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C}HAI;TER— [: AGRICULTURE AND AGRONOMY:

The term agnculturc is derived from the Latin words ‘Ager’ or “agri’ mcanmg sod‘

and cultura meaning cultivation. Agnculture is a very broad term encompassing all aspects of
- crop production, livestock faxmmg, fisheries, forestry cte. Agnculture is the activity of man for

the production of food, fi f brg, fuel etc. by the optimum use of terrestrial resources i.e. land and
water, ' ‘

Scope and HlStOl‘Y of Apri riculture: 2

Proverbially, India is known as a “Land of Village”.: There are little more than 7.5 lakhs
of villages in India & 67% of India’s populatlon live in vxll;ges The main occupation of these
village dwellers is agriculture and other activitics related to. agriculture; Agriculture, therefore,

s the dominant sector of our economy-providing livelihood to about 70% of the population of

India. Agnculture is said.to be backbone of the Indian economy and contributes in various

ways such as: . i

I) National Economy: In 1990 - 91, agriculture contributed 31.6% of the National Income of
India, while manufactiring sector contributed 17.6%. It:is substantial than other countries.
For example, in 1982, it was 34.9%.in India as agamst 2% in UK, 3% in USA, 4% in
Canada and D%I in Australia. It indicated that the more the advanced stage of development
the smaller is the share of agriculture in the National Income .

II) Total Emploxmeng. ‘The occupational structure of India shows that the proportion of
working population in angculture and allied activities hasbeen around 70%. Nearly 75% of
the rural population éams its livelihood from agriculttire and other occupations allied to
agriculture. In cities also, a considerable part of labour force is edgaged in jobs depending
on processing and marketing of agricultural products. :

III) Industrial mpug Agriculture has been the principal source of raw material on which most
'of the industries dcpend. The industries like cotton textiles, jute, paper and sugar depend
tofeily upon agriculture for the wsupply of raw material. The smdll scale and cottage
industries like handloom and powerloom ginning c.ad'prcssing, ail crushing, rice husking,
sericulture, fruit processmg etc. are also mainly agro-basa industries.

IV)Kood supply: Durmg this year, targetqd food production was 198 mi Jdion tones’ and which
is to be increased to 225 million tones by the end of this cemu to feed the growing



SRS S AR

§ e s

population of India i.e. 35 crores in 195! and 100 crores at the end of this century. The
varieties of food grains are produced. Similarly, varieties of delicious fruits and vegetables
are produced all over the country. India, thus, is able to meet almost all the needs of its
population with regard to food by developed mtenswe programmers for increasing food
production.

. V) State revenue: Some part of the state revenue is contributed from the agnculnme through

agricultural taxation. *vhich includes taxes paid by the agriculturists directly and also these
bome by them in¢t -weily. Direct taxes on agricv"’ = consi* mainly of land revenue, cesses
and surcharges on land revenue, cesses or. crops dnd argnl income tax. Indirect taxes
include sales tax, custom duty, excise duty, 1ocal octri etc. whlch farmers pay ori punchase
of agricultural inpuits. '

VI) Trade: Indian agriculture plags an important role in Indian road rails and water ways

outside the country. Indian road. rail and waterways are used to transport ~onsiderable
" amount of argil. producc and agro-based industrial products. Large quantities of marketable
surplus of food grains are provlded by agril. sector to feed the growmg wrban population
and to provide raw materials to industries. Agnl products like tca, coffee, sugar, oilseeds,

tobacco, spices etc. also consulute the main items of exports fron India. Around 50% of
total exports is contributed by: the agril. sector. The products from agro-based industries,

such as jute, cloth, tinned food | ete. contribute another 20% to our exports. Thus, agriculture

" plays an important role in forengn n-ade attraenng valuable forelgn exchange, necessary for .
_ our economic development. | ¢

/Agriculture includes cfop. hmbandry, sonl science, anifiial husbandry, vetermai-y
dairy, horticulture, and agril. chgineering, home science and forestry whlch developed its
separate and distinct branches of agriculture, occupyxng now a days place of distinciton in
several Agrils. Universities in the cduntry. , : -

Agriculture can be termed: ,as a science, an art and busmess (commeme) all together.
" Science, because it provndes néw and improved strams of crops and animals with the help
of the knowledge of breeding| and genetics, modem teclinology of daxry scnence, and so
many related things. Art, because it is the management whether it is-in crop husbandry, |
animal husbandry, or in any other branch of agril. sciencé, that brmgs about desired results.
Commerce (Business), beeause the enure agril. produee is linked thh maxketmg, which
_brings in the question of pmﬁt or loss. - :
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HISTORY: The _earlié'st man, Homo erectus emerged one and half miltion years ago and by
about a Hiillion year ago he spread throughout old world tropics and later to temperate zones.

Homo supiens, a direct ancestor of modern man lived 250 thousand years agro. Homo ._fapiehf ‘

saplens, the modemn man, appeared in Africa about 35 thousand years ago who is distinguished

: making and using tools, - !

|
S '_ _'I.mpor'taqt Events in the History of |Agl_j‘ culture, - .
-, Pertod | T Fvemt
+*.". - ailier than 10,000 BC| - Hunting, Gathering
., . 800BC . - - ' Domestication of sheep
- 7700 BC . _ Domestication of Goat .
. o 7'5:(.]0.BC| ) _ - ClixltiVation of cmi)s (Wheat and barley)
cal 6000 BC: .- . Domestication of cattle and pigs '
T 4400BC -,.'-ultivationofmaizz -
LT .ssdBc L ultivation of potato
‘.| 3400BC > Wheel was invented
: - 3000BC - . Bronze was used to make tools |
o 2900BC - ‘I Plough was invented. Irrigated farming started. |
. ""._2700' BC R .Silk-mdih domésﬁcaiedinChina. 7 i
230BC | " Cultivhtion of chick-pea, pca, sarson, and
cee e R Cotton. Domestication of fowl, buffalo and Elephant.
. 200BC. Cultivation of rice B o
"oIo1800BC _ Chltivation ofrice, finger millet (Ragi) L '
o 1'72'5.BC . 'Cx:lti’vationofsorghum | o 0
©.1700BC b ’ |~---'Ta({|ingofhc]ﬂ.scs |
- "1500 BC _ o Cult_wauoh of sugarcane, Irrigation from wells.
-+ 1400 BC . lUseofiron S
‘_-15_"' Century'AD_ R Sweet orange, sour orange, wild brinjal,lpor'nogranate. .
1 ' ]" 4
| .J | i
. l | : ! !

,ﬁo'x:_n all other existent species of Homo, by large brain, small teeth and chin and ceibacity for
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16" Century AD ' Introduction of several crops into India by Portuguese
like potato, sweet potato, arrow root, cassava, tomato,
chilies, pumpkin, papaya, pineapple, guava, eustafd
apple, groundnut, cashew nut, tobacco, American cotton,

: rubber. l _
 India’s most important contribution to world agriculture is rice, sugarcane, number of
legumes and tropical fruit like mango are also natives of India. Barley, wheat, sesame, peas,
date palm, cotton and lentils were the ‘main crops during 1750 BC and wooden plough and

. wheeled catts were in use, Farmers uscd. sling balls for scar ing birds. Harappans know gmn ___g, .

spinning and weaving of cotton into cloths, d s, JITRGT ﬂ'aTd-& . i G4 oodd

South India was a second uutlally mdependent agncultural region. Crops were being
(e.g. two types of pulses and finge1J mlllet) raised here durmg the first'half of the second
mlllenmum BC. The third mtermedlate—area was north and west of Deccan Plateau where the
earliest cdlnvatlon of rice was recorded. Later, wheat, cdtton, flax, lentxls, pulses and mnllets
Spread to this region. '

- In later Vedic texts (1000 -+ 500 BC), there are references to cultivation of a wide range
of cereals vegetables, fruits and use of iron implements and also described the ploughmg of
sonl seed broad casting, fallowing, certain eroppmg sequences, cow dung as manune, u'ngatxon

“of crops, reaping, threshmg, wmnowmg Monumental u-ngauon works were executed as early

as first- century AD. Commercial crops like potato, tomato, chilies, groundnut, cashewnut,

. tobacco and( American cotton were introduced m[the country by Protugues during 16™ Century -

tory of agriculture s a Science: - - . ,
In pre-sclenuﬁc agriculture, six persons could prdduce enough food for them-selves -
and for four others. In years of bad ha.rvest, they could produ&e only enough for themselves -
With the- develoﬁment of agril. science and appllcatlon of advanced technology, ﬁve persons

'are able to produce enough food for 95 others.

- Expenments pertaxmng to plant nutrition in.a systeux)atlc way were uutlated by Van
Helmerit (}577-1644 AD) and concluded that the main “Principle of vegetation™ is water.
Jethre Tull (1674 - 1741 AD) conducted several expenments and published a book-‘Horse
Heeing. Husbandry' These expériments were mostly on cultuml practices.and they led to the

. development of seed drill and horse-drawn cultiVator. Aurthur Young (1741 - 1820 AD)
- conducted pot culture: expcnments to increase the yield of croﬁs by applymg several matenals

s
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like poultry dung, litter, gun powder etc, and published his work in 46 volumes as “Annals of
Agriculture”. Soil science began with the 'fprmulatiori of the theory of hums in 1809. Field
experiments were started in Rothamsted Experiment -Station, England in 1834, Research in
plant nutrition and physiology was started in 18" Century.iSir, Humphry Davy published baok
entitled “Elemen;s of Agril. Chemistry” in 1813. About 1837, Sir John Bennet Lawes bagan to

. experiment on the effects of mamures on crops. Work of Justus Ven Liebig on Agril. Chemistry

and Physiology launched "ystemat:c development of agnculture in 1840. In 1842, the patented
process of treating phosphate rock to produce superphosphate & thus initiated the systematic
fertilizer industry. The discovery of the Laws of heredity and the ways to cause mutations by
Gregor Johann Mendel in 1866 laid to. modemn plant breeding. In' 1876, Chacles Darwin
published the results of experiments on cross and selti-fedtilizaﬁon in plants. Since 1920, the
application of genetics todevelop new strains of plants an}i animals brought major changcs in'
agriculture, Mechanizatic= tdok hold in Westemn Europe and the niewly settléd countries only
after 1850. An efficient seed drill was devised in 1830. 1I‘he first successful tractor was built in
US in 1892, Farm lmplements ‘and machinery were manut'actured mdusmallv on a large scale
by 1930s. The apphcatlon of electricity to agriculture was m l9%0 due 10 economic pressures

: and decrease in labour avallablhty The first successful large scale conquest of a pest by

chemical means was the control of: grapevine powdery mxldew in Europe in 1840s. DDT was -
first synthwzed in 1874 by Dr. Paul Muller, The key date in the history of agril. research and
education is 1862 when the Us Congress set up departménts of agriculture and provnded for
eolleges of agnculture in dach state, :
Stientific agnculture began in India when sugarcane cotton and tpbacco were grown |
for export purposes. In 1870, a joint department of agnc.,ulture, revenue and commerce was
established. Later, on the recommendations of the Famme Commission of 1880, a separate
departnient of agriculture was started with the object of 1hcreasmg food production for local
people and industrial raw' materials for export. Work along scientific lines was started for the
improvement of agncul{ure w:th the , creation on agnculture dept. In 1903, Imperial _
Agricultural Research Institute was started at Pusa in' Bxhar Later, in 1912, Sugarcanc ]

- Breeding Station was estiblished in Coimbatore as a branch of ICAR, Pusa. Subsequently

several agril. reséarch stations and agril, colleges were started in 1929. Imperial Council of -
Agril. Research was established in Delhi to Coordinate the work of agril. research in this
couptry. After the earthquake of 1936, Imperial Agril. Res. Institute was shifted from Puse to
Delhi. Agril. Universities are started in India from 1964 onward in different states.

. . I ' ' ’
6
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AGRONOMY term is derived from Greek words; ‘Agro’ meaning field and nomos*
meaning to manage. Agronomy ¢an be deéfined as : 1) Agronomy is a branch of agril. sci.
which deals with principles and practices of soil, water and crop management. 2) It is a branch
of. agril. sci, that deals with methods which'pro,vide fa\;caurable environment to the crog),for
higher productivity, 3)‘6It deals with the study of principles and practices of .crop production
and field management, 4) It is'the study of plant (crop) in relation to soi] and climate.It deals

.essentially with all aspects of sdil, crop and water management to. increase productivity of

crops. : |

| Agronomy is divided into i Crops Agronomy and Soils Agronomy depending upgn the
stress laid on plant or soil asmect, ' ° - '

SCOPE: Agronomy is.a dynamic discipline with the adyan'cemex;t of knowledge and better

understanding of plant. and environment, agril, practices are modified or new practices -

developed for high productivity, -
Scope of agronomy embraces — : ,
i) Proper methods of tilling the land, ii) Suitable period for its cultivation, iii) Keeping farm
implements in good shape iand managing' field crops in an efﬁcient manner as an
.experier;ced farmer.. iv) Management of crops, live stock and their feeding, v) Care and
disposal of farm and animal! products like milk and eggs. vi)'-Propér"mainténancé of

accounts of all nanéactionsgcor;ceming farm industry, vii) Availability of chemical ,

fertilizers has necessitated the generation of knowledge on the method, quantity and time of
fertilizer application, viii) Availability of herbicides for -control of weeds has led to
development of a vast knowledge about selectivity, time and method of its application. ix)
Water management practjces. X) Intensive cfopping. xi) New technology to overcome the
effect of moisture stress under dryland condition, xii) Package éf practices to exploit full
potential of new varieties of crops. | | |
Restoration of s¢il fertility, preparation of good seedbed, use of proper seed rates,
correct dates of sowing for each improved variety, proper methods of coriservation and
"'manageme%nt’ of soil moisture, and proper control of weeds are agronomic practices to make
- our ﬁnite_land and water reséux{cesl more productive, .
| ' - With the growth of otq‘br allied agril. 'sciencéé', the present day agronorny not 6nly
embodies the a.rtlof soil mgt. and crop p'roduction and obtaining maximbm, product@on at
minimum cost but also esta!#lishjng_‘ new facts and épplying_ scientific knqwledge to
practical problems, The emphasis in agronomy is now more towards the scientific study of

71 ' l
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the behavior of plant under different environmental conditions like varying soils and
" climate; irrig‘atipn. fertilization etc; by conducting well laid out experiments in the fields,
pots and laboratories. It also involves application of results of research in the field or

forming suitable package of practices under a given set of conditions.

RELATIG_NSHIE WETH OEEER SC[ENCES: Basic sciences are those which reveal the

facts or seécrets of nature and comprise subjEcts liké chemistry, physics, maths, botany,
zoology, economics, ete. Applied sciences are those in which the theories and laws propounded
in basic sciences are applied to problems in agncul‘urn and other fields e.g.Agril. Chemistry

" comprising, soil, plant, ferulucr and dairy chemistry developed from .basic sciences of

chem]stry Agril. Botanvlcovers plam nutrition, plant physiology and plant breedmg develaped
from botany and chemxstry, Plant pathology and economic entomology developed from botany -
and zoology, Agril. Extension developed from psychology, sociology and anthropology.

~ - Agronomy is essentially an applied science arid is largely dependent on basic and other
applted sciences. Knowledge of all the sciences is necessary to learn the basic facts, regardless
of whether they would bc. of any practical value to agrxculture All the applied sciences are
important for advancemcnt of agriculture, which are closely related to each other and no
branch ¢an progress without the help of allied sciences branches. Agronomy is a synthesis of
several disciplines like Soil Sci., Agril. Chem., CrOp Physxology, Plant Ecology, Biochemistry

dE
-4’;." conomics.

Agnl Chiem. & Sail Sci. dcals wnth 1) Mgi of acidic, salme and alkali sgoils, 2)
Application, of fertilizers, 3) Fffeqts of physical, chemical and bxological changes
(modifications) on soil environment. Physiology deals to meet their requirement. Breeding

deals with evolution of new viarjetics and éxbloitation of hybrid vigour, Econom'ics deals for
‘ 'cconomxcaﬂy crop productlon and Pathology and' Entomology deals with effectwe control of

diseases and pests. L ! . |

QQQQINATED APPROACH ! Since the applied. scienoes are so interrelated, the specialists
can/ not’ work in isolation but have to work in coordination with each other to solve the
probléms of agriculture rapidly hnd ¢ cfﬁclently For example, the plant breeder while evolving a
HYV of any crop must take the help of plant pathologist to test thc resistance or susceptibility
of the new strain to dla«.ascs physiologist to make sure that the new strain has not developed
any undesirable quahtrcs and -of the abronomxst to test the behavror of variety under ficld
conditions. N, l . '

RQLEOFA groyomist' |, ' i

Shre@ Jumbo Xerox, Laiur
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Agronomxst aims at’ an obtammg maxxmum productlbn at minimum cost by exploit.

. the knowledge developed by basic and allxed/applied sciences. In a broad sense he is concernea .

with production df food and ﬁbre to meet the needs of the growmg population, He has. to test -

- the suitability of research ﬁndmgs of other speclalists in the field and accept them finally and ¢

also judge the reaction of the fanmng commumty He isa coordmator of - different subject

. matter speclalxst and. acts as a phys:dmn who- concerns with other. SMSs. He carries out
research on scientific cultxvatlon of. crops taking into account the effect of factors like soil,

climate, variety of crop and adjusts producnon techmques suitably depending on the situation.

He'lis a key person with working knowledge of all agril. desclplﬁnes and coordinator of
different SMSs. - ‘
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CHAPTER I A LA§SIFICATION OF CROP PLANTS

Divlsio‘s of the pladt kingdom

o ,-Cryptogamm R ‘Phanetogamia or. -Spennatophyte
o '(Flowerless/ Seedless,” - (Flowering or seed bearing)
.-'lower &Tore primxtive) o | o
I .-'I‘hallophyta ¢ ' Bryophyta . = Pteriddphyta. .
T . (Not forming - * (With't vascular . (With vasoular
' i+ embiyo) . ', " fissties) . - L ‘.'tissues:) "
e Aigeb - Moeses L . Fems i.
Bacteria: - - | 2R I Y .
NN Lmehens ' Gymnospermae : .- Angiospermae
SR (Naked seoded) . | (Closed seedef)
R . e.g. cycads, Dieotylledonae Monoeotyledonae -
et "+t conifers . . (Embryo with - - One cotyledons
IRRUNE 3 ' " two eot"yledons)

- "_ A crop is an orgamsm grown or harvested for obtaim:\g yxeld .
R Acdordmg to the ‘natural system, the plant kmgdom has been divided mto two divisions
_ 1e Cryptogams and- Phanerogams division divided in twq sub-divisions i.e, Afigiosperms and

. " Gymnosperms. ‘Angiosperms fusther divided into two elmes, Monocots and Dicots. Classes™ .
dwxded mto orders, orders into famihes, fam:lies into genera and species, sometunes species into

l) To get acquainted with crops. 2) To understand the requirement of soil and water of
- dif;erent crops. 3) To know the adaptabﬂity of crops. 4) To know the growmg habit of the

o : - ' 4.
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2)

)

2)

3)

L)
2)

3)
4)

5)

D
2)

- CLIMATE ; |

. GROWING SEASON : !

harif / Rain on;boon crops: Crdps érown in mon'sqon months from June to Oct-Ng} - -

+ LIFE OF CROPS : ( LIFE CYCLE / DUR, [ OF AT IR
Seasonal crops: Crop c§:oinpletes its life cycle in one.season in Kharif, Rabi or summer e -

+ SOURCE OF WATER/ CULTURAL METHOD: .
1
2

. Root svstem :

crop. 5) To understand the'climatic requirement of different crops. 6) To know the econon] "

produce of the crop falefmt and its use. 7) To know the growing season of the crop etc.
The crop plants may be classified in more than one way as below ; ]

Tropical: Crops grow iwell in warm & hot climate e.g, rice, sugarcane, jowar, etc,

Temperate: Crops require cool climate e.g, wheat, oats, gram, potato, etc.

Require warm, wet »}'}pather during miajor period of' growﬂ: & shorter day length f
ﬂoweri\r‘lg €.g. cotton, rice, Jowa_r,l'bajra, , I ) ‘

Rabi [ winter crops: Crops ‘grown in winter season from Oct to March, Require colddf .

Weather for major growth & longer day length for flowering e.g. wheat, gram, linseed, ag
safflower. : -

Zaid / summer crops:iCrops grown in summer months from March to June, Require warn,

day weather for major growth period and longer day length for flowering e.g. sum. goundny

Watermelon, miskmelon, ccumber, pmpkins, gourds,

rice; fowar, wheat,

Two Seasonal crops: C:I'Op. completes its life cycle in two seasons ¢.g. cotton, turmeric, arhg"

(L.D.), ginger. o o oy .
Annual crops: Crops require one ful! year ta complete its life cycle e.g. suru sugarcane,

Biennia) crops : w_hic'hjgrows in'one year & 'ﬂowers, fructifies & perishes the next year e.g
Banana, Papuaya, 3 : :

Perennial crops: Crop lives for several years'e.g. fruit crops orange, mango, and gﬁava.

Rainfed: Crop grows 6n§ly on rainwater e.g. Jowar, bajrd, and mung, udid,
Irrigated crops: Crop grows with the help of irrigation water e.g, cotton, chilli, banaria, and
Sugarcane, ' K . : ' ;

Tap rooted: Crop whoself main root goes deep into the sojl e.g. cotton, tur,

Adventitious / Fibrous: rooted: .Crop' whose roots are'fibrous; shallow & sprea'ding_ e.g.f

cereal crops, wheat,,rice, j‘owar, bajra, etc. .

.I‘ 2)

1)

3

3)

9

5)
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Economic Importance :

{

1) Cash crop: Grown for earning money e.g. cottbn, sugarcane.

.G

e

wheat, and rice.

©2) .f ng_-g_n: .Grown for raising food grair) for ihe‘pc')pt‘xllation & foddgr for.cattle.'e.g. Jowdr,

'USE/ AGRONOMIC CLASSIFICATION ;

) ‘Grain crops: May be cereals or millets. Cereals are the cultivated grasses grown for their
. i ' :

o . Jowar, whedt, maize, barley. Milletes are the small .grained cereals which are of minor .

-edible starchy grains. In general, the larger-grains'uscd,-. as staple food is cereals e.g. rice,

- importance as food e.g. bajra, ragi.

2)

3)

: 4)
5
. e.g. potato,

6) ’

7
8)

)

 Pulses / Lepume cro.p_’: Seeds of leguminous crop plants used as food. On splitting they

.produce dal which are rich in protein e.g. mung, udid, tur, gram.

Forage crops: It réfers to vegetative matter, fresh or preserved, utilized as food for animals, .
; Crdp cultivated & used for fodder, hay, silage e.g‘.'fo‘dde;; Jowar, F. Maize; F. bajra, lucerne, '

" berseern, cowpea efc. EECA PRI - R
. Root ¢rops: Roots are the ec"ono'xjxic pfpduce,."é.{g'. s',.l.igarbeét,- carrot, tufnip. .

Tuber erop: Crop whose edible portion is riot 4 root but a short thickened uridergfoupd stem

sowe s . ! [ P "

Fibre crop: Grown. for fibre yield. Fibre r'ha:y"be obtained from seed ¢.g..cotton, and stem or

bark e.g. jute, fnesta, roselle, sannhemp, & flax. . i -
‘Sugar crop: Grown for the production of Sugars ¢.g. sugarcane, sugar beat, .

Starch ¢rop: Grown for the production of starches e.g. tapioca, potato, and sweet potato,
Qil seed crop: Crop seeds that are rich in fatty acids, are used to extract vegetdble oil to meet

various requirements e:g. G. nut, mustard, sunflower, safflower, | inseed, castor, soybean,
‘ M . .

j 1 0) Drug crop: Used for preparation of mediciries e.g. tobacco, mint, pyrethrum, °

) I)MMM: Crop plant or their products are used to flavor, taste, and

add zest & sometimé colour the fresh or preserved food e.g. ginger, garlic, chili, fenugreek;
cumin, onion, coriander. : : '

12) Vegetable crop: May be leafy or 'ﬁ'ui:“ veg. e.g. palak, methi, sepu, brinjal, tomato,
13) Greeri_manure crop:’ Grown and incorporated into S0il to increase fertility of soil e.g.

H.

sannhemp, dhainca,

NUMBER OF COTYLEDONS .
NUMBER OF COTYLEDONS

Shree éa,;mébc Xerox, Latur
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. Moncots

\

or Mbnocotyledonous' Cmps havmg one cotyledon in the seed e. g All cereals
millets, T : ¢

Dicots or Dxcoglgdonou : Crops having two. cotyledons m the seed eg all legumes
pulses.. . : .

BOTANICAL CLASSIFICA:!IQN

' Fleld crops belong to Spexmatophyta (Reproduction is carried out by seeds) Comm
crop plants belong to subdivision - 'Angiospemxs (ovules are enclosed i in an ovary wall)
Further divided into two classes: Mono & Dx-cotyledonous These are further sub dwxd'
into orders, families, genera, specles & vanetles

. Family . .. ! .Exampl'e‘

1. Grammeae/ Poaceae : Jowar, Bajra, and rice, [' - o
2. Leguminoseae / Fabaceae_ . . + Gram, peas, Tur, Mung etc.’ ' s

3. Cruciferae :.Mustard rapeseed, cabbage
' - Cauhﬂower ‘turnip, radish;
4, Cucurbxtaceae : Water-Musk—melon, bitter gourd, . .
’ SR o Pumpkin, ridge gourd, Cucumber, "
5. Liliaceae , . :Onion, garlic.
6. Solanaceae 't Potato, Brinjal, Chili, Tomato, Tobacoo
7. Malvaceae : '+ Cotton, rosell (ambadi), bhendi (Lady’s fmger)
8. Compositae /Asteraceae :Sunflower, Safflower, mger Lettuce :
9. Convolvulaceae  :SweetPotato . !
10. Euphorbiaceae , + Castor, Tapxoca
11. ngzberaceae . |Gmger turmeric
.12, Linae . . "-~Dinseed b
13. ’I‘xhaceae * o Jute o L
" 14. Umbelliferae : Carrot, Cumin, Conander
15. Pedaliaceae : Sesamum '
16 Onagraceae : : Singhara. . |

(For botanical names, refer practical manudl) .

. REDUCTION OF CO, (DAM REAgﬂgm Crops can be classmtled on the basxs of ty]

of photo-synthesis as:
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| :
_(;3 glnnt : The imtxal product of C assimilation is the three C compounds The enzyrne

involved in the- primary carboxylation is ribulose-1, S-bxphosphate carboxylase. Photo

respu'atxon is 'high in these plants, C; plants have lower water use efficiency. e.g. -Rice,

Soybean, Wheat, groundnut, barley, cotton, oats, sunﬂower, rye, potato, sweet potato,
' totnato, sugarbeet. .

| _-'. i, Cqplants: The primary product of C ﬁxatton is 4—Carbop eompound which may be malic

" ‘acid or aspertic acid, The enzyme responsible for earboxylation is phoSphoenol pyruvic acid
. (PEP) ¢arboxylase, Which has high afﬂmty for Coz and capable of assuniLating Cozevenata
lower concentration. Photorespiration i is négligible. Photosynthenc tates are Higher'in C4 than
C; plants for the same amount of stomatal opening. These .are said to ‘be drought resistant as
they are able to grow better even under moisture stress. C plants translate photosynthates
N rapidly. e.g. Sorghurn Matze, Napter grass, pear] millet, sugarcane minor millets.

‘ itil CAM plants: (Cassulacean Acid Metabolism plants): In ‘these plants, the stomata open at

‘night and large amount of Co; is ﬁxed as malic acid wlhch is stored in vacuoles. During day,
as the stomata are closed, there is no possibility of Coz ent:y Coy, which-is stored as malic
. acid, is broken down & released as Co,. In these plants, there is negligible transpiration. C

"and CAM plants have high water use effietency These are highly drought resistant e.g.
Pineapple, Sisal and agave,

Most plants are inﬂuenced by relative length of da) & mght, espectally for floral
-initiation. This effect of light on plant is known as photoperiodism. Dependmg on the length
. of photoperiod.requifed for floral initiation, plants are classified as: .

' '1.1. '&lgg_d_gx_m_n_;g. : In short day plants, flower 1nit1at10p takes place when the days are

short(Lees than 10 hours) e.g. TrOpical crops like nce, sorghum, green gram, black gram.

K 2 Long-day plants: These plants require comparanvely Iong days (usuaily more than 14

hours) for floral initiation e.g. wheat, barley, oats (I‘emperate crops) Such plants put forth
' more vegetative growth when days are short.

3 mmm_p_m: These plants do not require etther long or short dark periods.

' PhotOpenod does not have tuch inﬂuﬁnce for phasic change for these plants e g Cotton,

'.-'-sunﬂower. IS ¢
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The rate of flowering initiation depends on how short or long is’ photopenod Shorter ]

the days, more rapid are initiation of flowering in short day plhnts Longer the days, more §

rapid are the initiation of flowering in long-day plants |
AGRICULTURAL SEASON§ IN INDIA & MAHARASH:!:& :
Movement of the earth around the sun causes .change of seasoss. Changes in
temperature and in the length of days and nights divide the year into periods, which we call,
seasons. A wide spread country like India has many variations in climate. The Indian climate
is characterized by alternation of q1stmctly different seasons. ”

The India Meteorological departmcnt has divided the chmauc J}ear in India into four .'-": .
s€asons |

. Cold weather period or }gmter season (January gng February) : Jan)uary and February g
- months are’ the cold months 1n most parts of the country. During this period temperature
distribution over India shows a marked decrease from south to ‘north, ‘In northern India

averpge temp. during winter is about 10-15°C and in south India it is about 21 to 28°C. This
period is practically rainless except occasional drizzles. The weather dunng th1s period is
cool usually dry and pleasant with dewfall during mormng

Hot weather period or summet: or pre mgnsgon sea gn (March to ng) Thls penod is-{.
characterized by high temperature. The temperature is hlgher in north compared to south,

‘The weather gets hotter steadﬂy from the begm.mng of March April & May are the hottest

months of the years, the average being 30-40°C. Hot winds blow & someumes dust storms
also take place & sometimes create problems due’ to thelr 1n1tens1ty for considerable period. ¢
Showers received duripg this penod are mainly useful for prép;rator& cultivation.

South - West Monsoon or Monsogn or Rainy season (,]g g-Sepggmhg ,1 This is the "

grand period of rainfall in India; About 60 to 75% oftotal ra.mfall ina year is recewed durlng y )

this period. The typical tropical climate prevails durmg this period i.e. climate is warm, °
humid ,with bright sunshine except on rainy days. Monsoons’ are the resultant of wind
movements, which in turn, are caused by differences in air pressure. In the early summer, the
sun heats large landmass of central & southern Asra & the warrn air rises. As it rises, suction -.
is created & the mmst air across the Arabian: sea & the Ba of Bengal is pulled from the ,
South-West direction. This creates the S-W monsoon. e

North-East Monsoon or Post monsoon season or Post rainy (Q_c_ =Dee.): The rainfall
received during this period is 13 'to 33% of annual rainfall, The temp. is hlgh up to the imddle
of Get. and later starts falling rapidly. ' '
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In Mkliaréshtra State, whole year is divided into 3 seasons as: 1) Kharif/ Monsoon / Rainy
.season (15 June to 15 October) 2) Winter / Rabi / Cool season (15 October to 15 February)
- ©3). Summer season (15 Februa.ty to 15 June).

R \Thése . four seasons “-are ' further subdivided into six. based on Rhutu
"L Slushxr(January—Febmary), 2. Spring / Vasant (March-April), 3. Summer / Grishma
(May—June), 4. Ralns/ Varsha(July-Aug) 'S, Fall/ Sharad(Sept- Oct.), and 6. Hemant (Nov-
Dec)

- :-FACTORS GOVERNTNG CROP PRODUCTION / AFFECTING CROP GROWTH

Sl Crop production is conderned with the exploxtatxon of plant morphologloa.l (or

T struomral) ‘and plant physxological (or ﬁmotxonal) respohses’ within a-soil & atmospheno
envxronment to produce a high yield per. umt area of land, Growth Is irreversible increass in

size or wexght. o .

Crop production provrdes the food foz' human beings, fodder for animals qnd fibre for

‘ oloths Land is the natural resource which'is unchanged & tbe burden of the populatiop is

- tremendously increasidg, thereby decrease the area per oaprta. Therefore it is necessary to

. S q ‘increase the produotxon per unit area on avaxlable land; This necessxtates the close study of all
"% - the factors of crop prod\lctxon viz;

‘i) The soil in which, crops are grown, it) The water which is the life of plant iif) The plant
wluoh gives food to man & fodder to his animals, iv) The skilful management by the farmer
himself, v) The. climate wh1oh is out of ¢ontrol of man & but deoxdes the growth

. development & production, vr) The genetic characters of oroo plant which is the genetic
make up & ¢an be exploited for crop production. | A

. Broadly, the factors that mﬂuenoe the growth of' crop or crop producuon can be
.classified as:

A, W “Genetic make up decides the crop growth & its
production. Crops vary in the genetio make up which included desirable & undesirable characters
as well. Breeders try to moorporate maximum desrrable characters i in one strain of crop & also
. try 'to exploit the hybrid vigour. Desu'able oharaoters include. l) High yielding ability under
. given environment condition. 2) Early mat rity, 3) Better- resxsta.npe to lodging 4) Drought, flood
& salinity tolerance, 5) Greater tolerance to Insect & diseases, 6) Chemlcal composltlon of grains
(oil & protems) 7) Quality of grams (Fmeness. ‘cOarseness eto) 8) Quality of straw (Sweetness,

‘ JUlClneSS) | . . . . ;
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to another by genes.

These characters are; mherent in each individual and are transmitted from one generauon

Factorts affecﬁng cr? growth / crop production

s

Internal factors (Genetic / heredity) C | " External (Environmental) *

Soil / Edaphic - Plant/i}iotie Man/ Anthropic Physio’iraphic Water . Climate

-  Moisture - . =Plants- " Geographical Topography - - Precipitation
- Ar ‘-Symbiosxs ' strata - Altitudé .+ . - Temperature
- Temperature - Anintals . " - Steépness of slope - Humidity
-= Mineral matter Coe - Exposure of slope to - Solar radiation .
- Org.matter » - o 0 light& wind * . - Wind velocity:
+ = "Organisms. .. .. - . . - Directionof = . Atmospheric
- Reaction "¢ . -" ' . mountain chains.
B) EXTERNAL/ ENVIRONMENTALFACTORS: |

1) Edaghic or Soil fagtgra ¢ Soil can be defined as ¢ Soﬂ is & thm layer of the earth’s crust
' which serves as.a natural medium for the growth of plants./ Soils are formed by the
- disintegration & decomposition ot ‘parent rocks due to weathering and the action of soil

,organisms & also the intéraction of various chemical substances present in the soil. / SOIl is

formed from parent rock by the process of weathering over a long period by the action of rain :

a water, temperature and plant & animal residues. .

. A vertxcal cut of 1.5 to2m deep soil indicates a- layer varymg from a few cm to
' about 30 cm of so:[ called surface soil, below that a layer of sub soll & at'the bottom, the .
undecomposed matenal which is the parent Fock.

" Role of soil: 1) Soil is the nafural media to grow the crop, 2) Soil gwes the mechanical |,
support & act as an anéhor, 3) Soil supphes the nutrients to the cx:op plants, 4) Soil
conserves the moxsture w}nch is supphed to the crop plants, 5) Soil is an abode (house) of

17
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* - Water present in the soil helps the plants n many ways: '

i

millions of living organisms which act on plant residues & release food material to plants.

6) Soil provides aeration for growth of crop and decomposition of organic matter. -
Soil profile: A vertical section of soil in the field extending up to the depth of the parent

T material shows the presence of more or less distinct horizontal layers such a section is

called a profile & mdmdual layers are regarded as horizon,
The depth of soll vary as shallbw, mediuni & deep. The soil which remains where it

-1s formed, known as soll in situ, The soll jon the banks of rlver which is formed from the
‘soil particles washed avlay by rains from hill slopes & depos1ted at lower’ levels is known
. "" as alluvial soil which Is much deeper & rhore fertile,

SOll vary in their composition and the atrangement of soil particles depending ‘upon

_ the’ parent rocks from’ which they are formed. They also vary in physical properties such as

texture & structure. Textural class decides its fineness, fertility & plant growth Infertile

: soils need to add the org, matter & femltzers Problematic soils need addition of soil
.amendments (Lime-acid & Gypsum-alkah) and other mgt. practices to correct them. The

chemical properties of soil ate decided by the parent rocks.
Soil is not an inert mass but an’ abode of millions of living organisms ‘whi¢h act on

plant residues & release food material to’ plants The decayed OM also loosens the soil to
L allow circulation & fetention of moisture, which are necessary for the life & growth of the
' ~_'plant Soil is not an ordlnary mass of dead particles of rock but a ‘medium hummirig with °
' ‘activity, responsive to the water, plant & management by the farmer.

2)- Water ¢ Functions of water are -

1.Msor component of the plant body (90%). 2. Act as solvent for dissolving the nutrients
& nutrient carrier, 3. Maintains / regulates the temperature of plant & soil as well. 4.
Maintains the tLlrgidzty of plant cells. 5. Essential for absorption of nutrients & metabolic

, process of the plants,

Plant tissues constttute about 90% of water. Rain and ground water are the sources
of the water. Ground H20 is tl'eused for 1mgatlon through well, tank or canal, etc Erratic
rains are to be conserved prpperly so that plants make best use of it. Rainwater s to be
supplemented by irrigation to meet the water requirement of crops for bumper yields.

l
1. Supplies the essential raw materlal for produetlon of carbohydrates by photosynthesxs 2,

' ‘Promotes phystcal chemlcal & ulologlcral acti vltfes In the soil. 3. Gaseous dxt‘ﬁzslon in soil

LOl‘ p‘opct aeratio

Shree Jumbo Xerox, Latur |
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Water is the life of plant & must be suppli¢d in proper quanttty Too much water
"may suffocate the ialant roots & too little may not'be able to sustam the plant The water
requirement of crops differs t’rom crop to crop & variety to variety as weIl depending upou
the growth .habit, genetteal & physiological make up, duration of the crop, ete. For
example, sugarcane, rice, banana, wheat, groundnut, etc. are the hxgh water requmng crops
& fowar, mung, udid, tur, gram, bajra etc. are the low water requiring crops.

-3) Plant/ Biotic factors: Biotic'factors include plant, symbiosis & animals.

Plant‘ The soil & water are two variables which either have to be suttably adjusted for the
plant to grow or the plant should be so bred & selected that it will adjust to a glven soil &
water condition, growmg season, .ellmatte requirement, etc. Some of the crops grow on
only rain while some requtred xmgatton water. Plant-breeders are constantly at work to
evolve vanetles which will :suit the gwen soil & water condition e.g. drought resmtant,
disease resxstant more nutnent absorbmg capactty etc.

The unwanted plants, ‘weeds’ compete with crop plants for solar energy, water,
nutrients & also for space whxch need to be controlled for better crop growth'& production

. at proper time & methods.

Symbiosis: There are the some organisms which have mutual relattonshtp with each other
& .with the prevailing environment of the place. This btologtcal inter relatlonshlp among
the organisms is termed as SymblOSlS The symbtotic relanonshlp between legumes &
Rhizobia which results in ‘N’ fixation is of great significance to crop produetton The

* legume bacteria use the carHohydrates of their host as energy & fixes up atmospheric ‘N’

‘which'in tumn used by host plants The free living organisms (Azotobacter) acquire their
energy from soil OM, fix the free N & make it a part of their tﬁvn tissue. Whey they die the
‘N’ available in their body tlssues is used by the crop plants,

A_r_na_ls_s, Soll organisms : The soil organisms mclude 1) Soil flora (plant kingdom) & 2)
Soil fauna (animal klngdom) Soll flora is of two types I) Macro flora e.g. Roots of
higher plants. 1I): Micro ﬂora e.g. Baeteria, fungi, acttnomycetes & algae.

* Soil fauna is of two types ¢ i) Macro fauna e.g. earthworin, moles, ants, and i) Micro

fauna e. & Protozoa, nematodes The soil fauna meludmg protozoa, nematodes, rottfers
snails, insects constitute a highly important part.of the environment for plant roots. All

' _ these organlsms contribute. decomposition., when usmg the OM, Ifor theu' hvmg Among

these insects, nematodes cause considerable damage as crop peSts. : ¥
|
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Beneficial o;ganlsms:"lnse&ti llilce bees, wasp, moths, butterflies, beetles help in -
pollination of crops. Burrowing by earthworm facilitates aeration & drainage and the
ingestion of oM & mineral matter results in a constant mixing of these materials in the soil
& tends to make better plant growth.

Smgll an;mgl : Like rabblts, squlrrels rats cause extensive damage to field & garden
crops. -

Large animals: Like goat, cattles sheeps, dear, elephants pigs do consxderable damage to
crOp plants.

ement r Skillful mgt, by the man:

: Fir;ally, man must so manage the soil-water -'-plent complex to produce efficiently
food & fodder and for that purpose a number of mechanical devices & useful cultivation .
practices have been evolved such as ploughs for ploughing, hdrrows for seedbed
preparation, hoes for hoeing, seed cum fertilizer driller for sowing the seeds & application

, of fertilizers. Man has to perform the operations at proper time such as'land preparation,

sowmg, thinning & gap filling and- also the plant protection meabures, optimum plant
population, recommended femlrzer applrcat on at right time & depth, proper water mgt.

practices. The SOI} watet, . plant & managelnpnt are the four factors, which govem
successful crop production, . | - ~ -

5) Clrmate Another factor that mﬂuence the growth deveIOpment, & productlon of crop is

the climate which is out of control by the man but mgt. practices of the crops can be altered
to harvest maximuni yield. Climate is the most dominating factor influencing the suitability

+ ofa crop. to a particular region. The yield potential of a crop mainly depends on climate, - |

More than ?O% of variation in yield |of a crop is due to climatic differences. The type of

- vegetatron or crops are determined by climate. The most important climatic factors that

influence growth, development & yield of crops are solar radiation, temperature & rainfall.
Relative humidity & wind ;velocity .also influence crop growth to some extent. The

‘atmosphertc factors which aftject the crop plaats ¢ called climatic factors which include 1.

Preerpltatron, 2. Temperature, 3. Atmospherlc humrdrty, 4, Solar radiation, 5. Wind
velocity and 6. Atmospheric gases, =~ '

: Erecmitgtign' It results from evaporlatxén of water from sea water and land surfaces The
" - process .mvolved in the transfer of moisture from the sed to the land & back to the sea again

what is known as .the hydrologic cycle. Continuous circulatioi of water between
hydrbs'pher;e', aunosphere & lithpsphere called as hydrologic cycle. Precipitation includes

| 20 |
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rainfall, snow or hail, Fog drip & dew also c)ontrlbute to moisture. Fog consists of small
water droplets whlle dew is the condensation of thé water vapour present in the air,

[

Precxpltatton influences the vegetation of a place. Most of crops receive their water supply

from rainwater which Is the source of soil ‘moisture so essential for the life of a plant. The
yearly precxpltation, both in total amount & seasona.l distribution’ greatly affects the choice

. of cultivated crops of a place.
Iemmm_tg_[g' Tt is eonsxdered as a measute of mtenslty of heat energy The range of

, maxxmum growth for most agril. plants ls between 15 & 40°C, Every plant community has

3.

its own minimum, optimum & makimum temperature known as their cardinal points.
Temperature is determined by the distance from the equator (latitude) and the altitude.
Apatt from the reductlon in yield many 1njunes such as cold injury which includes. chilling
injury, freezing injury, suffocation & heaving, and heat uuury '

. Maize & sorghum (8-10°C, 30°C 40°C) Rice (10-11°C 30°C 35°C) Wheat (5°C,

25°C, 30°-32°C).
Atmospherlc humidity: Water which is present in the atmosphere in the form of invisible
water, vapour, termed as humidity of the air,| ET of crop plants increases with the

'ltemperature but decredses with high relative humidity affecting the quantity of irrlgation
water Moist air favours the growth of many ﬁmgr ‘& bacterla whxch affect seriously the'

crop, - i

EQI_mMJ; : Solar energy provides two essential needs l)f plants: a) Light required

. ,for photosynthesw & for many other functions of the lplant“ mcludmg seed germination, leaf

expansion, growth of stem & shoot, ﬂowenng fruiting & evca dormancy. b) Thermal
conditions required for the normal physiological functions of the plant, Light helps in

| synthesis of chlorophyll pigment. Light affects the plants in four ways: mtensxty, quahty
., (wave length), duration (photoperiod) and ﬁllrectton )
S, Wind zg]gg;tx It affects growth mechanlically (damage to crop) and physiologxeally

_ (evaporanon & transpiration). Hot dry wmds may adversely affect photosynthesis & hence'
| productivity, by ~causing closure of the stomata_even when soil moisture is adequate,

B ‘Moderate- wlnds have a beneficial effect on photosynthesis by continuously replacing the
: COz absorbed by the leaf surfaces. '

; .
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'CHAPTER -1II: TILTH AND TILLAGE :

RN Soil is the mediurn in which crops are grown byt in its natutal state, It is not in &n ideal
*'" condition to grow them satisfactorily. Surface soil in whic{ll seed are to be sown, should not be

hard & ,bdmpgct, but soft & friable, so that tender shoots ¢f 'g_efiniqating seeds can push above

. " the soil sqrfa'c,c.: without any difficulty and the young foots_ penetrate easily into the lower layers -
" of soil in search of food, Water & air. Soil should also be fige from weeds which other wise rob
- .. the"crop of water & nutrients. It should also have' sufficient’ water & air which are very

necessary for plant growth,

3 o priz‘shiQQ; discing, hanoang, levelling, ,'compac‘ting,' intefcp}tu;ing etc. by tillageI implements.
S " Tillage is as old as Agriculture, Primitive man uséd to disturb the soil for placing seed,
;Jethio Tull considered as ‘FATHER OF TILLAGE' who written ‘Horse Hoeing
: Hn_xspandfy"bqok. Jillage of the soil qbnsists of breaking the hard ¢ompact surface to a
R ,cefrtain‘l depth and other operb’.ti:ons that gre followed for bringing the soll in a good physical
s ég}.ﬁ_‘ditiq'n'.foxj plant growth. Tillage is the physical manipulation of soil with tools &
' 1mplements result in good tilth for better germindtian & subsequent growth of crop. Tillage is
. the tilling of land for the cultivation of crop plants i.e. tbé.Wp:l_dng of t};e_l_’surf"ace soil for
= X bringing about ‘conditions favourable for raising of crop plants, Tillage is the manipulation of

soil with tools & i'mplen;ients.for loosening the surface crust &, bringing about conditions

' fay'bux_-able for the germination of seeds and the growth of cr;dps.

" Sollitilth is the tell'rp used to express soil condition résg_lting from tillage. Hénce it is the
resultant of the tillage, A soil is said to be in good tilth when it is. soft, friable & properly

- aerated. The tilth is the ph:ysical. condition of the soil bgougﬁt out by tiila’ge_: that influences crop

'r:v.‘.r;iergénée, establishment, growth and development, Tilth is a loose, friable, airy, powdery,

; --grgnu}hr & crumbly structn;n-e of the soil with optimum {rxoispmg content suit_able. for working' &
" Bermination or sprouting seeds & propagules, Soil tilth is that kind of physical condition of
© . soil when it is loose, not very powdery but granulai & when. these granules are felt between
- ﬁqée}s they "a_re..soﬁ, friable, & crumble easily under 'pressure. Such ' soils permit easy

" Infiltrdtion of water & are retentive of moisture for satisfactory g‘:owth_af plants..
: "Cha | '

"s.'.oil, viz. the size distribution of aggregates-and mellowness o friability of soil. -

easu t of sofl tilth : Tilth indicates two properties of -

|
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Size distribution of soil aggregates : The relative proportion of different sized sorl aggregates
is known as size distribution of soil aggregates. Higher % of larger aggregates i.e. more than
S mm are necessary for irrigated agriculture while higher % of smaller aggregates(l-2mm) are

-desirable for dryland agriculture. Theoretically, the best size of granules or aggregates ranges

from 1 to 6 min. However, it. depends on soil type, soil moisture eontent (at'which ploughing is
done) & subsequent cultrvatlon

Mgllgm!mu_mm 1s that property of soil by which the clods when dry become )

more crumbly. They do not ctumble into dust but remain ag stable aggregates of smaller size,

- A soil with good t:lth is'quite porous and has fee dralnage up to water table. The
capprllary & non ~ capillary. pores should be in equal proportron so that sufficient amount of
water is retained in the soil as well as free air. The soil aggregates would be quite firm or stable
& would not be easily eroded by water orbywind, ' |

. Soil tilth is easy to describe but rather difficult to measure, Theoretically, best size of -
granules ranges from 1-6 mm, differs with country e.g. England as more than 15 mm and _
Russra 2- 3 mm. Besides thrs, study of pore space, equal drstnbutlon of macro & micro pores is

‘ good tilth, . i

Ideal soil tilth : An ideal sorl tilth is not the same for all types of erops & all types of

“soils e. g small seeded crops like ba;ra, ragi, lucerne, sesamurm, hustard requu'e a much t'mer -

seedbed, jowar & cotton require a moderately eompact & firm' seed bed and not cloddy or'
loose. . Bold seeded crops like gram, maize germinate even in cloddy seedbed. - .

As regards soil type, & very flne, powdery condition of the surface soil is decrdedly bad
for a hea\fy clay soil as it forms a caked surface under rainy condition and all the rain water is
then liable to be lost by run-6ff, taking away also with loamy & lighter soils.

OBJECTS OF TILLAGE ‘These can be summarised in bnef as below,

. To make the soil loose & pgrou It enables rain water or irrigation water to enter the soil

easrly & the danger of loss of soil & water by erosion and run-off, respectively, is reduced.

Due to adequate proportion of micropores (caprllary), the water will be retained in the soil & -

, not lost by dramage

2. To aggate the soil : Aeration enables the metabolic processes-of the thg plants & mlcro-
-jorgamsms etc. to continue properly. Due to adequate moisture and dir, the desrrable
chemical & biological activities would go.on at a greater speed & result in rapld
decomposition of the organrc matter and consequently relelase of plant nutrients to be used by
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: crops. Sxmxlarly, the evolution of Co; gas in this process will result in formmg weak’ ca:bon'c .

[

- acid in the soil which will make more nutrients available to crops.

. To hgvg rggealed exchange of air / gases : There should be an exchange of air during the -
growing period of crop. As the supply of O; from the air that is being constantly utilized in
- seVeral biological reactions taking ‘place in the soil, should be continuously renewed At the

same time (o, that is released should be removed & not allowed to accumulate excessxvely

9I

" +".in the air space. Two major lological reactions are reSplratwn of plant roots & the aerabic
.t ..*"'decomposmon of org. residues by micro-organisms where Oy is utilized & COz released.
ot 'Deﬁciency or excess of Oz may reduce the rate of reactions.

0; in soil aq' & atmy air is more or less same ive. 20-to 21 %. Coz in atm. air is about

l

0. 03% & in soxl air 0.2 t0 0.3%| which is 8 to 10 tlmes more than atm. air. It i is, therefore,

- '_ very necessary’ to often introduce atm axr in the soil to keep the concentration of Co,’ under
" “check by suitable tillage operatxons

: 4 ‘To incre he soil temperature : This ‘can be achleved by controllmg the axr-bvater content

of soil & also _by exposing more of the soil to the heat of sun. Thxs helps in accelerauon of

- activities of soil bacteria & other-micro organisms.

.. To_control wgedg It is the major function of tlllage Weeds rob food & water reﬂmrcd by -

.crop & competmon results in lowering of crop yield. _
I,Q_Mu_bﬂeg Tillage helps in removing stubbles of prevxous crop and other

sprounng mat?nals like bulbs, stolons ete. & in makinga clean field / seedbed.
ngect pests ¢ Insects are either exposed to the sun’s heat or to birds, who would
pick them up. Many of the insect-pests remain m dormant condition i in the form of pupae in

the top soil duripg off season & when the host crop is again planted, they reappear on the B

crop. Some may harbour on stubbles or other remmer;t of t,he crop, Grubs & cutworms can
be destroyed by tlllage

To des;;ox hard pan : Specxélly designed 1mplements (chisel plough) are helpful to break

“hard pan fonned just below the ploughing depth whxch act as barrier for root growth &
* drainage of sail.

To incorporate organis & other bulky manure Orgamc manures should not only be |

* spread but properly m&orporated\mto the soil. Sometimes bacterlal cultures or certam ;soil

applied insecticides require to be dnlled into the soxl for control of pests like white grub,

‘ white ants, termites,cut worms e.g., Aldnn
- 10, To invert soll to improve fertility : Coy

‘ ’ ‘ ' 24
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" By occassional deep txllage the upper soil layer rich in org. matter goes down, tl'us
plant roots get benefit of rich layer and lower layer which is less fertile comes 1o top. - '

© FACTORS INFLUENCING PREPARMLQRY OR TILLAGE OPERATIONS :

The preparatory cultivation of, the land is done in various ways which is mﬂuenced

by several factors but more 1mporta.ﬁt ones are :| , | i' -

. The crop : : The crop to be grown decides the type & extent of preparatory tlllage glven to the i B

land. Harcy crops like sorghum & other-millets are not sensitive about tilth. Production of _:
fine tilth will increase the cost of cultivation whloh is not economlc Small ‘seeded" or

~ delicate crops like tobacco, chilli, coriander, sesame, mustard etc. requtre a fine seedbed for

wiiich larid is repeatedly cultivated to. get required fine tilth. Sugarcahe & other root crops

_ reqmre degp cultivation of land to loose the soil to the reqmred depth.
. Ixne of soijl ¢ A clayey soil is a,menable to cultivation only within a narrow range of

mmsture OUt 31de this range, the soil can "t be worked satisfactotily & i mcrqases the draft .
requxred Too wet or to dry soils are: dtfﬁoult to cultl\Jate 'l"he hghter soils can be worked ]
under a wide range | of moisture & the draught reqt]ured fot their mampulatton is much less.
Loamy soils are easily brought to good tilth with little cultivation & expenditure of energy.

- Climate : It influences the moisture in the soil, the draught requirsd for cultivation and depth i
& types of cultivation done. For example, in scarcity areas the rainfall is low & the moisture A

in the il prior to sowing does not. ordmmly permit deep culttvatton which tends to dry up

soil to a greater depth & reduce moisture available to the chps eventually (finally). Sowmgs ' '.
" ‘can not be done till depth of cultivated soil is properly. moistened. This results in delayed_
" sowing & consequently the effect on growth & yield of crop; Deep cultivation is béneficial "

in regions having better rainfall, particularly temperate reglons for promotmg aeration,
Summer showers are received in South India which favours m01st condltlon & ulttmately '

. beneficial for preparing the land for next season crops.
. Tgpe of farming : There are two types, irrigated & dry land /ramfed famung Undcr ]
. irrigated farming, intensive farrning is followed which includes ¢ultivation of more than two

crops in a year continuously, without much interval between them. During this narrow period
of mterval the land is to be cultivated ereatedly to brmg required tllth without subjectmg '

the soil for natural weathering for a long peripd. The frequency & extent of tillage operations
increése the cost of cultivation which is serious as the' profitable crops are raised in an L

intensive manner. Dry land fammg depends entlrely on rains &'in such "areas only one crop A
} IS taken in a year, The interval between crops & successive cultwatIon operations is long

fe
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Weathenng plays &n 1mportant tole than cultivation. Hence they are limited with wide

intervals between them, The cost of cultivation is kept down & the low productivity of land
does not warrant a htgher investment,

vl i ' l
A) m g gn soil + 1) Loosens the soil which' favours the germination & growth of crop, 2)
"l ImProves the soil structure due to alternate drytng and cooling, 3) Improves soil

permeltbﬂlty, soﬂ aeratton & soil i inversion, 4) Facilitates' the movement of water in soil, 5)

Results in soil & ‘water eonsérVatlon through higher mﬁltranon, reduced run-off & increase
| : depth of soll for moisture storage, 6) Holds more water m the soil, 7). Increased soil aeration
helps in mulupheatlon “of mipro-orgamsms, 8) Org. matter decomposition is hastened
resultmg ln higher nutrient "avaxlabthty, 9 Inoreaed aeratxon helps in degradation of
‘ ~herbxctde and pesncxdal resxdues '& hannﬁll allelopathtc ‘chemicals exuded by roots of .

Hy prev:ous crop or weeds :
I v [lage ope tions als l uence the physical properties of sofl like :
1) Pgre spd g ! : Tillage increases the pore spaces i.e, space between the soil particles, due to

equal amounts of capillary & non-captllary(Macro & micropores) pores. This facilitates free
at movement of air & moisture in the soil & i acreades infiltratior.

2) O'! 5 gmre : Soils’ with crumble & granuler clods are considered as. soils with good

T structme wb.teh can be achteved by proper tlllage opexauons at optimum moisture. This
reduce t.he soil loss, due to erosion. :

i '3) Ell_ls_dﬂlﬁ.t! When soil is loosened, the s01l volume mcreases without any effect on
! welght. Therefore, bulk density of tilled soil is less, than upnlled soil which is favourable in
3 rmany ‘ways for crop, micro Ofgamsms, ete. - ' .
14) Soil colour : -Tillage i mc:eases oxidation and dscc mposition resulting .. fading of colour,
.+ The org. matter is mamly responsible {ur: the dark trown to. dark grey cviour of soil.
‘\ 3) oil wages : Ttllage improves soil watsr in divcerent ways which depends on sail porosity,
| ‘soil depth & roughness Tillage also ‘rcreses rate of infiltraciori, water holding
. capactty(WHC) & hydrauhc conductivity. ' :
‘6) oll temperature : Tlllage creates upts soil temperature for seed germination & seedling

L estabhshment Tillage loosens the soil svh»t‘age rsulting in decrease of thermal conductivity

f' % (rate of heat transfer at which the heat penetn es ) and hent capacity (heat storage / unit
" ‘area). *
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B) Effects on crop growth : 1) Tillage loosens the soil thereby favours the éerlnination &

establishment of seedlmg 2) Tillage helpa in maintaining the optimum plant stand, 3)
Increases depth of root penetration, 4) Roots proliferate profusely in loose soil & increases
the growth of seminal & lateral roots. 5) Reduce the competition within crop & weeds for

 light, water, nutrients & space thereby helps in better growth of crop, 6) Tillage reduce the

pest attack on succeeding crop, 7) Tillage helps in‘availability of nutrients to crop.in proper
amount, '

TYPES OF TILLAGE_OPERATIONS: Tilsge includes yse of diffrent kinds of
implements at different times which are classified on the basis of their timings into-3 types:

. Preparatory tillage ¢ Tillage operations that are carried out from the time of hdrvest of a

crep to the sowing of the next crop are known as preparatory cultivation / tillage . QR

. Operations carried out in any cultivated land to prepare seedbed -for sowing crops are h

preparatory tillage. These are time consuming & costly but are ito be performe& at right
stage of soi} moisture & with right implemepts, otherwise it will not help in good growth of
crop. These includes in sequence, ploughing, clod crushing, levelling, discing, harrowing,
manure mixing & compacting 'the soil and the _implements to be used are ploughs, clod
crushers, disc ploughs or harrow, bladed harrow etc,

It includes primary & secondar‘y tlllage ! ) Primary tlllgg : It mamly includes the .
ploughmg operthon which is opéning of the compacted soil with the help of dlfferent, ‘
ploughs. Ploughing is done. to : 1) Onen the hard soil, 2) Separate the top soil from lower

layers, 3) Invert the soil whenever ne- essary, and 4) Uproot the wcecls & stubbl¢s'
The cutting & inverting of the soil that is done’ after the harvesl; of the crop or

untilled failow or to brmg virgin or new land under cultivation is cdllecl p_dmgn'_;mgxg. It
may be done once or twice a year in normal or settled agticulture or once in four to five years

in dryland agnculture b) Sgcgq:. any lage : Lighter or finer operations perforined on the
soil after pnmary tillage are known as gcondagx tillage which includes the Operatxons'
performed after ploughmg such as clod crushmg, levelling, discing, harrowing ete.

. Seedbed preparation : When the soil id brought to a condxtxon su:table for germmanon of
" seeds & growth of crops, called as SEEDBED. o ! ,
' After prepartory tnllagc the land is td be laid out properly I‘or irrigating crops if -

irrigation is avaxla_.blc for sowing or planting seedlings which are known as-seedbed -

preparation : It includes handwing, levelling, compacting the soil, preparing irrigation

layouts such as basins, borders, ridges & furl'ows etc. and are carried out by Using hand tools °

2
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or imple_me ts like harrow, rollers, plank, ndger etc. Aﬁer ﬁeld preparation, sowing is done
Wwith seed drills. Seeds are coverd & planking ls done so as to level & impart necessary
compaction, - , o S

¢ The txllage

'Operatlons that are carried out in the standmg crop are called inter nllage operatrons. The .
o tlllage operations done in the field aﬂer sowmg or plantmg and pnor to the harvestmg of -

- crop plants known as jnter cultlvatio n, It mcludes gap ﬁllmg, thmmng, weedmgs, mulchmg,

top dressing of fertilizers, hoemg earthmg up; etc. "unless these are camed out at right time,

- with suitable lmplements mamly hoes & hand- tools the crop will not’ attam a wgorous
. growth, These operations are camed ot ln hetween the crop rows. C

Tillage gp rations and impleﬂnegg 1 A) m»_aﬂmg_h_gg

Ploughing It is considered to be the rhost essential operation for growmg crops It is done

* by different ploughs which a.re of 3 types 1) Deshi or' wooden or Indlgenous plough 2) Iron .
. mould board plGughs 3) Specxal purpose ploughs :

The iron mould board ploughs may be 1) Reversrble or Tum-wrest mould board

. plough and 2) Non-revers1ble or ﬁxed mould bqard plough Former is drawn by, bullocks

and later with the tractor. Dependmg up oi the. welght and no - of bullocks to be used the :
réversible LM.B, ploughs may be, i a) Light R.I.M B. plough drawn by one bullock pair.b) -

- Medium' R.IM.B., plough drawn by two bullock paxrs & c) Heavy R.I.M.B. plough drawn . "

by three bullock pairs. “The specxal purpose plughs are a) Disc plough used: - for dlscmg or

. loosening of the soil. b) Sub soil plt)ygh used to break hard layers or pans thhout brmgmg
“'them to the surfaec ¢) Chisel plough used for breaking hard pans &.for deep ploughmg
- (60-70 cm) with *less dlsturbance to the top layers d) Mge_ used to spllt the field into
~ ridges & furrows it) Clod crushing : It is not always necessary When there are the clods
, the rains recewed will soft & break the clods ‘It is necessary 1n rabi season Clods are
broken by'a plank, blade harrow or hand malleu mdlgenous unplement (a big log of wood) Lo

called maind, . The best implement for ‘this purpose is the norweglan harrow, Wthh breaks the
clods by plercmn & breakmg actlon m) gvel!ing of lggg It is reqmred in 1mgated area &'

- carried out after ploughmg to ensure even dlsmbutlon of rain & irrigation water to avoid

| stagnation of water -in low lying areas and alsdﬂto stop ‘soil erosion. Implements such as

~ bamboo petari, American petah blade harrow tied with rope rourld the prongs, planker,
plank-leveller, buck scraper, float, Keni are used for lavellmg 1v) Manure mlxlgg Manures,

- are spread over the prepared bed by manually or w1th the help of country p_lough, shoyel
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looth cultivator, a blade hdrrow, d1sc harrow V) gompacﬁnf thg sggl ¢+ It is done by
working an inverted, harrow or - sxngle /double plank. vi) Cul;iv tor : It is used to break &
logse the soil.

B) Implemcnts used fo:_- seedbed nrepara;ion :

i) Harrowing is done by a blade harrow Wlth the purpose of clod crushmg, levellxng, collectxng
stubbles, destroymg gennmatmg weeds and compacting the soil, a. multxpurppse implement.

commenly used by the, farmer."Disc harrow drawn either by |bpllocks or tractor, is'an .
improvement which cuts. & pulvenses the soil.

i) Coyering of seeg is carried bya light blade harrow ora plank. o _

iii) Ridging : Ridgers are used for opening ndges and* ﬁ.n'rows for sugarcane,' vegetabl'es,,
irrigation layotxts ‘field chanels. .. - S ' : ;

iv) Lm_nka_mﬂMg Sowmg may’ be done by putting’ the seeds thmd plough, seed._ -
drills which may be doffan, tiffan or choufan, Seédmg & fertilizer application are done at the
same time by providing two separate bowis, called as fertx-cum-seed driil. Seed may be sown ’
mechanically to maintai row to row & plant toplantR /R & P/ P)dxstance 'I‘here may be
sowing of seed and fertlhzerapphcatlon t the same time, | SRR -

Implements for inter gulgvatjg JOperatxons carried ofit- m'between the crop rows called .

interc ittvatlon 0 : ) e ulti re: e S
" These ‘are’ necessary for destroymg weeds preventinq crackmg of soﬂ aeratmg the

soil to absorb more moxsture, prumng of roots,. earthmg up of plants, destroymg insects &

thinning of crop plants i) Thir gap fillin :Theseare done by.manual labqur/hand a

in whicH 'plants are upx‘dotéd‘ fi6m. dense’ places and the gdps are; filled to’ mamtam the

optimum plant population. if) Wgeging tltis. dond either by hand with. the'helplof a khurpx/

sickle or hoes drawn by. hand or bulloclfs Hoes may l?e of entire blade, slit blade, spring N

teeth or Akola hoe Japanese / Rotary paddy weeder, karjat hoe / Touchi gurma ete. jii)

Farthing up may bé done by country plbughor ridger in S.care, banana, potato Sometime

it is done.by manual' Jabour with kudah iv) Soraving is done by. sprayers which may be

mannually operated, mechanical - power drawn to " control msects-pests & diseases.

v) Dusting is done By duster used for dusting 1nsectic1des to control insect-pests

D)Sﬂﬁmmm.ﬂmumg ' A

1) Reapers & harvesters used to harvest wheat or paddy 2) Ih;g_s_’gg_"used for threslug whlch"

Inay be bullock (ol pad) drawn, tractor drawn, or electnc motor dirven, 3) b_ato_dlgge; used -

to harvest potatoes 4) Grgmd tjd!ggg_r uscd to harvest G.nut, 5) Q.n_t_shllg_: usqd to |
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separate kernels from the pods. 6)1 Maize sheller used to Separate marze grains from cobs. 7)
.Sss_d_dgeggmg_gmm used to treat the seed wlth chemxcals 8) Hgng_g_n used to separate lint

from seed cotton.

Tools used in agriculture.: l)lﬂmml. To rémove weeds.2) Kudall : To dig the pits &

earthing up. 3) Axe : To cut the wood & hawest sugarcane 4) Pickaxe 1 To digout the pits.

5) Sickle : Tp cut the hardy weed & crop plants & forages. 6) ngng : To transport soil
or produce from the one place to other. 7 _C_m-bar To open the hole in soil while fencing.
the thorny bushes, 8) Q_hb_lg_{ For dibbling the seeds,

( For other tools, refer practical manual )

MODERN CONCEP TI E: ‘

Tillage is time consuming, laborious & costly, owingto this new  concepts like minimum
tillage & zero tillage are 1ntroduced

B Minimym Tillage : It is aimed at reducxng txllage operations, to the mimmum necessary for

ensuring a good seedbed répid gcrmination, a satisfactory, stand ‘& {avourable growmg
conditions. Tillade can be reduced by : 1) Omlttmg operatrons which ‘do not give much
benefit when compared to the cost and 2) Oombmlng agncultural operations like seedmg &
fertxlxzer appllcanon . : |

Advantages': 1) Improve soxl condltlon due to decomposition of plant residues in'situ, 2)
Higher infiltration cause'd by decomposition ¢f vegetation Ppresent on soils & chanels formed
by decomposition of déad roote, 3) Less res’ ‘tance to root growth due to improved structure,

- 4) Less soil compaction by reduced movemer. of heavy ullage vehicles. 5) Less soil erosxon

compared to conventxonal tillage,

Disadvantages 1) Less seed ~érmination, 2) More ‘N’ has to be added as rate of
decomposition of organic ‘matter is sluw. 3; Nodulation may affect ln somie lagumes 4)
Sowing operatxons are dxfﬁcult with ordmary implements,

. Zero tillage ; It is an extreme form of minimum tillage, Prlmary txllage is completely *

avoided & seconda.ry tillage i 1s restncted to seedbed preparation in the row zone only. It is

' followed Where l) Soils are subjected to wind & water erosion, 2) Timing of tillage

0perauons 1s to0 dxfﬁcult &3) Reqmrements of energy & labour for tillage is too high.

Advantggg 1) Soils ‘are homogenous in structure yvrth more no. of. earth worms.. 2)
Organic matter content increased due to less mineralxzatton 3) Surface runoff is reduced due
to presence. of mulch. Several operatrons are performed by usifig only one implement, In this

' weeds are controlled by spraymg of herbxcldes

o _'30_'
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.D_i_g_gg_v_a_rgggg : 1) Higher ‘N’ is to be applied due to slower rqineraliZq.tion of org. mater.
2) Large population of perennial weeds appear. 3) Build up of pests imore” ..
3. Stubble muleh tillage's The $6il is protected at all times either by growing a crop or by crop
residues lef on the surface d.u,rix;.g fallow periods. It is year rdux:\d systc;rn_E of mangging plant
. residue with implements that undercut. residue, loosen the Soil 'ax;c.! il weeds. Soil is tilléd as
often as necessary to control weédsiduririg the interval between two Grops.. However, it
©presents the brdctical problém s the residues léft on thé surface ihteffcr_e' with seedbed
. préparation & -sowing operations. The traditional tillage & _éo'w'a.iihg' equipment is not .
suitable under these conditions. _ : T r.' .
‘ Modern méthods of tillage are not practiced in Indian condition because : ) left. over .
. residue is a valuable fodder & fuel, II) Limited use of hea:vy maéhiiiery & therefore problem -
of soil compaction is rare, * S '

~ S
4, Puddling : Puddling is ploughing the land with standing water so as to create én'irﬂpeﬁiops‘
layer below the surface to reduce deep ;iercolétibn losses of watér and {o provide soft
seedbed for, ﬁlmtidé dce. This_followe:d in rice ag :ﬂ'x.e growth andyxeld 'a"r.e. highér,‘ w}_ign _
grown under submerged conditions. Maintaining stén'c,!lng wager thx‘oughbut the g:rqp_.pei'iod. .
. is not possible without puddling, It éims.‘ at destroying soil structure and separates individual o
soil particles i.e. sand, silt & clay, during operation and settles ‘l.a'ter.. The sand pa‘rti'cle's-,reach" '
the bottom, over which silt particles setfle & ﬁ;ialiy clay bartiqqu_"ﬁli the' pores thu's.hxhaldng' '
impervious layer over the compacted soil. It is done with several impl'éﬂlxents.deﬁénding on
the availability of equipment and the nature of land such'as spade, wétian'gl 'ploguh;wor‘n out
dryland plough, mould board plough, wetland puddler, country plolxéh, etc. It consists of .
pooughing repeatédly in standing water until the soil becomes soft & middy. Initialy, 5-10
..cm of water is applied depending upon the water status :'of. the soil.tobring. saturation and
. above and the first ploughing is caried out, After, 3-4 days, ariother 5 e of water is applied
& ‘second-ploughing is carried out after 2-3 days. 'By'thlis, dpexjatioh,'mo'st of the qfods are
-crushed and majority of the weeds are idcorporated, Within 3-4 days, andther 5 o of walter -
isgiven & thitd ploughing is done In both the directions. Plankinig of leveling bokrd is run to”
level the field. T 3
5. Conservation fillage : It is disturbing the soil to the minimum extent & ledving crop -
residueson the soil. It includes minipurh & ze'rp,'tillége which can reduce soil loss up fo 99%
over conventional tillage. In most cases, it reduces Isoil“lvo'ss by. 50% ovgr'cdnqufiqnql

| * . "
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. tillage. Convepttonal ttllage includes ploughmg twice or thrice followed by harrowmf, &
planking, It leaves no landl unploqghed & leaves no resxdpes on the soil. '

i . ' [N

| CHAPTER IV SEEDS AND SOWING
ﬁEE_Q is, the any matenal usdd for plantmg & pmpagatton whether it is ih the form of

' seed (gram) of food, fodder fibre or vegetable crop or seedlmgs, tubers, bulbs, rhtzomes, roots,

ings, graﬁs or other vegetatively. propagated material.
, S_md_ isa fertthzed ovule consisting of intact embryo, stored food (endosperm) and seed
coat which is viable & has got the capacity to germinate. .
- As’we say, “Reap hs you sow”, the good quality seed must have followmg characters:
1) Seed should be genetically pure &'should exhibit true morphological & genetical characters
of the parttcular straut (True to type). 2) It should be free from admixture of seeds of other
strains’ bf the same crop or other crop, weeds, dirt and innert matertal 3) It should have a very
high & assured germmatton percentage and give vigorous seedhngs 4) 1t shouldbe healthy,
well developed & uniform in slee S) It should be free from any disease bearmg ol'gamsms ie.
pathogens 61t should be dry & not mouldy arid shotild. contam 12-14% molsture '

Seed is the basxc mput m the crop productton which should be of good quality. -

- &wﬂm : means the resuxnptlon of growth by embryo & development of & young
x 'seedlmg from the seed is an act.vation of dormant embryo to glve rise to radicle

(root, development) and pl\xmute (stem development) (- Germination is the awakenlng of the

) dormant embryo] The process by which the dormant embryo wakes up & begms to grow is

known as gmlga_t_ig : - | .

§eed emergeg means actually comtng ebove and out of the soil surface by the seedling.
Wm l) Swelling of seed dhe to imbibitiod of water by osmosis. 2)
Initiation of physiologtcal activities such as reSptratton & secretion of enzyme. 3) Dtgestton of

. stored food by enzymes . 4) Transloeatxon & assimilation of soluble food.

When seed is placed i m soil gets favourable conditions, radicle grows Vtgorously &

_ .comes out through mxcropyle & ﬁxes seed in the soil. Then exther hypo-or epl-cotyl begins to

o - L - ‘e 0 . . .
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o germinating seedling , light is quite essential. o . . :
..5, 's_u"bstratg'm + It is the medium uzed For gerninating séé,ds. In the|laboratory, it may be

l L Z‘.

o . ! : ' | " .
Types of germ| ination : 1) Hypogeal germination Thie éolyledons remain under the soil e.g.

cereals, gram, 2). Epigeal germination : The cotyl¢dons pushed above the soil surface e.g. - |
- mustard, tamarind, sunflower, castor, onion. ‘ . '

* FACTORS AFFECTING THE GERMINATION e

L. EXTERNAL FACTORS : 1. Moisture ; It enables the resumption of physiological
-'acti\(it,ies, swelling of seed due to absorption of moisture & Catises bursting of seed coat &
_softening the tissue due to which embryo awakes & resumes its growth.

g, ‘Temperature : A suitable temperature is necessary for proper germination, Germiantion

- does not take place beyond * certain minimum & maximum temperature i.e. 0°C & labove
~ 50°C, Optimum temperature range for satisfactory germination of seed is 25 to 30°C.

-3, Oxvgen : It is essential during germination for respiration & other physiologipal activities

- which are vigorous during the process.

o 4. Light : It is riot considered as essential for ge;milxation & it takes place. without light. The

" _seedlings grow more vigorously during darkness tather in light, However, for survival of
) ) . . ! I : L.
|
absorbent paper(blotting paper, towel of ti ssue paper), soil & sand. Substratum absorbs
. Water & supplies to the gemii'natiqg seeds. Tt rhnuld be free from toxic substances & should

. ,nb’t'aétasme'ldimn for growth, of micro-orga* :.is, -

| HIELE_R&LEM + 1) Food' & auxing : Embryo féedS_ on the stored food material

PR ]

. until young seedling prepares its own food. Auxins'aré the growth promoters, hence quite
g .eségnii_al during the germination. 2) Viability : All seeds remain viable for certain definite
 period of tiriie and thereafter embryo become:, dead, It depends on maturity of seed, storage -
‘conditions & vigour of parents and type of species..Generally, it is for 3-5 years and they
remain for more than 200 years also as in lptus. 3) Dormaney : It is the failure of matre
", viable seed to germinate under favourable condition 'cf mosture, Many seeds do not

: ennin'atc'irrunédiatqu after their harvest, they require rest period for certain physiological

. activities. !

- SE D DORMANCY : Failure of fully developed & mature viable seed to.germinate undes ‘| -

. " favourable conditions of ‘moiture & temperature is called resting stage or dormaney and
 the seed is said to'be dormant, o ~ : o

" KINDS OF .'DORMANCXI IN SEEDS : i)'Pﬁmag'do'rmhg' ¢y : The seeds which are |

o _incaf)i;ble' of 'gcrminatio'n just after ﬁpening even Wl providing  all thq'._favourable

|
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OOItldltlonS are sajd to have primary dormancy e.g. potato. 2) Secondary dormancx Some

. seeds are capable of germination under favourable condtttons just after ripening but when

these seeds are stored under unfavourable conditions even for few days, they become

" incapable of genmnatxon 3) Special tvpe of dormancy : Some times seeds germinate but

-, the growth of the sprouts is found to be restncted, because of a very poor development of .
. ‘roots & coleoptlles

gAggEs OF DQ&M' ANQ! The dorma.ncy in seeds may be due to any single or a

. . combination of mo:‘e than one of the following causes. |

‘ eed coats. beir ermeable to water : Some seeds have a seed coat which is
,-tmpennpable to water. Such seeds even when fully' matured & placed in favourable .

condtttons, fails to germinate because of failure of water to penetrate into the hard seed
' '. coats These seeds become permeable, if they are treated with HaSOq4 or dtpped in boiling

- water for few seconds e.g. cotton. ,

ﬂg_r_d_s_ge_d_gg__ : Seeds of mustard amaranthus ett. coritdin a ha:d & strong seed coat
which prevents any appreciable expansion of embryo. Thus, if the seed coats fail to burst

.the embryo will remain dormant even afier prqvtdmg all the favourable conditions for
. _;'gerxmnatlon
- Se ﬂ coaty: being g_:permeable to 0; The seed coats are 1mpenneable to O & 1f the seed
'- coats do not rupture the seed fails to sprout, ) .
',__I_IQLQ_WQ_ : The seeds which are appanently npened contain a

: _rudimentary dr imperféctly developed embry7 and the germmation iof such seeds naturally

. gets delayed, until the emhryo develops prey, «y,
' _gmm ‘The seeds of apple, each pinus etc. do not germinate even though

' the embryas are eompletely developed and all the, favourable conditions for germination

are provided, In such seeds, physiologica!. .changes called after npenmv take place during "

',the period of dormancy which enables the seeds for germmanon :
. §znthg§§g & accumulation of germmation inhihltors in_the seeds Plant organs .
-'synthesxze some chemical compounds which are accumulated in the seeds at maturity ard J

. these-chemicals inhibit the germination of their seeds.

| .'-.-Memog,s TO BREAK THE DORMANCY :
o

Scanﬂcanon.. The dormaxtcy d\he to hard seed coat or 1mpermeable seed coats can-be

gbroken by scanﬁcatton of secd coats It should be done in such 4 way that the embryo is

' not injured,
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- ',.-"'-,b) Pre-dg_'mg ¢ Seeds should be dried at a temperature not exceeding 40°C  with free

f) li tio of pr

o a) Chil!ingfggg gni!]ing) The seeds are placed in contact wjth the moist substratum at 2

temperature of 5 to 10°C for 7 days for germmatron e.g. cabbage, cauliflower, sunﬂower |

ctreulatxon for a period of 7 days before they are placed for gerrmndtton e.g. maize, lettuce.

s . ©) gr_e_-wgshing In some- seeds, germinatron is affected by naturally occuring supstances

“which act as mhxbrtors which can be removed by soaking & washmg the seeds in the water
before placmg for genmnatlon e.8 sugarbeet

o . '-d) gre-goakmg ¢ Some seeds farl to germinate’ due to hard. seed coat, Such seeds sould be

.soaked in, warm water fot some’ penod S0 a5 to enhance the process of imbibition e.g,

. -chillag, subabul; .

o &'} B!_hhmuzm Some seéds are subjected to meehameal Scarification

* ; either. by. nibbing therm agalnst rough surface or puncturmg the seed coat with pomted
. 'needleeg corlander, castor, "' ' !

Germmanon of Med:cago sativa s found to be
_mcreased when a. hydraulxc pressure of 2000 atmosphere at 18°C is apphed It may be due
toi mcrease in permeablllty of seed coat to watér and Oz

. .1')' :gtiﬁgatlog In some seeds after npemng, low temperature: and moisture conditions -
1 requrre m artificial stratxficatron. Seed layer altered: wrth layers of mojst sand or appropriate’

matenal to store at low temperature e.g. mustard & groundnut

It also help to break the dormancy & increase the germination,

- _ 3) gnem;ca] treatments a) Botasgium gitrate treatment [QQ;) The matenal used for

placmg the seeds for germmation 1e. substratum, may be moistened with 2% solution of I

KN03(28 KN o} + 100 ml of water) e.8. nee. tomato, chrlhes }

‘b) Gi lgperellic acid trga@ent The substratum used for germlnauon may be morstened thh

500 ‘ppm solution of GA ie. 500 mg in 1000 ml water e. g. wheat, Qat.

| , c) m_-gm_amm_t : Potato tubers are drpped in thio-urea solution (1%) for one hour |

when fresh harvested produce is to be used'as seed material.

"' THEINDIANSEED ACT(1966): o

It was enacted in 1966 and has been in force smce QOct. 2 1969 in all over states of [ndia

. This adt axms at regulatmg the, quality of seed sold for agncultural purpose through compulsory C
. label]ing and voluntary certification; Under compulsory labelllng, any one selling the seed of a
‘ notxﬁed kmd or varxety, m the region for whtch 1t has been nonﬁed should ensure that b

s
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S .The seed conﬁrmF to the prescnbed limits of germmatlon & punty, 2. The seed container is
"‘ y labelled in the presenbed manner, and 3. The label truly represents the quality of seed in

o -'the eontamer , - ‘

Under voluntary certification, any one tnterestecl in producmg certified seed may do

"'-~so by applymg to the seed certification agency for the' grant of certificate. The agency

TR ,-:gmnts the certxﬁcate and cerfification tags after satlsfymg 1tself that the seed has been

v

S produced accordmg to the prescribed standards and procedures -
- 'I'here‘ are. two_ bodies, -viz,, the dentral seed - committee and the central seed

-"_._cemﬁeatwn board; whrdh advise the central and the, state govemments in the matters |

‘ : 'related to the general administration ofthe seeds act and of seed certification, respecnvely

'. m IPLICATION & DISTRIBUTION OF SEEDS :

In Indra, farmers depend for thelr seed supply primarily on the state department of
Agneulture and the National Seeds Corporanon The Department of Agriculture in all states
* have a- planned pro gramme of seed rrlultxpllcatron
QL;;MM}_& Thé vatious classes of seed that are used in a seed production

pl‘ogramme are : l Breeder seed, 2. Foundation seed, 3. Registered seed and 4. Cemﬁed seed.

These different olasses of seed have different requirements and serve different functions :

1) ELQe_d_eg_ggg_ It 18 the seed or. the vegetatrve prOpagatmg ‘material produced by the breeder .

who developed the pérmeular vanety 4The produgtion & mamtenanee of breeders stock on
. main research stahon is controlled by the plant breeder, It is produeed by the institution

where the variety was developed in-case the ‘breeder who developed the variety' is not’

avaxlable In Indla, It is also produced by’ other Agn Universities under the direct

supervtslon of  the breeder of the concerned crop Workxng in that University, this

; arrangement is rnade in view of the large quantxtxes of the breeder seed léqmred every year.
Itis used to'produce the foundatron seed. | ]

BLQMESQ.Q! EEEE l C[ags o{gg d " Remarks,
R e _ 1. Genetic purity rigidly

Orlginatxng brqeder or : BREEDER .maintajned. Mass seledtxon
e Expenment station* S SEED ' . often practiced.
L e .| 2.-Source of all other
L \ * = classes of seed.
NSC/SSC at thelr far'lns t L
o under strict control, at . FOUNDATION ~ 1. Genetic purity malntained.
other statlons R o \ l $EED '2. Progeny of breeder seed.
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as well i | I
' Progressive farmers V. ¢ ‘ | 1. Genetic purity mainra,ined
under technical ' REGISTERED 2. Progeny of foundation , .
guidance and . SEED - seed or registered seed.

- supervision from _ AT [ 2 Qmitted_.inIndia.I
.8SC . - 1 - o ,

' - *V o l [ 1. Certified by SSO agency ,
Progressive farmers 0 ; R 2. Conﬁrms to prescribed purity
under supervision ' CERTIé-‘IED & quality requirements.
from SSC oy ' 3. Used for commercial
; o J L ~ crop production.

I T RN A

Drstrrbuted to farmers for Commercial crop productron

It lS generally pure having hrgh genetlc purity (100%). Off type plants are promptly

| ehmmated and care is taken to prevent out crossmg or natural hybndrzanon & mechamcal
* mixtures. :

l .

: 2) Foundatlon seed It is the progeny of the breeder seed and is used to produce reglstered

seed or cemﬁed seed Itis obtamed from breeder seed by direct increase. Itis genetxcally

'pure ‘and is the source of regrstexed and / or certified seed. Productron of foundauon seed is |

. the responsibrhty of NSC Itis produced on Goit. farms (TSF), at expt. stauons, by Agrr
Universwes or by competent seed growers under strict, supervision of experts from !,\ISC It
should be produced in the area of adaptation of the concerned variety,

3) Reg;stered sged s It is produced from foundatron seed ors from regrstered séed. It is

genetically pure & is used to produce certified seed or reg;stered seed. It is usually
produced by progressrve farmers accordmg to techmcal advice and supervrsron provrded

by NSC. In Indra, often regrstered seed 1 is ‘omitted' and certxﬁ'ed seed is produced drrectly'

from foundation seed ' ] lh‘ &

- 4) Certiﬁcd seed : It is produced from foundauon, registered or certified seed This is so

known because it is certified by a’seed éeruﬁcatron agency, m’thxs case - state seed
cemﬁcatnon agency, to be suuable for rarsmg a good cr0p The certified seed is annually
"produced by progressive farmers ‘according to standard seed production practrces To be

+ certified, the seed must meet the prescribed requrrements (regardmg purity & quality, It is

' avallable for general distribution to farmers for comrdercxal crop production.

1
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TEgS IN SEED MULTIPLIQATIOE The vanous classes of improved seed are )
recogmzed td facilitate the maintenance of genetic purity of the variety and to ensure a

eonunuous lsupply ‘of good quality seed at a teasonable cost It also helps in the
’ multiphcatton of the seed rapidly while maintaining its purity, |

SEED TESTING : Seed tests consists of a series of tests destgned to determine the quality
of’ seed Seed tests are done in seed testlng laboratenes Almost every state has a seed
testmg laboratory which performs the followmg ﬁmeuons i Conduetmg research on'seed
testmg methods i, Trainmg of pérsonnel in seed testmg, m Deterrmnmg the standards for
seed punty and seed quality for various crops. iv. Seed testtng for certification and for
1mp11mentatton of seed laws of the country,

Following. tests are conducted to determine the quality of seeds : I Punty test, 2.
Genmnauon or seed viabtlxty testand 3. Moisture content test.

l 1’_____tx__t_s_t Purity donotes the percentage of seeds (by wexght) belongmg to the vanety

1]

- Weight of B
Punty (%) - eight o pure seed@ : "% 100 -

- Total wexght of worlcns u.mp!e(g)

under cemﬁcatton :

2; é"éd viabxlig or ermingtgon test ¢ It is detenmned as per cent of seéds that produce or

‘ \ '.' are hkely to produce seedlmgs under a suxtab[e environment. ' R

i  The two tests: most commonly used for the’ detenmnatxon of seed vxabxhty are

gerrmnatton test and tetra zolium method

ngtgatngn test determmes the percentage of seeds that produce healthy root and shoot.

Temperature requirement Vanes from 18 to 22°C. The duratton of germination test varies

frém 7 to 28 days'depending. upon the cmp species. ¢

-‘.ﬁ , . . Total ad. of seeds gerxmnatedi o ’
" Geeminat orlx H= Total no. 'of seeds k.ept.. —x 100

For convenienice, 100 seeds are planted in eaeh sample From each seed lot 4 or'more
samples are plated for a reliable germination esttmate If there is difference of 10% or more in

- the germmatton of different samples from“the samme lot, it is desirab!e (o repeat the germmatton
‘test.

38
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IEIRAZQLIUM METHOD : It determines the % age of viable seeds which may be!
expected to germinate.

The chemical 2,3,5 - tetrazolium chloride or tetrazolium ohlorrcle in'short, is colourless .

but it devel0ps intense red colour when it is reduced by living cells.

" .. Seeds are-soaked in tap water oyemight and are split longitudinally with the helpof a
scalpel 50 that a portion of the embryo ! attached thh such half of the seed. One half of each
seed is placed in a petridish. covered th 1% aqueous solution of tetrazdlium chlonde for 4

hours. The seeds are then washed, | tq tap water & the no.-of seeds in whxch the embryo 1s
stained red is determiried.

Viablelseed% . - No of half seeds stained red 2100
Totd so. of half seeds
The tetrazohum method is faster than the germmatton method and it does not requtre a

controlled enwronmerlt which'is necessary for the germlnatlon test. It is relhtlvely cheaper

than earlier, But it canfiot be applied to all the species. particularly to those spectes that have

very small seeds & embryos, because Spllttmg & examination of such seeds is tedius,

3. Real value of seed : It is the % age of a seed sample that would produce seedlings of the

- variety under certification. This is also known as utrlrty percentage of the seed & is a
functlon of the purrty(P) and germmatton(G) percentage of the seed saxnple -

PxG

o Real value of seed (%) 1 %0

Mo_lsim_em_r_tgm ) lt is deterrmned as % water content of the ‘seeds. Optimum moisture

oontent reduees the detenoratton durmg storage, prevents attack by moulds & insects and
Wy Wy
- Moisture content (%) = -ﬁ-—-—v?-——— X '100
1 )
facilitates processmg It is determined by drymg the seed in oven'at. l30°C temperature for .
‘90 minutes. The loss in weight represents the welght of water lost due to drying.

§§ED Pgongg:ugxg OBQAHI&AIIQM - There are'two types of Cf;ovt / Public sector

‘ orgamzatrons responsrble for ‘seed produetlon '& ‘certificétion in India. The- ﬁrst type of

orgamzation is represented by the National Seeds Corporatton(NSC) which has responslbrlrtxes

for the’ entrre country The second type of orgamzatlons are State Seeds Corporatron (SSCs)' .
. and Staté Seed Cemﬁcatron Agenctes (SSCAS) that have stateque responStbihtles

+

.

. Where, Wy - Wt. of seed sample before dryrng
Wa - Wt, of séed samnle after drvinig, .

P O D et e = -
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N oerﬁﬁcation agericies. Lo :
W A Central Seed Testmg Laboratory is estabhshed at
4. .IARI, New Delhi, There are 18 State Seed: Tdstmg Laboratories spread over states of India. In

2] l"l | e |
: : \ . o . ,
NA:!IONAL SEEDS QORPOEATION .The.NSC was initiated in 1961 under the: ICAR

".. L Later, on 7 March, 1963, it was registered ps a limited company in the’ public sector. It was
- ‘established to serve-two main objectrves i. To promote the development of seed industry in
¥ Indra and-{i, To produce &\suppi'y the foundation seeds ofvanous crops.

e present functions of NSC may be summanzeq as ! 1. Production & supply of

Ce foundatron seed. 2. To mamtam rmproved seed stocks of improved varieties. 3, Interstate
2 .":‘marketmg of all'classes of seed! 4; Export & 1mport of seed. 5. Production of certified seed |
% ‘where required. 6. Planning the' production of breeder seed in consultatron with ICAR. 7.
o l-_Provrdmg -technical asgrstanee to seeds corporations & private agencres 8, Coordrnatmg
,. .cemﬁed seed production of  State Seed Corporations. 9. Conducting brennial surveys of seed'
B demiand, 10, (Coordinating market research & sales promotion efforts 11, Providing’ trarmng

faerhtxes 12. Provxdmg certification services to states lacking established and mdependent seed

|

MS., it is located at the College of Agrlculture Nagput, These have been provrdcd with

: modem seed testing equrpmentd & they are requxred to help in the seed cemﬁcatxon & seed

: ' _control programme, i : . K

X Ep_n_qﬁg_rﬂ 1. To analyze the seed samples for pumy, moisture content,’ Wed seeds(%) & i
e germmatron ete, l2 To assrst the seéd inspectors in detetmining whethet correct labellmg is
" bemg done as per requirements of the seed act.

__Q’MNQQE_&EE_ For’ cultwatron\of any field crop, one must follow the recommended
practrces of seeds arid sowing to harvesr maxxmum yield of the crop. - :

AL &ggm : T’he seed rate per unit area depends on germination of the seed, size of the

i , seed, growing habit ofithe crop, etc, Extremes from the recommended seed rate (.e. -

R .+ too high or too low )- aﬁ‘ect the plant. population & then yield of crop e.g. higher seed |
Vol 'rate will influence higher. plant populhtion/unit-area It results in heavy competition
1 . . ‘Within the crop plants and suppress the crop growth. Lower seed rate will result’ lower .

. plant pOpulatron thereby. lowets the yield l unit area, The seed rate is govemed by the
‘7! ultimate stand desired. Most cropgare seeded at smaller rates under dry land than under
. irrigated condition, Seed rate depénds on size, germmarion, growmg habit, type of

T farming time of | SOng, variety étc. ‘

’ . .R i \.‘ ' ' |
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B. Sced treatment : It'is a ‘process o application” of themicals Qr protectants (with

fungicidal, insecticidal bactericidal or nem tocidal properties ) to seeds, that prevent the

carriage of insect or pathogens in or on the seeds,
Objects of seed treatment : Some, seeds need treatment with some specific objectives before
sowing, B _ . ‘
1. To control_disease: lThere are some seed borne or soil borne diseases, seeds are treated
- with fungicides or organo mercurial compounds like thiram, captan, carbendazim, agrosan,
.cereson etc. e.g. to control paddy blast, seed is to be treated-with agrosan @ 3 g per. kg of
seed. ' ! :

2. To have convenlence in sowi'ng: Difficulties are encour;t'cred in sowing certain crops due'
to special characteristics of the seed like fuzz of cotton seeds, coriender seeds, small seeds
of chilli, ragi, bajra etc. €.g. coriender seed is to be splitted by mbBing it égainst h_ard
surface, Seed of éhilli, sesamum, bajra are m‘ixeq with fine sand| or soil, .

3. To have quick germination Germination of certain Iegur'nino‘usfcrops is delayed due to
thick seed coat which restricts water absorption. Such seed coats are broken to some extent
By mixing them with coarse gritty sand & trampling or poiunding it lightly in a morter with
a wooden pestle for breaking the thlick seed co'at.|Some timejs seeds are soaked. in water for
a specified tithe. e.g cotton seed or paddy seed is sdakﬁ,in water before actual sowing.
Seed of lucerne and Indigo is poynded with pestle. ! '

4. To increase nitrogen fixation in legumes : Legume seeds are inoculated with a particular
i

Rhizobtum culture, This is mixed with jaggory solution: & applied to seed and dried in
shade. It increases nodulation &' thereby N fixation. S e _ |
5. To protect the seed against insect pests: There are som7 inse'gt pasts like ants, white énts,
in the soil which attack on seed and eat, Some timé,s, seed _m':cly be pichd up by birds aﬁqr
sowing. To avoid this, seed is treated with repelleuts like campor, kerosene or- soil

drenching 'w%th indéccticides like BHC, heptachlor etc. For example, the carbofuran
treatment inj‘ov"var. : - : ,

. 6. To_induce earlincss ( Vernalization treatment )+ This is important for breeding

‘programme by vernalization trelatn?ent. As a result of this, life sban is reduced. In this, seed

is soaked in water & incipient germination is induced in’the form of awakening of the

dormant embryo & commencing the changes favouring gernlination in the endosperm,

Such seeds are kept in cold storage for a spécfﬁed time in which germination power

remains intact but the process of germination is temporarily halted. Thus, the plant sﬁ,ends
| 41 | .
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~h, ©+ partof its vegetative period or phase in the form of sprouted seed and the seed so treated is
e o as-a dormant ‘plant./ The period from sowing to ﬂowerxng is thus greatly reduced & with
such adgustment, a variety which is normaily a long duration one, can be made to ﬂower
;% N early. - : '

o s g To ggduge v_a_naglgn Seed is treated to induce variation in its morphologxcal & general -

PP P

o {0 ' strocture by ‘X’ ray treatment. It changes the genetical make up & helps in selection of
n, 3 L ' . desired types e. 8 sonor, a wheat vanety, is the result of sonora-64 treated with gamma
of ! T rays . :
: 2 _ ) 8. lq__mgg'_g_g_m__g Some crops are having seed dormancy in fresh harvested produce.
1e' g oo _poxmancy is the state of rest period of a seed in which it does not germinate even if all the
Is - favourable conditions are available for germmauon Due to dormancy of seed we cannot
- use thé fresh harvested produce for sowing. [t is desirable if the crop get rains at maturity
o &g, groundnut varieties. This dormancy is broken by treatmg seed with chemlcals g
to 1. Thiourea 1% treatment to potato tubers,
" nt 47 9. Seed treatment for special purpose : In vegctativély propagated crops, planting material -
th is treated thh growth promoting harmones like colchicine, Gibberalic acxld(GA), Indol
\ or R '! ‘,acetic acid(lAA), Seradix, sometime cattle urine, These promotks sprouting & growth of
8. E N L . ﬁplant. e.g. onion bulbs or pota\o tubers are treated with maleic h:srazide (MH) for avoiding
K . ﬂ .’ " . : sprouting and growth of sprouts and thereby reducing losses due to sprouting .
,_ ar ’ Seed t;eagment in important crops : 1) Sorghum : Thiram or 300 mesh s __g_l_m_x_ Seed is
] in o coated in seed dressing drum or earthen pot @ 3-4 g/kg seed against smut disease. 2) ‘Baira
o Brme solunon treatment is given @ 20% against eargot and to discard light & diseased seed. 3)
‘ ts, ] Eg_g_d_! Seed is treated with brine sojution @ 3% against blast of paddy and to discard
er .. unfilled seeds, 4) gottou a) Cowdung §Iurn treatment : Seed is rubbed with cow dung -
\ il 1 ‘-':- slurry in 1:1 pmportxon of dung and soxl for convenience in sowing QR Seed is delinted by
‘ n i ! o treatmg the seed with concn. H,S0, for 2 min. for convenience in sowing. b) Seed is treated .
L . “with ‘organo mercurial compound like ceresan, agrosan @ 3 g or thirrm @ 5 g against seed )
, g : borne disease like anthracnose. 5) Corian: Garlis + Seed is rubbed to split the seed for
] ed - even sowing. 6) mﬂ—ﬁw tike seasamum. ba_;rg. tobacco etc : Seed is mixed with
’ he ! ﬁne sand or soil for even sowing of Qoed in the field. 7) gg_gg_g_ a)Seed is dipped in 1%
IE -_f thiourea solution for breaking the seed dormancy. b) Seed is dxpped In streptocyclin solution”
& er @ 200 g in 100 lit, water for 1 hour against Ring rot dlSCaSC 8. Legume crops like i ung,
i ds Udld, §oxbean ete.: a) Seed is treated with thiram @ 3 g / kg seed against seed borse dise

‘\?I . '."v ’.:':' ' *‘, ’ . ’ @
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b) Seed is treated with Rhizobium culture @ 250 g / 10 kg seed for ‘N’ fixation & better
nodulation. 9. Sugarcang : a) Hot water treat (50°C) or hot air treat. (54°C) is given to setts
for 2 hrs. against grassy shoot & other diseases. b) Setis are treated with OMC 6% @ 500 g in
100 lll water by dipping for § min. against smut & increase gemunatlon

OR 'Bavistin @ 200 g in 100 lit. for 5 min. 10) Wheat & Oilseed crops : Seed is coated w1th
thiram or Bavistin @ 5 g/ kg seed'against seed bome disedsts, v

C.  SOWING TIME : It is'the non monetary input which greatly influence the crop,

"growth & yield, Therefore , sowing of crop should be done at recommended dates. Any
fluctuation in optimum sowing time results in drastlc yield reduction e. g. wheat,

D, . DEPTH OF SQWING : It is also non-monetary input which decides plant stand in the
ﬁeld. It influences the germination & emergence of seed. Sowing should be done at
recommended depth. This vary with the kind of seed and its size. Bigger'sceds may be
sown at a greater depth while small sized seeds at shallow, Seed should be dropped in the

moist zone. In kharif, sowmg should be shallow and it rabi deeper exccpt pre-sowing
irrigation,

E.  SPACING AND PLANT PQPQLAILQE -Spacing between the row and within the

plants decides the plant stand/plant populauon per / unit area. Optium plant population

Jesults in ‘normal ‘ctop growth & thereby yield. One can manipulate the R/R & P/P distance.

but care should be taken for maintaining the optimum plant populatlon as per the
recommendations e.g. Jowar & Bajra 1.37 - 1.5 lakh (45 x 15 em), cotton (1mgated) 12000
(90 - 120 x 60 = 90 cm), sugarcane 5000 ( 1 M R/R with 25000 setts.), Groundnut (bunch)
2-2.5 lakh (30x15 cm). A dense population results in competitibn for nutrients, moisture &
light and thereby suppressed growth while less population resultin low yield / unit area,
Yield of a crop is the result of final plant population which depends on the no. of viable
seeds, germination % and servival rates, Egtablishments of pptipum plant population is
essential to get maximum yleld. Yield / plant decreases gradually as plant population /
unit area is increased. However, the yleld/ unit area is increased due to efficient utilization
of growth. factors. Optimum plant populatxon depends on plant size, elastﬂcuy, foraging
area, naturg of the plant, capacny to reach optimum leaf area at an early date & seed rate
Cused. ,
F. METHODS OF SOWING : The sowing method is determined by the crop to be sown.

There are 6 sowing methods which differ in their merits, demerits and adoption. Those are
o, Y " ,e ' , . " { .
. |
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2 Drilling or Line sowing :

!

1. Broad casting 2. Dnllfng or lme sowing 3 Dtbblmg 4. Transplanting S. Planting 6.
Putting seeds behind the plough. ,
1 BLMM It is the scattering of seeds by hand all over the prepared field followed by
" covering with wooden plank or harrow for contact of seed with soil. Crops like whea,
paddy, sesamum, methi, coriandar etc are sown by this method.
,Agvgntgges : I)quckéé & cheapest method 52, Skilled labour lxs not required. 3.

" Implement is not required 4, Followed in moist condition.

E Qisﬂ.vggtage s 1) Seed réqulrement is more, 2) Crop 'stand is not umform 3) Result in
.-gappy germmatlon & defective wherever the adequate moisture is not present in the sml 4)
Spacmg is not maintained within Tows & lines, hence mtercultunng is difficult.

It is the dropping of, seeds into the soil with ‘the help of
nmplement such as mogha, seed drill, seed-cum-fem driller or mechanical seed drill and

then the seeds are covcred by wooden plank or harrow to have icontact between seed &
soil, Crops like Jowar, wheat, bajra etc. are sown by this method. _
_.A_d_xgmgg_; 1) Seeds are placed at proper & uniform depths, 2) Along the rows,

" interculturing can! be done, 3) Uniform row to row spacing is maintained, 4) Seed
requifement is less than broadcasting 5) Sowmg is done at proper, moisture level,
mggd_mng_agq_ ¢ 1) Require implement for sowing, 2) Wapsa condmon is must, 3) Plant to
plant (Intra row) spacing is hot maintained, 4) Skilled petson is required for sowing.

: 3 Dibbling ¢ It is the placing or dibbling of seeds at crosé marks(+)'made in the ficld with the

* help of marker-as per the requirement of the crop;in both the directions. It is done

. mannually by dibbler. Thxs mg:thoct is followed.in crops like G. nut Castor, Hy. Cotton ete. ‘

which are having bold size and high value. -

vant t 1) Spacing between rows & plants is mamtamed 2) Seeds can be dibled at
* desired. depth in the moxsture zone, 3) Optimum, plant populatlon can be maintained, 4)
Seed reqmrqment is.less than othef methods, 5) Implement is not required for sowing , 6)
“An mtercrop can be taken in wider spaced crops, 7) Cross'wise intercultivation is possible.
legdvggtggeg ¢+ 1) Laborious & time consuming method, 2) Require more labour, hence
increase the cost of cultwatxon, 3) nly high value & bold seeds are sown, 4) Require strict
supems:on .
.4 Transplanting s It s the raising of seedlings on nursery beds and transplanting of
. seedlings in the laid out field. For this, seedlings are allowed to grow on nursery beds for

about 3-5 weeks. Beds are watered one day befble the transplantmg of nursery to pxevcm
: : | _ |
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jerk to the roots The field is irrigated before actual tmnsplantmg to get the seedlings
establised early & quickly which reduce the mortahty Besxdes the advantages &
disadvantages of dxbbhng method initial cost of cultxvatlon of crop can be saved but
‘requires due care in the nursery This method is followed in crops like paddy fruit, and
vegetable, crops, tabacco etc; '

'Plagtmg It is the placing of vegetath part of crops Whlch are vegetatively propagated in
- the " laid out field e.g. tubers of potato, mother sets of dmger & turmeric, cuttings of sweet

- - potato & grapes, sets of sugarcane,
6

Putting seeds behind the plough : It is the droppmg of seeds behind the plough in the
..furrow with - the help of manual labour by hand. This mehtod is followed for crops like'wal

10T, gra.m in sdmie areas for bettér uuhzahon of soil mo]f re THe seeds are covered by
“successive furrow opened by the plough. This- method' is not commonly followed for
sowing of the crops.

-
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CHAPTER -V SYSTEMS APPROACH :

Management practlces are dcvqlopcd for individual crops and recommcndat)ons are

madc for individual crops. The resxdual effects of individual crops are not consxderegi in crop
‘based. recommendatxons in which resources are not utilized efficiently. To a farmcr instead of

a czop, land is a unit & mgt. practices should be for all crops that are to be grown ona piece of

. land, This approach 1s applied to agnculture for efficient utilization of al resources,

maintaining “stability i in production and obtaining higher net retums A system consists of
several comparients which depend one each other,

. A gystem is defined as'a set of elements or comporents tﬁ?t are inter related &
mteréctmg among themseleves,* | %¢

' Farming sysfems represent an appropnate combination of farm enterprises viz.

: Cro'ppmg system, live stock, poultry, ﬁshenes, forestry, bee keeping, sericulture and the
'_means available to the farmer to raise them for increasing proﬁtablhty

They interact adequately with environment without dlslocatmg the ecological &

~ socio-economic balance on the one hand attempt to meet the national goals on the other.

. " ) \ ': . s . . . , v
'] Poultry ° lg—Grains/ Reminants—. Cropping |— Stalks & Live stock

. System |  Fodder "

\ Dung & uring /

(FYM/ compost)
refuse & power

POU‘.HY . !

- drppiings - | - Straw of wheat, rice

L ‘ SR Mushroom
. F.ishery - production
-' Farming system '

' Fa.tm resources .~ Land, labour, wateq, capital & infrastructure

Coe Farm enterprises - Dalrymg, poultry, Honey bee keeping, senculture Laculture,

Piggery, Sheep & Goat mxsmg, Flshery

| :
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Cropping_system and Crop rgtg' tion : Croppihg system represents crop’ g (Cropping)
patté'rxis, used on farm & their interaction with farm }esourccs, other farm enterprises and
available technology which determine their make up, _Crdps pattem means the proportion of -
area_under various crops at a point of time in a unit area. It indicate; yearly sequence and

spatia] arrangement.of crops & fallow in an area, . -

* Types of ¢topping szsién':g' ') Monoeropping / M 'o'gog'_ g_[tqré * It refers to growing of only

one ctop on a piece of land year after year, It mé,y be due to clixnatological,-sécio-economic

- conditions or due to specialization of a farmer 19 growing a particular crop. e.g. Rice

cultivation in A.P; 2) Multiple cropping s Gro{v_ipg:i ‘two or 'more| crops on the same piece of
land in one calendar year is known as:mtdtip'le crop'g. 3) Intercrop ‘g : It is grpw'ing of two

the base crop by adjusting or changing crop geometry, The pop.ula,:tién of intercrop is less than -

its recommerided population in pure stand, Replacement series s In this both the crops are
called component ctops, By sacryfying certain .pr_qﬁortioln of population of one’ component, -

Main objective of -im'dercroppiné is h.jg"her'préduiftivity_/ unit area in addition to stability
in production. It utilizes resources efficiently & their éroductiitity {sincreased, |

peguirenients : -

2) Competition for light should be min_im'ym_ am_ong't.‘hc component crops. | _' .

3) Complementarity should exist between'the component crops. e -

4) “The differences in maturity of component crops shoﬁld be dt least 30 days. | Lo
Mixed crogpi:hg : It is growing ' of two or more érdps simultaneously_intgnn_irigléd

without any row pattern, It is a common practice that he seeds of different Crops are mixed in

certain proportion and are sown e.g. kharif G.nut, + Jéwar, Cotton, + mesta(ambadi), Jowar +

mustard or Wheat + mustard. . ‘ ' ST
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Sequence cropping : It is grm‘wing of two or more crops in sequence on the same piece
of land in a fanmng year. It may be double (2 crops) , triple(3 crops) or quadruple (4 crops)

! e.g. cotton - G. nut, Jowar- Wheat, Mung-R. Jowar, Hy. Iowar - Gram ete.

.. "Relav_Cropping : It refers to plantmg of succeedrng crop before harvesting the

o precedmg crop like a relay race where a crop hands over the land 10 hext orop in quick

successron Bgtoo n cropping or fatooning refers to revising a crop with regrowth coming out of

- roots or stalks after harvest of the crdp e.g. S.cane or Jowar ratooning.

_ Efficient cronpmg svteras for a partrcular farm depend on farm resources, farm

' enterpnses & farm technology The farm resources mclude lanid, labour, water, capital and,
¢ infrasturcture. When land is limited, intensive cropping is adopted to fully utilize available

water & labour. When sufﬁcrent and chéap labour is available, vegetable crops are also

L iricluded in the cropping system as thiy require more labour Capital intensive crops like

sugarcane, banana, turmcnc, gﬂnger etc. find & place in tpe croppmg system| when capt:al is not
a constraint. In low Rf‘(less ‘than 750 mm/annum) monoctopping is followed & when RF is
more than 750 ‘mm intercroppping is practiced. With sufficient irrigation water, triple,

| quadruple cropping is adopted when other climatic factors are not limiting. When the farm

' ..enterprise includés dairy the crOppmg system should contain fodder crops as a component.
.'"-.CRQP 30:1‘_1,\_‘1:10 : Itirefers to recurrent succession of crops on the same piece- of land

‘-_ierther rn a year or'over a longer period of time. It is a process of growing different crops in

suooessron on a piece of land in a specific period of time, with an obgectrve to get maxtmum

B proﬁt from least investment without i impairing the soil fertrlrty
' Charagtgnstics of god rotation or Ermcmles of crop rotation

1) Tt should be adaptable to1 the existing soil, climatic and economic factors

2) The sequence of croppmg adopted for any specific area should be based op proper land
utlhzatlon. It should be so arranged in relation to the.fields on the farm that the ytelds can
‘be mamtamed and soil losses through erosion reduced to the minimum.

3) The rotation should contain a sufficient’ acreage of soil improving crops to mau}tam and
alSo burld up the.OM content of the soil.

4) In dreas where legumes: can be succehsfully grown the rotatlon should provide for a

sufficient acreage of legumes to matn\am the N supply of the soil.
" 'S) -The rotation should provxdé roughage and pasturage for the live stock kept on farm

6) It should be 50 arranged as: to help in the control of weeds, plant disease & i insect-pests.

. ' ‘ oo
‘ g |
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7) It should pravid: s vy iereage of the most profitable cash crops adapted to the
arca.  (8§)The rotain: ¢ et w2 50 arranged as to makc'f‘or geonomy' in production &
labour ut1I|7au<m RT I ARG T Mm (potalo, S.cane) followed by less exhaustive crops
(oil seeds & pl’:l.\w. Oy 1he mn\ with tap rootjs shouId hio' i‘ollowgd by those which have
fibrous root systein, T his 11 ("!]‘s int proper & uniform use of nutrients rrom the soil & roots
do not compete with cach other ftr uptake of nutnents
'10) The selection at'crops shouicl be problem and need / demand based. |

i. According to need of penple ar ihe area & family. ii. On slopylands alternate croppmg of
erosion promoting wnu wresing resisting crops should be aolopted iii. Under dryland or
limited irigation. drovgin ielerant crops, (Jowar, bajra) in low lymL &ﬂood prone areas,
water stagnation wolerent viapy it paddy, jute ete shou!d be adopted. iv. Crops should_ suit
to the farzkxcx § financial conditicns. soil & climatic conditions.

*10. The crops of the seine inilv should not be grown in successxon because they act like

alternate hosts for ingen nesis A disease pathogens and weeds associated with crops.
[1. An ideal crop rotation is ang which provide maxinﬁim‘employm.em to the family & farm '
labour, - the machines and couipments are cfﬁcxently used so all the agnl operatxons are
_done timely. :
Advantages of Crop Ratation : An ideal crop rotatxon has thﬁ followmg advantages P

. 1) There is an overall increase in the yield of crops due to rnamtenance of proper physical

+ condition of the soil and i1s OM content. .
2) Inclusxon of crops having different t'eedmg zones and different nutnent requxrements help
in mamtammg a better bujance of nutrients in the sonl.l RS

: 3_) Diversification of crops reduces the risk of financial loss from,unfavourablc prices in the

market, unfavourable weather conditions and damage due to pests & diseases.

" 4) It facilitates morc. even dis"lbuhon of {abaur. A )

rt

5) Thereis regular flow of income ovpr theyear: . == . .-
6) The Incidence of weeds, pests and daseasce is reduccd and cﬁn be képt under control
7) Proper choice of crops in rotation helps to prevent soil erosnon. | | .

8) It supplies various needs of farmer & his cattle. ‘ Co .
9) Agrxoultural operations can be done txmely for all the crops becauso of less competmons.
| “The supervisory work also becomes easier. .
10) Proper utxlxzatton of al} the resources and inputs could be.made by followmg crop rotatlon :
Cropping systeins & crop, votations followed in MS & Marathwada.

:
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+ Mahirashtra -

* . 1. Cotton~— Jowar/bajra, Cotton~Jowar-G.nut., Sugarcane—Rice—Gram

' '3/ Cotton-G nit, Cotton-JowarlbaJra G.nut. 4. Sannhemp=S. caqc

oo 5 Pre Cotton RJowar/ WheaVGram, 6. Rice -~ Gram 7. G.nut - Cotton -~ Jowar.
o 'f_'1,‘.Mgng-¢Jowar~,Cotton + Tur, 2. Sunflower - Jowar. .

i1 3, Soybean - Jowar/Safflower /Gram, 4. Hy. Jowar-Gram/SunﬂowerlSafﬂower .

5. Bajra~ Gram, Mung/urd/soybean RJowar/Satﬂower

. ’ "l".' ) v -:'I ate B

S, 'Cotfon' '-G'nu$ ‘sannhemp-S.cane-G.nut, T 2. Rice - Gram / Sunflower,
" ._3 Hy Jowar—Wheat/ Jowar / Gram, co 4, Jowar Sunflower - Gnut
sy Sunﬂower-—Potato G.nut, - 6, Gunut, - Wheat - Vegetables,

¥ :':";’=7 Sorghum ~ Wheat - Green gxam Cotton - G.put,:
; l..,f Bajm—Cabbage G.nut - Cottpn Gnut,

X ed croppi ,

- Itis the process of growmg two or more.crops togcthcr in the same plece of land OR It

o xs the pmctice of raising more than one crop together in the same piece of Iand sxmultaneously :
% L P E ':-:The eereals are usually’ rmxed with Icgumes viz. ]owar or bajra mixed with tur, udid, mung, .
§ . .;'; matki ot kulthi, Wheat is m:xed w1th peas, gmm or mustard Cotton is grown mlxed w1th tur or
5 'sunﬂower - : g

3 Tge ohiectwgs are: 1) to get handy instalments of cash returns especxally in 1mgated crops, 2)
o to achxeve ‘better dxsh-:butlon of labour throtxgﬁout the year, 3) to utilize available space &
. ._.__Znutnents to the maximum extent possible, 4) to safe guard against hazards of weather, diseases

' -..f' _'& pests, 5) to secure danly requnrements like pulses, hilseeds, fibres etc 6) to get balanced
" cattle feed.' - :

- :
In order to obtain the maximum beheﬁt from the subsidiary erop nuxed w:th the mam

. 'eto'pj. it should have the fonowing charaetenstxcs It shoyld i) not abstruct-the growth of the
main crop, i) mature earlier or Iater than of the main crop, iii) preferably be a legume, iv) =
L ':-‘.have diff, growth ‘habits & nutrient reqmrements, v) have diff. rooting depths & ramiification
3 :'._'and vx) not b very exacting in clunatu:\rtequxrements,l |

Mixed eroppmg may be i 1) Mixed crops : Mixing of seeds and raising two three

i 'crops at the same time & in same field e.g. jowar / wheat + mustard/-gram.

\'
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. 5) Sowing time may be same or different Itis Sar"ne for all crops,

- Points to_be_considere lanning the crop -

! ] * !
] H , l

2) Companion erops : Different crops are sown in different rows e.g. 6 to 8 rows of cotton +
2 to 3 lines of tur, 4-6 rows of jowar + 1-2 lines of tur, Jowar + Mung/Urd, Jowar +
"Safﬂower.' 1) Guard crops ; QGrowing hardy or thom;y_ crops (Mestd / Safﬂower) around
the main crop (Jowar / Wheat). 2) Augmenting crops : Growing sub-crops (augmenting)
+~to maintain the yield of main crop, F. Jowar/bajra + CQEWpea. ' :

Di!fqrégce between .

il :
! K

Intercropping ~ . -+ - | ... Mixed crop ping
1) The main object is to utilize thespace . - To get ;at least one crop under
left between two rows of main crop.. .oy unfavourable conditions,
2) More emphasis is'given to the xhaln crop.  All crdbsljare cared equally,
3) “There is no competition between both crops. There is competition between all crops growing
4) Inter crops are of short duration-& ' The crops are almost of the samie duration

are harvested much earlier than main. |

’ ,
Either sown in rows or mixed without
considering  the population of ejther

: i
crops. ‘ L

6) Crops are sown in ldit‘ferent rows

without affecting the population of

. main crop when sown as sole crop.
Fallow in Rotation : R o ‘

o Eg&)_\y. is the pr_actice of allowing crop land to Ii1'e i;dle during a growing season to

build up the soil moisture & fertility content so that a better. crop can be produced in the

following. year. A'fall‘ow -year.or season is one in-whi@:hjth'é: field is not cultivated with any

orop but left without acrop. The field ma be left undisturbed in a p!6ughFd condition or kept-
cledn by frequent cultivations ' b L.

It is.usually worked periodically to coritrof ‘weeds and improve moisture infiltration,
tation : Farmer should consider the

. ¢ I

following factors while blanning the crop rotation. -
1) Net, profit / ha. 2) Growth . habit & nutrient réqt;ﬁirements of different crops.
3) "Effect of one crop on the other that is ‘sizc'ceeding. 4) Soil type & slope &
5) hxfestétiop of wegds, diseases&bééts._ C w {‘ N .
These factors ‘should be considered to set the good crop rotation based on these |
* factors, one should also consider the .foiIdwing points, ’ [‘ . -
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}) A shallow rooted grain crop, a deep rooted cash'crop and a restoratwe crop should be

included in the rotation which will provide food, fodder & cash to the fanner & taintain
. soit producnvity o C

' 2) Thc selectxon of crops should be made, takmg into consideration soil, chmate & market

&mmd _ |

3 I case of m’igated areas,| the rotatzon should be f‘ xed on the extent ot‘avallabrlrty of water;
supply so that 2 or more crops can be taken from the same field in one year,

.4) In case of rainfed areas, if sufficient moisture is left over in the soil after the harvest of
kharxf crops, some minor crops requiring less moisture like pulses may be grown.

¥ ..-' S) Bath w:de row spaced qrops & thickly planted crops should be included.

6) eCrops of diverse botanical relationship should be altemated as ‘an insect or disease will
~ attack closely related species but will not injure unrelated species. |

l
' 7) A loglcal sequence of crops should be set up making full use of all available information

a.s to the effect: of each crop in rotahon on the succeedmg crops to ensure maximum yields
& hzgher quahty | '

- -8) Ordmanly, the 2 area devoted ¢ each crop should be.consistant acerage from year to year.

9) Enough elastlolty may be kept in the rotation, |

1! el LR

. IO)Depcnding upon'the soil’ type re more or:less fertile, low Iymg, acidic or alkaline soils,

stress should be grven fothe crop rotationn considering i its importance.

e ll)Importanée, location of f 41nd regron base crops should be included in the crop rotation.
T 2) Legumes should bé! mchfded in the crop rotation * with non-legumes as-it is multi

-, adyantageous crop such as ﬁ?res atmospheric nitrogen, covers the land so prevent erosxon,
smother weeds.

“Cotton ﬁogghum&rgundggt” is ;he best crop_rotation :This crop rfotation shows

“ \maxlmum charactenstrcs of a good érop rotation. such s :

b 1) All thése crops are of diverse botamcal relationship which avoids the attack of pests &
' .."dlseases 2) 1t s a three course crop rotation followed in two years. 3) It provides food
N (Sorghum), fodder (Sorgum & grouridnur) and cash (Cotton & Groundnlt) to the farmer. 4) It
' 'Arncludes a deep rooted cash crop, followed by a shallow rooted grain crop and a restorative
G .crop which mamtams the ‘soil ferqhty, 5) It adds orgamc matter and there is maximum

utrhzation of residual nutné,nts - 6) lt gives higher net proﬁt per hectare, 7) Nutrient

L requrrement of these crops is different from each crop. 8) Groundnut ,ﬁx the atmospheric N’
1" and increase the soil fertility by addmg organic matter.

S 4
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Harvesting : It is the removal of entire plants or gconomit:j pdns (Brain, seed, leaf, root, or
entire plant ) after maturity from the field. S
Time of harvesting : If (he crop is harvested early the produce contains high moisture and
more immaturé gtaliqs, Higher moisture results shriveling of ;see:d and infestation of pests, Th;
immature grains lead to [ow yields and reduce quality 2s gwell as germination %, Lafe
harvesting results in shattering of grains, germination’ wh:e,n;‘it rains and breaking during
' processihg . Hence, harvesting at correct time is essential to Egejp good quality grains & higher
yield. Crops can be harvested at 'physiological or harves} mat’ur(ty. Crop is considered to be at
physiological maturity when the translocation of photosYnthagesf are stopped to. economic part,
Physiological maturity refers 10 a developmental stage after éwl}l'ich!‘no further increase jn dry
matter occurs in the ¢conomical part., This js important only ,Wh?n a field is to be vacated for
Harvest maturity generally occurs' 7 days after physiol()gijcal maturity ' with following
Symptoms., 1) Loss of moisture jn grains upto 12 to 14%.‘--£2)f Yellowing and dropping of
leaves, 3) Drying and change in colour ¢f grains or pods, 4)
with crop to crop and variety to 'variety, General symptoms in wf/arious crops are : | |
A) CEREALS : 1) Lower leaves turh to yellow straw 2) Ld»iver & other leaves fall down, 3)
Stém tumn to straw colour, 4) Pith formation in stem takcs;-% place. 5) Grains become hard &
fully developed, 6) Moisture % in g'raiin bécomes less Lhénf20°/3 Qn total weight basis. 7 lIn:
. maize, drying of cob sheath and fibres take place, ! o

.B) Cotton: Picking of fully opened & bufsted bolls is dore ix}j 34 Stages.

©) Bulses : Pods tum to brown, 2) Grains become hard, 3) Shedding of lower & older lcaves
take place, 4) Yellowing of leaves, . R A

, .' B | -
. D) Sugareane Yellowish colour to crop, 2) Flowers, if flowering variety is planted, 3)

Swelling of eye budls, 4) Sweetngs:q of juice 7) Reads 21 tg]) 2J4_Brix in Brix Saccharometer
reading, e | ' K

E) Q_r_otm_cﬂa_tg ¢ Drying of vines, 2) Black coloulri'pg‘ to the i;{nm{:r side pf pods, 3) Reddening
or dark colouration to the seed coat, 4) Prominent margins én pod. L
F) Potato : Dropping of leaves and drying 2) Hardening of pubfer.:' . L
" Determination of harvesting qate is easier for c!etc:anp néfe crops and difficujt for

indeterminate |Crops as it contains flower, immature & mature pdds. Therefore such crop
. ‘, N : f ‘ ‘
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should be: harvested ‘when 75% matunty is achxeved or penod:cal harvesung should be -
done '

hreshing & ﬂinnomng The threshing is the process of separatmg fruits or seeds from the

plants or ears (cobs / panicle). It is followed by winnowing which consists of separating grain”
seed fmm chaff. Threshing methods va:y Wwith type of crop. In general these are : 1) Beating -
with sucks ! mallets (sa.t‘ﬂower, ‘green gram, urd etc) 2) Béating against stone or any hard

matenal (han'ow body) e.g. arhar, 3) Tramplmg under the feet of bullocks or wheels of tractor

. or bullock cart .8 cerea.ls, pulses, 4) By using threshing machings either bullock (olpad),

tactor or electnc hotor drawn e.g. almost all crops. o

Aﬁer threshmg this material is wmnowed The graing are subjected for sundrying

‘ beforc storage or marketmg Sundxymg is done by spreadmg the produce on floor in a thin

Iayer(iO cm) for 4-5 days and ‘strirred at 2 hrs. interval to have uniform & quick drying and to

,|lower the monsture upto 12 to 14%. To fetch higher prices for the producc the produce should
be graded baged and sent to market,
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CHAPTER - VI : WEEDS AND THEIR CONTROL :

There are 3 serious pests of the crop plants whieh Eause loss of yield i.e. Insect-pests, 2.
Diseases and 3, Weegs, l '

The estimated Josses in crop ylelds range from. 5% in clean cultlvated fields over 70%

- in neglected fields depending upon the degree of weed infestgtton. They compete with crop
" plants for nutrients, water, light and space. The loss of ‘N’ through weed is as high as 150

kg/ha.
WEED: Any plant not sown in the field by farmer.is out of place, called weed.,

The term, ‘weed’ used by Jethro Tull for the f rst time, suggested an useless and

harmful plant that persrstently grows where it is quite unwanted . :
According to Robinson: Weeds are that species of piants which grow unwanted or are not

- useful, often prolific, persistent, interfere with agricultural }operatlons, ‘increase labour- ‘cast and

reduce the crop yields, . -

|
Weed is a plan growmg Wwhere it is not wanted unwanted plant, out of place
extremely noxious, useless, poisonous,

Chgracter_-istrcg of weeds: Weeds are Jike any other crop plants in size, form, morphologrcal &

physiological characters but possess the followmg characte ristics, on account of which they are
considered as enemy of crops by the farmer, (I)The ‘weed seeds germinate early and the

seedlings grow faster, They being hardy, compete for llght, moisture and nutrients. (2) They =~ 3§

flower earlier, run to seed in profusion and mature ahcad of the crop, They are drfr‘ cult to

Viability of weed seeds Temain intact, even |f ,the)'f are btrrried deep in thé 80il. In some cases,

-+ the seeds may remairi viable even after passing througbﬁlhe digestive tract of the amma},s (8)

The seeds may have special structures like wings,’ spines, hcoks, sticky ha;r etc. on account of
which they can be easily disseminated ove'r-_.long d,lstarice'fs. (9) Many' weeds like Cynodon
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..A)

a) easong] weeds : 1)

' C) Class:.f'cation based on dependence on ot

= 3) Independent : Chandye,
-D) Classif'cation based on soil

o _Commelmaceae
- 'Amaranthaceae'Aghada Math, Kurdu 5

| mustard 11) Chenopodnrceae bhandan
' |

' | . i
Classxf‘catlon of weeds : Weeds can be classified in many ways as: -
lassificatlo based on life ¢ cle : ‘ :

) .Annuals Weeds complete their llfe cycle within a year.

orisoon en uals or khar; Weeds complete their
hfe cycle durmg kharif or.rainy season e.g. Hazardada, kurdu Aghada, -

m nnuals or Rabi season weeds Weeds ¢

omplete thelr hfe cycle during rabi or

“wintér season e .. P:sola

B 6),-3129_@% ¢ Weeds _eoxfrlp;le_te ‘their life c):r'cle within two ‘seasons e.g. Jungli
 gobhi Lunea sp, I :

© I’ Blnpjaly : ‘Weeds require” twe,

(Daucu.s carola)

III ggrenma : Weeds continge thelr hfe cycle for
' - lgjalg© e o P :

yeers for completlon of thexr life cycle e.g. wild carrot

years together e.g, lavala hanyah, kans,

J Kurdy, 2) Weeds of pastures & grazing lands ;

Aalong. water channels : Jalkumbh; (Eichhornia

Tarota, Unhali. 5) Weeds of waste lands : Ber,

orchards Gan)a, Ghaneri. 7) Weeds of forest
1 |

Hanyah, Unhah Kans, 3) Weeds
' _crass{aes) 4) Weeds along roadslde

. sérata, reshimkata, 6) Weeds of lawn &
B fands + Ghaneri, Nagphana,

m_sit_e ¢ Striga on Jjowar, sugarcane Bambakhu .on tohacco, brm)al or chilli,

-

]
e : }I)Weeds of black solls 4 Hariyali, Kans, Kunda, 2)
Weeds of sandy loam soil ; Aghada, Kurdu, 3) Weeds of | dramed soil : Lavala,

- Panbibi, 4) Weeds in tank ; It may. be submerged ;mmersed or floating e.g. Aquatic weeds
hke water hyacinth, cattajls. ||

1) Grammae . Hanyali Kunda, Kans. 2)
: ¥iKenal . vmchu,L Panb1b1 3) Cyperaceae Nagarmotha 4)
)Euphorbiaceae ¢ Dudhi, plsola wild castor 6)
ar gawat, 7)’ Leguminosae LaJalu wild mung
‘bhencli 9) Tiliaceae ¥ Wild Jute 10) Cruciferae : Wild
bathua, 12) Solanaceae : Kamum, Wz!d brinjal.

Compositae : Gokhury, Jakham Jud;< Gaj
- Unhali, 8) Malvaceae : Petari, wild

her hosts : 1) § tem parasite : Amerbel 2) Root

Shree Junﬁbo Xerox, Latur
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13) Papaveraceaec ; Satyanashx Dhatura 14) Portulacaceae .Ghol 15) Orobanchaeceae
+ Bambakhu 16) Cactaceae : Nagphana. { R

. Damages /Losses caused by weeds or dlsadvantages of weeds
1 Reduction in crop vield : Weeds compete for water, nutrhents & light. Being hardy &

vigourous in growth habit, they soon outgrow the crops & consume large amounts of water
“~'& nutrients, thus causing heavy losses in yxeld e.g. 40% reductlon in yield of groundnut

L
& 6’o% reduction in yield of chilli, The loss of N through weeds is abolt 150 kg/ha

-2, Imrease in_the cost of cultivation : One of the objects of tillage is to control weed on

which 30% expenditure is incurred and this may mcre’ase more in heavy infested areas &
also cost on weed control by‘ weeding or chemlcal control Hence reduce margm of net

profit. : f |7? !

3 Quahg of field produce is red uce : Weed seeds get! harvested & threshed along the crop

produce which Jowers the quality. Such produce f‘etches less price in the market . g leafy
vegetables, grain crop.

4. Reduction in guality of !rvestock produce :- Weeds 1mpart an undesuable ﬂavour to the

Iulk(Ghanen) , impair quality of wool of sheep (Gokh.ru Aghada), cause death of animals
ue to poisonous nature of seed (Datura.

5. Harbour insect-pests & d;sease Qathogens Weeds elther give shelter to various insect -

- pests, & discase pathogens or serve as altemate hosts & thus helps in’ perpetuating the
menace from pests & diseases e. g Gall fly of paddy, nudge fly of jowar, leaf minor of
soybean & groundnut, rust of wheat, tikka of groundnut Black rust of wheat (Agropyron ,
repens), Downey mildew (Saccharum spontaneum) ¢

6. Check the flow of water in 1rrzganon channe]s : 'Weeds bloyk dramage & check the ﬂow .'
“of water in irrigation canals & ﬁeld channels thereby 1ncreasmh the seepage losses as well -
as losses through over flowing, so reduce the irrigation! efﬁciency. o
7. Secretions are harmful : Heavy growth of certannr weeds like quack grass(Agmpern' $ _.
repens) or lavala lowers the germination & reduce the growth of many crop plants'due to t f
presence of certain phytotoxins secreted by weeds. ’ ' |

! ¥,
. 3
8. Harmful to human beings and’ animals : Weeds' cause 1mtat10n of skm allergy & - }

poisoning to human beings, also death of cattles _ ) \

9. Cause quicker wear & tear of fa arm. lmplemengs Blemg hardy &| deep rooted, the tillage

implements et worn out early & cannot work’ eﬁ‘ierently unless they are properly q
shapened or mended. ! | |

i
1
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10, Reduce value of the lands Hewnlylmfestcd lands with perennial weeds fetch less price -

as require héavy expenditure to brouth under cultivation,
" Benefits / Advantages dcnvul from’_weeds : 1) Weeds when ploughed undcr add
‘nutrients, organic matter, 2) Weeds check winds or water erosion by soil binding effect of
© their roots (undirkani) 3) Uselul as fodder for cattles (Hariyali) & vegetable by
‘humanbeings (Ghol, Tandul)a) 4) Mave medicinal value, Leucas aspera is used against -
| snake bite, oil of satyanashi seed is useful against skin diseases, nuts of lavala are used in
-makmg scents (l,Jdbatues / Iccnse sticks) 5) Have economic mlportancc e.8. Saccharum spp
used for making thatches 6) Rcclamanon of alkah lands (satyanashx) 7) Serve as
omamental plants(Ghaneri) 8) Used for fencing (cactus. Nagphana) 9) Used as mulch to
check. the evaporational low'e‘ of water from soil 10) Used as green manuring &
composting 11) Fix almospheuc N* (Blue green algae, tarota. unhali etc.).

legersal [ Dissemination /Smmd of weeds Agencies responsible for dissemination are:

+ 1. Wind : Seeds may be very smnll & llght equiped with parachute like arrangement plumes

or fuzz. They blow by wind toa |onq distance e.g. seeds of rui/ ruchki, striga, gajargawat,

- 2. Water : The irrigation candls dmmagc channels. sutface runoff, flood water of rivers &
S ‘su'eamscanyweed seeds.

n 3. A;gimgls like wild & dom»stlc : Weeds havmg hooks(Gokhru), twisted awns, spines e.g,

.+ » chota gokhru and sesdis are spread through dung upon éaten,

4 Mm Man dlsperse the weeds mdxreetly through compost (partially decomposed), feeding
. »cattles with hay or fodder havmg wced plants, using uncleaned farm maehmery e.g.
gha.nen. weeds of graminae famnly . '

.5, Crop weed ! Durig harvestmg,, they get mixed with produce c. g jungli dhan bharad in rice

i

i gn'&phallansmwheat R I

For suecessful control, one hasl to consider the following points :

l) }_Iabitg of weed plants : A xerophytlc weed.(e.g. Alhagi camelarum) thriving under dry &
arid conditions will die if ﬁelds are flooded with water. Similar] y weeds which thrive under
‘marsh or ill drained condition of soxl can be controlled by i |mprovmg drainage.

2) Life cycle of the weed Annuals Sg\blenmals can be controlled effectively if the land is
- ~cultivated . before seeding stage cf weeds. Perennials require deep ploughmg to dig out

o '.'...rhxzomes, bulbs ete. vegetative pan by which they propagate.

- l l‘
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3) Suscoptibilities : Some weeds are susceptible to éc;t:alri chemicals while others ate not e.g, l
dicots are suscaptibie o 3,4-D while monocots are not, hence 2,4-D is used to control

" broad leayed weeds in monocot ¢rops. o . , :
4) Dormancy QClI'!'Od : While controlling dOrmax;my weled.f;, period is to be considerdd as they
- have long dormancy period. - . , » | :
5) Resistance to adverse conditions without losing v?agj!lig : Solme weed seeds have hard.
seed coat which enable them to remain for a Igng time }vithout losing their viability, hence
théy should be controlled before seed formation. | I

6) Methods of re oduction : Weeds propagate either by: seeds, vegetative parts or by both, g

Seeded weeds should be temoved or smot;hered ‘before seed formation, Vegetatively
propagate'd weeds should be exposed to sun heat to chry:& die like rhizome, bulbs, stolons, .
etc. by deep ploughing. Frequer{t”cultivation leadé to destory green leaves & thereby

. [
exhaust the food reserves & starve the plants may 'have o be restored to, In weeds

propagated by both mechanical & chentical methods fmé}( have to be followed.

7) Dispersal of seeds : Weeds can be controlled or kept m check if the way in which different
weed seeds disseminate are known and countet measures are undertaken, -

WEED CONTROL METHODS : Broadly classified in two groups,
' |

A) Preventive measures, B) Curative or control measur;esfwhich includes ;
: I . '
f) Mechanical , ii) Cropping or cultural, iii) Biological & iv) Chemical.

. . [ . e
A) Preventive. Incasures : In this, the weeds are! p}revented from its multiplication, .

introductjon & nipped off the buds. It consists 'o!f %; 1) Use clean seed, 2) Use well
decomposed FYM/Compost, 3) Cut the weeds before seeding, 4) Remove weed growth o

keep irrlgation & drainage channels clean or- frec onm seeds, 5) Avoid feeding of 'grain
screenings, hay or fodder containing weed seeds J{itl;tout estroying their viability by

grinding or codking, 6) Avoid use of sand of soil ih‘o‘fm weed infested areas to clean or 7
cultivated areas, 7) Avoid allowing cattles to move -i‘frdm weed infested. areas to clean or

cultivated areas, 8) Clean all the farm implements &' mi}achir'xery properly ?xﬁer' their use in

-infesté_d areas & before using in clean areas, 9) Keeé férm fences, roads & bunds clean ox"

free froml weeds, [0) Watch seedlings in nursaries _cérerfully so that they do not' get mixed -

with weed seedlings & get carried to the fields, | ‘1

|

. ] : ; K X
B. Curative measures : These measures are followed to remove or to smother the weed

growth & further multiplication. It includes : M!ec:hanlcal' methods (Physical) ; It -

comprises : 1) Hand p'ulling, 2) Hand weeding; 3) !Btfjlming, 4) Flooding, $) Hoelng, 6)
. Be
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£ »,‘-‘Trllage, 7) Movmg, 8)! Smothdrrng wnh non-hvmg materlal(mulchmg) Burmng of sced
L .-bed calIed as rabbing' . |

._"C ping and etition methods(cultural) : “One who. establish first / early, will
" sup:ehs ‘other”, Therefore, the cultural practrees are so managed that the crop plants should

g ' establish early and grow faster ahead of the weeds

It !gc]gg est1) Qron rotations It checks the free growth of weed due to change of crops
E :-season to season\ 2) Kind of crop : Ground covering’ crops like lcgumes will smother the

L “.weed growth ¢.g. sunhemp, groundnut 3) Use of fertilizers : Apphcatlon of opurpum

doses of fertilizers to crop will help to grow faster. 4) Date & rate of planting ‘or sowing

IR sowmg of crops at proper time with optimum seed rate will help the crop to cover the -
ook .'_ground & wrll make the weeds depnve of light.

: -:III l_ilglggig! method ¢ It inciudes the use of livms organisms for suppressing or controlling

the weeds Plant. animal or mrcrorga nisms may be used for destruction of weeds. These are
called as bxoagents Whrch feed onj only the' weeds and not on crop plants, e.g. Prickly pear

' or Nagphana weed in South Indrat was controlled by Cochineal insects. (Dactylopius

tomntosus) In Australha(Hawam xsqlands) several kmds of moths were used to control
Lantana camara which eat the | ﬂowers & fruits. This method is very efficient &
economica! provided nght type of predators, parasites ,or pathogens which even under
starvatlon condmons will not feed upon cultivated crops are found out & introduced.

Q!;s_rgj_l_m_gthgi_g This is |ver'y effectrve in certain cases and has a great scope provided
the chemicals are cheap, ef*ﬁcrent & easrly available, The chemrcals used for weed control
& whrch suppress or destory the growth of weeds, called as herbicza’e These either help in
kxllmg the weeds or in lhhxbitmg therrl growth, e.g. 2, 4-D, Atrazine, Glyphosate etc. These

herbrcrdes are classified as : :
| R _ '
XX !’ ugr.%l_m
LT —— . L
. SclIctive_ B Non Selective
BN e — |$ |
Co . . ‘ ' |. f . P
e _Fo\hage" ; " Root/soil j;pplicetion .
Lo ; .‘ MCPA, Ti‘;CA, Simazine !
- . |
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B

~ Contact Translocated(Systemic) l
Pottassium Cynate, 24-D, 2,4,5-T [
DNBP- MCPA, MCPB . [
Fo\kage | | i Root / soil application
‘ ‘ | l . MCPA, TCA Simazine '
: : 't | '
| SRR
* Contact : " Translocated (S)(stemrc)‘
.Amimate, Acid arsenical |} o ~
' HaSOq, Sod. chlorate \l, o . \l/ |
Sod. arsenite a : Pt '
Volatile| | Non Volatile
..., Carbon bisulphide - - CMU,
. S : L Sod. chlorate

. i‘,
\

- 2,4,-D((2,4- Dxchlorphenoxy acetic acld), 24 S- Tn Drchlcrophenoxy acetic acid)
MCPA(2 methyl-4-chlorophenoxy ‘acetlc acld), MCPB(4 -Chloro-2-methylphenoxy butyric

-acid), TCA (Trichloro acetic acid) Monuron or }CMU PCP (Pen.achlorophenol), DNBP/

D1noseb(2-$ec-mutyl—4-6~dxmtro phenol). ,
§electrve herbicides are those whxch kill only weed wrthout injuring crop plants

' Non-selective _herbicides are those which kill all l&mds ot‘ vegetations i.e. weed and

crop plant. .- ‘ - - ] 1?

|
‘ Contact hergicrde s kill all the plant pans which may get covered by the ohemxcal by directly

killing the pldnt cells. These chemicals are effective agamst annuals particularly when they are
young but not perennials, - | . 5 - |

Translocated / Systemic herbicides are first abosorbed in. qhe follage ot through roots and are
then translocated to other parts of the plant, OR Kill hlants after their absorption by
accelerating or retardlng the metbolic activities of piants These are more effective in

‘destroying deep rooted perenmals ’ _
Soil sterrlent are non-selective herbicides and have tb be applled into the soil. They ma.ke the
soil sterrle and incapable of supporting any plant growth’ As s?ch any weed seeds or weed .

‘seedlmgs present in the soil are killed.

l
|
|
1\ ’
i ’ [
1 |
l

A e o et T L Mmoo e ————— e ———

[P P, e a e = wn



ETIRNRR ™ 2 |

l‘i

RN i it

IR e 2% T

b

>,

l..‘.

wheat . . : Uy

Based on relatlve time of apphcatlon to weed emergence the herbicides are classified as : I) -

" Pre-plant applied (Before plantmg of crop) II) Pre-emergcnce (Before emergence of weeds)

" Iy Post-emergence (After emergence of weeds)
Mﬂw refers to that patt of the fdrmu\ation that theoretxcally can be converted

. into the acid. Agtive ingredient (a.i) is that part of the chemical formulation which is directly
: respons:blc for the herb:cndal effects : \

; ; |
-Quantity ofhe:bicide requite§(kg'/ha) =100 Rate of herblcx.de(atlae)
' o R ' % ai fae
| ’ : ‘ :
N
. n .
Quantity of herbicide i‘equired (g/ha) = = ‘IOOOOOXFate (sifac)
L S | % ai/ae

S ' : .
en d 0 t-eme ence tre nts _to _control weeds ¢ Both the terms. per-and post-
emergence treatments are related wnh txme of apphcanon of herbicides for contrd! of weeds.

ence treatment or ¢ Application of herbicides after
sowing of crop but before emergence of crop and weeds'is called pre-emergence application.

It is dQne from first to fourth day ot1 sowing and only selective herbicides are used. Generally
genmnating weeds are killed by pre-emergcnce apphcatton and gives compemwe advantage of
' CIOp. For example, rc-emergence apphcatlon of Atrazin @ 0.5 to 2.5 kg ai/ha in sugarcane,

jowar, Alachlor @ 1 Sto 2.5 kg,m/h? in G.nut, Dxuron @ 2.0 kg ai/ha or Oxadiazon @ 1.5 kg

ai/ha in cotton,
ggst-eg;eggence application of herblcidg : Apphcatlon of herbicides after emergence of

" trop is called post-emergence apphcation.

It is generally resorted to when the crop has grown sufficiently to tolerate herbicides
and to Kili weeds that appeat late in the crop Gencrally, it is done about 30-40 days after

‘ sowmg. For example, appllcatnon of tam F34 @ 2 kg /ha or MCR 1 kg/ha in paddy 3 weeks

- after transplantlng 2 4-D @04 kg/l}a in wheat after 4-8 leaf stage, Pendimethalin @ 0.75 to
20 kg ax/ha in rice aﬂer 3.5 DAT Isopromron @10 kg al/ha 30 - 35 days after sowing of
|

| !
o
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CHAPTER VII SOIL EERTILITY AND PRODUCTIVITY

QIL FERTILI:!:X Tt is thg capacity/ abxlitylof the soil to supply the plant nutrients required

. by the crop plants in avallable and balanced forms. OR It is the capacity of soil to produce crops

oi economic value to mén and maintain the health of the soxl for future use. OR The soil is said

to be fertile when it contams aJl the’ requxred nutrients in the right proportion for luxurient plant
: |

Plants like ahima]s and humari beings require food for growth and development. This

food is composed of certain.chemical elements often’ refered to as plant nutrients or plant food

elements. THese nutrients are obtained.from soil through roots. . ‘
Plants need 16 eleménts for their growth'and completion of life cycle. ln taddmon to these,

more elements viz. sodmm vanadium, cobalt and silicon are absorbed by some plants for specxal'

purposes .
CLASSIFICATIO! CE : ,
© Class, Nutrient " Source
Basic S C,H, 0 - Airand Water
Macro(Major) NPKS Sl
i CaMes
- Micro(Traqe)‘ . Fe,Mn,Zn, . - Soil.
) . Cy, B, Mo &Cl "

- Four more recognized nutrients are Na, Co, Va & Si |
Basic nutrients (C,H,O)constitdte 96% of total dry matte:r‘of plapts. Macro (Major)
nutrients (primary-N,P,K, and secondary-Ca,Mg,S)are required inflarge quantities while Micro
nutrients (Trace elements-Fe, Zn, Cu, B, Mo, Cl, Mn) are reqmred in small quantities. These

trace elements are very efficient and minute quantities produce optimum effect. On the other
hand, even a slight deﬁcxency or excess is"harmful to plants. "

Nutrijents (16) |

!

v o : | .
Basic' - Macro(Major) | -Micro/ Trace
.C ' 4 n 1 - -Fe
N -4 . -Zn
-0 . Primary Secondary -Cu.
N | - Ca | B
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.metaboxhsm of the plant.’

| | ,

| -P ' fMg _ : -Mo

K | S -Cl

; Mn

» | |
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1. Blements that provxde basic structure to the plant ~CH, O

2, Elements useful in energ'yl storageq transfer and bondmg N, S &P. These are accessory

"strucmral elements which are mbre active and v1tal for hvmg tissues.

i

R Elements necessary for charge balance - K, Ca & Mg, act as regulators and carrier.

4, Elements involved in enzyme activation e.nd electron transports Fe, Mg, Cu, Zn, B, Mo &
Cl., are catalysers and activators.

W ¢ Amnon and Stout (1939) ptOposed criteria of essenuahty
which was refined by Amon (1954) as:

i) Fhe plant must be unable to grow normally or complete its life cycle in the abser\ce of the
element, ii) The element is spe(uﬁc &nd cannot be replaced by another ii) The element plays a

: dzrect role i in metabohsm and iv) The deﬁcxency symptoms of the element can be corrected or

prevented by applicatxon of t]hat element only.

In general, an! element is condidered as essermal when plants can’t complete vegetative

“or reproductwe stage of life cycle due to its deﬁclency when this deficiency can be cotrected or

prevented only by Eupplymg this element and when th.e element is directly involved i in the

Nxeholas(]%l) proposed the term functional nutrient for any mmeral nutrient that functions in

. plant mistablism whether or not its action is specxﬁc e.g. Na, Co, Va'and Si. |

Soﬂ fertillty denotes the capacity of the soil to produce crops of economic value and
mamtam the health of the son‘l for future use, OR It i is the capacxty of soil to supply essential
nutnents to normal plants in adequate amounts and i ina balanced proporation. OR It is better to
eultwate a small piece of fértile land than a large nutrient needs of the crop. OR The soil is said

..to be fernle when it contains all mxteen of the required nutrients in the right proportion for
* luxurient plant growth. '

BN | |
NURES AND FERTILIZERS : - o
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Plant requires food / nutrients / cldmclr}ts for its growth and development which ared
. absorbed through soil. The nutrient supplying sources are manures and fertilizers. Application of 1
|

manures and fertilizers to the soil is one of the important factors which helps in increasing the §'

crop yleld and to maintain the soil fertility, N, P and K are the 3 major clements required for t,he

Manure :- It is a well decomposed refuse from stable and bam yards including both animal: N
-excreta and straw or other fitter. OR The terin manure implise to the any material with thei_ o
excepuon of water whxch when added to the soil makes it productWe and promotes plant growth, __‘f

{s: an dmﬁcxal product contaming the _plant nutnerlxts whith when added to soil makes it} .'

productive and promotes plant growth

Differénce between Manures and Fertilizers : o
Characteristics Manures l Fertilizers
lr Origin Plant or animal origin ~ Chemically synthesized or manufactur '
-2, Nature . Organicinnature .~ - Inorganic in nature
3., Type . Natural product | Artifi¢ial product. I
4. Conc. of nutrients  * Lessconcentrated - More coricentrated : 5
5. Material ' Supply organic matter ~ Supply inorganic matter ']
6. Nutrient availability Slowly available || May or may not be readily available
7. Nutrients , . Supplyaljtheprimary  Supply specific K
T putrients including. | type of nutrients one, two or three
. o . micro-nptrients. = © - macro nutrients may or may not presen}
8. Effect on Soil health Improves physical Do not improve the physical
: _ © condition of soil. | oond'xtxon ofsoil.
9. Effecton No bad effect when verse effect on plant whenever there
plaat growth applied in large ~ | s d ficiency or excessive application. §
© quantities. '

CLASSIFCATION OF MANURES AND FERTILIZERS : :
Manures and fertilizers may be 1, Natural or, 2. Artificial, (See Chart) |

N | b

; ' maJor ]
-matena
'which 1
‘Sesamu
."Safﬂow

Meat m

* . 'BULKY
L AY )

dung
' dem«
" back

. ‘alon
. thec

1. Natural or organic manures : Natural mamfred are those which are bulky in nature and J R

supply nutrients in small quantities . «and organic matter in large quantities, -
These are of two types, 1. Bulky organic and 2, Concentrated org, manures, .

)

Bulky OM : .are those which contain small percentage of - nutrients dnd are apphed in large ,' P
: quantltes eg. Farm yard manure(FYM), compost, Night sojl, sludge and sewage, sheep and goat '

manure (Foldmg), poultty droppmg, green manures etc.

|’.65
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Qoncentrated OM : are those whxch are organic in nature and contain hlgher percentage ot

- maJOl‘ plant nutrients like N, P and K as compared to bulky OM. These are made from rav
-m.aterials of animal and plant origin. The cxamples of manures of plant origin are oil seed cake
'which may be edible or nonedible. Edible oil seed cakes are Groundnut cake, Linseed gake
‘Sesamum cake1 Safflower cake(decort). Non- edible oil seed cakes are castor cake, Neem cake
.-Safﬂower cake(undecort) The examples of manurés of animal origin are Bone 'meal, Fish mcal

Mcat meal hnd Blood meal, .

: 'BULKY ORGANIC MANURES ' : |

EAEM ARD MANURE(FYM) :-Farm_yard mgnur - FYM is a mixture of cattlc

- dung, urine, litter or bedding material, portion of fodder not consumed by cattle and othe!

‘ demestxc wastes like ashes etc. collected and dumped into a pit or a heap in the corner of the

' back yarcL OR FYM refers to the decomposed mixture of dung and urine of farm animals
. :along with the litter (bedding matenal) and left over matgnal from roughages or fodder fed to
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SCHEMATIC PRESENTATION OF CEASSIFICATION OF MANURES AND FERTILIZERS

e

NATURAL/ %z.@pz_n MANURE

Y-

wCrW< OM
¢.g. FYM, Compost

o%omzﬂqumu..o.:m...... T
) « . . . ~

R 4

LANT

ORIGIN

_ e.g. oilseed cakes

v

' ANIMAL ORIGIN

e.g- Meals. ~

ARTIFICAL / INORG

ANIC FERTILIZERS

—

STRAIGHT -
FERTILIZERS

¥

COMPLEX 7 COMPOUND

N

'

FERTILIZERS
c.g. DAP

v .

Graded fert.
mixtures

T

N-ous FERT.
e.g. Urea ’
- Amm. Sulphate

G :

v

P-TIC
FERT.
Sis/p
T/S/P

¥

. K-SIC

.~ FERT.

M/P
P

MIXED FERT. -.

Y

. FERTILIZERS
m&o* Borax
ZnSO,, etc.

~ A

_MICRONUTRIENT  SOIL AMENDMENTS
Gypsum,

Lime

S

-

Responsible for ‘N’
_ Fixation

¥

v

Responsible for ‘P

In &n%w_&oa

e.g. Rhizobium

In Bon_Oan\_&cﬁ
Azotobactar, Azolle,
Azospirillum, Blue

Green algae.

availability

v

- %8?&!0 for OM

decomposition

Cellulose
decomposing

. Trichoderma;
Cellufomonas

v .

‘P’ solubilizing eg.

Bacillum, Pseudomonas,

Aspergillus

T 67

‘P’ fixing
VA Mycorthiza

“L«

Lignin decomposing -

Arthobacter. .
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AT, Soureé of manure :
.'droppmgs is the richest followed i by sheep manure for nutrient contents.. Dung contairis
.;':';"‘,'phosphate whlle urink contains N and K20. Amount of urine soaked in beddmg material also
v ?f.decldes the oomposrtlon and vary with'kind of animal. 2) Food of the animal : The richer the
',. ﬁfood in protems, ‘the ncher wxl bete manure m ‘N’ which comes out in ;he dung and urine. 3)

l

o _" Because of the varied nature of the material, the composmon of the manure itseif varies

- :.w;dely but on an average well rotted FYM contains 0.5% N, 0.2%, P;0s and 0.5% K,0. It also
o mﬂuences by various factors. .

 THE COMPOSITION OF FYM :
mposition of lnanures vary with kind of animal producing it. Poultry

the ani al : Young ammals fieed more proteins to build up their body,

' hence manure is poorer in N content than old animals. Manure of sxck animal is richer than

healthy ammals 4) Function of the animals : Milch cattles utilize proteins for milk producuon,

' hence manure 'is poor in N, P & K content than draft purpose animals as they utilize more
L 'carbohydtates S) Eature & proporation_of litter : The composition of litter varies with the
" kind of straw and hence will affegt the quahty of mannure. Bajra stalks are rich in N, P & K
| : followed by \yheat & maize. 6) Prescrvation : Under ordinary storage, there are losses of N.
. Potash get lost due to leaching when the manure is too moist,

’.: There are 3 methods of FYM pre;lartatxoh 1. Heap, 2, Box and 3. Pit or Trench method.
- B} COMPOST & COMPOSTING : o

Compost is the well rotted plant and animal residue, Compostmg means romng of plant

& anlmal remains applymg in fields. It i is largély a biological process in which micro-organisms
."','of both the types, aerobic and anaerobxc decompose orgamc matter and lower the Carbon
P 'Nxtrogen © N) ratio of refuse. |
. Q_mm_m_g_&_g is the process of decomposmg ﬁlant res:dues ina heap or pit rather than m the
~:'_-'soxl wlth a view to bring the plant nutrients An more readxly avzulable form. The CSSCntlal
- reqmrements of decomposmg are air, rrl01stme, optimum temp. and a small quanmy of ‘N'..
o 3'.IX£§S QF CQMPOST [ METHODS OF COMPOSTING
"_'-"Based on’the com;lostmg matenal used and the composition of the final product, composting '

‘, ;‘.'-méthods aré classiﬁed in two types . I\"arm or Rural compost and 2. Town or Urban compost. It
?“'j'..ﬁ.:can.be presented asi Lo s

i
.

Metholis of fompostlng |

I

1

Farm/%r—alcompost l \ . Town / uran compost

Indore method Rain wattr compost Banglore ho% fermentation

SN —
Nigl\t soil compost -

Mechanical compost plant

Shree Jumbo Xerox, Latur
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C) GREEN MANURING tltis a practice of plc‘;ughing in the greeh plant tissues grown in the

field or adding green plants with tender twigs or leaves frcTrA outside and incorporating them

into the soil for improving the physical structure as well as fertilit)|' of the soil. It can be defined

as g practice of ploghing or turning into the soil, undecomposed green plant tissugs for ‘the

purpose of improving the soil fertility, | : ,
The object of green manuring is to add an:organic mattey into the soil and thus, enrich it

with ‘N' which is most important and deficient nutrient, b

Types of green manuring : There are two types of green manuring: '

1. Green manuring in-situ ;: When green manure cr?ps are grown in thé_ field itself either as a

pure crop or as an intercrop with the main crop ard buried in the samé ﬁe'ld, it is known as

Green manuring Inlsity 'e.g. sannhamp, dhaicha, pillipesara,'é evri, urid, mung, cowpea, .

berseem, senji etc ‘ . P . o .
These crops are sown as : i) Main crop; iiy Inter row sown crop, {ii) On- bare fallow,
dcpending upon the soil and climatic conditions of the regiop.

2. Green leaf manuring : It refers to turning into the soil green leaves and tender green twigs '

clleqted from shrubs and trees grown - on bpnds, waste lands and nc’:arby forest areas é.‘g..

Glyricidie, wild dhaincha, Karan). o o
haracterstics / desirable qualities of a go anurin tltshould: . . .
1) Yield a large quantity of green material within a short period. 2) Be quick growing especially
in te beginning , so as to suppress weeds. 3) Be succulent dnd have more leafy .gro'withy than
woody growth, so that its decompostion will be rapid. 4) Pfeferably be a legume, so th‘at,étm.
‘N’ will be fixed. 5) Have deep and fibrous root system so that it will absorb nutrients from

lower zone and add them to the surface soil and also improve 'soil structure, 6) Be able to grow

even on poor soils. . ' ' ,

Stage of green manuring & A green manuring crop may be tulrned in at the flowering, stage or _

L just before the flowering . The majority of the G:M crops require 6 tb 8 weeks e}ﬁer sowing at

which there is maximum green matter production and most succulent. *

Advantages of green manuring : 1) It adds organic malter to the soil and simulates activity of

soil micro-orgdnisms. 2) It improvcs‘the, structure of the soil thereby improving the WHC,
decreasing run-off and erosion caused by rain, 3) The GM take nutrients from lower layers of
the soil and adds to the upper layer in which it is incorporated. 4) It is a leguminous crop, it fixes

‘N’ from the atmosphere and ad'_ds to the soil for being used by suc'cecding ctop, Generally about ©

2/3 of the N is derived fromi the atmosphere ‘and the rest from the soil, §) It increases the
availability of certain plant nutrients like P,0s, Ca, Mg and Fe. '

Disadvan(ages of green manuring : 1) Under rain fed conditions, the germination and growth

of succeeding crop may be affected due to depletion of moisture for the growth and
) : . | ‘
!
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decomposmon of GM crop. 2) GM crop inclusive of decomposition period oocuptes the field at
£ least 75-80 days which means a loss of one crop, 3) Incidence of pests and discases may ingcrease
§ iftheGM.is not kept free from them.

APphcgnon of phosphatic fertilizers to G.M. crops(legummbus) helps to increase the yxeld for
5 3 mpxd g:thh of Rhizobia and increase the ‘P’ avaxlabtltty to sueceed;ng crop.

$2)A rhﬁcial /-Chemical / Inorganie fertilizers :-These can be classified as :

k 1) W - are those whtch supply only one primary plant nutrxent viz, N, P or K.
. Dependlng upon the nutnent present in the fertilizer, these are classified as :

tro fe’ :- are those, which contain and supply only the nitrogen. OR are those

ferulizets "that dre sold for their “N* content and are manufactured on a commercial scale. These

are classnﬁed into 4 groups on the basis of the chemtcal form in whtch “N' is combined with .
+. @ other elements in a fertilizer(Chemical form of ‘N").

i) N;trate fogg (NO3) ¢ Sodtum nitrate (chxlean mtrate), Calcium mtrate, Potassium nitrate, and

'3 Nitrate of soda potash.,

-, if) Amgonlaca! fgrmmgg] Ammomum sulphate, Amm. chloride, and Anhydrous ammonia.

| WMW_BLEQM&LM Amm. nitrate, Calcium amm: nitrate & Amm, sulphate nitrate.
3 ) Al‘:ﬂw Calcium cynamxde Urea and Sulphur coated urea. -
mmmm : are those which contain and supply only the ‘P'. P content in fertilizers
3 is expressed in'oxidized form, phosphoms pentoxide (P205) while its content in soil and plant is
3 expresaed in elemental form as ‘P’ 'I'he converslon factors' for elementa! to oxidized form and
. ,-'-vwe Vétsa' are 2 29 and 0.43, respectwely These can be dmded into 3 ‘groups baséd on their
L 'avmlabthty to'crops and solubility, . :

!

*Co. 'ai ing water soluble hos horic acid : Ferttltzers are avaxlable in the form of mono

calelum phosphate or ammonium phOSphate €.g. single super phosphate, double super phosphate
¥ and mple supér phosphate.

- ii) ongainlng citric_acid solub!e phogphortc acid These fertilizers contam citrate soluble

% phosphonc acid or dicalcium phosphate e.g. Basto slag, Di-calcitim phosphate

i), gntgmlng Qhosphonc acid not so!uhle in watgr or citric acid: e.g. Rock phosphate, raw
:;__ bone meal steamed bone meal.

. -L’_Q.tag.sjs_ﬁmm are those which contain and supply only the 'K’ Potassium in the ltzer

A is exl’l'essed a5 K30 (Pptassium oxide). The conversion factor to express in elemental ‘fo “(K) is
g 0.83 and oxide form is 1.2. These are grouped in two as :

.:.'.,, a. Chloride f°m e.g. muriate of potash or pot. chloride '
b Non chlorlde form e.g Pot. sulphate Pot, magneslum sulphate, potasswm mtrate

4 "y
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'RTILIZER M;xTUREé( FM) :

phosphate, Nitrophosphates, Ammonim phosphute, Potassium nitrate, Amm. sulphate
phosphate, Amm. nitrate phosphalc, Amm. potassilim phosphate I
wwm These arc physical mixtures of stralght fertilizers
containing two or three primary plant nutrients.

These.are made by thoroughly mixing the mgled\ents either’ mechmeally or
manually. Fertilizer grade refers to the guaranted dunimum percentage of N, P,0s and Kz0
«ontained in fertilizer materials eg. 20:20:0, 28 28:0, 18:18:10, 14 25: 14 17:17:17,14:28: l
and 18:8:9 etc. | S
Miero ngtgiegg ggrtillzer : are the nutrxents which supply the nutrients required in smalier
quantities. These are the chemicals which supply the elements required by the plant i in very

small quantity eg. Copper sulphate, Zinc sulphate, Borax, Sodiurm borate,, Manganeee
sulphate, Sodium molybdate, Amm, molybdate, Ferrous sulphate etc.

Seil amendments : are these which i improve the soil by correcting its acidic: or saline, or
alkaline conditions and neutralising the injurious effects that may result from improper use
of fertilizer eg. Lime, Gypsum, Sulphur, Molasses. These are the substances that influence -
the plant growth favourably by producmg the soil one or more of the followidg beneficial |
effects : i) Changing the'soil reacttons i.e. makmg the soxl less acidic (Lime) or less alkaliné
(Gypsum). i) Changmg the plant nutrients in the soil-from unavailable to available forms. i)

Improving the physical condition of soil (molasses) v) Correctxng the effects ot‘ injurious
substances.

Bio-fertilizers / M:croblal innoculents : It may be deﬁned as preparatlon ¢ontaining live or |

latent cells of the efficient strains of N fixing, phosphate solubilizing or cellulytic micro
organisms. ' .

These are used for application to seed soxl or decomposmg areas to increase the no.
of such certain microbial process to make the nutrients iu available form to plants such as
Rhlzobxum, Azotobacter, Azospirillum, Blue.green algae, and Azolla. ’

When two or more fertilizers are mixed together to supply two or three major elernents'

&N, P05 and K30 is know as ferfilizer mixture or mixed fertilizer. OR'A mixture of two

more straight fertilizer materials is referred to as fertilizer mixture, Sometinies, Eomplex
tilizers containing two plant nutrients are also used in formulating fertilizer mixtures.
mplete fertilizer refers to the fertilizers containing 3 major plant nutrients , N, P,0s and K,0.

pes of fertilizer mixtures : There are two types of fertilizer mixtures :

QOpen formula fertilizer ‘mixtures :. The formulae of such fertilizers ‘in terms of kmds and
tity of the ingredients mixed are disclosed by thq manufacturers.

Closed formula fertilizer mixtures : The ingredients of straight fertilizers used in such
xtures are not disclosed by the manufacturers.

|
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Materials used in fertilizer mixtu;rls : Different materials go in to production of mixed
fertilizers. [n accordance with their principle function in the mixture., the materials can be
grouped into :1) Suppliers of plant nutrients : These are the stralght fertilizers added to supply
the plant nutrients mentioned in the grade, thus, are the primary materials most esséntial for
preparing mixed fertilizers. 2)'Conditioners : These are the organic substances which prepare
the fertilizer mixture in good drilling eondiliOn and redtice ca.kihg eg. Tobacco stems, peat,
groundnut Eulls and paddy hulls_(Husks),lj bohe meal, oil cakes. 3) Neutralizers of residual
acidity : The substances used to neutralise the residual effects are known as neutralizers. For
example, if the ‘N'-ous- fertilizers used are acididc in nature like Amm. Sulphate, Urea; a basic
material like lime stone is added to counter?ct the aexdrty, 4) Filler : A filler.is the make ~

.- weight material added to a t‘ertllrzel- mixture, It is added to make up the differences between the

weight of the added fertilizers required to supply the plant nutrients and the desired quantity of
fertilizer mixture, such as sand, soil, ground coal ashes,' sawdust and other waste products.

e'conda dnd micro nutrients Some times," secondary and mxcro- nument carrying
fertrlrzers are added to correct its deficiency.

An expression indicating the % of plant nutnerlt in a fertilizer mixture is termed as
fertilizer grade and the relative proportron of major pltmt nutrients in the mixed fertilizer taking
‘N’ as one, called as fertilizer ratio. For example, in a fertilizer mixture of 6:12:6 grade, the |
fertrhzer raio is 1:2:1. :

The low analysls fertlhzers contaln| less than 25% of primary. nutrients and the hlgh
analysis fertilizers contain more than 25"? of primary nutrients, On the other hand the. low -
analysrs mixed fertlllzers contain less than.14% sum of the primary nutrients and hlgh
analysis mixed fertilizers contain more than 14% sum of the {arrmary nutrients.

Adyantageg : 1) The balanced femhzer rmxture suited to crop and soil can be suplied, 2) All the
required nutrients can be supplied at one time by the appllcatron of fertilizers mixture and thus,
time and labourers are saved, 3) Storage and handlmg costs are reduced 4) Micro-nutrients can
be mcorporated 5) Mixtures have hetter physical condrtlon and are more easy for apphcatron. 6)
Residual acidity can be neutralized by using neutrahzers in mixture, ,
lJisgdvantages vy The cost of plant nutrients is higher than straight fertrhzers, 2) When only
one nutrient is requu'ed by the crop, the fertilizer mixtures are not useful and some times
farmers may add nutrients in excess or in limited quantity.

Precautions to be taken while preparing fe t_'ggllZer mixtures : 1) Do not mix the fertilizer

containing ammonia like Amm sulphate with basically reactive fertllriers hke lime, basic slag,
rock phosphate and calcrum cynamide as losses of ‘N’ may result through escape of gaseous
ammonia. 2) Do not mix water soluble phoSphatlc fertilizer (super phasphate ) with the fertlhzer
containing free lime (basrc slag, calcium cynamide) as this, coverts the portion of soluble
phosphate zmo msoluble phosbhate 3) Dolnot mix fertrltzers wluch are easily soluble and .

l
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hygroscopic like urea, calcium ammonium nitrate with other fertilizers because they will form

lumps. The fertilizer mixtures are made manually.or in the factory, having the grades : 6:12:0,
12:6:0, 990 9:9:5, 15:5:5, lOSSetc

\
Formulation of FM: The quantlty of femllzcrs for fertilxzer mixture cjn be calculated by:

Q= MxT X T i Where Q= Quanuty of fertilizers to be calculated
F . M =Total quantity of mixture to be prepared
T = Parts of nutrients in the fertilizer grade,
&  F=% of nutrientin the supplier fertilizers .
Unit value of fertilizers : One,per cent of N,P or K present in one tonne-of r fertilizer is treated
as one unit, A unit is thus cqual to 10 kg. : | '

The unit value of plant food i in a fertilizers is the price of one tonne of fertilizers divided by the
percentage content of that particular nutrient, -

Price of 1tonne fertilizer | |

% of nutrient in the fertilizer A e I
The fertilizer havmg a lower unit value will be cheaper than a fertilizer having a higher unit
value. It is made use in determining the price of fertilizer mnxtureTs containing N P and K and in
comparing the cost of 2 or 3 fertilizers providing same nutrient.

Unit cost of fertilizer is the price per kg of nutrient in a fcmllzer l

Unit value =

Price of 1 tonne feitilizer 1 1 .
% of nutrient in the fcrb.l.[‘-:ers 10 &
Methods of fertilizer application : In.order to get maximum benefit from manures and
fertilizers, they shpuld not only bcle apphcd in proper time and in right manner but any other
aspects should also be given careful consideration, Different soils react differently with fertilizer
application. Similarly, the N,P.K requlrements of different crops are different and even for a

single crop the nutrient requlremems are not the same at different stages of growth, The aspects
that require consideration in fertilizer application are listed below : [

l. Availability of nutrients in manures and fertilizers. 2) Nutrient reqmrements of crops at |
different stages of crop growth. 3) Time of application. 4). Methods of application ,
placement of fertilizers. 5) Foliar application. 6) Crop response to fertilizers application and
interaction of N,P, K. 7) Residual effect of manures ad fertilizers. 8) Crop response to
different nutrlent carrier, 9) Unit cost of nutrients and economics of | manunng N

Fertilizers are applied by dlffercnt methods mainly for 3 purpo&es l) to make the
nutrients casnly available to crops, 2) to reduce fertilizer losses and 3) for ease of application. The
time and method of fertilizer application vary in rclatlon to 1. The nature of fertilizer. 2) Soxl
lype and 3) The differences in nutrient requirement and nature of field ctops.

Application of fertilizers in solid form : It irivcludes the methdds like : (ﬁee C}!l?rt)

| i

Unit cost =

3
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D Broadcasting : Even and uniform spreading of manure or fertilizers by hand over the

entire surface of field while cultivation or after the seed is sown in standing crop, termed

" as broad casting. Depending upon the time of fertilizer application, there are two types of
broadcasting : I - Broadcastmg at planting and ‘Il ~ Top dressing. ]

A) Broadcasting at Qlanting Broad casting of manure and fertilizers is done at planting or

sowing of the crops with the following :objectives : I) To distribute the fertilizer evenly

. and to incorporate it with part of, or throughtout the plough layer and IT) To apply larger

quantities that can be safely applied at the time of plan,_ting / sowing with a seed—cum~
 fertilizer driller, ‘

It is adgpted with the followggg condition : 1) When N-ous fertilizers like amm. sulphate,

Amm, sulphate nitratc, concentrated organic-manures, are to be applied to the soil deficient

. inN or where N is exhausted by previous crops like fodder jowar F. maize. 2). Wheq citrate

soluble P-tlc femllzers like basic slag and dia-calcium phosphate or insoluble P-tic fertilizers
like bone meal ana ground rock phosphate, are to be applied to moderately acid to strongly

~ acid soils. 3). When K-ssi¢ fertilizers like muriate of potash and potassmm sulphate are to

be applied in potash deficient spil. -

B) Top dressing : Spreadmg or broadcasting of fertilizers in the standing crop(after
emergence of crop) is known as top-dressing. Generally, NO; ~ N fertilizers are top
dressed to the closely spaced crops like wheat, paddy e 7. Sodium nitrate, Amm, nitrate
and urea, so as to supply N in readily available form thi growing plants. The term side

. dressing refers to the fertilizer placed beside the rows of a crop (widely spaced) like
maize or cotton. Care must be taken in top dressing that the fertilizer is not applied when
the leaves are wet or it may burn or scorch the leaves., The top dressing of P and K is
ordinarily done only on pasture lands which occupy the land for several years.

In some countries acroplanes are used for fertilizer application in hill terfains where it

_is difficult to transport fertilizers and where large amount are to be applied because of
. severe deficiency and under following situations :. ,
i) - Where very small quantities of fertilizers are ‘needed over laréc areas eg.
- Micronutrients. ii) When fzigh analysis materials are applied. iii)When fertilizer application
. may be combined with insect control or some other air eperanon and xv) As a labour and
 time saving device.
II) Placement : In this, the fertilizers are p\i'aced in the soil irreSpectivé of the position of
i - seed, seedling or growing’ plants before or after sowing of the crops, It includes :
: 1) Wﬂgﬂj The fertilizer is placed in a continuous band on the bottom of

the' furrow during the process of ploughing.. Each band is covered as the next furrow is
- turned.#By this method, fertilizer is placéd in moist soil where it can become more

2%
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.available to growing plants during dry seasons. It results in less fixation of P & K than
that which occurs normally when fertilizers are ,broadcest over the entire soil surface.

2) Deep placement or sub-surface placement : In this method, fertilizer like Amm.
sulphate and Ures, is placed in the reduction zohé as in paddy fields, whete it remains in
ammonia form and is available to the crop during the active vegetative period. It ensures
better distribution in the root zone, and prevents any loss by surface runoff. It is followed
in different ways, depending upon local cultivation practices such as

. i) Irrigated tracts : The fertilizer is apphed under the pjough furrow in the dry soil before

flooding the land and making it ready for transplanting .

ii) Less water condition : Fertilizer is broadcasted before puddlmg which places it deep'
into the reduction zone. ‘ i

3) Sub -~ soil placement : This refers to the placement of fertilizers in the sub-soil with the
help of heavy power machinery, Itis followed in humid and sub-humid regions where many
sub-soils arestrongly acid, due to which the level of available plaht nutrients is extremely
low. P-tic and K-ssic fertilizers are applied by this method in these regions for better root

. development,
II1) Localized plagcmcn It refers to the apphcatton of femllzers into the'soil close to the

seed or plant. It is usually employed when relatively small quantities of fertilizers are to be

applied. It includes methods like ; .

Advantage The rodts of the young plant are assured of an adequate sqpply of nutrients, ii)

Promotes a rapid early growth, iii) Make early intercultivation possible for better weed

control iv) Reduces fixation of P & K. l ’
Mﬂmewgmmmﬂ_lm_e:__u_m_ It refers to the
drilling of seed and fertilizer together while sowing. It places the seed and small
quantities of fertilizers in the same row. This is found useful in cereal crops, cotton
and grasses but not for pulses and legumes. This may affect the germination of the
seed, pameularly in legumes due to excessive concentratton of soluble salts,

2. Band placement : In this; fertilizer is placed .in bands which may be continuous or
discontinuous to the side of scedlmg, some dtstances aWdy from it and elther at level
with the seed, above the seed level or'below the seed level. There are two types of

. band placement : It includes hill and row placement I : |
a) Hill placement : When the plants are spaced 3 ft..or more on both sides, fertilizers are
placed close to the plant in bands son one or both sides‘of the plants. The length and depth of

the band and its distance from plant varies with the crop and the amount of femhzer as in

cotton. b) Row placement : When the seeds or plants are sown close togetfter in a row, the
‘ ' 'i
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fertilizer is put in continuous band on one or both sides of the row by hand or a seed drill. It
is practiced for sugarcane, potato, maize, tobacco, cereals and vegetable crops
Htgher rates of fertilizers are possible with row placement than' hill placement. For applying

. small amount of fertilizers', hill placement is usually most efféctive.. | '

3) Pellet application : In this method, fertilizer (N-ous femllzers) is applied in the form of’
pellets 2.5 — 5.0 cm. deep between the roxlv of the paddy crop. Fertilizer is mixed with
.. soil In the ratio of 1:10 and made into a dougll Small pellets of a convenient size are
- then made and deposited in the soft mud of paddy fields. It increases the efﬁcrency of
N-ous fertilizers. ! .
4) Side dressing Fertthzers are spread in between the rows or around the plants. It
includes i) applrcatton of N-ous femltzers in between the rows by hand to broad row
crops like maize, S.cane, tobacco, cereals which is done to supply additional doses of N
to the growing crop. ii) Appllcatton of mixed or straight fertilizer around the base of the
fruit trees and done once, twice or thnce in a year depcndmg upon age.
Application of liguid fertilizers  IT includes :

1) Starter solutions : Solution§ of fertilizers , generally consisting of N-P20s —~ K30 in the

. ratio of 1:2:1 and 1:1:2 are applied to young vegetable plants at the time of transplanting,
It helps in the raprd establlshment of seedlings and quick early growth, It has advantages

, like i) the nutnents _reach the plant rpots 1mmedrately and ii) the solution is sufficiently
dilluted so that it does not inhibit growth. At the same time, it has disadvantages i. extra
labour is necessary: and ii. Fixation of} phosphate is greater.

- 2) Foliar gggllcagon :" It refers to the spraymg of leaves of growing plants wrth suitable

fertilizers soluttons I These solutlohs may be prepared in a low concentratidn to supply
any one plant nutnentg Itis preferable to soil application when : i. the soil sonditions or a
compeutwe crop makes nutrients ffom soil dressing unavailable, like late apphcatton of
N to crops raised u.nder rainfed condition. ii. An accurately time response to fertilizers
is required e.g. change in the’ ‘season, iii. Routine applications are made of insecticidal
or pesticidal sprays to whrch nutrients the crop prevents application of fertilizer to the

soil but permits 1ts applrcatron to the leaves from a high clearance sprayer or from a
helicopter. | . |

Difficulties (dlsadvantages ) associeted wlth this method are :
i) Leaf burn on scorchmg may occur, i “strong soluuons used, ii)-Small quantities of
nutrients can be apphed in one single spray due to low concentrations.’ iii) Several

. applications are needed for moderate to hrgh femhier doses, and iv) Costly method than sorl

apphcatron

Y I Y
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Direct application to the soil ; With the hclp of Spécxal equxpmcm.I anhydxous ammonia
(a liquid under high pressure upto 200 PSJ or more ) and N solutions are directly applled

. to the soil. It allows direct utilization of the cheapest N source. Plant injury or wastage of

ammonia is very little if the material is applied 10 cm below the seed. Otherwise, the N
from ammonia will be lost. It requires moisture co‘_nteqt at field capacity and good soil

tilth, . | | 2
) _Apghcatlon thrgugh irngatmn water Stralght and mlxed fertilizers containing N, P

& K easily soluble in water, are allowed to dissolve i in tl}e irrigation stream, The nutrients

. are thus carried in solutions. This saves the applicanon cost and allows the utlhzatxon of

relatively in expensive soluble fertilizers , like N-ous fertilizers. : i
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- CHAPTER - VIII : sorL.- ,

Sail :- The word so:l ' is derived from a ﬁatin word “Solum" meaning ‘floor* Soil is a

complex system made up of mineral matter, orgamc matter, soil water and soil air. Thercfore,
it contains not only the solid and liquid phases but also the gaseous phase,

Soil is a thin layer of earth’s crust which serves as. a natural medium for the growth of

-plants. §__l Is the unconsohdated mineral material on the 1mmed1ate surface of the earth that

serves as a naturai medium for the growth of land plants Sofl is the unconsolidated mineral

matter that has been subjected to, and mﬂuenced by genetrc and env:ronmental factors,

. parent material, climate, organisms, and topograpny all aotmg over a period of time. Soil is a

natural body, synthesized in profile form from a variable mixture of broken and weathered
minerals and decaying orgamc matter which covers the earth in a thin layer and which

supplies when containing the proper amounts of air and water, mechanical support and in
part, sustenance for plants.,. . N ' , |

' | 1 ,
Some definitions of the sorl ‘ |

Accordmg to Joffe (1949), “The §g_ﬂ rs a natural body of mmerals and organic'

constituents’ drfferentrate into horizons of' variable depth. which drftJers from the materials

below i in morphology, physrcal make up, chetmcal properties and compositior and biological
{

,charactenstrcs h - | _—

Soil is a dynamic natural body developed as a result of pedogemc processes during
and after weathermg of rocks, consrstmg 'of minerals and orgamc constltuents possessing
definite chemrcal physical, mmera‘ogrcal and brologrcal prope':tles having vanable depth
over surface of the earth'and prowding mediim for plantlgrowth of land plants. -

The Soil is heterogenous, polyphasrc, particulate, disperse and porous system, in |

which the interfacial ared per unit volume can be very ldrge The drsperse nature of the soil

and its consequent mterfacral activity gwe rise to such: phenomena as:

L. Adsorption of water and chemicals, 2 Inoic exchange, 3. Adhesron

4. Swelling and Shrinking 5 Dispersion and ﬂocculation and 6. Capillary
Eunctigns gf soil ; S ]

1) Seil provides anchorage to root enablmg plants]to stand erect. 2) It acts as a store

house of water and nutrients for plant growth, 3) It dets af anI abode of flora and fauna which
. ) e o
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suitably transform nutnents for uptake by plant roots. 4) It provrdes space for air and
accretion whlch creates healthy environment for the biological activity of soil orgamsms

Soil is natural body, differentiated into horizons of mineral and organic constrtuents, usually
unconsolidatéd, of variable depth which differs from the percent material below in

morphology, physical propertres and constrtutron, chemical properties and composition and
brologxcal characteristics. ' l

Soil profile 3 e vertidal exposure of soil with it’s various layers (horrzons) OR A vertical

section through the soil, is called as the soil profile.

LI

|
The various drstmgurshable layer of sorl that oceur are called horizons.

Components of uorl/Phases of soil : | o '

Mineral soils consist of 4 major components : Mineral matenals, OM, water and air in
various proportions. Approxrmately 50% of tlte total volume of the surface horizon of many
soils is made up of nlorg, matertals (mineral mattell) and OM (5%) and the remaining volume
is per space between the soil partlcles\ Water and air occupy ‘these poré spaces in various

proportions. The proportron of arr and water varies from one season to another. At optimura

moisture for plant growth the 50% of pore space possessed is dmded roughly in half 25% of
, Water space and 25% or air:

phase.
1

The sdil may be descnbed aj thL: three phase system Soil solid, hquxd and gaseous

_.l ' . 'Il-v

Solld phase ¢ Soil materral less than 2 mm size constitutes the soil sample. It is

~ broadly composcd of ml:rganlc and organic constltutes. Soils having more.than 20%

of org. constitutes lare arbrtranly l desrgna‘ted organic soils,. Where inorganic
constituents dominate, they are called mineral soils. The majority of the soils of India
are mineral soils.: It accounts for nearly 50% of the total volume and 95% without of
the solid phase is made up of lnorgamc or mineral matter, The remalmng 5% weight
compnses of OM whtch 1‘s lmamly denvcd from dead parts of the Yegetatlon an

| l
animals. IR B | |
In organic consutuents consrsit of "sthcates, certain preparatron -of carbonates, soluble

salts, an free oxides of i iron, aluminum and silicon. The humus and humus hke

fractions of the solid phase constitute the soil organic matter, Soil is the habrtat for

enormous number of hvmg olgamsms like roptp of higher plans (Soil macroflora),

- o |
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icteria, fungi, actinomycetcs, and algae (Soll microﬂora) A gram of fertile soil

somaing billions of these mtcro-orgamsms. 'l'he live Weight of the mtcro-organisms
e about 4000 kg / ha &n may constitute about 0 0l to O, 4% of the total sofl .

mass, Soil also consists of protozoa #.nd nematodes (Soll microfauna). )

Liquid phasc : About 50% of the bulk vblume of the soil body is generally occupied

by voids or s'op pores whxch may be completely or partially | ﬁlled with water. A

Classiy

consider wblo part of the ram which falls on soil is absorbed by the sod and stored in'ti '

to be returned to the atmosphere by direct evaporatlon or by ttansplratxon through
plants, The soil acts as a reservoir for supplying watér to pla.nts for their growth, The
soil water keeps salts in solutton which act as plant nutnents. Thus, the liquid phase is
an dqucom solution of salts, when water drains from soxl pores are filled with air,
Gaseous phase : The alr ﬁlled pores constitutes the gaseous phase of soil system and
dependent on that of the liquid phase, The N and O; contents of soil air are almost the
4 . . ihat of the atmospheric air but the concentratlon of Co; Is much higher (8-10
times moxc) whtch may be toxic to plant roots Thts phase suppltes Q; and thereby
pr events Co; toxigity, _ ‘ .

The 3 phases of the soil system have deﬁnite roles to play, The solid phase
provides mechanical suppo:t for and nutrienits to the plants The liquid phase suppltes
water and along with it dlssolved nutrients to plant ltd’ots The gaseous phase satisfies
the acratton (O) need of plants, - ,l '

Zntion of soils ; Soils can be grouped into. categoﬁes based on their present

proper
ovders.
1.

ties. The most general soil category is called order. 'All world soxls are place into 10
Entisols ; Those soils that have nitle, if amy. prof'tle development are known as
ent}sols Soils in desert belong to this- classxﬁcatlon The productlvnty of these soils
varies With their location and properties. With controlled water supply and proper
fertilization, these soils have good producthty ax't good for vegetables, groundnut,
Cltt‘US, wheat, paddyete. | ~ ° l

Inceptisols : These soils have better profile development than entisols but are less
dcvclopod The horizons are formed mostlg' from alteration of the parent materials
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with accumulation of clay. The productivity is limited due to poor drainage. Found in
\ -

!

humid regions, | ‘
Histosols : These are orgenic soils (peats and'mucks) consisting of variable depths of
accumulated plant remams in bogs, marshes and swamps that have developed inder
water saturated envrronment Hrghly rich in organic matter i.e. Qrg. C ranges from 12
to 18% in soils with low to more than 50% clay content,

_&E&Ls;_‘ Soils found m and or dry areas with light in colour, poor in organic matter
' and are not sub_;eeted to leaching, used for'cultivation with irrigation, Prossess a
horizon of CaCoj (lime), Calcium sulphate (Gypsum) or more soluble salts. These are
desert soils, ; '

MeHisols : Mostly these . are grassla.nds having thick surface horizon of dark colour,
dominated by divalent cations, Process normal granular or crub structure, do not
‘harden on drying and w1tl‘r moderate to heave fertilization soil are productive,
Vertisols : These 'ha\}e a high conteht of clays that swell When'wened ( more than
30%). During the dry season, these soils on tract and give rise to deep cracks which
desappear in the wet season or after 1mgatron Found in sub humid or semiarid

(T emperate to tropical) clrmates where temp. are moderate to high. Good for crop

_ produetxon with fine texture whreh are plastie and stlcky when wet and hard when

.dry Difficult to manage due to,very little time 'for their- .proper p!'eparanon by tilling. -
Goad for the Iplroductioplo’f cotton, Emrllet, sorghpm,'wheat, paddy etc. |

Alfisols ; Develop in humid and sub humid climates (500 mm.to 1300 mm rainfall)
with gray to brown surface horizons. Soils are slightly to moderately acid and quite
productive with good texlture. Soils are frequently under forest'vegetation

Spodosols ; Soils belong to forests with low content of bases, having coarse texture
(sandy). Found i in humrd clrmates where temp. are low. The subsurface horizons has
accumulation of org matter and sesquroxxde

Ultisols : These are strongly acrd normally forest soils with low content of bases

extensively weathered so'rls of trob\eal and subtropxeal climates, respond to good mgt.
practices, have clay of\ l:1 type and gwe good crop production with adequate

fertilization. ! :
| | |

- QOxisols : These are mosr develop in tropical and subtropical climates. The subsurface

| -
> |
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horizons are high in clay and acid. The soils are productive with supplements of ‘P’

micro-hutrients.

[

Soil groups of India ; ‘ |
B_ggjl_s__‘ Derived from crystallme metamo;pﬁic rocks which conslst of gramtes,
gneisses and®schists, red or reddish brown, either i rn situ or from the decomposed rock
matenals washed down to lower level by rain, lrght textured with porpus and friable
structure They have neutral to acid reaction and are deficient in N, humus, P20s and
lime. - ! S i

Cover large parts of TN, Kamata.ka N-E AP, eastern part of MP to chota

| ‘Nagpur and Orisa, noticed in UP, Blhar, WB and Rajsthan

Laterites and lateritic soils : _ Formed in situ condition uhder conditions of high
rainfall with alternating wet and dry penods, to reddish yellow, low in N, P, K, lime
and magnesm Formed due to the process of laterization in which silica is removed

‘while Fe and Al remain "behind in the upper layers.

Soils are common on the low hills in eastern AP, K. Kerala, eastern MP,
Orisa, Assam, and Ratnagiri district of MS. o | '
Black sails_:_ Highly clayey, 35 to 60% even upto 80% in velleys or depressions dark

coloured, from deep cracks during dry scasons charactetized by swelling and
low permeab:hty, neutral to shghtly alkalme, High CEC, high content of K,
exchangeable Ca and Mg poor in - or matter. N, P . The clay is mainly

montmonllonuc type, hence soft on wetting and contract on drying, These are called
as regures or black cotton soils which are dmdcd into : Very deep ( More than 90 cm
depth), Deep (45-90 cm), Modérately deep (22 S“to 45 cm), Shallow (7 5t022.5 cm)
and very shallow (below 7.5 em dept.h) Black colour is not due to drg, matter but due
to presence of titaniferrous magnetrte compounds and/or-clay complexes. Major areas

of black soils are in MS, MP, and pats of AP, odjarat nd TN,

Alluyial soils : Develop from water deposxted sedxmentsr Do not show any
prominent profile deveIOpment Varxés in natm"e and. properues whrch depends on
sediments from which they develop, the percent;matenal in the respective catchment
area and the place of .depositio'n in valleys, Nifostly po'on. drained, greyish coloﬁr,
acidic but develop into saline and alkalx soils in d'ry regroth I
|
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Occur in all states atong rivers, for example, Indo-gangetrc plams, Brahmaputra

valley,\Coastal areas of Gujarat, MS K, Kerala TN AP Orissa, WB and Goa.
Subdivided into :0ld, Recent, Lacustrine, Coastal an Deltaic alluvmms -

Desert soils : Formed in arid regions, as a result of physical weat.hermg, sandy. Both

wind and water erosrpﬁ are sever‘e in such soils, well supplied with soluble salts, Low .

in N and org, matter, have a high pH.

Soils form a major part of Rajasthan, Souther part of Harayana and Punjab,

northern part of Gujarat, receives 50 cm to less than 10 cm rainfall with high'

evaporatron | "

7. | §alme and alkaline sorls Sorls show white crustatton of salts of Ca; Mg and Na on

D the surface, poor drained and mfertrle Oceur in semt arid areas of Bthar, UP, Punjab,
Rajasthan Coastal and decean canal tract of MS.

8. P_gwng_mmsgi_lu Soils are black, elayey, highly actdrc (pH3 5) and contain

10 to 40% org. matter, poorly drained, high'ground water table: Found in Kerala,

Coastal tracts of Orissa, Sunderban area of WB SE, Coa.st of TN and in parts of
Bihar and UP

hxsical propemeg gg goil ¢ The physical propertres of, sorls are dormnant factors aﬁ‘cctmg

the use of a soil which determine the availability-of O i in soils, the rnobrlny of water into and-
though sorls and case of root penetratron\angi slo the chemtcal and brological behaviour of
soil. These depend prrmanw on the amount, ere shape and arrangement of its inorganic
partrcles, shape and arrangement of b inorganic particles; kind and ammount of ort. matter, the
total volume of pore spaces ‘and the way it is occupied by water and air at a partrcular time.

" Those are : Texture, Structure, Denstty Porostty, Consrstency, Colour and Temperature

S__MLL It refers to the relatrve proportions of soils separates i.¢. sand ‘silt and clay i m

patticular soil. It is a permanent or's tettc property of soil. .
I
| - Natural soils are comprrsed of soil particles of varying sizes. The soil particle size

groups are called as soil separates as ‘stone (more than 20 mm dia). Gravel (2-20 mm dia),
fme earth (Less than 2 mm Ara) coamismd (0 2 to 2 mm dra) fme sand 0.2 to 0.02 mm), silt
(0.02 t0 0,002 mm), and ¢lay (Less then 0,002 mm dia)

l .
sagd Sand particles are large, wrth very little surface area exposed (0. lm /g specific
area) These are fragments of quartz, msoluble nutrients supplying abrltty is practrcally

l
J {
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Sand do not absorb water, do not exhibit swelling and shrinkages, stickyness and
plasticity. Unless L:oated with clay or silt, they do not exhibit propertizs as Cohesion,
moisture and nutrient retention etc. Soils having hlgh péfcent of sand can be easily
cultivated with little or light draft reqwremcnts, low water hoIdmg capacity, less femle

dry out qulckly, As sand grams are large and coaxse, so;ls dommated by sand are called
as coarse textured or light sojls. ' |

_1_1_(,1 These particles are intermediate in size t6 sand and clay Because of adh?nng film

of caly, they exhibit some.plasticity, cohesions adhesion and adsorptlon and can hold
more amount of water than sand but less than caly, Soils dominated by silts armid way in

- properties, 'workabxhty ad ‘productivity between sandy. and clayey soils, The average

: specxﬁc area of silt particle is 1 ,sp m'g.

Clay : It has ultra.- mxcroscopxc size ‘and large surfacel'al'ea (lé to 1000 sq. per g.). The
caly particles are smooth and in a colloidal state. It greatly influences the physical and
chemmical properties of soil. Clay particles absorb and retain water, swell on wetting and

. shrink on drying, exhibit propemes like flocculation - (groupmg/clustenng)

dcﬂocculatnon, plasticity and stxckness, Soils with high clay are poor dramed requu-e

very heavy draft for cultivation, can be worke¢ in narrow range of moisture regime,

Clayey soils are.called as heavy soils as they are dlfﬁcult or heavy for cultwatxon
:l:exmhl calsses : All soils have all the three soil separates jn varying proportions. Based

on their proportions, the soils can be grduped into textural classes and are named
- according to the soil separates which is predommant in them as

’ ' | vy N ) . : oy
nil. Pre space are bigger (macropores) which facilitgtes rapid movement of air and water.
!

Il

-Group ‘ v Class .. Ranges (%) of

. . | Sand L Sl . Clay

Very coarse textured Sand » - 85-100 . 010 0-10
Loamy sand 70-90 - 0-30 0-15

Coarse textured Sandy loam 43-80 | 0-50 0-20
‘ Loam 23452 ' 28-50 7-27
Silt loam 0-50 | | '50-88 0-20 ,

silt . 020 88-100 | . 012

Medium textured Sandy % clay 45-80 0-28 - 20-55

loam :

Fine textured Clay loam 2045 - 1553 27-40
. _ Silty clay loam 0-20 40-73 - 2740

Fine textured Sandy clay 40-65 0-20 35-45
Silty clay 0-20 40-60 -+ 40-60

Qlay 0-40 ' 91-40 - 40-60
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Significancy of soil texture ¢

It induences physical and chemical properties like water holding capacity, autrieat
retention and fixation and its availability, drainagc strength, comprcssibility and therinal

" Tegime. Suitability of a soil to a particular crop depends on tcxture in addlltOu 10 50id clepth,

. depth of water table, salinity and alkalinity. Loamy soxls (Silty) exhibit inermediate

. properties, so best for agricultural, production because they retain more: water 'and nulrients

than sandy and have better drainage, aeration and tillage properties than clay soils.
B, Soll structure : The primary particles ~ sand, silt and clay are held together in clusters or

" peds of various shapes and sizes. Individual soil particles are joined together into groups or

- clusterg by cementing agents just as bricks with cement or lime mortar to make buildings or

© various sizes and shapes, called as'soil aggregates or peds. Natural aggregates are called as

—

- peds and artificial aggfegates by cultivation are called as clods.

, The arrangement of pnn}gry pamcles and their agz,regates‘ (secondary) into certain
: pattem in the soil mass, called as Soil Structure. Soil structure influences the soil

environment through its effect on the amoum and size of pore spaces, water holding capacity,

' avaxlablhty of plant nutrients and growth of mxcro-orgamsms The size, shape and

arrangement of the soil aggregates gwe[ mdxcauon of the ability of the soil to :
1) Allow air and water movernents through the soil,
2) A.}lq\;/ plant roots to move through soil and make use of soil and |
3) Hold enough soil moisture in a form avaitable for plants use.

| . .Types of soil structure There are four types on the basis of shape ‘and arrangements ;

:l) Plate like / Platy Horizontally, Iayered thin and flat like the plates with horizontal
. dxmensxons greater than the vertical, qnes.

2) Prism like : Aggregates are elon'géted like pillars or prism, often six sided, upto 15 cm

'« dia. They have vertical axis greater that oriental and the length of the elongated pillars

varies, depending upon soil and may go up to 15 cm or more and commonly found-in sub

 soil horizon of arid and semi-arid region soils. Further divided as : With flat tops, called
25 prismatic and with rounded topsf\called as Columnar aggregates.

3) Blocky like : These,are cubes like with 3 dimensions of about same size. When the edges

or zies are sharp, called as Angular blocky and when rounded, called as Sub-angular
blocky. These nsually found in'the sub sojl horizdn.

] ’ z’:?é‘-‘“-
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4) Spheroidal like : The apgregates are rounded oﬁ like a spherc. All the axes are
approximatcly of thc same dimensions, with curved ior irregular faces, not more than |
cm dia, Further divided into : I) Crumb : The aggeéates are small and are weakly held
together and erc porous like crumbs of breads, fourid in pasture soils 0} grassy lands.
[[) Granular : Similar to crumb except that the aggretgate are harder, less porous and the
individual soil particles are more strongly held together than in the crumb structure.
Commonly fou'nd in cultivated ﬁelds Classes of siructur'e : Aggregetes / peds are

classxﬁed on the basis of their sizes as: Very fine, Fme, Medlum, Coarse (ot thick) and

Very coarse (or very thick). Grades of structure :+ Depending upon the stability,

distinctness, durablhgy, strength of the ease wuh whxch they can be sepatrated, the
< aggregates are clﬁ;mﬁed in to four grades as Structureless Weak, Moderate and Stl“bng
C) Density of soil : - The densnty of soil ie. mass per umt volume can be expressed in two
ways : The densxty of the solid particles of the soil, callcd as pamcle density and 2. The
density of the whole soil including pore space, called as bu]k density. Particle density is also

called as true specific gravity and bulk density is called as'apparent specific gravity.

Partléle density : 1t is the welght of soil solids (g) without pores per unit volume (cc) It
varies from 2.6 to 2.7 g/cc in most of the mineral soils w:th average, of 2.65 g/ee. It is not |

affected by texture and structure of soil and it is static pr0perty

Bulk density @ 1t is the mass (weight) pr unit volume of the soil inclusive of pore spaces in

\
its natural structure |
l

It varies'from'1.3 to 1.7 @/ct in sandy soils and 1, 1 tol 4 g/ee-in clay soils. However,

Tt is affected by teXture, structure, organic matter and depth of soil. Surface soils have low

bulk density than lower surfaces. 1 |

1

4

D) Soil porosuy Soil has spaces which are occupled by water and air. Thc amounts of

water and air present in pore spgces vary and. depend upon their relative amounts. The

amount of pore space depends upon the arrangement‘of solid particles, organic matter

l
content, granulation and aggreganon (texture), depth of soil, cultwatxon and cropping pattern

of soil. '

0 ¢ \ '

The pore spacces are of two types : l) Macro or non-ca)pxllary (more than 0.06 mm) and 2)

Micro or capillary pores (less than 0.06 mm) having btgger and swmaller sqcs respegtively.

Pore spaees between the aggregates of soxl pamc!es are r?acropéres which,are occupied y air
|
\
|
[‘
|
i
|

! |
|



and those between the tndmdual pa.rtxcles of the aggregates are micropores which hold the
water Macropores . allow rapid movement of air and water as water than micropores.
Proporuon of macro and micro pores is lmpo.rtant than total porosity. )
Porosity of the soil can be calculated by formula ! '

.Porosrty= 100~ ﬁlgdeggmlo)—too(l BD)

Particle densrty | PD

Sandy sorls have 30 — 40 %, clayey 50-60 % porosity.

E) Soil colour : Colour indicates; approximately, the organic matter content of soil. The soils
have. various shades*lof blqpk yellow, red and grey, colours. It may T'ary with depth or
horizons. factors reSponsrble for colout are : . o =

1) Parent matenal from which soils are formed eg. red sandstone 1mpart red colour to the
soil, '

2) Organic marter content impaits brown to blackish colour to the.soil.

. 3) Minerals present in s01l e.g. titanium (darker), Iron compounds like hematite- (red) and

lrmomte (yellow), sxlrca or lime (whitish or gra)nsh) !

' _ 4) Accumulatron of alkah 'salts e.g. white or black dependmg upon type of salts.

_ Soxl colour rs useful for. classrﬂcatnon, to indicate organic matter and femlrty,
: aeratron, dralnage,’ salt accumulatron

F) Soll air : In the gaseous phase of soil, water and air compete for the same: pore space and
their volume fractions are 50 related that an increase of one generally decreases the other.

Thie amount and composmon of sorl air are believed to affect plant growth Field air capacity

is the fractlonal volume of air in a soﬂ at ﬁeld capacrty whxch depends on texture . g. sandy

(25 % or, more), loamy (15-20 %) and J:layey (below 10 %). The circulation of air in soil
mass 1s known ds sorl aeratIon which is mﬂuenced by temperature water and diffusion. Soil
air greatly vanes in composmon of. COz than N and 02 gases present in atmospheric air i.e.

02t003% m soil air and 0.33 % 1rkatmosphenc gir. Thrs needs continuous éxchange of gas

to avoid acoulnulatlon of COz in the soil.

G) Soil temperature 1 It affects the ‘crop growth and activity of micro organisms. Optirium
soil temperature requirement fof germmatlon and plant growth varies w1th crops i.e. 9°C to
f 0 °C. The functioning of micro-organisms in the 50l 2re very active within 2 ceriain mnge

- 'll
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of temperature (27-32 °C). The major source of heat is sun and heat generated by the
chemical and biological activity of the soil is negllglble Temperqture can be controlled by

'
L
o ,4;;;::ﬂ<:_t:ll:;5w i

_maintaining optimum moisture content, providing dramage. mulching, organic matter,
| cultivation practrces l *
“H) Soil consi?tence + It refers to, the degree of rebrstance‘ of‘a sorlI ;naterial to deformation or
' rupture or crushing Wthh depends upon the degree and M'nd of forces (adhesion, cohesion)
which’ attract one molecule to another. Adhesion is the force between similar materials,
The consistence of soil is influenced by nature of clay mmerals, exchangeable bases
and humus. Thus helps to decide the time and type of trllage operations requrred to bring the
“soil at good tilth, The consistency also depend on plasucity of soil whrch is the ability to be

kolded mto different shapes when 8 certain arnount of force is apphed and then to retain even
'when the forces is removed. ! ‘ : =i

|
1 ‘Soil strength Soil strength or mechanical resistance mdrcates the resistance offered by the
i o

soil to root penetration, [It-depends on soil morsture ie. 1ncrcase with decrease In soil

moisture content and vice-versa. Soil compaction andi bulk densrty also affect the soil
, strength ' i ‘ ;.
~Soil compactron and sorl crusting are algo other physrcal propertres of soil. These A
reduce the bulk density. These are useful for pr0per agnl ifnplements for land preparation, :..
germiriation of seed. . ;, _ a
J) Soil: organic matter : It is mainly derived from the c\lead parts of ‘'vegetation and a.mmal
Plant and animal residues. It forms a very small ‘but 1mportant portion (5 %) of the solid -
phase of soil. Its composition vary with type of. vegetation, nature of soil populauon, ;
'dramage, rainfall and temp. condition and the land xnanagement practrces The role of .
organic matter in maintenance, development and miprovement of spll is well known as it (
enhances microbial activity, rmproves physical condition d fertrhty of soil and thereby soil ;
producuvny, en.hances buffering capacrty, prevenr loss of! nutnents lmproves water retentron
* and holdmg capacity etc. organic matter of soil .can belmcreased by addition of residues,
green manurmg, crop rotation etc, It influences the C/N rthro of soil. It is affected by climate - |
! Much decides the nature of vegetation. ' 1 3 , N

|
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Biologxcal properties of sol : R - ;

Soil is not a dead mass but an abode of millions of crganisms, which includes i\
crabs, snails, earthworms, mites, mxlhpedes, centipedes, These feed on plant resxa‘ues:
~ burrow the s01l and help in aeration and percolation of water, '

" The soil organisms - are of two types : Microflora #d microfauna, Bacw
MUnomycetes, Fungi and Alghb re.late to former and Protozoa, I!Iematodes relate to I:

Some of these have symbiosis w:th other orgamsms They act on plant and animal reSl(fu '
‘and release the food material whxch intum used by plants,’ _
Chemical properties of sofl : ‘

These are pH of soil, catlon- exchange capacity, buffermg capacxry and soil collp.
- These are having more slgniﬁcance in the crop production,

. pH of the sml deczdes the soil reaction as acidic, neutral and alkaline. The crops diu:
in the tolerance to the soil reaction pH also influences the availability of nutrients. The &
with less than 7 are acidic, 7 neutral and above 7 alkaline. Acxdxc and alkaline soils neev.
reclaum for crop production by addmon of soil amendments.

L The End “er
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