bushes.

Hydraulic Knapsack sprayer
This type of spraver is convenient for

" carrying on the back of the operator. Ths
, material used for the sprayer is of light

 weight metal or polythene.

A pump is
provided and the operator can work it
continuously by rocking the handle which
comes in his front.

Compression Knapsack sprayer

Compression knapsack sprayer (Fig.
37.3) consists of a tank and a pump
housed in it. The tank is commonly
made of brass or galvanised iron, The

pump is worked to creats sufficient pneu-
matic pressure inside the tank. The

pressure built up in the tank forces the
spray liguid into the lance, and it comes
out through the nozzle as fine droplets.
The tank should be filled only three-fourth
of its capacity to leave sufficient space
for the air to build up pressure. This type
of spraysr is most commonly used in
agriculture and public health, An area of
0.5 to 1 hectare can be covered in a
day using this sprayer. It is suitable
for carrying out spraying in field

crops and vegetables. However, this
type of sprayer has some; disadvantages
too. As the spraying is carrisd out, the
pressure inside the tank will come down.
To maintain the pressure, frequent pump-
ing is needed. The capacity of the tank
ranges from 9-12 litres. Considerable time
is also needed forfrequent filling of the
tank and pumping. The sprayer is provided
with a belt, with which it can be carrried
on the shoulder of the operator.

Fig. 37.3. Manually operated ‘compres-
sion knapsack sprayer

Rocking sprayer

This type of sprayer (Fig 37.4) does
not have a built-in tank. Rocking sprayer,
also called rocker sprayet, consists of a
pump assembly mounted on a platform,
an operating lever for the pump, and a
pressure chamber usually made of brass.
The suction hose from the pump will be
fitted with a strainser at its end, and it is
immersed in the spray fluid taken in a
suitable container, The spray lance is
fitted at the end of a long flexible delivay
hose. Tke rocking movement of the
operating lever of the pump helps in
building up pessure inside the pressure
chamber, and this forces the sucked
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liquid into fine spray through the nozzle.
Rocking sprayer is commonly used for
spraying tree crops like coconut, areca-
nut, citrus, and climbers like pepper.

Fig. 37.4 Manually operated rocking
sprayer

Power operated sprayer

Powar operated sprayers are used for
covering large areas in short time, Moto-
rized knapsack sprayer cum duster known
as mist biower (Fig. 37.2) is in common
use. There are several other big models
of power sprayers that can 'be carried
manually or mounted on vehicles.

37:4. Equipments used for seed
treatment

Seed dressing machines

Seed dressing machines are used for
treating the seeds with fungicides or
insecticides before storage or sowing.
The hand operated model is commonly
used and it consists of a drum fitted on a
stand. (Fig. 14.1). For more details on
sead dressing machines see the section on

256

seed.treatment in Chapter 14--Seed pro-
duction and handling in this book.

37:56. Other plant protection equip-
ments

There are several other)plant protecticn
equipments also, used for various purposes.
Important among them are listed here.

Rat fumigation pump
It is used to blow toxic fumigants

‘into rat burrows to kill them.

Soil injector

Soil injector, also kno wn as soil gun,
is used to apply liquid pesticides into the
soil particularly near the root zone of
crops.

Granule applicator

This is used to apply granular formu—
lation of pesticides unifarmly into the soil.

Bird scarrers

This is a device used to scare away
birds and wild animals like jackals by
producing sound from the crop area. It
has three essential chambers, a chamber
to hold calcium carbide, a smaller cham-
ber placed inside the former to hold water
and a cumbustion chamber attached to the
main chamber. Woater acts with calcium
carbide, generating acetylene which ex-
plodes producing noise,

Rat traps

There are several kinds and designs of
rat traps empioyed for catching and Kkilling
rats.
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Appendix

VOCATIONAL HIGHER SECONDARY

EDUCATION
SYLLABUS IN AGRICULTURAL

VOCATION
FIRST YEAR

Total Hrs—120

A. Theory
1 Agriculture— Definition — scope —

262

impactof Agriculture in the economic
importance of country—area and
distribution of important crops of
Kerala—water resources of Keraia and
their utilisation.

Weather and Climate—weather ele-
ments — monsoons — meteorological
equipments and their uses — rain
guages—wet and drybulb, maximum,
minimum thermometer.
Soil—Definition—soil profile.

Weathering of rocks—agencies invo-
lved—type of rocks—igneous, sedi-
mentary and metamorphic rocks.

Soil formation—Soil development—
factors involving.

Physical properties of soil-—colour —
texture—structure—soil water — soil
moisture constant — soil air — soil
colloids — organic and inorganic
colloids—field gapacity and perma-
nent wilting point.

Soil acidity—pH—reason for acidity.

Essential eiements—micro and macro
elements — functions — deficiency
symptoms—effect of the over supply
of elements.

9
10

11

12

13

14

15

16

17

Soil groups and soil types of Kerala.

Soil erosion—definition — reasons —
types—soil conservation practices.

Soil organic matter—humus— its role
in soil fertility — advantagas of
addition of organic matter in soil,

Green manuring—green leaf manur-
ing—important green manura crops
and green [eaf manure crops—advant-
eges of green manuring.

Organic manure—types—their chem-
ical composition — preservation and
processing of organic manurss.

Sail sample —definition —collection of
dry land and wet land soil samples—
method of sending soil sample to
soil testing laboratory. '

Agronomy—definition — objectives—-
seed—definition—Iimportance of seed
--seed dormancy—difference between
seeds of local varieties and hybrid
varieties—impact of hybrid seeds in
crop production of paddy, coconut,
tapioca, rubber, banana, sugarcane,
cardamom, pepper, pulses, oil seeds.

Seed treatment -benefits — types of
seed treatment — conditions under
which seed treatment is done —seed
treating products—seed treatmsnt of
important crop seeds —use of seed
dressing drum.

Seed testing— purpose — sampling
procedure—method of purity analysis
—reporting results.



18

19

20

21

22

23

24

25

26

27

Seed germination test — methods
using paper, sand, soil, wet cloth
rolling method.

Seed moisture—methods of moisture
determination.

Seed drying——objectives -—— methods-
sun drying-forced air drying— extent
of drying required for seeds of diffe-
rent crops—rice, pulses, groundnut,
sesamum, vegetables.

Seed storage — general principles —
storage needs—factors affecting seed
longivity in storage.

Various classes of seeds — nucleus
seed — foundation ssad — certified
seed — their multiplication — seed
certification objects—N. S. C.
Tiitage — definition — objectives —
primary and secondary tillage—
ploughs, harrows, cultivators — othar
equipments — rotovators attached to
tractors —seed drills — planks— clod
crusher—t:ller drawn ploughs-—tractor
drawn ploughs.

Weed—definition— characteristics —

origin~-distribution—uses — harmful
effects.

Woeed classification — persistence of
wead in soil — dormancy of weed

seed—factors affecting dormancy and
germination of weed seed.

Prevention of wead infestation in new
area.

Weed contral method ~—classification
—mechanical methods—cropping and

competition method—biological me-
thod.

28 _Chemical method of weed control—

classification—herbicidal formulations
—WP, WSP, EC and G—advantages—
method of application—time and rate
of application--important herbicides —
their mode of action—time, method
and crops in which applied—weed
controlled.

29

30

N

32

33

34

35

36

37

38

39

40

41

42

Important weeds of garden land and
wet land of Kerala and their control
measures.

Horticulture—definition— importance
—propagation of fruit crops—sexual
and asexual—their advantages and
disadvantages.

Layering — types—merits and demerits
—layering in important fruit crops—
principles.

Budding—different methods— adva-
ntages and disadvantages—budding
in important crops—principles.

Grafting—different methods—grafting
in different crops—principles.

Propagation of fruit trees—mango,
sapota, jack, pineapple, guava, papa-
ya, banana.

Ornamental gardening—types of gard-
en—parts— principles-—garden design
and maintenansge.

Lawns-—establishment and mainten-
ance of [awns-—-grasses suitable for
establishing lawns,

Ornamental trees, shrubs, flowering
plants, climbers, hedges and edges-—-
their characters and examples—rock-
ery.

Commercial flowerg—roses —jasmine,
chrysanthemum.

Entomo/ogy —definition—scope— ins-
ects —beneficial-harmfu} ~ productive
—general characters—mode of feed
ing—type of mouth parts.

Balance of life in nature—adaptation
of insects.

Development and type of metamor-
phosis in insects.

General classification of insects—

principles.
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43
44

45

47

48

49

Bee management—Bee keeping.

Past —definition —method of control—
physical, mechanical, cultural, chemi-
cal and biological—crop varieties
resistant to pest attack.

Pesticides — classification —nature—
precautions in handling pesticides—
merits and demerits.

Important pesticides—mods of action

Pesticide application—principles of
spraying—preparation of spraying so-
lution—calculation of the strength of
chemicals.

Plant parasitic nematodes—methods
of injury caused.

Plant protection equipment—sprayer,
duster—parts and use —precaution in
handling spraying equipments—mis-
cellaneous plant protection equip-
ments—bird scares, cynogas pump.

Insect colfection—devices used for
collection—hand net—killing bottle—
insect pins—stretching boards—relax-

“ing box—pinning box—insect store

51

52

box. Method ¢l arranging insect
pest in collection box—Ilabelling.

Rearing of insects—despatch of ins-
ects to specialists for identification.

Piant pathology—definition—introdu-
ction to the study of plant pathology
—importance of plant diseases—los-
ses caused by plant diseases—higtory
of development of plant pathology.

Cause of plant diseases— classification

—importance of fungi, bacteria,
viruses,. methods of study of plant
diseases—symptoms of plant disease
-Koch 8 postulate method

_fSurwval and dissemination of plant
.pathogens—-methcds of lnfectlon

.

55

56

57

58

b9

Plant disease forecasting—method of
assessment of plant diseases,

Different methods of plant disease
control—physical, cultural, biological
and chemical—control by resistant
varieties.

Classification of fungicides—copper.
mercury, sulphur, systemic—other
fungicides—antibiotics and their uses-

Application of fungicides—methods of
application—different formulation of
fungicides—compatibility of fungi-
cides.

Collection of diseased specimen—
despatch of diseased specimens to
speclalists for identification.

Programme for Practical Training
Total Hours—440

Identification and specimen collection
of local and high yielding varieties
of rice, pulses, groundnut and vege-
tables.

Seed sampling for testing—composit
—submitted—working samples for
rice, pulses, groundnut and vegetables,

Germination test—computing germi-
nation percentage—minimum germi-
nation percentage for rice, pulses,
groundnut and vegetables.

Seed treatment—familiarisation with
seed treatment chemicals—specimen
collection—seed treatment for paddy
seeds, pulses seed.

Weed control—study of the labef'and
general characters of the formulations.

Calculation of herbicide requirements
—calculating the herbicide raquired
for unit area—WP, WSP, EC and G—
identification and specimen collect-
ion.



7

10

11

12

13

14

15

16

17

18

19
20

21

Precautions in handling of herbicide
in field and methods of treatmant
during accidents.

Preparation of spray solution—dilu-
tion of herbicides—filling of tanks and
methods of spraying in the field—
method of application of granular
herbicide in the field. ,
Identification of dry land and wet land
weeds of Kerala—specimen collection.
Inspection of paddy field for seed
production—isolation distance—rog-
uing—rnrecautions in harvesting, thr-
eshing for preserving seed quality.
Identification and collection of difi-
erent soil types of Kerala.
Collection of soil samples—dty land
and wet ifand—method of sending
samples to soil testing laboratory—
familiarisation with soil testing results.
Collection of different crop plants
showing nutrient deficiencies and
their identification by visuai methods.
Familiarisation of liming materials for
correcting solid acidity.

Different mathods of laysring, budding
and grafting.

Preparation of land and planting of
grass for lawn—identification of gras-
ses used for lawn making.
Cultivation of ornamental plants in
pots—preparation of potting mixture.

Identification of ornamental plants,
trees, flowering plants and raising
nurseries and maintenance.

Identification of commercial flowers.

ldentification of insects, setting, pre-
servation, arranging in sets in colle-
ction box and labelling.

Collection of important types of sym-
ptoms of damage caused by insects
on plants and their preservation.

22

23

24,

25

26

27

28

29

30

31

32

33

34

35
36

N

DBoBETE

Acquaintance with beneficial, harmfu],
and productive insects.

Acquaintance with bee hives, bee box,
bee equipment, bee management.

Pesticides—familiarisation --identifica-
tion—collgction—pasticide .formula—
tions—preparation of spray solutions
—calculation of the strangith of
chemicals.

Acquaintance with plant protection
equiprments.

Use of component parts—repair and
maintenance—application of pesti-
cides—spray, dust, granule, fumigant,
bait in the field.

Acgquaintance with parasitic nema-
todes --nature of damages on plants—
control measures,

Rearing of insects—despatch of insacts
to specialists for identification.
Familiarisation with general symptoms
of bacteria, fungi and virus diseasas.
Assessment of losses caused by plant
diseases in the field.

Familiarisation with different fungi-
cides—preparation of 19, bordeaux
mixture—testing for acidity—prepara-
tion of Bordeaux paste—Bordeaux
mixture with rosin soda—{Cheshunt
compound,

Seed treatment with fungicides—dry
and wet treatment—paddy, pulses and
groundnut.

Soil treatment with fungicides

Preparation and use of foliar fungi-
cides in the field.

Calculation of dilutions of fungicides.

Collection and preservation of plant
disease sympto




