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Agriculture

The term Agriculture is derived from two Latin weraiger or agri meaningsoil andcultura meaning

cultivation. Agriculture is an applied science which encomeasall aspects of crop production

including horticulture, livestock rearing, fishesjdorestry, etc.

Agriculture is defined as an art, science and busass of producing crops and livestock for

economic purposes.

As an art it embraces knowledge of the way to perform therajgens of the farm in a skillful manner,

but does not necessarily include an understanditigeqorinciples underlying the farm practices.

As a science:utilizes all technologies developed on scientificnpiples such as crop breeding,

production techniques, crop protection, economicste maximize the yield and profit. For example,

new crops and varieties developed by hybridizatiransgenic crop varieties resistant to pests and
diseases, hybrids in each crop, high fertilizepoesive varieties, water management, herbicides to
control weeds, use of bio-control agents to comkat and diseases etc.

As the business:As long as agriculture is the way of life of theraupopulation production is

ultimately bound to consumption. But agricultureaabusiness aims at maximum net return through

the management of land labour, water and capimapl@ying the knowledge of various sciences for

production of food, feed, fibore and fuel. In recemiars, agriculture is commercialized to run as a

business through mechanization.

AGRICULTURE is defined in the Agriculture act (194as including ‘horticulture, fruit growing,

seed growing, dairy farming and livestock breedamgl keeping, the use of land as grazing land,

meadow land, osier land, market gardens and nuigemynds, and the use of land for woodlands
where that use ancillary to the farming of landAgricultural purposes”.
SCOPE AND IMPORTANCE OF AGRICULTURE IN INDIA AND TA MILNADU

] With a 16% contribution to the gross domestic piad GDP), agriculture still provides livelihood

support to about two-thirds of country's population

] The sector provides employment to 58% of countmgsk force and is the single largest private

sector occupation.

) Agriculture accounts for about 15% of the totgb@st earnings and provides raw material to a large

number of Industries (textiles, silk, sugar, rideur mills, milk products).

) Rural areas are the biggest markets for low-pred middle-priced consumer goods, including

consumer durables and rural domestic savings ara@ortant source of resource mobilization.

[ The agriculture sector acts as a wall in maintgjrfood security and in the process, national sgcur

as well.

[ The allied sectors like horticulture, animal husdrg, dairy and fisheries, have an important rale i

improving the overall economic conditions and Healtd nutrition of the rural masses.

1 To maintain the ecological balance, there is nfeedsustainable and balanced development of

agriculture and allied sectors.
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1 Agriculture’s eyes and minds are soothed by dynachianges from brown (bare soil) to green
(growing crop) to golden (mature crop) and bumparésts.

1 Plateauing of agricultural productivity in irriget areas and in some cases the declining trend
warrants attention of scientists.

Agriculture helps to elevate the community consgtof different castes and communities to a better
social, cultural, political and economical life. Agulture maintains a biological equilibrium in oag.
Satisfactory agricultural production brings pegmesperity, harmony, health and wealth to individua
of a nation by driving away distrust, discord andrahy.

REVOLUTIONS IN AGRICULTURE

1 Through white revolution, milk production quadreglfrom 17 million tonnes at independence to
108.5 million tonnes.

1 Through blue revolution, fish production rose frOti5 million tonnes to nearly 7.6 million tonnes
during the last five decades.

"1 Through yellow revolution oil seed production ieased 5 times (from 5 million tonnes to 25
million tonnes) since independence.

1 Similarly, the egg production increased from Jidnl at independence to 28 billion, sugarcane
production from 57 million tonnes to 282 millionnmes, cotton production from 3 million
bales to 32 million bales which shows our sign rafgpess.

1 India is the largest producer of fruits in the ldoindia is the second largest producer of milkl an
vegetable.

BRANCHES OF AGRICULTURE
Seven branches viz.,
. Agronomy
. Horticulture
. Forestry
. Animal husbandry
. Fishery science
. Agricultural Engineering and
. Home science

~NoO ok, WN R

1) Agronomy — Deals with the production of various crops whietiudes food crops, fodder crops,
fibre crops, sugar, oilseeds, etc. The aim is teeHaetter food production and how to control
the diseases.

2) Horticulture - Deals with the production of fruits, vegetablswers, ornamental plants, spices,
condiments and beverages.

3) Forestry — Deals with production of large scale cultivatiminperennial trees for supplying wood,
timber, rubber, etc. and also raw materials foustdes.

4) Animal husbandry — Deals with agricultural practice of breeding aaging livestock in order to
provide food for humans and to provide power (dhdugnd manure for crops.

5) Fishery science- Deals with practice of breeding and rearing fisimeluding marine and inland
fishes, shrimps, prawns etc. in order to providelfdeed and manure.

6) Agricultural Engineering — Deals with farm machinery for filed preparatianter-cultivation,
harvesting and post harvest processing includinigasal water conservation engineering and
bio-energy.

7) Home Science- Deals with application and utilization of agrizuhkl produces in a better manner in
order to provide nutritional security, includinglwea addition and food preparation.

On integration, all the seven branches, first thsegrouped as for crop production group and
next two animal management and last two alliedcagitire branches.3



Evolution of man and Agriculture
There are different stages in development of aljuce; which is oriented with human civilization.
They are Hunting ! Pastoral | Crop culture | Trade (stages of human civilization).
1. Hunting — It was the primary source of food in old dayss lthe important occupation and it existed
for a very long period.
2. Pastoral- Human obtained his food through domesticatiomats, e.g. dogs, horse, cow, buffalo,
etc. They lived in the periphery of the forest #imely had to feed his domesticated animals. Forriged
his animals, he would have migrated from one plazeanother in search of food. It was not
comfortable and they might have enjoyed the benéstaying in one place near the river bed.
3. Crop culture - By living near the river bed, he had enough wéterhis animals and domesticated
crops and started cultivation. Thus he has staotedttle in a place.
4. Trade— When he started producing more than his requinethe excess was exchanged, this is the
basis for trade. When agriculture has flourishedde developed. This lead to infrastructure
development like road, routes, etc.

Agriculture became civilized from crop culture Events
stage. Some important events for different periods

that lead to development of scientific agriculture.

Period

Earlier than 10000 BC Hunting & gathering
7500 BC Cultivation of crops- Wheat & Barley
3400 BC Wheel was invented
3000 BC Bronze used for making tools
2900 BC Plough was invented, irrigated farming started
2300 BC Cultivation of chickpea, cotton, mustard
2200 BC Cultivation of rice
1500 BC Cultivation of sugarcane
1400 BC Use of iron
1000 BC Use of iron plough
1500 AD Cultivation of orange, brinjal, pomegranate
1600 AD Introduction of several crops to India i.e. potato,

tapioca, tomato, chillies, pineapple, groundnut,
tobacco, rubber, American cotton

Indian agriculture - Indian economy — National incane — per capita income — Agricultural
income in GDP -Women in agriculture and empowerment
Indian Agriculture and Economy:

Indian Agriculture is one of the most significanontributors to the Indian economy.
Agriculture is the only means of living for alma@2% of the employed class in India. The agriculture
sector of India has occupied almost 43% of Indig@sgraphical area. Agriculture is still the only
largest contributor to India's GDP (16%) even a#tatecline in the same in the agriculture share of
India. Agriculture also plays a significant roletire growth of socio-economic sector in India.

In the earlier times, India was largely dependgarufood imports, but the successive story of
the agriculture sector of Indian economy has madelf-sufficing in grain production. The country
also has substantial reserves for the same. Irgiardls heavily on the agriculture sector, espgaall
the food production unit after the 1960 crisisood sector. Since then, India has put a lot ofretfm
be self-sufficient in the food production and teisdeavour of India has led to the Green Revolution.
The Green Revolution came into existence with theta improve the agriculture in India.

The services enhanced by the Green Revolutioneiraginiculture sector of Indian economy are
as follows:

» Acquiring more area for cultivation purposes
» Expanding irrigation facilities
» Use of improved and advanced high-yielding varedftseeds



* Implementing better techniques that emerged fagniculture research
* Water management
* Plan protection activities through prudent uséedilizers, pesticides.

All these measures taken by the Green Revolutidridean alarming rise in the wheat and rice
production of India's agriculture. Considering theantum leap witnessed by the wheat and rice
production unit of India's agriculture, a Natiofallse Development Programme that covered almost
13 states was set up in 1986 with the aim to intcedthe improved technologies to the farmers. A
Technology Mission on Oilseeds was introduced iB6l%ight after the success of National Pulse
Development Programme to boost the oilseeds secttodian economy. Pulses too came under this
programme. A new seed policy was planned to proediee to superior quality seeds and plant
material for fruits, vegetables, oilseeds, pulsesfiowers.



The Indian government also set up Ministry of Fddcessing Industries to stimulate the
agriculture sector of Indian economy and make iranloicrative. India's agriculture sector highly
depends upon the monsoon season as heavy raiaofalgdhe time leads to a rich harvest. But, the
entire year's agriculture cannot possibly deper@humly one season. Taking into account this fact,
second Green Revolution is likely to be formed t@recome such restrictions. An increase in the
growth rate and irrigation area, improved water ag@ment, improving the soil quality and
diversifying into high value outputs, fruits, vegbles, herbs, flowers, medicinal plants and bicelie
are also on the list of the services to be takethbyGreen Revolution to improve the agriculture in
India.

National income
National Income is important because of the follaywieasons,
» To see the economic development of the country.
* To assess the developmental objectives.
» To know the contribution of the various sectarsidtional income.

Internationally some countries are wealthy, somentges are not wealthy and some countries
are in-between. Under such circumstances, it woeldifficult to evaluate the performance of an
economy. Performance of an economy is directly @rtignate to the amount of goods and services
produced in an economy. Measuring national incaradso important to chalk out the future course of
the economy. It also broadly indicates people’siddiad of living. Income can be measured by Gross
National Product (GNP), Gross Domestic Product (§;[@Poss National Income (GNI), Net National
Product (NNP) and Net National Income (NNI). Thelibm economy is the 12th largest in USD
exchange rate terms. India is the second fastestigyg economy in the world. India’s GDP has
touched US$1.25 trillion. The crossing of Indian EDver a trillion dollar mark in 2007 puts India in
the elite group of 12 countries with trillion dallaconomy. The tremendous growth rate has coincided
with better macroeconomic stability. India has maelmarkable progress in information technology,
high end services and knowledge process services.

Agricultural income in GDP

Agriculture sector contributed 32% in 1990-91, 2@ating 2005-06 and around 16% now. Though the
contribution of agriculture to the GDP income oflim it is great news that today the service sestor
contributing more than half of the Indian GDP. dkés India one step closer to the developed
economies of the world. Earlier it was agricultwkich mainly contributed to the Indian GDP. The
Indian government is still looking up to improveet&DP of the country and so



several steps have been taken to boost the ecorRaligies of FDI, SEZs and NRI investment have
been framed to give a push to the economy and lerc8DP.
Agriculture per capita income

The per capita income of the agriculture sectofinkes to 1/3 of the national per capita income
during the recent years. The per capita incomeénefagriculture population is estimated around Rs.
10,865 in 2010, which is around 32% of the natigped capita income at Rs. 33,802/-. Per capita
income of the agriculture population was around fBR) at Rs. 5,505 of the national per capita
income at Rs. 11,433/- during 1980 however, it catown to around 42% at Rs. 6,652/- of the
national per capita income at Rs. 16,020/- duridgl2

Income Distribution Agriculture Share in Population Agriculture Per
in Agriculture sector GDP Dependent on Capita (in Rs.)
Year/ Period Agriculture
1980 39 70 4745 (56%)
1990 31 65 5505 (48%)
2000 25 59 6652 (42%)
2010 16 58 10865 (32%)

Women in Agriculture and empowerment

Women in India now participate in all activitieschuas education, sports, politics, media, art
and culture, service sectors, science and techyoddg. Indira Gandhi, who served as Prime Minister
of India for an aggregate period of fifteen yearthe world's longest serving woman Prime Minister.

The Constitution of India guarantees to all Indimomen equality (Article 14), no
discrimination by the State [Article 15(1)], eqinalof opportunity (Article 16) and equal pay forud
work [Article 39(d)]. In addition, it allows spedigrovisions to be made by the State in favour of
women and children [Article 15(3)], renounces picas derogatory to the dignity of women [Article
51(a) (e)], and also allows for provisions to bedmay the State for securing just and humane
conditions of work and for maternity relief. (Aréc42).
The feminist activism in India picked up momentunridg later 1970s. Since alcoholism is often
associated with violence against women in Indiapyn@omen groups launched anti-liquor campaigns
in Andhra Pradesh, Himachal Pradesh, Haryana, ®Midadhya Pradesh and other states. Many Indian
Muslim women have questioned the fundamental |shdiatierpretation of women's rights under the
Shariat law and have criticized the triple talagteyn.

In 1990s, grants from foreign donor agencies euatile formation of new women-oriented
NGOs. Self-help groups and NGOs such as Self Erepldyomen's Association



(SEWA) have played a major role in women's rights$ndia. Many women have emerged as
leaders of local movements. For example, MedhadPatkthe Narmada Bachao Andolan.

The Government of India declared 2001 as the YéM/@men's EmpowermenSfashakti).

The National Policy for the Empowerment of Womemeavas passed in 2001.

In 2006, the case of a Muslim rape victim calleddna was highlighted in the media. Imrana
was raped by her father-in-law. The pronouncemésbme Muslim clerics that Imrana should marry
her father-in-law led to widespread protests andlliy Imrana's father-in-law was given a prisomter
of 10 years, The verdict was welcomed by many wdsngroups and the All India Muslim Personal
Law Board.

In 2010 March 9, one day after International Womestay, Rajyasabha passed Women's
Reservation Bill, ensuring 33% reservation to wonmeRarliament and state legislative bodies.

Women empowerment would become more relevant if @oare educated, better informed
and can take rational decisions. It is also necgdsasensitize the other sex towards women. It is
important to usher in changes in societal attituates perceptions with regard to the role of wonren i
different spheres of life. Adjustments have to bedenin traditional gender specific performance of
tasks. A woman needs to be physically healthy ab ghe is able to take challenges of equality.iBut
is sadly lacking in a majority of women especiafiythe rural areas. They have unequal access to bas
health resources.

Most of the women work in agricultural sector eitl@s workers, in household farms or as
wageworkers. Yet it is precisely livelihood in agriture that has tended to become more volatile and
insecure in recent years and women cultivators hidnexefore been negatively affected. The
government's policies for alleviating poverty hdaged to produce any desirable results, as woneen d
not receive appropriate wages for their labour.r&he also significant amount of unpaid or non-
marketed labor within the household. The increasgeinder disparity in wages in the urban areas is
also quite marked as it results from the employneémtomen in different and lower paying activities.
They are exploited at various levels. They shoelgiovided with proper wages and work at par with
men so that their status can be elevated in society
There is no doubt about the fact that developménvamen has always been the central focus of

planning since Independence. Empowerment is a nségqr in this direction but it has to be seen in a
relational context. A clear vision is needed to ogen the obstacles to the path of women's
emancipation both from the government and womemsleéves. Efforts should be directed towards all
round development of each and every section oamdiomen by giving them their due share.

History of agricultural development in the world and India. Agriculture heritage — Agriculture in
ancient India

History of agricultural development in the world and India
Please refer Lecture 1 theory notes.
Agriculture heritage
History is the continuous record of past events
Heritage is the inherited values carried from one generdtioother generation
Agricultural heritage refers to the values and traditional practices sgtbm ancient India which are more
relevant for present day system.
Agriculture Heritage in India

Agriculture in India is not of recent origin, buas1a long history dating back to Neolithic age of
7500-6500 B.C. It changed the life style of earlgnmrirom ‘nomadic hunter of wild berries and rodts’
‘cultivator of land’. Agriculture is benefited frorthe wisdom and teachings of great saints. The amisd
gained and practices adopted have been passed ttiloough generations. The traditional farmers have
developed the nature friendly farming systems aadtges such as mixed farming, mixed croppingpcro
rotation etc. The great epics of ancient India egnthe depth of knowledge possessed by the older
generations of the farmers of India. The modernesptas lost sight of the importance of the triadél
knowledge which had been subjected to a processfiokment through generations of experience. The



ecological considerations shown by the traditiolaamers in their farming activities are now-a-days
reflected in the resurgence of organic agriculture.

The available ancient literature includes the fMedas (rig, yajur, sama, atharvana), nineteen
Brahmanas (A total of 19 Brahmanas are extantest lie their entirety: two associated with the Rida,
six with the Yajurveda, ten with the Samaveda amel with the Atharvaveda.), Aranyakas, Sutra litemt
Susruta Samhita, Charaka Sambhita, Upanishads, giteseRamayana and Mahabharata, Puranas (20),
Buddhist and Jain literature, and texts such asshikfarashara, Kautilya’s Arthasastra, Panini’'s
Ashtadhyayi, Sangam literature of Tamils, Manusnflews), Varahamihira’s Brihat Samhita (maths &
astrology), Amarkosha, Kashyapiya-Krishisukti andteépala’s Vriskshayurveda. This literature was most
likely to have been composed between 6000



BC to 1000 AD.

Rigveda is the most ancient literary work of Indtabelieved that Gods were the foremost among
agriculturists. According to Amarakosha (a thesaustiSanskrit written by the Jain or Buddhist sahol
Amarasimhy Aryans were agriculturists. Manu and Kautilyaqmrébed agriculture, cattle rearing and
commerce as essential subjects, which the king teast. According to Patanjali (compiler of the Yog
Sutras) the economy of the country depended on dgrieuand cattle-breeding. Plenty of information is
available in ‘Puranas’, which reveals that anciémdians had intimate knowledge on all agricultural
operations. Some of the well known ancient classidadia are namely, Kautilya's‘Arthashastra’; éla
‘Astadhyayi’; Patanjali's ‘Mahabhasya’; Varahamétsr ‘Brahat Samhita’; Amarsimha's ‘Amarkosha’ and
Encyclopaedic works of Manasollasa. These clagegtify the knowledge and wisdom of the people of
ancient period. Technical books dealing exclusivelith agriculture were Sage Parashara’s
‘Krishiparashara’ in 1000 A.D. Other important t®xare Agni Purana and Krishi Sukti attributed to
Kashyap (500 A.D.). Ancient Tamil and Kannada warkstain lot of useful information on agriculture i
ancient India. Agriculture in India made tremendpusgress in the rearing of sheep and goats, cods a
buffaloes, trees and shrubs, spices and condimérdd, and non-food crops, fruits and vegetables and
developed nature friendly farming practices. Thesactices had social and religious undertones and
became the way of life for the people. Domestiesriand festivals often synchronised with the foainm
agricultural operations of ploughing, sowing, reepand harvesting.

In the Rigveda, there is reference to hundredgtamasands of cows; to horses yoked to chariots; to
race courses where chariot races were held; tolsayoked to the chariots; to sheep and goats affase
sacrificial victims, and to the use of wool for ttimg. The famous Cow Sukta indicates that the bad
already become the very basis of rural economyanather Sukta, she is defined as the mother of the
Vasus, the Rudras and the Adityas, as also thé piMMonmortality. The Vedic Aryans appear to haaege
forests at their disposal for securing timber, afahts and herbs for medicinal purposes appeaate h
been reared by the physicians of the age, as appetire Atharva Veda. The farmers' vocation wdd ime
high regard, though agriculture solely The inforimatelated to the biodiversity and agriculturec(iding
animal husbandry) are available in these texts.



depended upon the

The four Vedas mention more than 75 plant spe@easapatha Bhrahamna mentions over 25
species, and Charkaa Samhita (300 BC) an Aayur{&aian medicine) treatise-mentions more than 320
plants. Susruta (400 BC) records over 750 mediqiait species. The oldest book, Rigveda (4000 BC)
mentions a large number of poisonous and non poisoaquatic and terrestrial, and domestic and wild
creatures and animals. Puranas mention about ¥flespof plants. The science of arbori-horticultoael
developed well and has been documented in Surapdlikshayurveda. Forests were very important in
ancient times. From the age of Vedas, protectidioralsts was emphasized for ecological balancetikau
in his Artha Sastra (321-296 BC) mentions that snpendent of forests had to collect forest produce
through the forest guards. He provides a longdistees, varieties, of bamboos, creepers, fibgasts,
drugs and poisons, skins of various animals, #tat,come under the purview of this officer.

The preservation of wild animals was encouraged hndting as a sport was regarded as
detrimental to proper development of the charaeted personality of the ruler, according to Manu
(Manusmriti, 2nd Century BC). Specifically, in thuranas (300-750 AD) the names of Shalihotra on
horses and Palakapya on elephants have been farekperts in animal husbandry. For instance,
Garudapurana is a text dealing with treatment ohahdisorders while the classical work on the timeant
of horses is Aswashastra. One chapter in Agnipudsads with the treatment of livestock and anotirer
treatment of trees.favours of Parjanya, the godaof. His thunders are described as food-bringirtge
four Vedas mention more than 75 plant species,p&tdita Bhrahamna mentions over 25 species, and
Charkaa Samhita (300 BC) an Aayurvedic (Indian wiad) treatise-mentions more than 320 plants.
Susruta (400 BC) records over 750 medicinal plpati®s. The oldest book, Rigveda (4000 BC) mentions
a large number of poisonous and non poisonous iacqural terrestrial, and domestic and wild creatares
animals. Puranas mention about 500 species ofspldie science of arbori-horticulture had developed
well and has been documented in Surapala’s Vrikslvega. Forests were very important in ancient$ime
From the age of Vedas, protection of forests waphasized for ecological balance. Kautilya in high&r
Sastra (321-296 BC) mentions that superintendefdre$ts had to collect forest produce throughfdinest
guards. He provides a long list of trees, varietidbamboos, creepers, fibrous plants, drugs aigbps,
skins of various animals, etc., that come undeptheiew of this officer.

The preservation of wild animals was encouraged and hunting as a sport was regarded as detrimental to

proper development of the character and personality of the ruler, according to Manu (Manusmriti, 2nd
Century BC). Specifically, in the Puranas (300-750 AD) the names of Shalihotra on horses and Palakapya on
elephants have been found as experts in animal husbandry. For instance, Garudapurana is a text dealing
with treatment of animal disorders while the classical work on the treatment of horses is Aswashastra.

One chapter in Agnipurana deals with the treatment of livestock and another on treatment of trees.

Stages of agriculture development - Era of civilizgon- Importance of Neolithic civilization

Stages of agriculture development
12000 to 9500 years ago
» Hunters and food-gathers stage existed.
* Stone implements (microliths) were seen througkioel Indian subcontinent.
» Domestication of dog occurred in Iraq.
* Earliest agriculture was by vegetative propagafie.g., bananas, sugarcane, yam, sago, palms, and

ginger).

9500 to 7500 years ago
* Wild ancestors of wheat and barley, goat, shpigp,and cattle were found.

7500 to 5000years ago
» Significant features were invention of ploughigated farming, use of wheel, and metallurgy and i
Egypt, seed dibbling said to be practiced.

5000to 4000years ago



» Harappan culture is characterized by cultivatibrwheat, barley and cotton; plough agriculture and
bullocks for drought. Indus Valley is the home ofton.

» Wheeled carts were commonly used in the Indugyal

» Harappans not only grew cotton but also devisethods for ginning / spinning / weaving.

4000 to 2000years ago

* In North Arcot, bone / stone tools were found.

* In Nevasa (Maharastra), copper and polished st@rs were used. First evidence of the presence of
silk was found at this location.

» At Navdatoli on Narmada river (Nemar, Madhya Rstg, sickles set with stone teeth were used for
cutting crop stalks. Crops grown were wheat, lidsdentil, urd (black gram), mung bean, and
khesari.

* In Eastern India, rice, bananas, and sugarcane eudtivated.

2000-1500 years ago
» Tank irrigation was developed and practiced widel



» Greek and Romans had trade with South India; greppoth, and sandal wood were imported by
Romans.

» Chola King Karikala (190 AD) defeated Cheras &aohdyas, invaded Srilanka, captured 12000 men
and used them as slaves to construct an embankatoeg the Cauvery, 160km along, to protect
land from floods. He has built numerous irrigatimmks and promoted agriculture by clearing
forests.

1500-1000 years ago
The Kanauj Empire of Harshavardhana (606-647 AD)
» Cereals such as wheat, rice and millets, andsfrwere extensively grown. A 60-day variety and
fragrant varieties of rice are mentioned.
* Ginger, mustard, melons, pumpkin, onion, andigare also mentioned.
* Persian wheel was used in Thanesar (Haryana).

The kingdoms of South India

» The kingdoms were of the Chalukyas (Badami), Rakhtas (Latur), Pallavas (Kanchi), Pandyas,
Hoysals (Helebid), and Kakatiyas (Warangal).

« Cholas ushered in a glorious phase in South iniiahe 16century AD.

« New irrigation systems for agriculture were depeld- chain tanks in Andhra in théc@ntury; and
6.4 km Kaveripak bund.

* Cholas maintained links with China, Myanmar, &ampodia.

* The tank supervision committee (Eri-variyam) ledlafter the maintenance of a village and regulated
the water supply.

1000-700 years ago
» Arab conquest of Sind was during 711-712 AD; Md Qaism defeated Dahir, the Hindu king of
Sind. Arabs were experts in gardening.
» 1290- 1320AD (Reign of Khiljis): Alauddin Khilglestroyed the agricultural prosperity of a majat pa
of India. He believed in keeping the farmers poor.

Era of civilization

It is supposed that man was evolved on earth @h@unillion years ago. This man was evolved from
the monkey who started to move by standing eredti®feet. Such man has been caltmmno erectus (or)
Java man (or) Peking man. Later on Java man transtbinto Cro-Magnon and Cro-Magnon into modern

man. The modern man is



zoologically known aHomo sapiens (Homo - Continuous, Sapiens - learning habit). Angive
form of Homo sapiens, called Neanderthal mair¢mo sapiens neanderthalensis), was common in Europe
and Asia. After the last glacial period (about D@ 0/ears ago), modetdomo sapien sapiens, began to
spread all over the globe.

In the beginning such man had been spending leisaifdly, but during the period 8700-7700 BC,
they started to pet sheep and goat, although tsepiet animal was dog, which was used for hunfiigg
history of agriculture and civilization go handhand as the food production made it possible fonigive
man to settle down in selected areas leading tmdtion of society and initiation of civilization.h&
development of civilization and agriculture had g through several stages. Archeologist initially
classified the stages as stone age, Bronze andg@nSubsequently the scholars spilt up the stgeento
Paleolithic period (old stone age), Neolithic aije\W stone age) and Mesolithic age (Middle stong.age

Each of three ages, saw distinct improvements.ritéie fashioned and improved tools out of stones,

bones, woods etc. to help them in day-to-day Iifeey started growing food crops and domesticated
animals like cow, sheep, goat, dog etc.

I. The Stone Age culture :(2,50,000 Bc to 3500 BC)

The stone age is divided into three periods
A. Palaeolithic period (old stone age)
B. Mesolithic period (middle stone age)
C. Neolithic period (new stone age)

A. Paleolithic age :Hunters and food gatherers (2,50,000 to 10,000 BC)

This period is characterized by the food gatheasr®d hunters. The stone age man started making
stone tools and crude choppers. The chipped staie dnd chopped pebbles were used for hintingingut
and other purposes. He had no knowledge on cutiivaind house building.

The Palaeolithic age in India is divided into thpFeases according to the nature of stone tools ligéde
people and according the nature of climate

a) Early or lower palaeolithic (2,50,000 to 1,0@@X)

b) Middle palaeolithic (1,00,000 to 40,000 BC)



¢) Upper palaeolithic (40,000 to 10,000 BC)

B. Mesolithic period : Hunters and Herders (10,000 to 3,700 BC)

The transitional period between the end of the dfitthéc and beginning of the Neolithic is called
Mesolithic. It began about 10000BC and ended withrise of agriculture. This period is charactetibg
tiny stone implements called microlithhe Mesolithic people lived on hunting, fishingdagood-
gathering. At later stages, they also domesticatgthals. The domestication of the dog was the major
achievement of the Mesolithic hunter.

C. Neolithic Age :Food producers (The beginning of Agriculture)

The Neolithic age began between 9000 to 7500 B®@Iitke revolution occurred in Western Asia
between 9500 and 8500 years ago mainly inRéwilie Cresent (hilly regions embracing Israel, Jordon,
Turkey, Iran, Caspian basin and adjoining Iraniitgau). Neolithic revolution brought a major charmg
the techniques of food production which gave mamtrob over his environment and saved him from the
precarious existence of mere hunting and gatherivgild berries and roots. For the first time, heetl in
settled villagesand apart from security from hunger he had leisiore to think and contemplate.

The main features of Neolithic culture in India

. Neolithic culture denotes a stage in econométtanhnological development in India
. Use of polished stone axes for cleaning the émish

. Hand made pottery for storing food grains

. Invented textile, weaving and basketry

. Cultivation of rice, banana sequence and yareastern parts of India

. Cultivation of millets and pulses in south India

. Discovery of silk

II. Bronze Age (Chalcolithic culture) (3000-1700 B

The end of the Neolithic period saw the use of indtae metal to be used first was copper. The term
Chalcolithic (stone — copper phase) is applieddmmunities using stone implements along with copper
and bronze. In more advanced communities,
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the proportion of copper and bronze implementsighédr than that of stones. The chalcolithic
revolution began in Mesopotamia in the fourth nmiieim B.C. from this area it spread to Egypt, amduk
valley.

The significant features are
. Invention of plough
. Agriculture shifted from hilly area to lower @wvalley
. Flood water were stored for irrigation and cane¢re dug
. Irrigated farming started in this period
. Sowing of seed by dibbling with a pointed stick
. Use of wheel.
. Salinity problem and water logging were notice to canal irrigation.
Ill. The Iron Age
The Iron phase in India started after the adverArgains. Aryan land was calleghaptasindhava i.e. the
land of seven rivers (Sutlej, Beas, Ravi, Chenlbluin, Sindhu and Saraswati). Aryans settle albeg t
rivers.
The salient features of iron age are
* The harvesting tool used wsigkle.
* The crops grown were mainly sesame and sugarcane.
* Iron plough, shear, axe, sickles and hoes wezd us
» The domestic animals were sheep, goats, dog®, nautoise, cattle breeds and elephants.
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Chronology of Agricultural technology development n India

Agriculture in India is broadly classified in tos@ different periods before India’s independence.

1. Early history (Before 15000 BCE)

2. Vedic period — Post Maha Janapadas period (B&E— 200 CE)

3. Early Common Era — High Middle Ages (200-1200 CE

4. Late Middle Ages — Early Modern Era (1200-17%) C

5. Colonial British Era (1757-1947 CE)

[Note: BCE - short for "Before the Common Era", f&e the Christian Era”, or "Before the Current
Era". CE - Common Era, Current Era (Christian Brdowever, also abbreviated AD, famno

Domini]

Indian agriculture began by 9000 BCE as a resudanlly cultivation of plants and domestication of
crops and animals. Settled life soon followed witiplements and techniques being developed for
agriculture. Double monsoons led to two harvestsgoeeaped in one year. Indian products soon
reached the world via existing trading networks famdign crops were introduced to India. Plants and
animals; considered essential to their survivalheylndians, came to be worshiped and venerated.
The middle ages saw irrigation channels reach aleesl of sophistication in India and Indian crops
affecting the economies of other regions of theldvander Islamic patronage. Land and water
management systems were developed with an ainoweidang uniform growth. Despite some
stagnation during the later modern era the indepatni@epublic of India was able to develop a
comprehensive agricultural program.

1. Early history (Before 1500 BCE)

* 9000 BCE:Wheat and barley were domesticated in the Indisautinent. Domestication of horse,
sheep and goat soon followed. This period alsotkaviirst domestication of the elephant.

» 8000-6000 BCEBarley and wheat cultivation, along with the doreagton of cattle, primarily
sheep and goat—was visible in Mehrgarh (Balochjstaw in Pakistan). Agro pastoralism in India
included threshing, planting crops in rows—eithetwm or of six—and storing grain in granaries.

» 5000 BCE:Agricultural communities became widespread in Kashm

» 5000-4000 BCECotton was cultivated. The Indus cotton industrg weell developed and some
methods used in cotton spinning and fabricationtinaoad to be practiced till the modern
Industrialization of India. A variety of tropicaiuit such as mango and muskmelon are native to the
Indian sub-continent. The Indians also domestichtadp, which they used for a number of
applications including making narcotics, fibre amd The farmers of the Indus Valley grew peas,
sesame, and dates. Sugarcane was originally frmpicél South Asia and Southeast Asia. Different



species likely originated in different locationgi. barberi originating in India and. edule andS.
officinarum coming from New Guinea.

» 5440 BCE:Wild Oryzarice appeared in the Belan and Ganges valley regsdnorthern India. Rice
was cultivated in the Indus Valley civilization.

» 4500 BCE:Irrigation was developed in the Indus Valley Cialtion. The size and prosperity of the
Indus civilization grew as a result of this innagat which eventually led to more planned settletsen
making use of drainage.

» 3000 BCE Sophisticated irrigation and water storage systesere developed by the Indus Valley
civilization, including artificial reservoirs at ar.

» 2600 BCE:An early canal irrigation system from Circa.

» 2500 BCE:Archeological evidence of an animal-drawn plougkhm Indus Valley civilization

» 2000 BCE:Agricultural activity included rice cultivation ithe Kashmir and Harrappan regions.

2. Vedic period-Post Maha Janapadas period (1500 B£-200 CE)

» Gupta (2004) finds it likely that summer monsooray/rhave been longer and may have contained
moisture in excess than required for normal foaxtipction. One effect of this excessive moisture
would have been to aid the winter monsoon raimégjlired for winter crops.

* In India, both wheat and barley are held tdRabi (winter) crops and—Iike other parts of the
world—would have largely depended on winter monsduogfore the irrigation became widespread.
The growth of th&kharif crops would have probably suffered as a resulkoégsive moisture.

* Jute was first cultivated in India, where it wasdiso make ropes and cordage.

» Some animals—thought by the Indians as being tat#heir survival—came to be worshiped.

» Trees were also domesticated, worshiped, and viexker#ipal andBanyan in particular.

* Others came to be known for their medicinal usesfaand mention in the holistic medical system
Ayurveda.

» 1000-500 BCEThere are repeated references to iron. Cultivadgfanwide range of cereals,
vegetables and fruits is described. Meat and nmtidpcts were part of the diet; animal husbandry was
important. The soil was ploughed several timesdSeeere broadcasted. Fallowing and a certain
sequence of cropping were recommended. Cow dungdeithe manure. Irrigation was practiced.
» 322-185 BCE:The Mauryan Empire categorized soils and made matagcal observations for
agricultural use. Other Mauryan facilitation inckedconstruction and maintenance of dams, and
provision of horse-drawn chariots—quicker thanitradal bullock carts.

» 300 BCE: The Greek diplomat Megasthenes, in his bbwkka— provides a secular eyewitness
account of Indian agriculture.

3. Early Common Era — High middle ages (200-1200 GE

» The Tamil people cultivated a wide range of crapshsas rice, sugarcane, millets, black pepper,
various grains, coconuts, beans, cotton, plantamarind and sandalwood. Jackfruit, coconut, palm,
areca and plantain trees were also known.

» Systematic ploughing, manuring, weeding, irrigatml crop protection was practiced for sustained
agriculture. Water storage systems were designadglthis period.

« Kallanai (k+2ndcentury CE), a dam built on river Kaveri duringstperiod, is considered the as one
of the oldest water-regulation structures in thelavstill in use.

* Spice trade involving spices native to India—inahgdcinnamon and black pepper—gained
momentum as India starts shipping spices to theitslednean.

* Roman trade with India followed as detailed bydhehaeological record and tReriplus of the
Erythraean Sea.

* Chinese sericulture attracted Indian sailors duttegearly centuries of the Common Era.

Sutlej Valley from Rampur ca. 1857

» 320-550 CE:Crystallized sugar was discovered by the time ef@®ptas and the earliest reference
of candied sugar come from India.

* 647 CE:Chinese documents confirm at least two missionsdm@, initiated in, for obtaining
technology for sugar-refining.

» 875-1279 CE :Noboru Karashima's research of the agrarian sotebputh India during the Chola
Empire reveals that during the Chola rule land twassferred and collective holding of land by a
group of people slowly gave way to individual plofdand, each with their own irrigation system.



» The growth of individual disposition of farming grerty may have led to a decrease in areas of dry
cultivation.

» The Cholas also had bureaucrats which oversawishgbdtion of water—-particularly the
distribution of water by tank-and-channel netwaxkshe drier areas.

4. Late middle ages — Early modern era (1200-1757}

» The construction of water works and aspects of matshnology in India is described in Arabic and
Persian works. The diffusion of Indian and Pergiggation technologies gave rise to irrigation
systems which bought about economic growth and gr@fvmaterial culture.

* Agricultural 'zones' were broadly divided into teqeoducing rice, wheat or millets.

* Rice production continued to dominate Gujarat ahéat dominated north and central India.

» The Encyclopaedia Britannica details the many cnopsduced to India during this period of
extensive global discourse.

» 1556-1605 CELand management was particularly strong during¢geme of Akbar the Great
under whom scholar-bureaucrat Todarmal formulatetimplemented elaborated methods for
agricultural management on a rational basis.

* Indian crops—such as cotton, sugar, and citrigdraspread visibly throughout North Africa,
Islamic Spain, and the Middle East.

» Though they may have been in cultivation priortte solidification of Islam in India, their
production was further improved as a result of tacent wave, which led to far-reaching economic
outcomes for the regions involved.

5. Colonial British Era (1757-1947 CE)

* A number of

irrigation canals

are located on the

Sutlej river.

* Few Indian

commercial

crops—such as

Cotton, indigo,

opium, and rice—

made it to the

global market

under the British

Raj in India.

» The second half

of the 1%hcentury saw some increase in land under cultivaimhagricultural production expanded at
an average rate of about 1% per year by the |&ecentury.

» Due to extensive irrigation by canal networks

Punjab, Narmada valley, and Andhra Pradesh becanters of agrarian reforms.

» The British regime in India did supply the irrigaiworks but rarely on the scale required.

» Community effort and private investment soared askat for irrigation developed.

* Agricultural prices of some commodities rose towtliree times between 1870-1920.

* A rich source of the state of Indian agriculturehe early British era is a report prepared by iidBr
engineer, Thomas Barnard, and his Indian guidea Ragngalvaraya Mudaliar, around 1774. This
report contains data of agricultural productiomlbout 800 villages in the area around Chennaiean th
years 1762 to 1766. This report is available in iTanthe form of palm leaf manuscripts at Thanjavu
Tamil University, and in English in the Tamil Na&tate Archives.

» 1871: Government of India created Department ofdRae, Agriculture and Commerce which
formed as base for Initiation of Agriculture in lad

» 1880: Famine Commission Report was submitted wiva$ base for inception of Agricultural
Department.

» 1881: Separate Department of Agriculture at Cefotr€&amine relief operations

» 1890 : Dr. J.A. Voelcker appointed as a consulthgmist from Royal Agricultural Society
(England) - Laid foundation for agricultural resgaim India.



» 1892 — 1903 - Appointment of Imperial Agricultu@hemist, Imperial Mycologist and Imperial
Entomologist — Base for Beginning of inducting Hugentist in Agriculture.

» 1901-05: To enhance agricultural education, Esthbient of Agricultural Colleges at Pune, Kanpur,
Sabour, Nagpur, Coimbatore and Lyallpur (Now iniBtak).

* 1905: Establishment of Imperial Agricultural Res#ainstitute (IARI) at Pusa (Bihar)

» 1929: Based on Royal Commission on Agriculturemrmamendation (1928), Imperial Council of
Agricultural Research (ICAR) was establishmentdaduct comprehensive research.

» 1931-47: Indian Lac Cess Committee, Indian Cenmtoddlacco Committee, Indian Central Oilseeds
Committee were formed to improve research in vaops.

Republic of India (1947 CE onwards)

» Special programs were undertaken to improve foadcash crops supply.

» The Grow More Food

Campaign (1940s) and the

Integrated Production

Programme (1950s) focused on

food and cash crops supply

respectively.

» 1957 : All India Coordinated

Maize Improvement Project

was initiated (First coordinated

project) to exploit maize

research (Specifically

heterosis).

* Five-year plans of India—

oriented towards agricultural

development—soon followed.

* 1963: Introduction of semi

dwarf wheat varieties from

Bhakra Dam (completed in 1963) is the largest daindia.

CIMMYT, Mexico Formed basis for green revolution.

» 1966: Introduced semi-dwarf rice varieties TN1 &3Rrom Taiwan and Philippines respectively is
formed as base for green revolution.

 Land reclamation, land development, mechanizastettrification, use of chemicals—fertilizers in
particular, and development of agriculture orienpetkage approach’ of taking a set of actiongaust
of promoting single aspect soon followed under gorent supervision.

» The many 'production revolutions' initiated fron608 onwards included Green Revolution in India,
Yellow Revolution (oilseed: 1986-1990), Operatidadd (dairy: 1970-1996), and Blue Revolution
(fishing: 1973-2002) etc.

» 1979: National Agricultural Research Project (NARR)s launched to strengthen the research
capabilities of SAUs

* Following the economic reforms of 1991, significgnbwth was registered in the agricultural sector,
which was by now benefiting from the earlier refsrand the newer innovations of Agro-processing
and Biotechnology.

» 1998: National Agricultural Technology Project (NRJTwas initiated Strengthen the research on
location specific problems Contract farming—whielguires the farmers to produce crops for a
company under contract—and high value agricultpratiuct increased.

» 2006: National Agricultural Innovative Project (NAI was launched for End to end approach for

solving problems.

Agronomy — definition — meaning and scope. Agro-afiatic zones of India and Tamil Nadu — Agro
ecological zones of India

Agronomy is derived from a Greek wordgros’ meaning ‘field’ and homos’ meaning ‘management’.
Principles of agronomy deal with scientific faatsrelations to environment in which crop are praztlc



Definition of Agronomy
1. It is defined as an agricultural science deatk principles and practices of crop production &attl
management.
2. Agronomy is branch of agricultural science, vbhiteals with principles, & practices of soil, wager
crop management.
3. It is branch of agricultural science that demihh methods which provide favorable environment to
the crop for higher productively,

Boundaries and scale

Crop management, and its scientific study agronoang, part of a system that comprises the physical
elements of the climate, soil and land, the biaabconstituents of the vegetation and soil, thenemic
opportunities and constraints of markets, salespaafit, and the social circumstances and preferemf

those who work the land.



Scope of Agronomy
Agronomy is a dynamic discipline with the advancatr&f knowledge and better understanding of planet,
environment and agriculture. Agronomy science beximperative in Agriculture in the following areas

* |dentification of proper season for cultivatiohwade range of crops is needed which could be made
possible only by Agronomy science.

* Proper methods of cultivation are needed to redhe cost of cultivation and maximize the yieldl an
economic returns.

* Availability and application of chemical fertiezs has necessitated the generation of knowledge to
reduce the ill-effects due to excess applicatioth yirld losses due to the unscientific manner of
application.

» Availability of herbicides for control of weedsa$ led to development for a vast knowledge about
selectivity, time & method of its application.

» Water management practices play grater role @sgmt day crisis of water demand and Agronomy
science answer to the questions ‘how much to appty? ‘when to apply?’.

* Intensive cropping is the need of the day angp@radime and space intensification not only inceeas
the production but also reduces the environmeizhids.

* New technology to overcome the effect of moistsiress under dry land condition is explored by

Agronomy and future agriculture is depends on dnglagriculture.
Packages of practices to explore full potentfaiew varieties of crops are the most importaneatsp
in crop production which could be made possibley tmyl Agronomy science.
Keeping farm implements in good shape and utijzefficient manner to nullify the present day
labour crisis is further broadening the scope obagmy.
» Maintaining the ecological balance through eéfiti management of crops, livestock and their
feedings in a rational manner is possible only bgvwing agronomic principles.
* Care and disposal of farm and animal productsdillk and eggs and proper maintenance of accounts
of all transactions concerning farm business isegowng principles of agronomy.

Relation of agronomy to other sciences
Agronomy is a main branch of Agriculture. It is #yesis of several disciplines like soil science,
Agricultural chemistry, crop physiology, plant eagy, biochemistry and economics.
» The Soil Science helps the agronomist to thorougimigerstand the soil physical, chemical and
biological properties to effect modification of theil environment.
» The Agricultural Chemistry help the agronomist todarstand the chemical composition and
changes involved in the production, protection, ase of crops and livestock.
» The crop physiology helps to understand the bagiglocess of crops to understand functioning
of each parts of plant to determine their inputiiegment like nutrients etc.
» The plant ecology helps us to understand the essocenvironment in which the crops grown like
the influence of weather (Temperature, Rainfalj.etc
The biochemistry shows the way in which biochemprakcess takes place in crops which helps to
understand critical requirements to favourablywaté this process.
» The economics paves the way for profit and lossyaisain farming.

A\



Role of Agronomist

Agronomist is a scientist who is dealing with theudy of problems of crop production and
adopting/recommending practices of better fieldogoooduction and soil management to get high yéeld
income.

» Agronomist aims at obtaining maximum productiémeanimum cost by exploiting the knowledge of
the basic and applied sciences for higher cropuymtiah.

* In a broader sense, agronomist is concerned pviuction of food and fibre to meet the needs of
growing population.

» He develops efficient and economic field prepgaraimethod for sowing crops in different season.
(Flat bed, Ridges and furrows)

» He is also involved to selection of suitable ceoml varieties to suit or to match varied seasods a
soils. Eg. Red soil - groundnut, Black soil - catt&andy soil — tuberous crops, Saline soil — Kinge
millet (Ragi). In Kharif if water is sufficient go for rice and water is mffficient go for maize,
sorghum.

* Evolves efficient method of cultivation (wheth@oadcasting, nursery and transplantation or dilghli
etc.) provides better crop establishment and mainéguired population

* He has to identify various types of nutrients uieed by crops including time and method of
application (e.g. for long duration rice (150-60469 NPK), short duration: 120:50:50 kg NPK/ha
Application P&K basal and N in three splits)

» Agronomist must select a better weed managemmctige. Either through mechanical or physical
(by human work) or chemical (herbicides or weediside.g. 2-4-D) or cultural (by having wide
space it may increase weed growth by using intacesgrops). Weeds are controlled by integrated
weed management method also

» Selection of proper irrigation method, irrigatischeduling i.e. irrigation timing and quantity bdson
the crops to be irrigated, whether to irrigate aardgusly or stop in between and how much water to
be supplied are computed by agronomy science gpahieve maximum water use efficiency.

» Crop planning (i.e.) suitable crop sequence aeelbped by agronomist (i.e.) what type of crop,
cropping pattern, cropping sequence, etc. (Ricee RPulse)

» Agronomists are also develops the method of Istingg time for harvesting, etc. (Appropriate tiofe
harvest essential to prevent yield loss)

» Agronomist is responsible for every decision madthe farm management. (What type of crop to be
produced? How much area to be allotted for eachHow and when to market? How and When
to take other management activities?) All the dens should be taken at appropriate time to
efficiently use resources available)

Agro-climatic zones

An agro-climatic zone is a land unit uniform in pest of climate and length of growing period (LGP)
which is climatically suitable for a certain rangfecrops and cultivars (FAO, 1983).

Classification by Planning Commission

Planning Commission of India (1989) made an attamgielineate the country into different agro clima
regions based on homogeneity in rainfall, tempeeattopography, cropping and farming systems and
water resources. India is divided into 15 agro-atimregions.

1. Western Himalayan zone

This zone consists of three distinct sub-zonesanfrdu and Kashmir, Himachal Pradesh and Uttar Pnades
hills. The region consists of skeletal soils ofdc#gion, podsolic mountain



meadow soils and hilly brown soils. Lands of thgioa have steep slopes in undulating terrain. Suis
generally silty loams and these are prone to endsazards.
2. Eastern Himalayan zone
Sikkim and Darjeeling hills, Arunachal Pradesh, Malgya, Nagaland, Manipur, Tripura, Mizoram, Assam
and Jalpaiguri and Coochibihar districts of Weshdgd fall under this region, with high rainfall ahggh
forest cover. Shifting cultivation is practicednearly one-third of the cultivated area and this baused
denudation and degradation of soils with the restilheavy runoff, massive soil erosion and floaus i
lower reaches and basins.
3. Lower Gangetic Plains zone
This zone consists of West Bengal-lower Gangeaimnplegion. The soils are mostly alluvial and arene
to floods.
4. Middle Gangetic Plains zone

This zone consists of 12 districts of eastern URt@desh and 27 districts of Bihar plains. Thisezon
has a geographical area of 16 million hectaresramdall is high. About 39% of gross cropped arsa i
irrigated and the cropping intensity is 142%.
5. Upper Gangetic Plains zone
This zone consists of 32 districts of Uttar Pradésigation is through canals and tube wells. Aodo
potential for exploitation of ground water exists.
6. Trans-Gangetic Plains zone
This zone consists of Punjab, Haryana, Union tatés of Delhi and Chandigarh and Sriganganagar
district of Rajasthan. The major characteristicthad area are: highest net sown area, highegated area,
high cropping intensity and high groundwater ustion.
7. Eastern Plateau and Hills zone
This zone consists of eastern part of Madhya Pradesithern part of West Bengal and most of inland
Orissa. The soils are shallow and medium in depththe topography is undulating with a slope o024l
Irrigation is through tanks and tube wells.
8. Central Plateau and Hills zone
This zone comprises of 46 district of Madhya Pradeart of Uttar Pradesh and Rajasthan. The topbgra
is highly variable nearly 1/®f the land is not available for cultivation. Iraition and cropping intensity are
low. 75% of the area is rainfed grown with low \@alcereal crops. There is an intensive need formaite
high value crops including horticultural crops.
9. Western Plateau and Hills zone
This zone comprises the major part of Maharastespf Madhya Pradesh and one district of Rajastha
The average rainfall of the zone is 904 mm. The swetn area is 65% and forests occupy 11%. The
irrigated area is only 12.4% with canals beingrtteen source.
10. Southern Plateau and Hills zone
This zone comprises 35 districts of Andhra Prad&sinnataka and Tamil Nadu which are typically semi-
arid zones. Dryland farming is adopted in 81% efdlhea and the cropping intensity is 111 percent.
11. East Coast Plains and Hills zone
This zone comprises of east coast of Tamil Naduh#a Pradesh and Orissa. Soils are mainly allandl
coastal sands. Irrigation is through canals ankistan
12. West Coast Plains and Ghats zone
This zone comprises west coast of Tamil Nadu, Kendarnataka, Maharastra and Goa with a variety of
crop patterns, rainfall and soil types.
13. Gujarat Plains and Hills zone



This zone consists of 19 districts of Gujarat. Thise is arid with low rainfall in most parts andly
32.5% of the area is irrigated largely through walhd tube wells.

14. Western Dry zone

This zone comprises nine districts of Rajasthan iantharacterized by hot sandy desert, erraticfakin
high evaporation, scanty vegetation. The grounemigtdeep and often brackish. Famine and drought a
common features of the region.

15. Islands zone

[his zone covers the island territories Western Himalayan Region J&K, HP, UP, Utranchal
Andaman and Nicobar and Lakshad:

vhich are

typically equatorial wit

ainfall of 3000 mm spread over eight
line months. It is largely a forest zc
vith undulated lands.
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Eastern Himalayan Region Assam Sikkim, West Ber&adlorth-
Eastern states

Lower Gangetic Plains Region West Bengal

Middle Gangetic Plains Region UP, Bihar

Upper Gangetic Plains Region upP

Trans-Gangetic Plains Region Punjab, Haryana,ilBeRajasthan

Eastern Plateau and Hills Region Maharastra, UBs®& West Bengal

Central Plateau and Hills Region MP, Rajasthan, UP

Western Plateau and Hills Region Maharastra, MRagasthan

Southern Plateau and Hills Region AP, Karnatakanil Nadu

East Coast Plains and Hills Region Orissa, AP&Rbndichery

West Coast Plains and Ghat Region TN, Kerala, ®amataka, Maharastra

Crops and major soils - Classification — Economicrad agricultural importance in India and Tamil
Nadu
CROPS
In general, crop is an organism grown and / or éstad for obtaining yield. Agronomically, crop is
a plant cultivated for economic purpose.
Classification of crops
Classification is done to generalize similar crégmps as a class for better understanding of them.
Classification types used in crops
1. Based on ontogeny (Life cycle)
2. Based on economic use (Agronomic)
3. Based on Botany (Scientific)
4. Based on seasons
5. Based on climate

1. Based on Ontogeny (Life cycle)

a) Annual crops:

Crop plants that complete life cycle within a seaso year. They produce seed and die within themea
Ex. Wheat, rice, maize, mustard etc.

b) Biennial crops:

Plants that have life span of two consecutive seaeo years. First years/ season, these plantsphaedy
vegetative growth usually confined to rosette @ivkss. The tap root is often fleshy and serves fa®c
storage organ. During the second year / seasow, gteduce flower stocks from the crown and after
producing seeds the plants die. Ex. Sugar beetybet etc.

c) Perennial crops:

They live for three or more years. They may be desting or non-seed bearing. Ex. Napier foddesgjra
coconut, etc.

2. Based economic use (Agronomic)



a) Cereals: Cereal derived from word ‘Ceres’ which denotes@sddess’ who was believed as the giver of
grains by Romans. Cereals are the cultivated gsags®vn for their edible starchy grains. Largeriga
used as staple food — Rice, wheat, maize, barsdy,eic.

Cereal grain contains 60 to 70% of starch and ¢ekent energy rich foods for humans. In almost
every country and region, cereals provide the etiggd. In the world as a whole, only 5% of starstaple
food comes from root crops (mainly cassava, potatd, yams, depending on climate), whereas thagest
from cereal. Cereals are an excellent source ofdatble vitamin E, which is an essential antiorida
Whole cereal grains contain 20 to 30% of the dagbyuirements of the minerals such as seleniumiucajc
zinc and copper.

b) Millets:

Millets are small grained cereals, staple foodrierdregions of the developing countries are called
‘millets’. They are also annual grasses of the groareals. But' they are grown in lesser area ss le
important area whose productivity and economicsadse less important. These are also staple food fo
people of poor countries. In India, pearl milleaistaple food in Rajasthan.

Millets are broadly classified in to two, 1) Majmillets and 2) Minor millets.
Major millets
1. SorghumJowar/Cholam - Sorghum bicolor
2. Pearl millet Bajra/Cumbu - Pennisetum glaucum
3. Finger millet oRagi - Eleusine coracona
Minor millets
1. Foxtail millet /Thenai - Setariaitalica
2. Little millet / Samai - Panicum miliare2



3. Common millet Panivaraugu - Panicum miliaceum
4. Barnyard millet Kudiraivali - Echinchloa colona var frumentaceae
5. Kodo millet /Varagu - Paspalum scrobiculatum

c) Pulses:

Seeds of leguminous plants used as fobHal) rich in protein. Pod containing grain is the
economic portion. Pulses are preferred for proté&h value & also economic important in cropping
system. The wastes or stalk is called the ‘haulmstover’. Haulm is used as green manure and fgs h
value cattle feed. Green pods used as vegetabtesc@vpea, lablab. Seed coat of pulses are rutsiti
cattle feed.

. Red gram €ajanus cajan
. Black gram Vigna mungo
. Green gramYV. radiata
. Cowpea V. unguiculata
. Bengalgram €icer arietinum
. Horsegram Macrotyloma uniflorum
. Lentil - Lens esculentus
. Soybean Glycine max

. Peas or gardenpe&isum sativum

10. Garden beanL-ablab purpureus
11. Lathyrus/Kesari - Lathyrus sativus

d) Oil seeds: Those crops which are rich in fatty acid are calidd for the production of vegetable oil.
They are used either for edible or industrial odmi@al purposes.
. Groundnut or peanutArachis hypogeae
. Sesame or gingellySesamum indicum
. Sunflower Helianthus annuus
. Castor Ricinus communis
. Linseed or flax Linum usitatissimum
. Niger -Guizotia abyssinia
. Safflower -Carthamus tinctorius

. Rapeseed & Mustard
Brown or Indian Mustard Brassica juncea
9. Sarson Brassica sp.
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Groundnut:

Pod is economic portion in groundnut and contaid® Bf oil content. Oil is edible or cooking oll
and haulm is a used as cattle feed and also hagrenaalue. The shell has fuel value; it is usedsfait
amendment. It is a bed material in the poultry fr@il cake is used as cattle feed and has mavaiae.
Oil is used for production ofanaspathi and soap making.

Sesame:

Sesame oil is cooking oil and economic parts aneigdly seeds (in the pod). Gingelly cake is used
as a cattle feed, whereas capsule and stalk adefarseomposting / burning purpose.
Castor:

Seed (kernal) of castor contains oil and used adiamal and industrial oil. Mainly aviation
industries use this for lubrication purpose. Castike is concentrated organic manure. The shelbtaik
is used for fuel purpose.

Mustard:

Mustard oil is edible oil and seeds are the econgruition. Oil cake is a good cattle feed.

Safflower and sunflower:3



Oil is used for cooking purpose. Both of these odatain more of unsaturated fatty acids and used
for heart patients. Cake is used as cattle feedtsindorganic material and decorticated manure.
Niger:

Seed is the economic portion and used in soap magaint, varnish & light lubricant. Crop is
generally an industrial crop.
Linseed:
Oil extracted from seeds is used in preparatigoaaits and varnishes.
e. Sugar crops

Crops cultivated for sugar. Juice is extracted fretlem of sugarcane used for jaggery or sugar.
Number of by products like molasses, bagasse, mues®tc. is obtained from sugar industry. Molasses
used for alcohol and yeast formation and bagassedper making and fuel. Pressmud used for soil
amendment; whereas, trash (green leaf + dry folisgesed for cattle feed.

Sugar beet is another sugar crop where tubers amdymsed for extraction of sugar. Tubers and
tops are used as a fodder for cattle feed.

1. Sugarcane Saccharum officinarum
2. Sugar beetBeta vulgaris
f) Fibre crops:

Plants are grown for obtaining fibre. Different &mof fibre are, i) seed fibre — cotton; ii) Stem/
bast fibre — Jute, mesta; iii) leaf fibreAgave, pineapple.
Cotton:

Important fibre crop of the world, used for garmentpose. Seed for cattle feed and oil is edible
purpose. Epidermal hairs of seed coats is the eaignportion. Lint Kapas-seed) has industrial value
(fibre) and stalk is of fuel nature.

Jute,Sunnhemp, mesta:

The fibre obtained from stems is used for gunnysbagpes. Stem itself is used as fuel.

Sunnhemp is used for both stem fibre and green reamap.
g) Fodder / Forage: It refers to vegetative matter, fresh or preseruddized as feed for animals. It
includes hay, silage, pasturage and fodder.
Ex. 1. GrassesBajra napier grass, guinea grass, fodder sorghum, fodder maize.
2. Legumes - Lucern®esmanthus, etc.
h) Spices and condiments: Crop plants or their products used for flavourte¢aand add colour to the fresh
or preserved food. Ex.— Ginger, garlic, fenugremknin, turmeric, chillies, onion, coriander, anaed
asafetida.
i) Medicinal plants: Crops used for preparation of medicines. Ex. Tobaeunt. etc.
J) Beverages: Products of crops used for preparation of mildeagble and simulating drinking. Ex. Tea,
coffee, cocoa (Plantation crops).
3. Scientific or botanical classification
Botanical or scientific names of plants Grass (Wheat) Legume (Alfalfa
which consist of genus and species and
are universally accepted. Carolus
Linnaeus, a Swedish botanist, was
responsible for the binomial system of

classificationGroup
Kingdom Plant Plant
Division Spermatophyta Spermatophyta
Sub-division Angiospermae Angiospermae
Class Monocotyledonae Dicotyledonae
Order Graminales Rosales
Family Gramineae Leguminosae

Factors affecting crop production — climatic — edapic - biotic- physiographic and socio economic

factors
EXTERNAL FACTORS  B. Edaphic
(Environmental) C. Biotic

A. Climatic D. Physiographic



E. Socio-economic

INTERNAL FACTORS
(Genetic or heredity)
CROP GROWTH



I. Internal factors
Genetic factors
The increase in crop yields and other desirableaciars are related to Genetic make up of plants.
* High yielding ability
* Early maturity
* Resistance to lodging
* Drought flood and salinity tolerance
* Tolerance to insect pests and diseases
» Chemical composition of grains (oil content, pintcontent )
* Quality of grains (fineness, coarseness)
* Quality of straw (sweetness, juiciness)

The above characters are less influenced by emvigatal factors since they are governed by
genetic make-up of crop.
2. External factors
A. Climatic
B. Edaphic
C. Biotic
D. Phsiographic
E. Socio-economic

A. CLIMATIC FACTORS
Nearly 50 % of yield is attributed to the influenoé climatic factors.The following are the
atmospheric weather variables which influencesctbp production.

1. Precipitation

2. Temperature

3. Atmospheric humidity

4. Solar radiation

5. Wind velocity

6. Atmospheric gases

1. Precipitation
* Precipitation includes all water which falls fromtmosphere such as rainfall, snow, hail, fog
and dew.
* Rainfall one of the most important factor inflees the vegetation of a place.
* Total precipitation in amount and distributioregtly affects the choice of a cultivated species
in a place.



* In heavy and evenly distributed rainfall areasips like rice in plains and tea, coffee and
rubber in Western Ghats are grown.

* Low and uneven distribution of rainfall is commiondryland farming where drought resistance
crops like pearl millet, sorghum and minor millate grown.

* In desert areas grasses and shrubs are commoa Wdtedesert climate exists

» Though the rainfall has major influence on vyiafl crops, yields are not always directly
proportional to the amount of Precipitation as escabove optimum reduces the yields

* Distribution of rainfall is more important thaotal rainfall to have longer growing period
especially in drylands

2. Temperature

» Temperature is a measure of intensity of heatggn& he range of temperature for maximum
growth of most of the agricultural plants is betwd& and 40°C.

» The temperature of a place is largely determimgds distance from the equator (latitude) and
altitude.

* It influences distribution of crop plants and e&gion.

» Germination, growth and development of cropshagély influenced by temperature.

» Affects leaf production, expansion and flowering.

* Physical and chemical processes within the plarggjoverned by air temperature.

» Diffusion rates of gases and liquids changes teithperature.

* Solubility of different substances in plant ippgdadent on temperature.

* The minimum, maximum (above which crop growthsesd and optimum temperature of
individual's plant is called as cardinal temperatur

Crops Minimum Optimum Maximum
temperature °C temperature °C temperature °C

Rice 10 32 36-38

wheat 4.5 20 30-32

Maize 8-10 20 40-43

Sorghum 12-13 25 40

Tobacco 12-14 29 35

1

Tillage — Definition — objectives — types of tillag - modern concepts of tillage — main field
preparation
Tillage
Tillage operations in various forms have been jradtfrom the very inception of growing

plants. Primitive man used tools to disturb thdssfoir placing the seeds. The word tillage is dediv
from ‘Anglo-Saxon’ wordsTilian and Teolian, meaning ‘to plough and prepare soil for seedois, s
to cultivate and to raise cropslethrotull, who is considered as father of tillage suggested th
thorough ploughing is necessary so as to makedihento fine particles.
Tillage is the mechanical manipulation of soil with toolsdamplements for obtaining conditions
ideal for seed germination, seedling establishraedtgrowth of crops.
Tilth is the physical condition of soil obtained out iige (or) it is the result of tillage. The tilth
may be a coarse tilth, fine tilth or moderate tilth
Obijectives of tillage
The main objectives of tillage are,

» To prepare a good seed bed which helps the gatimimof seeds.



* To create conditions in the soil suited for begowth of crops.

* To control the weeds effectively.

» To make the soil capable for absorbing more waiter.

» To mix up the manure and fertilizers uniformliytie soil.

* To aerate the soil.

* To provide adequate seed-soil contact to permienflow to seed and seedling roots.
» To remove the hard pan and to increase the spihd

To achieve these objectives, the soil is disturbguened up and turned over.
Types of tillage: Tillage operations may be grouped into
1. On season tillage 2. Off-season tillage
1. On-season tillage
Tillage operations that are done for raising cropshe same season or at the onset of the

crop season are known as on-season tillage. They Imeapreparatory cultivation and after
cultivation.
A. Preparatory tillage: This refers to tillage operations that are donprepare the field for raising
crops. It consists of deep opening and loosenirthefoil to bring about a desirable tilth as vesll
to incorporate or uproot weeds and crop stubblewthe soil is in a workable condition.
Types of preparatory tillage

a. Primary tillage

b. Secondary tillage

a. Primary tillage: The tillage operation that is done after the hareésrop to bring the land under
cultivation is known as primary tillage or plouggirPloughing is the opening of compact soil with
the help of different ploughs. Country plough, ntbbbard plough, bose plough, tractor and power
tiller drawn implements are used for primary tikag
b. Secondary tillage: The tillage operations that are performed on thkadter primary tillage to
bring a good soil tilth are known as secondaragdl. Secondary tillage consists of lighter or finer
operation which is done to clean the soil, bre&kdlvds and incorporate the manure and fertilizers.
Harrowing and planking is done to serve those psgpo

Planking is done to crush the hard clods, level the soifleserand to compact the soil lightly.
Harrows, cultivatorsGGuntakas and spade are used for secondary tillage.
c. Layout of seed bed: This is also one of the components of preparaitbage. Leveling board, buck
scrapers etc. are used for leveling and markerasae for layout of seedbed.2



B. After cultivation (Inter tillage): The tillage operations that are carried out in stending crop
after the sowing or planting and prior to the hating of the crop plants are called after tillagkis
is also called as inter cultivation or post seefipignting cultivation. It includes harrowing, hogij
weeding, earthing up, drilling or side dressindesfilizers etc. Spade, hoe, weeders etc. are imsed
inter cultivation.
2. Off-season tillage:Tillage operations done for conditioning the sailtably for the forthcoming
main season crop are called off-season tillage. 8Hson tillage may be, post harvest tillage,
summer tillage, winter tillage and fallow tillage.
Special purpose tillage:Tillage operations intended to serve special pwpa@se said to be special
purpose tillage. They are,
a. Sub-soiling: To break the hard pan beneath the plough layecjapélage operation (chiseling)
is performed to reduce compaction. Sub-soilingsseatial and once in four to five years where
heavy machineries are used for field operatiorsdisg, harvesting and transporting. Advantages of
sub-soiling are, greater volume of soil may be ioletd for cultivation of crops, excess water may
percolate downward to recharge the permanent viabée, reduce runoff and soil erosion and roots
of crop plants can penetrate deeper to extracttoreiérom the water table.
b. Clean tillage: It refers to working of the soil of the entire fieh such a way no living plant is left
undisturbed. It is practiced to control weeds, boilne pathogen and pests.
c. Blind tillage: It refers to tillage done after seeding or planting crop (in a sterile solil) either at
the pre-emergence stage of the crop plants or helg are in the early stages of growth so thagt cro
plants (sugarcane, potato etc.) do not get damdgéd extra plants and broad leaved weeds are
uprooted.
d. Dry tillage: Dry tillage is practiced for crops that are sowrmplamted in dry land condition having
sufficient moisture for germination of seeds. Tisissuitable for crops like broadcasted rice, jute,
wheat, oilseed crops, pulses, potato and vegetabyes. Dry tillage is done in a soil having su#ict
moisture (21-23%). The soil becomes more poroussafiddue to dry tillage. Besides, the water
holding capacity of the soil and aeration are iasezl. These conditions are more favourable for soll
micro-organisms.
e. Wet tillage or puddling: The tillage operation that is done in a land witmding water is called
wet tillage or puddling. Puddling operation corsief ploughing repeatedly in standing water until
the soil becomes soft and muddy. Puddling createspervious layer below the surface to reduce
deep percolation losses of water and to provide seg#d bed for planting rice. Puddling is done in
both the directions for the incorporation of greeanures and weeds. Wet tillage destroys the soll
structure and the soil particles that are separdteinhg puddling settle later. Wet tillage is thelyo
means of land preparation for transplanting semaéiq crop plant such as rice. Planking after wet
tillage makes the soil level and compact. Puddihastens transplanting operation as well as
establishment of seedlings. Wet land ploughs omveort dry land ploughs are normally used for wet
tillage.
Depth of ploughing

The desirable depth of ploughing is 12 to 20 cmfild crops. The ploughing depth varies
with effective root zone of the crop. The deptlplafughing is 10-20 cm for shallow rooted crops and
15-30 cm for deep rooted crops.
Number of ploughing

Number of ploughing depends on soil conditions gtiavailable for cultivation between two
crops and type of cropping systems. Zero tillager&ticed in rice fallow pulses. Minimum number
of ploughing is taken up at optimum moisture leeabring favourable tilth depending on need of the
crop.3




Time of ploughing
The optimum soil moisture content for tillage i960f field capacity.

Modern concepts in tillage:
Conventional tillage involves primary tillage toelik open and turn the soil followed by secondary
tillage to obtain seed bed for sowing or plantidgith the introduction of herbicides in intensive
farming systems, the concept of tillage has beemgéd. Continuous use of heavy ploughs create
hard pan in the subsoil, results in poor infiliati It is more susceptible to run-off and erosibis
capital intensive and increase soil degradationavad these ill effects, modern concepts on tdlag
is in rule.
1. Minimum tillage: It aims at reducing tillage operations to the mummnecessity for ensuring a
good seed bed. The advantages of minimum tillage canventional tillage are,

* The cost and time for field preparation is redlibg reducing the number of field operations.

* Soil compaction is comparatively less.

» Soil structure is not destroyed.

» Water loss through runoff and erosion is minimum.

» Water storage in the plough layer is increased.

Tillage can be reduced in 2 ways
1. By omitting operations which do not give mucimé# when compared to the cost.
2. By combining agricultural operations like seedand fertilizer application.

The minimum tillage systems can be grouped intddhewing categories,
1. Row zone tillage

Primary tillage is done with mould board ploughtive entire area of the field; secondary tillage
operations like discing and harrowing are reducetidone only in row zone.
2. Plough plant tillage

After the primary tillage, a special planter is diger sowing. In one run over the field, the rowneo
is pulverized and seeds are sown by the planter
3. Wheel track tillage

Primary ploughing is done as usual. Tractor is Usedowing; the wheels of the tractor pulverize
the row zone in which planting is done.
In all these systems, primary tillage is as usHimiwever, secondary tillage is replaced by direct
sowing in which sown seed is covered in the rowezwith the equipment used for sowing.
2. Zero tillage (No tillage): In this, new crop is planted in the residues ofghevious crop without
any prior soil tillage or seed bed preparation #nsl possible when all the weeds are controlled by
the use of herbicides. Zero tillage is applicalolesoils with a coarse textured surface horizomdgo
internal drainage, high biological activity of sdduna, favourable initial soil structure and an
adequate quantity of crop residue as mulch. Thesdittons are generally found Aifisols, Oxisols
andUltisols in the humid and sub-humid tropics.
Till planting
Till planting is one method of practicing zeroddle. A wide sweep and trash bar clears a strip over
the previous crop row and planter opens a narroj Bito which seeds are planted and covered.
Here, herbicide functions are extended. Before sgwthe vegetation present has to be destroyed for
which broad spectrum non selective herbicidesdigposate, paraquat and diquat are used.
Advantages

» Zero tilled soils are homogenous in structurénwitore number of earthworms.



» Organic matter content increases due to lessralination.
4



* Surface run-off is reduced due to presence otmul

Disadvantages
» Higher amount of nitrogen has to be applied faneralization of organic matter in zero tillage.
* Perennial weeds may be a problem.
 High number of volunteer plants and buildup dftge

3. Stubble mulch tillage or stubble mulch farming
Soil is protected at all times either by growingrap or by leaving the crop residues on the surface
during fallow periods. Sweeps or blades are gelyewakd to cut the soil up to 12 to 15 cm depth in
the first operation after harvest and depth ofi€ueduced during subsequent operations. When large
amount of residues are present, a disc type implemeused for the first operation to incorporate
some of the residues into the soil. This hasteasidttomposition but still keeps enough residues on
top soil.
Two methods for sowing crops in stubble mulch gdare,
1. Similar to zero tillage, a wide sweep and trhshs are used to clear a strip and a narrow
planter shoe opens a narrow furrow into which seedplaced.
2. A narrow chisel of 5-10 cm width is worked thgbuthe soil at a depth of 15-30 cm leaving all
plant residues on the surface. The chisel shattersillage pans and surface crusts. Planting
is done with special planters.

Disadvantages of stubble mulch farming
* The residues left on the surface interfere witdsbed preparation and sowing operations.
» The traditional tillage and sowing implements emuipments are not suitable under these
conditions.

4. Conservation tillage: The major objective is to conserve soil and soilstue. It is a system of
tillage in which organic residues are not inverieid the soil such that they remain on surface as
protective cover against erosion and evaporati@se® of soil moisture. If stubble forms the
protective cover on the surface, it is usually mefé to as stubble mulch tillage. The residuesdaft
soil surface interfere with seed bed preparatich €swing operations. It is a year round system of
managing plant residue with implements that underesidues, losses the soil and kills the weeds.
Advantages

» Energy conservation through reduced tillage djpmna.

* Improve the soil physical properties.

* Reduce the water runoff from fields.

Main field preparation:
Tillage operations are generally classified in to two, preparatory cultivation and after cultivation.

The preparatory cultivation or tillage is operations that are done before the cultivation. This
preparatory cultivation is generally called as main field preparation. The main field preparation
involves three processes, viz., primary tillage, secondary tillage and lay-out for sowing. Some of the
important primary tillage implements are country plough, mould board plough, disc plough, chisel

plough etc. Cultivators and harrows are generally used for secondary tillage purpose. However, in



practical means, the first two (primary and secondary tillages) may not have any key difference,
since; both operations are mainly carried out with same implement. Country plough and cultivators
are used for both the purposes. After thorough ploughing, the field modified in to suitable way for
planting such as ridges and furrows or beds and channels or pit according to the need of the crops.
Such field modifications are mandatory for better crop production.

1
Seeds - Seed rate - Sowing methods - GerminationCrop stand establishment - Planting
geometry

SEEDS

Plant propagation is made in two ways, Sexual @®ds) and asexual (by vegetative means).
Biologically, seed is a ripe, fertilized ovule aadinit of reproduction of flowering plants.
SEED RATE
The required number of plants/unit area is decliedalculating the seed rate. The seed rate depends
on spacing or plant population, test weight, geation percentage. The formula is as follows.

Plant population (per ha) x No. of seeds/hill xthesight (g) x 100
Seed rate (kg/ha) = ----------------m-m-mmemm-
1000 x 1000 x Germination percentage (%)
SOWING METHODS

1. Broadcasting

2. Dibbling

3. Sowing behind the country plough (manual andhagical drilling)
4. Seed drilling

5. Nursery transplanting

1. Broadcasting

Broadcasting is otherwise called as random sowliitgrally means ‘scattering the seeds’.
Broadcasting is done for many crops. Broadcastnmastly followed for small sized to medium
sized crops. This is the largest method of sowmigpwed in India, since; it is the easiest and
cheapest and requires minimum labours. To havenopti plant population in unit area certain rules
should be followed.

* Only a skilled person should broadcast the séadsniform scattering.

* The ploughed field should be in a perfect conditio trigger germination.

The seeds are broadcasted in a narrow strip andatigng is completed strip by strip. To
ensure a good and uniform population, it is betidsroadcast on either direction. This is calledszr
cross sowing. If the seed is too small, it is mixeth sand to make a bulky one and for easy
handling. Ex. Seasame seeds are mixed with sahd@or 1:10 ratio and sown.

In certain cases the person sowing will be bedtiegseeds against the basket for uniform
scattering. Ex. Sorghum, pearl millet.

After broadcasting, the seeds are covered gernthgreusing a country plough with a very
shallow ploughing or some wooden planks (boar@vélers) are used to cover the surface. In some
cases, tree twigs or shrub branches are usea #fatéds are large, levelers collect the seedsand |
in the other side. Comb harrow is the best used one
Disadvantages



* All the seeds broadcasted do not have contabttivé soil. 100% germination is not possible.

» Enhanced seed rate is required.

» Seeds cannot be placed in desired depth. Dedepth ensures perfect anchorage. Lodging
(falling down) is common in broadcasting.

2. Dibbling

This is actually line sowing. Inserting a seed tiglo a hole at a desired depth and covering
the hole. Dibbling is practiced on plain surface aidges and furrows or beds and channels. This
type of sowing is practiced only under suitabld sondition. Rice fallow cotton is dibbled on a 2
from top or 1/3at bottom of the ridge. Before sayvifurrows are opened and fertilizers are applied
above which seeds are sown. The seeds do not lewact with the fertilizers. This is done for
wider spaced crops and medium to large sized séedsSorghum, maize, sunflower, cotton are
dibbled on ridges and furrows. Both beds and chHanmed ridges and furrows come under line
sowing. While earthing up, the plant occupies nedafl the ridge. Earthing up is essential for proper
anchorage of the root system.



plain surface. The seedsare dibbled at festh top or 1/3at bottomof the ridge. Before
sowing,furrows are opened and fertilizers are &plpéibove which seeds are sown. The seeds do not
havecontact with the fertilizers. This is done fader spaced crops and medium to large sized
seeds.Ex.Sorghum, maize, sunflower, cotton areletiblon ridges and furrows. Both bedsand
channels;and ridges and furrows come under lineirgpw/While earthing up,theplant occupies
middle ofthe ridge. Earthing up isessential forgmoanchorage of the root system.

Advanta | Dibbling (Line sowing) Broadcasting (Random sowing)
ges
ofline
sowinga
re, (i)
uniform
populati
on, (ii)
betterger
mination
, (i)
reduced
seed
rateSI.N
0.
1. Costlier Cheaper
2. Takes considerable time Quickest and time saving
3. Fixed seed rate Higher seedrate
4, Mechanization is possible, e.g. weeding, haimvgst | Not possible
5. Uniform utilization of resources (land, water, Resource utilizationis un-uniform
light,nutrient, etc.)

Role of manures and fertilizers in crop production — agronomic interventions for
enhancing FUE - Inter cultivation - Thinning - Gap filling and other intercultural
operations
MANURES

Manures are plant and animal wastes that are used as source of plant nutrients. They
release nutrients after their decomposition. Manures can be grouped into bulky organic
manures and concentrated organic manures.
a. Bulky organic manures - Farm Yard Manure (FYM), compost from organic waste,
night soil, sludge, sewage, green manures.
b. Concentrated organic manures - oilcakes (edible, non-edible), blood meal, fishmeal
and bone meal.

FERTILIZERS

Fertilizers are industrially manufactured chemical containing plant nutrients. Nutrient content
is higher in fertilizers than organic manures and nutrients are released almost immediately.
The fertilizers has three groups;

Straight fertilizers — supplies single nutrient Ex: Urea, Muriate of Potash

Complex fertilizers - supplies two or more nutrient Ex: 17:17:17 NPK complex



Mixed fertilizers- supplies two or more nutrient Ex: Groundnut mixture
ROLE OF MANURES AND FERTILIZERS
1. Organic manures bind the sandy soil and improve its water holding capacity.
2. Organic manures open the clayey soil and help in aeration for better root growth.
3. Organic manures add plant nutrients in small percentage and also add micronutrients,
which are essential for plant growth.
4. Manures increases the microbial activity which helps in releasing plant nutrients to
available form.
. Organic manures should be incorporated before the sowing or planting because of slow
release of nutrients.
. Fertilizers play an important role in crop production as they supply large quantities of
essential nutrient to crops
. Fertilizers are manufactured in forms that are readily utilized by plants directly or after
rapid transformation.
. Fertilizers dose can be adjusted to suit the requirement as determined by soil testing.
. Balanced application of nutrient based on crop requirement is possible by appropriate
mixing of fertilizers.
10.Fertilizers applied as straight fertilizers (providing single nutrient) or complex and mixed
fertilizers (supplies two or more nutrients) based on crop requirement.
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AGRONOMIC INTERVENTIONS FOR ENHANCING FUE
The following are the agronomic measures to improve the Fertilizer use efficiency (FUE).
1. Using best fertilizer source
2. Using adequate rate & diagnostic techniques
3. Usage of balanced fertilization
4. Integrated nutrient management
5. Utilization of residual nutrients
1. Using best fertilizer source:



Identification of best source of fertilizer is pre-requisite for better crop production.
Source of fertilizer depends on crop and variety, climatic and soil condition, availability of
fertilizer, etc.

* Nitrogen: Ammoniacal or Nitrate

» Phosphorus: Water soluble or Citrate soluble

* Potassium: Muriate of potash

* Sulphur: Sulphate or Elemental S

» Multinutrient fertilizers: MAP, DAP, SSP, Nitrophosphates

* Multi-nutrient mixtures: Several combinations of NPK

* Fortified fertilizers: Neem-coated urea, Zincated urea, Boronated SSP, NPKS mix.

2. Using adequate rate & diagnostic techniques:

The fertilizer recommendation must be in adequate quantity so as to meet the demand
of crop at any point of growth. The fertilizer supply is made by diagnosing its requirement by
any of the following method.

» State recommended generalized fertilizer dose or blanket recommendation

* Soil-test based fertilizer recommendations

* Soil-test crop response based recommendation

» Plant analysis for diagnosing nutrient deficiencies

* Chlorophyll meter and Leaf colour charts, etc.

3. Balanced fertilization

Balanced fertilization includes adequate supply of all essential nutrients, proper method
of application, right time of application and nutrient interrelationships.
a. Adequate supply of all essential nutrients: Due to more concentration and application
on primary nutrients (NPK), soils developed deficiency symptoms for secondary and micro-
nutrients. Hence, ignored elements must be added with the NPK (may be in minor quantity)
to get higher yields in crops. Experimental results shown that about 20-25 kg of micro-
nutrient application or two foliar sprays increases the yield of crops up to 20%.
b. Proper method: N and K can be applied as broadcasting and band placement. Water
soluble P fertilizers are preferred to apply as band placement in neutral & alkaline soils.
Citrate soluble P fertilizers are applied as broadcast method in acidic soils. Sulphate forms
of S fertilizers are applied as broadcasting or band placement, whereas, elemental S and
pyrite are applied as broadcasting method. Micronutrients are applied in minor quantity as
foliar sprays and water soluble fertilizers are applied in fertigation.
c. Right time: (according to physiology of crop)

 Upland crops - 2 splits (seeding, 3-5 weeks after first dose)

* Flooded rice - 3 splits (Transplanting, 3 and 6 weeks after first dose)

d. Nutrient interrelationships:

Antagonistic nature of fertilizers is to be considered while applying into the soil. Some of the
fertilizer application in excess, cause loss of yield and quality of crops. Ex. Application of
excessive 120 kg P ha’ created an imbalance and reduced the seed and oil yields in
soybean compared to 80 kg P ha'.

4. Integrated nutrient management



Organic manures, crop residues, green manures, bio-fertilizers etc. are to be blended in
right manner along with inorganic fertilizers to meet the crop demand. All the possible and
available organic sources are to be utilized efficiently to reduce the usage of inorganic
fertilizers.

5. Utilization of residual nutrients

Some of the strategies to utilize the crop residues in efficient manner are,
» Knowledge on climatic conditions & carry-over effects of residues.
* Blending rightly on cereal-legume rotations
» Mixing shallow-deep rooted crop rotations

INTER CULTIVATION

Cultivation practices taken up after sowing of crop is called inter-cultivation. It is
otherwise called as after operation. There are three important after cultivation processes
viz., Thinning and gap filling, weeding and hoeing and earthing up.
1. Thinning and Gap filling

The objective of thinning and gap filling process is to maintain optimum plant
population. Thinning is the removal of excess plants leaving healthy seedlings. Gap filling is
done to fill the gaps by sowing of seeds or transplanting of seedlings in gap where early
sown seed had not germinated. It is a simultaneous process. Normally, these are practiced
a week after sowing to a maximum of 15 days. In dryland agriculture, gap filling is done first.
Seeds are dibbled after 7 days of sowing. Thinning is done after gap filling; in order to avoid
drought. It is a management strategy to remove a portion of plant population to mitigate
stress is referred to as mid season correction.
2. Weeding and Hoeing

Weeding is removal of unwanted plants. Weeding and hoeing is a simultaneous
operation. Hoeing is disturbing the top soil by small hand tools and helps in aerating the
soil.
3. Earthing up

It is a dislocation of soil from one side of a ridge and to be placed nearer the cropped
side. It is carried out in wide spaced and deep rooted crops. It is done around 6-8 weeks
after sowing / planting in sugarcane, tapioca, banana, etc.
4. Other inter cultivation practices
Harrowing

Stirring or scraping the surface soil in inter and intra row spacing of the crop using
tools or implements.
Roguing
Removal of plants of a variety admixed with other variety of same crop. Ex. In IR 50 rice
field, the other rice varieties are rogue. It is practiced in seed production to maintain purity.
Topping

Removal of terminal buds. It is done to stimulate auxillary growth. Practiced in cotton
and tobacco.
Propping

Provision of support to the crop is called propping. Practiced in sugarcane
commonly. It is done to prevent lodging of the crop. Cane stalks from adjacent rows are
brought together and tied with their own trash and old leaves.
De-trashing



Removing of older leaves from the sugarcane crop.
De-suckering
Removal of axillary buds and branches which are considered non essential for crop

production and which removes plant nutrients considerably are called suckers. Ex.

Tobacco.

Irrigation - Time and methods - Modern techniques 6 irrigation - Drainage and its
importance
IRRIGATION
Irrigation is defined as the artificial applicatiohwater to the soil for the purpose of crop

production in supplement to rainfall and groundevaontribution.
Importance of water to plants

1. Plants contain 90% water which gives turgidity &keeps them erect

2. Water is an essential part of protoplasm

3. It regulates the temperature of the plant system

4. It is essential to meet the transpiration regugnts

5. It serves as a medium for dissolving the nutsigmesent in the soil

6. It is an important ingredient in photosynthesis

TIME OF IRRIGATION
Crops draw water from the moisture stored in thé ¥¢hen the moisture present in the soil is

low, then the plant requirements are not met vilthen the soil is supplied with moisture in excess
the supply of air is reduced that limits the plagtewth. In between, there is a range of moisture
content that is called as optimum soil moisturegeafor plant growth.
The upper limit of the optimum soil moisture rangé¢he field capacity (-0.01 to -0.03 Mpa) and the
lower limit is just above the wilting point (-1.5 p4). The objective of irrigation is to store the
moisture in the soil between these limits. Immealyaafter irrigation, all the macro and micropores
will be filled with water. All the water present macropores will drain to subsoil within 48 hours
and moisture in micropores will be available ton¢a
As the soil dries due to loss of water by evaporaéind transpiration, the plant wilts during dayei
to conserve moisture and become normal at nighen/fthe same condition continues, the plant will
wilt without dieing. This condition is called aslting coefficient. The irrigation is given whenever
plants require water. This is decided by the crugh $oil appearance.
IRRIGATION METHODS
1. Surface 2. Sub-surface 3. Pressurized irrigation
Criteria for selection of irrigation method

» Water supply source

* Topography

» Quantity of water to be applied

» The crop

» Method of cultivation

Surface irrigation methods



Oldest (4000 years back) and most common methdd. &Qvorld’s total irrigated area is under this
method. In USA also, 66% is by surface irrigatidhis method is most suitable for low to moderate
infiltration rates and leveled lands and having3¢2-slope. It is labour intensive.

Surface is grouped as Border, check basin andvuirr@ations. Border is again classified in to two
as straight and contour. Check basins may be d¢&mgualar, contour or ring, furrow irrigation is
classified as deep furrow and corrugated furrowes€ may be again straight or contour according
to direction and leveled and graded as per thewagion.

1. Border irrigation

The land is divided into number of long paralleis called borders. These borders are separated by
low ridges. The border strip has a uniform genltpe in the direction of irrigation. Each strip is
irrigated independently by turning the water in tipper end. The water spreads and flows down the
strip in a sheet confined by the border ridges.



Suitability: Suitable to soils having moderately low to moddyategh infiltration rates. It is not
used in coarse sandy soils that have very higltration rates and also in heavy soils having very
low infiltration rate. Suitable to irrigate all de growing crops like wheat, barley, fodder cropd a
legumes and not suitable for rice
Advantages

a) Border ridges can be constructed with simplenfamplements like bullock drawn “A” frame

ridger or bund former.

b) Labour requirement in irrigation is reduced aspared to conventional check basin method.

¢) Uniform distribution of water and high water &ipation efficiencies are possible.

d) Large irrigation streams can be efficiently used

e) Adequate surface drainage is provided if outie¢savailable.

IRRIGATION METHODS
Flooding
Level
Ring
Contour
SUB SURFACE
Straight
DRIP
Check basin
SPRINKLER
Deep furrow
Rectangular
Corrugated furrow
SURFACE
Basin
Border
Furrow
Contour
Graded
Level
Contour
Graded
Surface
Sub surface
Overhead
Micro sprinkler
Overhead sprinklers
Raingun
Center Pivot
2. Check basin irrigation
It is the most common surface irrigation methodre;i¢he field is divided into smaller unit areas so
that each has a nearly level surface. Bunds oesidge constructed around the area forming basins
within which the irrigation water can be controlléethe water applied to a desired depth can be
retained until it infiltrates into the soil. Thezsiof the basin varies from 10 t@ 25 m depending
upon soil type, topography, stream size and crop.
Adaptability
» Small gentle and uniform land slopes and soilsritamoderate to low infiltration rates.
» Adapted to grain and fodder crops in heavy sail8 suitable to permeable soils



Advantages
» Check basins are useful when leaching is requo@dmove salts from the soil profile.
* Rainfall can be conserved and soil erosion isiced by retaining large part of rain
* High water application and distribution efficignc

Limitations



* The ridges interfere with the movement of impleise

» More area occupied by ridges and field channels.

» The method impedes surface drainage

* Precise land grading and shaping are required

* Labour requirement is higher.

* Not suitable for crops which are sensitive to s@t conditions around the stem

3. Furrow irrigation
It is used for row crops. The furrows are formedweaen crop rows. The dimension of furrows
depend on the crop grown, equipment used andygl ¥Water is applied by small running streams
in furrows between the crop rows. Water infiltrate soil and spreads laterally to wet the area
between the furrows. In heavy soils, furrows camed to dispose the excess water.
Adaptability

» Method used for wide spaced row crops includiegetables.

* Suitable for maize, sorghum, sugarcane, cottidrgdco, groundnut, potatoes

* Suitable to most soils except sandy.

Advantages
» Water in furrows contacts only 1/2 to 1/5 of taad surface.
* Labour requirement for land preparation and atiign is reduced.
» Compared to check basins, there is less wastdgeadin field ditches

There are three types of furrow irrigation, theg,aall furrow irrigation, alternate furrow irrigat
and skip furrow irrigation
4. Surge irrigation
» Surge irrigation is the application of water intiee furrows intermittently in a series of
relatively short ON and OFF times of irrigation &y
* It has been found that intermittent applicatidrwater reduces the infiltration rate over surges
thereby the water front advances quickly. Henadyced net irrigation water requirement.
* This also results in more uniform soil moistuiistdbution and storage in the crop root zone
compared to continuous flow.
* The irrigation efficiency is in between 85 and&0

II. SUB-SURFACE IRRIGATION
In subsurface irrigation, water is applied benghthground by creating and maintaining an artificia
water table at some depth, usually 30-75 cm belmvground surface. Moisture moves upwards
towards the land surface through capillary actidvater is applied through underground field
trenches laid 15-30 m apart. Open ditches are peefebecause they are relatively cheaper and
suitable to all types of soil. The irrigation wasdrould be of good quality to prevent soil salinity
Advantages

* Minimum water requirement for raising crops

* Minimum evaporation and deep percolation losses

* No wastage of land

* No interference to movement of farm machinery

» Cultivation operations can be carried out withoomcern for the irrigation period.

Disadvantages
* Requires a special combination of natural coodgi






* There is danger of water logging
» Possibility of choking of the pipes lay undergndu
* High cost.

[ll. PRESSURIZED OR MODERN IRRIGATION SYSTEMS
a. Drip irrigation system
Or trickle irrigation is one of the latest and modenethods of irrigation. It is suitable for
water scarcity and salt affected soils. Water igliad in the root zone of the crop. Standard water
quality test needed for design and operation @f drigation system.
Drip components
* A drip irrigation system consists of a pump oeidhead tank, main line, sub-mains, laterals and
emitters.
» The mainline delivers water to the sub-mains tlwedsub-mains into the laterals.
» The emitters which are attached to the laterislsiblute water for irrigation.
» The mains, sub-mains are usually made of PVCy(pilyl chloride) pipes and and laterals of
LLDPE tubes. The emitters are also made of PVC mahte
» The other components include pressure reguldilbers, valves, water meter, fertilizer
application devices etc.

Advantages of dripirrigation
* High water use efficiency (~95%, compared to tass 50% in surface)
* Flexibility of wetted area
* Versatile selection of emitters: type, dischargfe, position
» Economy in weed control
* Low interference with cultivation
» Day and night irrigation
* Prevention of leaf wetting
* Energy saving
» Salinity control
* Irrigation at variable topographic conditions.

Limitation of drip Irrigation
* High investment
* High level of knowledge for optimal and econonhioperation
* Susceptibility to mechanical damage
* Large number of emitters
* Long application time
* High level of filtration and other controls
» Maintenance.

b. Sprinkler irrigation system

This is another important modern irrigation teclueis followed all over the globe. Sprinkler
irrigation is application simulating rainfall ovex&d so overhead sprinklers. The sprinkler (overhead
or pressure) irrigation system conveys water tofigld through pipes (aluminium or PVC) under
pressure with a system of nozzles. This systenesggded to distribute the required depth of water
uniformly, which is not possible in surface irrigat. Water is applied at a rate less than the
infiltration rate of the soil hence the runoff framgation is avoided.

Types of sprinkler system



On the basis of arrangement for spraying irrigatiater, they are classified as, rotating head
(or) revolving sprinkler system and perforated mpstem



Based on the portability, sprinkler systems arssifeed as, portable system, semi permanent
system, solid set system and permanent system.
Advantages of sprinkler

» Suitable for undulating topography (sloppy lands)

» Water saving (35-40%) compared to surface irrigatnethods.

* Fertilizers and other chemicals can be applieoutph irrigation water

» Saving in fertilizers, even distribution and al®ivastage.

* Reduces erosion

» Suitable for coarse textured soils (sandy soils)

* Frost control - protect crops against frost aiggh hemperature

* Drainage problems eliminated

* Saving in land

Limitations
* High initial cost
» Efficiency is affected by wind
* Higher evaporation losses in spraying water
* Not suitable for tall crops like sugarcane
* Not suitable for heavy clay soils
» Poor quality water can not be used (Sensitivitycrmp to saline water and clogging of
nozzles)

Drainage

Drainage is the artificial removal of water in esseof the quantity required for the crop. Drainage

includes removal of excess water of both surfacksarbsurface in the root zone of crops. Irrigation

and drainage go together and are not mutually eka@u Irrigation aims at supplying optimum
guantities of water throughout the crop period, righs, drainage aims at removing excess quantity
of water in a short time. Often, both may be reegiitogether to assure sustained and high level
production of crops.

Role of drainage

-Draining the land provides conditions favorabledowp production.

- The greatest benefit of drainage relates to aeraGmod drainage facilitates the ready diffusion of
oxygen to the root zone and escape of carbon diokimm the root zone into the atmosphere.
Several harmful gases also escape from the roet imbom the atmosphere.

- The activity of aerobic organisms which influenbe tvailability of nutrients such as nitrogen and
sulphur to plants depends on soil aeration andd)etrainage improves aerobic organisms.

- Toxicity in acid soils due to excess iron and manege is decreased by drainage (due to presence of
oxygen in the root zone).

- Drainage permits roots to grow deeper and spreddnitinereby increasing the volume of soil from
which nutrients can be extracted.

- The removal of excess water helps in drying of $bhé quickly and optimum soil temperature
permits timeliness of field operations.

- The provision of a good drainage system permitgeheoval of excess salts in the soil or irrigation
water and prevents their build up in the upper lsgirs.

PLANTING GEOMETRY AND ITS EFFECT ON GROWTH AND YIEL D
Methods of Sowing and Transplanting



1. Broadcasting

2. Dibbling

3. Sowi ng behind the country plough (manual and mechanical drilling)
4. Seed Dirilling

5. Nursery transplanting

1) Broadcasting

Literally means scattering the seeds. Broadcasting is done for many crops. Broadcasting
is mostly followed for small sized to medium sized crops. This is the largest method of sowing
followed in India since it is the easiest and cheapest and requires minimum labours. To have
optimum plant population in unit area certain rules should be followed.

i) Only a skilled person should broadcast the seeds for uniform scattering

i) The ploughed field should be in a perfect condition to trigger germination

The seeds are broadcasted in a narrow strip and the sowing is completed strip by strip.
To ensure a good and uniform population, it is better to broadcast on either direction. This is
called criss-cross sowing. If the seed is too small, it is mixed with sand to make a bulky one and
for easy handling. In certain cases the person sowing will be beating the seeds against the
basket for uniform scattering. After broadcasting the seeds are covered gently either using a
country plough with a very shallow ploughing or some wooden planks (boards / levelers) are
used to cover the surface. In some cases tree twigs or shrub branches are used. If the seeds
are large, levelers collect the seeds and leave in the other side. Comb harrow is the best used
one.
Disadvantages
1) All the seeds broadcasted do not have contact with the soil. 100% germination is not
possible.



2) Seed rate is not sufficient. Enhanced seed rate required
3) Seeds cannot be placed in desired depth. Desired depth ensures perfect anchorage. Lodging
(falling down) is common in broadcasting

2) Dibbling

Line sowing: Inserting a seed through a hole at a desired depth and covering the hole.
Dibbling on plain surface and ridges and furrows or beds and channels.This types of sowing is
practiced only under suitable soil condition. Rice — fallow — cotton is dibbled on a plain surface.
The seeds are dibbled at 2/3"from top or 1/3" at bottom. Before sowing furrows are opened and
fertilizers are applied above which seeds are sown. The seeds do not have contact with the
fertilizers. This is done for wider spaced crops and medium to large sized seeds, e.g., sorghum,
maize, sunflower, cotton are dibbled on ridges and furrows. Both beds and channels and ridges
and furrows come under line sowing. While earthing up the plant occupies middle of the ridge.
Earthing up is essential for proper anchorage of the root system.

Advantages of ridges and furrows

(i) Uniform population

(i) Better germination

(i) Reduced seed rate.

3) Sowing behind the plough
Sowing behind the plough (line sowing) is done manually or mechanical means. Seeds
are dropped in the furrows opened by the plough and the same is closed or covered when the



next furrow is opened. The seeds are sown at uniform distance. Manual method is a
laborious and time consuming process. Seeds like redgram, cowpea and groundnut are sown
behind the country plough. Major sown crop is ground out. Seeds are sown by mechanical
means by ‘Gorus’ — seed drill. A seed drill has a plough share and hopper. Seeds are placed on
hopper. Different types of seed drill are available, e.g., simple Goru — Guntakas.

Advantages — i) The Line sowing Random sowing
seeds are placed at
desired depth covered by
iron planks, ii) except very
small, very large seeds
most of the seeds can be

sown, e.g. maize,

sorghum, millets,

sunflower, etc. Sl. No.

1. Costlier Cheaper

2. Takes considerable time Quickest and time saving
3. Fixed seed rate Higher seed rate

4 Mechanization is possible, Not possible

e.g. weeding, harvesting

5. Uniform utilization of Resource utilization
resources (land, water, ununiform
light, nutrient, etc.)

Cropping pattern and cropping system - Intensive aopping- Sustainable agriculture — IFS
CROPPING PATTERN AND CROPPING SYSTEM

Traditionally, increased food production has comemf putting more land under cultivation.
However, in large areas of the world, especiallyAsia, all the land that can be economically
cultivated is already in use. In future, most & &xtra food needs must come from higher production
from land already being farmed. A major share & thcrease is likely to come from increasing the
number of crops produced per year on a given lawdguimproved crop cultivars. Such multiple
cropping offers potential not only to increase fgodduction but also land degradation.

In India, the concept of cropping systems is asaslégriculture. Farmers preferred mixed cropping,
especially under dry land conditions, to minimike tisk of total crop failure. Even in Vedas, there
is a mention of first and second crops, indicathmgexistence of sequential cropping.

A systemis defined as a set of components that are ingge@land interact among
themselves. Aropping systemrefers to a set of crop systems, making up thepingpactivities of a
farm system. Cropping system comprises all compsneguired for the production of a particular
crop and the interrelationships between them amat@ment (TAC, CGIAR, 1978). In other words,
a cropping system usually refers to a combinatibarops in time and space. Combination in time
occurs when crops occupy different growing period eombinations in space occur when crops are
inter planted. When annual crops are consideretogping system usually means the combination
of crops within a given year (Willest al., 1989
Cropping pattern
The yearly sequence and spatial arrangement of @opf crops and fallow on a given area.
Cropping system



The cropping patterns used on a farm and theirraoten with farm resources, other farm
enterprises, and available technology which deteertheir make up.
INTENSIVE CROPPING
Principles
The turn around period between one crop and anathaninimised through modified land
preparation. It is possible when the resourcesageglable in plenty. Ex. Garden land cultivation.
Cropping intensity is higher in intensive croppisgstem. Crop intensification technique includes
intercropping, relay cropping, sequential croppingtoon cropping, etc. All such systems come
under the general term multiple cropping.
Need for intensive cropping
e Cropping systems has to be evolved based on clirmatieand water availability for efficient
use of available natural resources.
e The increase in population has put pressure ontlaimtrease productivity per unit area, unit
time and for unit resource used.
e This cropping system should provide enough foodHerfamily, fodder for cattle and generate
sufficient cash income for domestic and cultivatompenses.

Intensive cropping: Growing number of crops on the same piece of lanmthd the given period of
time.

Cropping intensity: Number of crops cultivated in a piece of land pemian is cropping intensity.
In Punjab and Tamil Nadu, the cropping intensityniere than 100% (i.e. around 140-150%). In
Rajasthan, the cropping intensity is less.



Multiple cropping: The intensification of cropping in time and spageehsions. Growing two or
more crops on the same field in a year.

Forms of multiple cropping

Intercropping: Growing two or more crops simultaneously on thees#&eld. Crop intensification is
in both time and space dimensions. There is imd@rcompetition during all or part of crop growth.

(a) Mixed intercropping: Growing two or more crops simultaneously with natidict row
arrangement. Also referred to as mixed cropping.Ebtghum, pearl millet and cowpea are
mixed and broadcasted in rainfed conditions.

(b) Row intercropping: Growing two or more crops simultaneously where onenore crops are
planted in rows. Often simply referred to as intepping. Maize + greengram (1:1), Maize +
blackgram (1:1), Groundnut + Rredgram (6:1)

(c) Srip intercropping: Growing two or more crops simultaneously in striipsle enough to
permit independent cultivation but narrow enoughtli@ crops to interact agronomically. Ex.
Groundnut + redgram (6:4) strip.

(d) Relay intercropping: Growing two or more crops simultaneously during plaet of the life
cycle of each. A second crop is planted after its¢ €rop has reached its reproductive stage
of growth, but, before it is ready for harvest.edfsimply referred to as relay cropping. Rice-
rice fallow pulse.

Advantages of intercropping

* Better use of growth resources including lightirients and water

» Suppression of weeds

* Yield stability; even if one crop fails due tofareseen situations, another crop will yield and
gives income

* Successful intercropping gives higher equivajeelds (yield of base crop + yield of intercrop),
higher cropping intensity

* Reduced pest and disease incidences

» Improvement of soil health and agro-eco system

Sequential cropping: Growing two or more crops in sequence on the saeie ih a farming year.
The succeeding crop is planted after the precediog has been harvested. Crop intensification is
only in time dimension. There is no intercrop cotitjma.
(a) Double, triple and quadruple cropping: Growing two, three and four crops, respectively, on
the same land in a year in sequence.

Ex. Double cropping: Rice: cotton; Triple croppingice: rice: pulses; Quadruple cropping:

Tomato: ridge gourdAmaranthus greens: baby corn

(b) Ratoon cropping: The cultivation of crop re-growth after harvesthauigh not necessarily for
grain. Ex. Sugarcane: ratoon; Sorghum: ratoonf¢fdder).

The various terms defined above bring out esséntiaio underlying principles, that of growing
crops simultaneously in mixture, i.e., intercrogpimnd of growing individual crops in sequence,
i.e., sequential cropping. The cropping systemafoegion or farm may comprise either or both of
these two principles.
SUSTAINABLE AGRICULTURE
Definition:

A farming systems that are "capable of maintainihgir productivity and usefulness to
society indefinitely and must be resource-conservaocially supportive, commercially competitive,
and environmentally sound."”



USDA (legal)
Sustainable agriculture means, an integrated sysfgatant and animal production practices
having a site-specific application that will, otbe long term:
» satisfy human food and fiber needs;
» enhance environmental quality and the natural mesobased upon which the agricultural
economy depends;
» make the most efficient use of nonrenewable regsuand on-farm resources and integrate,
where appropriate, natural biological cycles anctis;
» sustain the economic viability of farm operations;
» enhance the quality of life for farmers and socasya whole.

Advantages
» Production cost is low
» Over all risk of the farmer is reduced
> Pollution of water is avoided
> Very little or no pesticide residue is ensured
» Ensures both short and long term profitability

Disadvantages
» Since sustainable agriculture uses least quantuimpats, naturally the output (yield) may
also be less.

Major components of sustainable agricultural system

* Soil and water conservation to prevent degradatfcsoil productivity

» Efficient use of limited irrigation water withoueading to problems of soil salinity,
alkalinity and high ground water table

 Crop rotations that mitigate weed, disease asddnproblems, increase soil productivity
and minimise soil erosion

* Integrated nutrient management that reduces ¢k for chemical fertilizers improves the
soil health and minimise environmental pollution bgnjunctive use of organics, in-
organics and bio-fertilizers.

* ‘Integrated pest management that reduces the faredgrochemicals by crop rotation,
weather monitoring, use of resistant cultivar, tamtime and biological pest control.

» Management system to control weed by preventiveasures, tillage, timely inter
cultivation and crop rotation to improve plant hkal

INTEGRATED FARMING SYSTEM (IFS)

Integration of two or more appropriate combinatairenterprises like crop, dairy, piggery,
fishery, poultry, bee keeping etc., for each facooading to the availability of resources to sustai
and satisfy the necessities of the farmer
Definition: A farming system is a collection of distinct furtal units such as crop, livestock,
processing, investments and marketing activitieschvimteract because of the joint use of inputs
they receive from the environment which have thenmon objective of satisfying the farmers’
(decision makers) aims. The definition of the bosdef the options depends on circumstances; often
it includes not only the farm (economic enterprige}t also the household (farm — household
system)”

Possible enterprises
Wetland based farming system
* Crop + Fish + Poultry/poultry/pigeon






* Crop + Fish + Mushroom

Gardenland based farming system
» Crop + Dairy + Biogas
» Crop + Dairy + Biogas + Sericulture
» Crop + Dairy + Biogas + Mushroom + Sylvi-culture

Dry land based farming system
» Crop + Goat + Agroforestry
» Crop + Goat + Agroforestry + Horticulture

Benefits of IFS

Higher Productivity

Profitability

Sustainability

Balanced food

Recycling reduces pollution

Money round the year

Employment generation

Increase input efficiency

Standard of living of the farmer increased
Better utilisation of land, labour, time and ressas

Organic / eco-friendly agriculture - Dry farming - Concepts and principles
Organic farming: Organic farming is a production system where aidki of agricultural products
are produced organically, including grains, mealyyd eggs, fibers such as cotton, flowers and
processed food products.

Organic farming avoids or largely excludes the ofsgynthetic fertilizers, pesticides, growth
regulators and livestock feed additives.
Need & scope of organic farming

> Increase in awareness and health consciousness

» Global consumers are increasingly looking for orgdaod, which is considered safe, and
hazard free.

» The global prices of organic food are more lucetind remunerative.

» The potential of organic farming is signified byetfact that the farm sector has abundant
organic nutrient resources like livestock, wategpcresidue, aquatic weeds, forest litter,
urban, rural solid wastes and agro industries poamucts.

> India offers tremendous scope for organic farmimg &as local market potential for organic
products

Principles (International Federation of Organic Agriculture Movements - IFOAM, 1972)

1. To produce food of high quality in sufficientaqity.

2. To interact in a constructive and life-enhanciray with natural systems and cycles.

3. To consider the wider social and ecological iotpaf the organic production and processing
systems.



4. To encourage and enhance biological cycles mvithie farming system, involving micro-
organisms, soil flora and fauna, plants and animals
5. To maintain and increase the long-term fertitifysoils.
6. To maintain the genetic diversity of the prodetsystem and its surroundings, including the
protection of wildlife habitats.
7. To promote the healthy use and proper care tdrwaater resources and all life therein.
8. To use, as far as possible, renewable resourdesally organized production systems.
9. To give all livestock conditions of life with diconsideration for the basic aspects of theirteana
behaviour.
10. To minimize all forms of pollution.
11. To allow every one involved in organic prodantand processing a quality of life which meets
their basic needs and allows an adequate returrsatigfaction from their work, including a safe
working environment.
12. To progress towards an entire production, @siog, and distribution chain which is both
socially just and ecologically responsible.
Advantages of organic farming

> Nutrition - Improved soil health makes food draroally superior in mineral content

» Poison-free - Free of contamination with health nfiag chemicals like pesticides,

fungicides and herbicides.

> Food tastes better

» Food keeps longer - can be stored longer

» Disease and pest resistance - because of headthtg pl

» Weed competitiveness - Healthier crops able to aenp

> Lower input costs - No costly chemicals used, euatd are created in-situ (in the farm)



» Drought resistance

» More profitable - Due to greater food value of ariggoroduce consumers are willing to pay
premium prices

>

Disadvantages of organic farming

» Productivity - Low productivity is often reported the quantum nutrient used comparatively
lower

» Labour intensive - Cultivation requires more labespecially for weed control

» Skill - requires considerable skill to farm orgaalilg Ex. Choice of alternatives for control
of pests

» Lack of convenience in management compared to reas@nagement like fertilizer
application in conventional methods

Synonyms of organic farming
Eco-farming
Biological farming
Bio-dynamic farming
Macrobiotic agriculture
Eco-farming
» Farming in relation to ecosystem.
> It has the potential for introducing mutually rerding ecological approaches to food
production.
» It aims at the maintenance of soil chemically, dgatally and physically the way nature
would do it left alone.
» Soil would then take proper care of plants growongt.
» Feed the soil, not the plant is the watchword and slogan of ecological farming.
>

Biological farming

Farming in relation to biological diversity.
Biodynamic farming

Farming which is biologically organic and ecolodliggound and sustainable farming.

Dryland Agriculture

Indian agriculture is predominantly a rainfed agiare under which both dryfarming and
dryland agriculture are included. Out of the 148iar ha of total cultivated area in the countr@l1
million ha (i.e. nearly 70%) area are rainfed. igland areas, variation in amount and distributién
rainfall influence the crop production as well agis-economic conditions of farmers. The dryland
areas of the country contribute about 42% of thal tvod grain production. Most of the coarse
grains like sorghum, pearl millet, finger milletcamther millets are grown in drylands only. The
attention has been paid in the country towardsdéneelopment of dryland farming. Efforts were
made to improve crop yields in research projectslatjari, Solapur, Bijapur, Raichur and Rohtak.
An all India co-ordinated research project for @nd Agriculture was launched by ICAR in 1970 in
collaboration with Government of Canada and laternt@al Research Institute for Dryland
Agriculture (CRIDA) was established at Hyderabad.



Characteristics of Dryland Agriculture
Dry land areas may be characterized by the follgvigatures, 1. Uncertain, ill-
distributed and limited annual rainfall 2. Occuerof extensive climatic hazards like drought,
flood etc. 3. Undulating soil surface 4. Occurreatextensive and large holdings 5. Practice
of extensive agriculture, i.e., prevalence of meapping etc. 6. Relatively large size of fields
7. Similarity in types of crops raised by almosthaé farmers of a particular region 8. Very
low crop yield 9. Poor economy of the farmers
Dryland Agriculture
It is the profitable production of useful cropsthaut irrigation, on lands (arid and semi arid)
that receive annual rainfall of less than 750mm
Rainfed Agriculture
It is the profitable production of useful cropsthaut irrigation, on lands (humid & subhumid
regions) that receive annual rainfall of more tA&Amm
ference between rainfed and irrigated gated farming
farming Rainfed farming

In a certain part of the Through out the year
year crop is grown where depending upon the water
rainfall received availability

Crops/crop varieties havir According to the need, crops

drought tolerance or less wateor their varieties are selected
requirement are used

Duration of crops depends:  Depending upon the need
the rainfall duration/ growing
period most of the times short
duration (LGP)

Mixed cropping is beneficie Generally pure cropping is

done

Due to limitation of moistur: More than two crops in a year
one or two crops in a year is are grown, subject to
possible availability of water

The field is ploughed to deep No need for deep ploughing to
increase infiltration of rains  conserve soil moisture

Land is prepared immediate  Land is prepared according to
after rainfall optimum time of sowing
Risk of crop failure is No risk of crop failure
expected due to insufficient
soil moisture or drought

AGRO-CLIMATIC ZONES OF INDIA AND ANDHRA PRADESH
Planning Commission has demarcated the geographical area of India into 15 agro-climatic
regions. These are:

1. Western Himalayan Region: Jammu and Kashmir, Himachal Pradesh, Uttar Pradesh,
Uttaranchal. The region consists of skeletal soils of cold region, podsolic soil,
mountainous soil, hilly brown soil. Lands have steep slopes in undulating terrain.

2. Eastern Himalayan Region: Assam Sikkim, West Bengal and all North-Eastern states.
These region falls under high rainfall and high forest cover. Shifting cultivation is



practiced in nearly one third of the cultivated area and this causes degradation of the
soil, with heavy runoff, soil erosion and flood.

. Lower Gangetic Plains Region: West Bengal, soils are mostly alluvial and are prone to
floods.

4. Middle Gangetic Plains Region:  Uttar Pradesh, Bihar. About 39 percent of the gross
cropped area of this region is irrigated.

. Upper Gangetic Plains Region:  Uttar Pradesh. Irrigation is trough canals and tube wells.
A good potential for exploitation of ground water.

. Trans-Gangetic Plains Region: Punjab, Haryana, Delhi and Rajasthan. These regions
have the highest sown areas, highest irrigated area, high cropping intensity and high
ground water utilization.

7. Eastern Plateau and Hills Region: Maharashtra, Uttar Pradesh, Orissa and West
Bengal. Irrigation is through canals and tanks. The soils are shallow and medium in
depth.

8. Central Plateau and Hills Region: Madhya Pradesh, Rajasthan, Uttar Pradesh.

9. Western Plateau and Hills Region:  Maharashtra, Madhya Pradesh and Rajasthan. The
average rainfall of this zone is 904 mm.
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10.

11.

12.

13.

14.

15.

Southern Plateau and Hills Region:  Andhra Pradesh, Karnataka, Tamil Nadu. Dry
farming is adopted and the cropping intensity is 111 percent.

East Coast Plains and Hills Region: Orissa, Andhra Pradesh, Tamil Nadu and
Pondicherry. Irrigation is through canals and tanks.

West Coast Plains and Ghats Region: Tamil Nadu, Kerala, Goa, Karnataka,
Maharashtra. Variety of cropping pattern, rainfall and soil types.

Gujarat Plains and Hills Region:  Gujarat. This zone is arid with low rainfall in most
parts. Irrigated through tube wells and wells.

Western Dry Region: Rajasthan. Hot sandy desert, erratic rainfall, high evaporation,
scanty vegetation. The ground water is often deep and often brackish. Famine and

drought are common features of this region.
The Islands Region: Andaman and Nicobar Islands, Lakshadweep. These regions are

typical equatorial with rainfall of 3000 mm spread over eight to nine months. Largely
forest zone with undulated land.



Agro climatic Zones of Andhra Pradesh

The cropped area in Andhra Pradesh is divided into seven zones based on the agro-climatic
conditions. The classification mainly concentrates on the range of rainfall received, type and
topography of the soils.

1. Krishna — Godavari Zone : It covers East Godavari Part, West Godavari, Krishna,
Guntur, and contiguous areas of Khammam, Nalgonda and Prakasam. Rainfall of this
zone is 800-1100mm. Soil type is deltaic alluvium, red soils with clay, red loams, coastal
sands and saline soils. Paddy, Groundnut, Jowar, Bajra, Tobacco, cotton, chillies,
Sugarcane and Horticultural Crops are the important crops grown.

2. North Coastal Zones: Covers Srikakulam, Vizianagaram, Visakhapatnam and uplands of
East Godavari districts. This zone receives a rainfall of 1000-1100 mm mainly from south
west monsoon. Soil type is red soils with clay base, pockets of acidic soils, laterite solls,
Soils with PH 4-5. Main crops grown in these zones are Paddy, Groundnut, Jowar,
Bajra, Mesta, Jute, Sun hemp, Sesame, Black gram and Horticultural Crops.

3. Southern Zone : Districts in this zone are Nellore, Chittoor, Southern parts of Prakasam
and Cuddapah and Eastern parts of Anantapur. Rainfall received is about 700-1100 mm.
Soil type is Red loamy soils, Shallow to moderately deep. Crops like Paddy,
Groundnut,cotton Sugarcane. Millets and Horticultural Crops are mainly grown.



. North Telangana Zone : Adilabad, Karimnagar, Nizamabad, Medak (Northern part),
Warangal (Except N.W.Part), Eastern tips of Nalgonda and Khammam are the districts
in this zone. Rainfall received is about 900-1500 mm. Soil type is Chalkas, Red sandy
soils, Dubbas, Deep Red loamy soils, Very deep black cotton soils.
Paddy,Sugarcane,Castor,Jowar, Maize, Sunflower, Tuemeric, Pulses and Chillies are
the important crops.

. Southern Telangana Zone : Hyderabad, Rangareddy, Mahabubnagar (except southern
border), Nalgonda (except North eastern border), Medak (Southern parts), Warangal
(North Western Part) are the districts covered. This zone receives a rainfall of about 700-
900 mm. Soil type is red earth with loamy sub soil (Chalkas). Paddy, Sunflower,
Safflower, Grapevine, Sorghum, Millets, Pulses and Orchard crops are the important
crops.

. Scarce rainfall zone : the districts covered are Kurnool, Anantapur, Prakasam (western
parts), Cuddapah (Northern part), Mahabubnagar (Southern border). Receives a rainfall
of 500-750 mm. Soil type is red earths with loamy soils (Chalkas), red sandy soils and
black cotton soils in pockets. Cotton,Korra,Sorghum,Millets, Groundnut, Pulses, Paddy
are the important crops.

. High altitude and Tribal areas : Northern borders of Srikakulam, Vizianagaram and
Visakhapatnam, East Godavari and Khammam are the districts covered. This zone
receives a rainfall more than 1400 mm. Horticultural Crops, Millets, Pulses Chillies,
Turmeric and Pepper are the important crops grown.



