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Book Author Period
Kautilya Arthashastra Kautilya        400 BCE
Brhat Samhita            Varahamihira          505 - 581 CE
Kashyapiyakrishisukti Kashyapa 800 CE
Vrikshayurveda Surapala              c. 1000 CE
Lokopakara Chavundaraya       1025 CE
Abhilashitarthachitamani Someshvardeva      1200 CE
Upavanavinoda Sarangadhara          1300 CE
Vishvavallabha Chakrapani Mishra       1577 CE
Shivtatva Ratnakar       King Basavaraja           1725
CE

• Our age-old and tested techniques for producing organic

produce as we have since 400 BCE to 1725 CE developed by our

pioneers sages, vaidyas and agriculture scholars through the

following documents.



The great work of Vrikshayurveda starting from Kautilya to
Surapala (The Science of Plant Life) on different aspects of
agriculture and its sustainable technologies resulted in
sustainable agriculture over two millennia and made prosperous
Bharat between c. 400 BC - 1700 CE.
The completely organic technologies mentioned in Vrikshayurveda by our ancient pioneers of
agriculture in various documents are:

1. Bhoomi niroopanam: Identification and classification of soil and soil conservation techniques
2. Beejopti vidhi: Various sowing techniques
3. Padapa vivaksha: Method of propagation
4. Ropana vidhanam: Planting techniques
5. Nishechana vidhi: Rules for watering
6. Poshana vidhi: Nutritional care and management
7. Druma raksha: Plant protection
8. Criteria adopted for diagnosis of plant diseases based on Panchabhoutika and Tridosha theory of

Ayurveda
9. Taru chikitsa: Arboreal medicines (biological control and treatment)

10. Nivas asana tharu subha – asubha lakshanam: Selection of plants for homesteads based on
their subha (Positive energy)/asubha (Negative energy)

11. Taru mahima: Glory of trees/awareness creation
12. Upavana prakriya: Landscaping/gardening
13. Chithree karnam: Ancient biotechnological interventions
14. Dakargalam: Study on plants/geographical features described as indicators of availability/

presence of ground water



































List of available documents on agriculture
during ancient and medieval period
• 1. Rigveda(c.3700BC)
• 2.Atherveda(c.200BC)
• 3.Ramayana(c. 2000BC)
• 4.Mahabharata(c.1400BC)
• 5.Krishi Parashara(c. 400BC)
• 6.Kautilya Arthashastra(c. 300BC)
• 7.Amarsimha’s Amarkosha(c.200BC)
• 8.Patanjali’s Mahabhasya(c.200BC)
• 9.Sangam Literature(200BC-100AD)
• 10. Agnipuran(c. 400AD)
• 11. Varahmira Brihat Samhita(c. 500AD)



• 12. Kashyapiakrishisukti (c. 800AD)

• 13. Surpala’s vrikshayurveda(c. 1000AD)

• 14. Lokopara, by chavundraya(c.1020AD)

• 15. Someshwardeva Mansollassa(c.1131AD)

• 16.Sarangdhara’(Upvanvinoda)

• 17.Bhavprakasha Nighantu(c.1500 AD)

• 18.CakrPani Mishra’s Vishwaballabha(c.1580 AD)

• 19. Dara shikoh’s Nushkhs dar phenni phalahat(c. 1650AD)

• 20. Jati jaichand’s dairy (1657-1714AD)

•  21.Annonymus Rajasthani manuscript(1877AD)

• 22. Walt’s Dictionary of Economic Products of India(1889-1893AD)



 

 

LECTURE 1&2 

BEGINNING AND DEVELOPMENT OF AGRICULTURE 

 

The settlements of Sindhu plains and Baluchistan hills revealed that agriculture began here 
about8000 BC with barley and wheat cultivation along with goat and sheep herding. Such 
settlementsexpanded across Sindhu system from about 3500 BC and eventually to the plains. 
Thereafter. awide agricultural settlement to the Southeast seems to have arisen. Subsequent 
development inIndia relied on its secure agriculture base which produced Harappan culture. This 
culture assumeddominance and expanded agriculture. 
 
Baluchistan and Pakistan 
Mehrgarh 
 
The earliest evidence so far of settled agriculture comes from Mehrgarh (now in 
Pakistan)situated in North Kachi plain at the foot of Bolan Pass in the zone of transition between 
theIranian Plateau and Sindhu basin about 6500 BC. Thousands of impressions of crops in 
mudbricks were identified which show that in early stage naked six-rowed barley was mostly 
used.Other cereals. viz.. hulled two-rowed barley and wheat were also cultivated to varying 
extent.The naked barley, a local domesticate must have been the main staple food of the people. 
Datepalm provided additional food. 
 
Apparently between 5500 and 4700 BC, the processes of plant and animal domestication 
werecompleted. The changes were gradually brought about through the following initiatives: 
 

 Incorporating high-yielding bread. club, and dwarf wheats in cropping pattern. 

 Replacing low-yielding two-rowed barley with high-yielding six-rowed naked and hulled 
barley. 

 Domesticating and managing sheep, goat, and cattle. 
 
In the early Chalcolithic phase, i.e., 4700-4300 BC, wheat (bread, club, and dwarf), hulled 
andnaked barley were cultivated. Fruits of jujube, Prunus, and cotton were added. The 
periodbetween 4300 and 3500 BC was marked by manufacture of wheel-made pottery. The 
practiceof cultivating high-yielding hexaploid wheat and barley continued. 
 
During the period 3500-3200 BC, barley continued to be an important food but there was 
adramatic increase in wheat cultivation. Through intensive land use and cultivation of high-
yieldinghexaploid wheat, the agricultural production was intensified. The cultivation of oats and 
grapeswas also taken up in this phase. 



 

 

The period between 3200 and 2500 BC is marked by the cultivation of a number ofrabi 
(postrainyseason) crops in Mehrgarh. The following crops were taken: 
 
— Triticum aestivum (bread wheat) 
— Triticum compactum (club wheat) 
— Triticum sphaerococcum (dwarf wheat) 
— Hordeum vulgare (six-rowed hulled barley) 
— Pisum sativum (field pea) 
— Lens culinaris (lentil) 
— Cicer arientinum (chickpea) 
— Linumusitatissimum (linseed) 
— Vitis sp. (grape) 
— Gossypium sp. (cotton) 
— Ziziphus sp. (jujube) 
— Phoenix sylvestris (date) 
 
Wood of juniper from highland was used for fuel. Mehrgarh was abandoned in 2500 BC. 
 
Balakot 
 
During 4000 to 2900 BC, several peasant communities flourished in the Quetta and ZhobValley 
of Baluchistan. These communities did not cultivate specific crops grown at Mehrgarh.People 
cultivated specific crops depending on their availability and adaptation to localenvironments. 
They also cultivated crops not grown at Mehrgarh. Balakot, in SouthernBaluchistan is a small 
site located near the Arabian Sea coast about 90 km Northwest ofKarachi. At Balakot only six-
rowed barley, vetch (Vicia sp.), jujube, and melon or gourdswere taken. 
 
Saraikhola and Swat 
 
In Baluchistan, Neolithic settlements (3100-2900 BC) were found at Saraikhola and Swat but 
inother areas like Loebanr, Chalcolithic setthements (2300—1500 BC) were identified. Here 
thefarmers cultivated the following crops in winter: 
 
— Hordeum vulgare (six-rowed hulled barley) 
— Triticum sp. (wheat) | 
— Lens culinaris (lentil) 
— Pisum sativum (field pea) 
 
In summer, rice was taken. The presence of West Asian legumes and Indian rice 
indicatescontacts of people with western and eastern culture, respectively. In crop rotation, rice 



 

 

cultivationwas followed by winter-grown legumes and cereals. This practice made the farmer to 
workyear round and also provided surplus food production. 
 
Harappa and Mohenjo-daro 
 
During 3200-2500 BC the farmers of Harappa and Mohenjo-daro (now in Pakistan) 
cultivatedwheat and barley in winter. Sesame was cultivated in rainy season, whereas mustard 
wascultivated at Chanu-daro in winter. For the sake of convenience the crops grown at Harappa 
aregrouped in three-tier system based on the importance of the food crops. 
 
1. Tier I 
— Triticum sp. (wheat) 
— Hordeum vulgare (barley) 
 
2. Tier II 
— Eleusine coracana (finger millet, ragt) 
— Pisum sativum (field pea) 
— Cicer arietinum (chickpea) 
— Lathyrus sativus (grass pea) 
— Lens culinaris (lentil) 
— Vigna radiata (mung bean, green gram) 
— Linumusitatissimum (linseed) ° 
— Brassica sp. (mustard) 
— Gossvpium. sp. (cotton) 
 
3. Tier III 
— Oryza sativa (rice) 
 
Rice was a minor crop at Harappa because the cultivated crop was not well suited to 
thatenvironment. Even today it is not a prominent crop. 
 
In addition evidences suggest that the people of Harappa and Mohenjo-daro were familiar 
withsome fruits like Punica granatum (pomegranate), Cocos nucifera (coconut), Cucumis 
sp.(melon), and Ziziphus sp. (jujube). 
 
The Harappans used scented wood of Cedrus deodara (deodar) and Dalbergia latifolia (rose-
wood) for making coffins and jujube wood for making wooden mortars for pounding grains. 
 
 
 



 

 

Rajasthan 
 
Sambhar, Lunkaransar, and Didwana 
The earliest evidences of full-time plant and animal domestication on the Indian subcontinent 
arefound in Sambhar, Lunkaransar, and Didwana in the vicinity of saline Sambhar lakes of 
NorthernRajasthan. The presence of cereal pollen, mixed datable charcoal, was considered as 
evidenceof forest clearing and planting of grain seeds (c. 7000 BC). The periodic fires in 
Rajasthan’ssavannahs practiced for inducing fresh growth of grasses for their domesticated 
animals showsthe domestication of animals as early as 8000 BC. 
 
Kalibangan 
The people of Kalibangan, Rajasthan began to include pastoralism in their hunting-
foragingstrategies by capturing certain wild animal species trapped in marshy tracts of Ghaggar 
river, butby 3000 BC they began to cultivate wild plant species (not identified) as fodder along 
with somecrops that originated in Southwest like field pea and chickpea. Hulled and naked 
barleys werealso cultivated in Kalibangan. 
 
Bagor 
At Bagor no domesticated species of plants have been found, but there were domesticatedspecies 
of sheep, goat, buffalo, humped cattle, and pig along with species of chital, sambar, hare,and fox 
as early as 5000 BC. 
 
Ahar (Udaipur) and Noh 
At Ahar, one season farming was practiced during 2000-1400 BC by cultivating rice and 
sorghum(Sorghum bicolor), which provided grains for humans and green fodder/straw for 
animals,respectively. The farmers also cultivated sorghum, which provided grains for humans 
and fodderfor animals. During 1100-900 BC apart from rice, Dolichos uniflorus (horsegram) and 
Vignamungo (black gram) were cultivated at Noh in Rajasthan.  
 
All the plant species identified from several sites of Rajasthan during 2200-800 BC put 
togetherare given below: 
 
— Oryza sativa (cultivated rice) 
— Hordeum vulgare (six-rowed hulled barley) 
— Sorghum bicolor (sorghum) 
— Cicer arietinum (chickpea) 
— Pisum sativum (field pea) 
 
 
 



 

 

Gujarat 
Plant remains at Rajodi (2500-1400 BC) revealed that a number of crops were cultivated in 
thisregion. In addition about 50 wild species, some of which provided edible plant parts were 
alsoidentified. Three phases or tiers of cropping pattern were recognized at Rajodi. 
 
1. Phase I 
— Eleusine coracana (finger millet; ragi) 
— Panicum miliaceum (slender millet, proso millet) 
— Setariaitalica (foxtail millet, Italian millet) 
 
2. Phase II 
— Pisum sativum (field pea) 
— Lens culinaris (lentil) 
— Dolichos uniflorus (horsegram; kulthi, kulatha) 
— Vigna sp. 
— Linumusitatissimum (linseed) 
— Ziziphus mauritiana (Jujube) 
 
3. Phase III 
— Hordeum vulgare (barley) 
— Brassica campestris (mustard) 
— Cucumis spp. (melons) 
 
At Lothal. husk and spikelet impressions of rice were found during 2300 BC. Other plant 
remainsfound in Gujarat were of pearl millet (Pennisetum glaucum) from Rangpur, finger millet 
fromShikarpur (Rann of Kutch), and Italian millet from Surkotada. Carbonized seeds from 
Surkotadawere of Setariaitalica and leafy vegetables like Chenopodium album and amaranths. 
The subsistence economy provided surplus food when barley, sorghum, finger millet, and pearl 
millet began to supplement or even replace several species of indigenous millets under 
rainfedconditions during 2000-1700 BC. 
.At Lothal. husk and spikelet impressions of rice were found during 2300 BC. Other plant 
remains found in Gujarat were of pearl millet (Pennisetum glaucum) from Rangpur, finger millet 
from Shikarpur (Rann of Kutch), and Italian millet from Surkotada. Carbonized seeds from 
Surkotada were of Setariaitalica and leafy vegetables like Chenopodium album and amaranths. 
 
The subsistence economy provided surplus food when barley, sorghum, finger millet, and pearl 
millet began to supplement or even replace several species of indigenous millets under rainfed 
conditions during 2000-1700 BC. 
 
Punjab 
In Early Harappan phase (3300-2800 BC) of Sindhu-Saraswati civilization, the following 
cropswere cultivated at Rohira, Sangrur district of Punjab: 



 

 

 
— Hordeum vulgare (six-rowed hulled barley) 
— Triticum sphaerococcum (dwarf wheat) 
— Triticum dicoccum (emmer wheat) 
— Sorghum sp. 
— Dolichos uniflorus (horsegram) 
 
In addition, plant remains of grape and mehandi (Lawsoniainermis; henna) were also 
identifiedfrom Rohira. Evidences show that farmers of this region cultivated naked barley and 
fenugreek(methi) during 2800-1900 BC. 
 
Similarly at Mahorana, Sangrur district of Punjab, the evidences from wood charcoal ofplant 
remains revealed the cultivation of the following crops during Early Harappan phase(3300-2800 
BC) of Sindhu-Saraswati civilization: 
 
— Hordeum vulgare (six-rowed hulled barley) 
— Triticum sphaerococcum (dwarf wheat) 
— Triticum dicoccum (emmer wheat) 
— Lens culinaris (lentil)  
 
Grapes and Lablab purpureus (lablab bean, hyacinth bean — a vegetable) were also identified 
in this region.  
 
During Mature Harappan phase (2800-1900 BC) of Sindhu-Saraswati civilization due to 
diffusion,a large number of crops were identified at Sanghol: 
 
— Triticum sphaerococcum (dwarf wheat) 
— Triticum dicoccum (emmer wheat) 
— Hordeum vulgare (six-rowed hulled barley) 
— Sorghum sp. 
— Setariaitalica (foxtail millet, Italian millet) 
— Pisum sativum (field pea) 
— Lens culinaris (lentil) 
— Cicer arietinum (chickpea) 
— Dolichos uniflorus (horsegram) 
 
In addition, the plant remains of Emblica officinalis (amla), grape, and poppy were also 
identifiedfrom Sanghol. : 
In Haryana, Vigna mungo (black gram) was reported from Daulatpur and Kurukshetra districts 
and grains were identified from Hisar but the period is not known. 



 

 

 
Uttar Pradesh 
Evidences revealed that wild rice was eaten by the people of Chopani Mando of Uttar Pradeshin 
the advanced Mesolithic or pre-Neolithic period (c. 8000 BC). The use of vrihi (the 
oldestSanskrit name of rice) has been mentioned in Krishna Yajurveda which also indicates that 
theVedic people were using rice around 7000 BC in India. 
 
Later during 6000 BC the use of rice continued at Koldihwa and Mahagarh as evidenced by 
theidentification of rice grain remains from these areas. This can be considered as the 
earliestcultivation of rice in South Asia. After this there is a big gap in the archaeobotanical 
records ofcultivated plants till the 3% millennium BC. 
 
Plant remains identified from Hulas, Atranjikhera, Sringaverapura, and Lal Quila(Bulandsahar) 
in Uttar Pradesh during 2000-1200 BC showed that the people not onlycultivated the indigenous 
crops but also crops diffused from other countries. The followingcrops were cultivated: 
 
—Oryza sativa (cultivated rice) 
— Oryza rufipogon (wild perennial rice) 
— Dolichos uniiflorus (horsegram) 
— Vigna radiata (mung bean, green gram) 
— Vigna mungo (black gram) 
— Triticum aestivum (bread wheat) 
— Triticum compactum (club wheat) , 
— Triticum sphaerococcum (dwarf wheat) 
— Hordeumvulgare (barley) 
— Avena sativa (oat) 
— Pisum sativum (field pea) 
— Lens culinaris (lentil) 
— Cicer arietinum (chickpea) 
— Sorghum bicolor (sorghum) 
— Eleusine coracana (finger mullet; ragi) 
— Vigna unguiculata (cowpea) 
— Ricinus communis (castor) 
— Gossypium arboreum (cotton) 
 
Maharashtra 
Remains of dwarf wheat and barley identified from Daimabad during 2000-1700 BC 
revealedthat farmers practiced rainfed agriculture in winter but the crops cultivated in rainy 
season arenot known. Dunng 1700-1450 BC, plant remains from Inamgaon and Daimadad 



 

 

associated withMalwa culture were identified which indicated that the following crops were 
cultivated by thefarmers of this region in winter and rainy season: 
 
— Triticum compactum (club wheat) 
— Triticum sphaerococcum (dwarf wheat) 
— Hordeum vulgare (barley) 
— Pisum sativum (field pea) 
— Lens culinaris (lentil) 
— Eleusine coracana (finger millet; ragi) 
— Vigna unguiculata (cowpea) 
— Vigna mungo (black gram) 
— Lablab purpureus (lablab bean, hyacinth bean) 
 
Later during 1400-800 BC, diffusion took place and a number of crops were cultivated. 
Thefarmer used cereals, legumes, and oilseeds for adopting cropping patterns suited to dryland 
andwetland conditions. The low-yielding crops were replaced by high-yielding ones. Such 
changesproduced enough surplus food. 
 
South India 
Plant remains of Neolithic Age from South India are meager. Wild finger millet (Eleusine 
indica)and cultivated finger millet (Eleusine coracana) were identified from Hallur (1800 BC) 
andhorsegram (Dolichos uniflorus) from Tekkalakota in Karnataka and Paiyampalli from 
TamilNadu. Finger millet, an African domesticate, was added either through direct contact with 
Africa, 
via sea or it was introduced with Chalcolithic culture of Maharashtra. 
 
During 200 BC, the main profession of the people of Tamil Nadu had been agriculture. 
Thisregion extended from Kanyakumari in South to Tirupati in North and part of Kerala and 
Karnatakain the West. The people made advancement in agricultural operations and plant 
protection. Thefollowing main crops were taken by the farmers: 
 
— Oryza sativa (cultivated rice) 
— Eleusine coracana (finger mullet; ragi) 
— Saccharum officinarum (sugarcane) 
— Elettaria cardamomum (cardamom) 
— Gossypium sp. (cotton) 
— Cocos nucifera (coconut) 
— Musa paradisiaca (banana) 
 



 

 

Farmers were aware that rice could be grown only on wetlands with assured imigation. 
Bananaand sugarcane were ratooned. They practiced crop rotation by raising black gram after 
rice.The people used buffaloes for plowing. 
 
Bihar 
During 2000-1200 BC, the farmers of Chirand and Senuwar started practicing agriculture 
bycultivating rice in rainy season. But, when they came in contact with other cultures, they 
startedgrowing crops in winter also. The following crops were initially cultivated by the farmers: 
 
— Triticum sphaerococcum (dwarf wheat) 
— Hordeum vulgare (six-rowed hulled barley) 
— Lens culinaris (lentil) 
— Pisum sativum (field pea) 
— Lathvrus sativus (grass pea) 
 
A system of rotation of crops emerged that engaged the farmers round the year. When 
farmerswho were taking Panicum sp. under rainfed conditions observed that the diffused crop 
sorghum(Sorghum bicolor) and finger millet (Eleusine coracana) yielded more than Panicum, 
theystarted to take these crops. 
 
During 1800-1200 BC, diffusion of crops increased further and these farmers started 
cultivationof Triticum aestivum (bread wheat) and Cicer arietinum (chickpea) in addition to the 
cropsalready taken in winter. Vigna radiata (mung bean, green gram) and Dolichos 
uniflorus(horsegram) were added in rainy season crops. 
 
During 1100-800 BC, the cropping system was further intensified by incorporating 
Sesamumindicum (sesame) for cultivation in rainy season; and Linumusitatissimum (linseed) 
andCarthamus tinctorius (safflower) tor cultivation in winter. 
 
Thus in Bihar, a subsistence system based on single system cultivation changed into an 
increasinglymore productive farming system by gradually incorporating several additional 
cereals, legumes, andoilseed crops, whether indigenous or exotic. The farmers accepted those 
crops which were foundgood yielders in the prevailing agroclimatic conditions — dryland or 
wetland, and rejected the pooryielders. 
 
Religion and Literature 
The period between 800 BC and the beginning of Christian Era is marked by 
revolutionarydevelopment in Indian agriculture. During 600 BC Buddhism and Jainism came 
into existence;the followers worshiped trees and developed sacred small orchards. These 
religions were verymuch associated with vegetation. Ficus religiosa (pipal), Ficus benghalensis 



 

 

(banyan), Shorearobusta (sal), and Mangifera indica (mango) were considered most sacred trees. 
Expansionof agriculture during this period took place in Bihar and eastern Uttar Pradesh. Jains 
adoptedtrade and moneylending because they believed the agricultural operations caused 
violence. DuringBuddhist period Brahmins engaged themselves in agriculture. 
 
The ancient agricultural technologies developed in India so far were transferred to the 
nextgeneration by oral communication. The sage Parashara (c. 400 BC) wrote Krishi-
Parashara,which is considered as the first written document on agriculture. Krishi-Parashara 
deals witheach and every aspect of agriculture as well as implements used in agricultural 
operations.Much emphasis was given to seed collection and storage, sowing, weeding, irrigation, 
draining,water retention, and water harvesting. Not only this, Parashara also described the 
methods ofprediction of rainfall and its measurement. 
 
Kautilya or Chanakya was the chief advisor of Chandragupta Maurya who overthrew the 
Nandadynasty. Kautilya wrote “KautiliyaArtha-sastra” (c. 300 BC). He also laid great emphasis 
onagriculture along with administration. He suggested appointments of Superintendents of 
agricultureto deal with plantation of bushes and trees, and made them responsible for all 
agricultural activitieslike collection of seed of all kinds of grains, fruits, flowers, vegetables, 
fiber crops, and their cultivation/plantation. Similarly, Superintendents were appointed to look 
after forestry, pasture lands, and animals. 
 
During 304-232 BC, Emperor Ashoka adopted state policy on arboriculture and horticulture, the 
first of its kind in the world. He encouraged the planting of mango, banana, grape vine, jack fruit, 
and date palm. 
 
The documents of sage Parashara and Kautilya guided the people in practicing agriculture 
inancient period. The food production increased which brought prosperity to the people. 
Emphasison non-violence boosted cattle wealth and cow attained “sacred” status. 
 
In the beginning of Christian Era, the Kushans from Central Asia conquered Kabul Valley 
areas,west of India and later advanced up to Mathura (Uttar Pradesh). In 78 AD Kanishka 
ascendedthe throne. His capital was Purushpur (now Peshawar). He ruled Kashmir, Punjab, Sind, 
Malwa,and plains of Ganga up to Patna. Taxila was the center for the development of iron 
technology.Iron was exported to West Asia. Cultivation of rice, ragi, sugarcane, cotton. and 
turmeric wascommon. Irrigation was developed and practiced widely. Other kings like 
Chandragupta I,Samudragupta, Chandragupta II, and Vikramaditya ruled India. In this period 
there was revivalof art, literature, and science. 
 
In this era, the agriculture in India continued to keep the production high. The protection of 
thecrops was felt necessary and adequate attention was given to this aspect. A number of 



 

 

sageslike Varahamihira (505-587 AD), Kashyapa (c. 800 AD), Surapala (c. 1000 AD), 
Sarangadhara(1283-1301 AD), and Chakrapani Mishra (1577 AD) contributed a lot to boost 
Indian agriculture. 
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                 INDIAN AGRICULTURE

• Indian agriculture began by 9000 BCE as a result of early cultivation
of plants, and domestication of crops and animals.

• Settled life  followed with implements and techniques being
developed for agriculture.

• Double monsoon led two harvests being reaped in one year.

• Indian products soon reached to the world via existing trading
networks and foreign crops were introduced to India.

• Plants and animals considered essential to their survival by the
Indians came to be worshiped



          The middle ages agriculture

• The middle ages saw irrigation channels reach a new level of
sophistication in India and Indian crops  affecting the economies of
the other regions of the world under Islamic patronage .

• Land and water management systems were developed with an aim
to provide a uniform growth.

• Despite some stagnation during the later modern era the
independent republic of India was able to develop a comprehensive
agriculture programme.



    Introduction of Indian Agriculture
heritage
•  Our heritage is unique then any other civilization.

• As a citizen of India we must feel proud about our rich cultural heritage.

• Agriculture in India has long history dating back to Neolithic age of 7500-4000BC.

• Changed the life style of early man from nomadic man to early hunter  to
cultivator of lands.

• Agriculture is benefited from the wisdom and teachings of the great saints of
that time.

• The traditional farmers have developed the nature friendly farming systems and
practices such as fixed farming, mixed cropping and crop rotation etc.

• The great epics of India convey the depth of knowledge possessed by the older
generations of the farmers of India.



       Need and importance for studying Agricultural heritage

• Our agriculture has lot of inherited sustainable practices passed from one
generation to other generation, and a way of life for many Indian
populations.

• India has made tremendous progress in agriculture and its allied fields
but the emphasis on intensive use of inputs without considering their
adverse impact of long term basis has created several problems related to
sustainability of agriculture.

• Irrational use of agri- chemicals and exploitation of natural resources is
threatening the agro- eco system . Soil is getting impoverished, water and
air getting polluted and there is increasing erosion of plants and animal
genetic resources.

• Therefore attention is now shifting towards the sustainable form of
agriculture.



Cont…..

• The ITKs provides the insight into the sustainable agriculture,
because these innovation have been carried from one generation to
another as a family technology, but unfortunately this system is
dying out.

• The ITKs need to be collected , documented and analysed to
understand the scientific basis behind them , for their further
refinement , upgradation and blending with modern scientific
technology.



              OBJECTIVES OF THE COURSE

• Agriculture in India- Way of life and not an occupation.

• To increase awareness of the rich heritage of Indian agriculture
which is unique than any other civilization.

• To implant a sense of pride amongst the people , particularly the
students of agriculture as our agriculture has sustainable practices
for generations.

• To stimulate the scientific researches based on traditional
technologies.



• HISTORY:  CONTINUOUS  RECORDS OF THE PAST EVENTS

• HERITAGE:  Inherited values from one generation to other

• AGRICULTURE HERITAGE:  Values and traditional practices adopted in
ancient india which are more relevant and are still  being  used in
present day system though has lost its scientific sentity



BEGINNING AND DEVELOPMENT OF AGRICULTURE
• The settlements of Sindhu plains and Baluchistan hills revealed that

agriculture began here about 8000 BC with barley and wheat
cultivation along with goat and sheep herding.

•  Such settlements expanded across Sindhu system from about 3500
BC and eventually to the plains.

•  Thereafter, a wide agricultural settlement to the Southeast seems to
have arisen.

• Subsequent development in India relied on its secure agriculture
base which produced Harappan culture. This culture assumed
dominance and expanded agriculture.







            Baluchistan and Pakistan
                              Mehrgarh

• The earliest evidence so far of settled agriculture comes from
Mehrgarh ,now in Pakistan situated in North Kachi plain at the foot of
Bolan Pass in the zone of transition between the Iranian Plateau and
Sindhu basin  about 6500 BC.

•  Thousands of impressions of crops in mud bricks were identified
which show that in early stage naked six-rowed barley, hulled two-
rowed barley and wheat were cultivated to varying extent and  the
main staple food of the people.

•  Date palm  provided additional food.





              Between 5500 and 4700 BC,

CHANGES …….
The processes of plant and animal domestication were completed. The
changes were gradually brought about through the following initiatives

• Incorporating high-yielding bread. club, and dwarf wheats in
cropping pattern.

• Replacing low-yielding two-rowed barley with high-yielding six-
rowed naked and hulled barley.

• Domesticating and managing sheep, goat, and cattle.



    Early Chalcolithic phase,( 4700-4300 BC),

• Wheat (bread, club, and dwarf), hulled and naked barley were
cultivated.

•  Fruits of jujube, Prunus, and cotton were added.

• The period between 4300 and 3500 BC was marked by manufacture
of wheel-made pottery.

• The practice of cultivating high-yielding hexaploid wheat and barley
continued.



         During the period 3500-3200 BC,

• Barley continued to be an important food but there was a dramatic
increase in wheat cultivation.

• Through intensive land use and cultivation of high-yielding hexaploid
wheat, the agricultural production was intensified.

• The cultivation of oats and grapes was also taken up in this phase.



Between 3200 and 2500 BC following crops were
cultivated in Mehrgarh

• — Triticum aestivum (bread wheat)

• — Triticum compactum (club wheat)

• — Triticum sphaerococcum (dwarf wheat)

• — Hordeum vulgare (six-rowed hulled barley)

• — Pisum sativum (field pea)

• — Lens culinaris (lentil)

• — Cicer arientinum (chickpea)

• — Linum usitatissimum (linseed)

• — Vitis sp. (grape)

• — Gossypium sp. (cotton)

• — Ziziphus sp. (jujube)

• — Phoenix sylvestris (date)

• Wood of juniper from highland was used for fuel.

                                Mehrgarh was abandoned in 2500 BC.



               Balakot(South Baluchistan)

   Balakot, in Southern Baluchistan is a small site located near the   Arabian
Sea coast about 90 km Northwest of Karachi.

• During 4000 to 2900 BC, several peasant communities flourished due to
agriculture in the Quetta and Zhob Valley of Baluchistan.

•  People cultivated specific crops depending on their availability and
adaptation to local environments.

• At Balakot only six-rowed barley, vetch (Vicia sp.), jujube, and melon or
gourds were taken.



                           Saraikhola and Swat

    In Baluchistan, Neolithic settlements (3100-2900 BC) were found at Saraikhola
and Swat. Here the farmers cultivated the following crops :

•  Hordeum vulgare (six-rowed hulled barley)
•  Triticum sp. (wheat) |
•  Lens culinaris (lentil)
• Pisum sativum (field pea)

In summer, rice was taken. The presence of West Asian legumes and Indian rice
indicates contacts of people with western and eastern culture, respectively.

• In crop rotation, rice cultivation was followed by winter-grown legumes and
cereals. This practice made the farmer to work year round and also provided
surplus food production.



Harappa and Mohenjo-daro. During
3200-2500 BC

The farmers of Harappa and Mohenjo-daro (now in Pakistan) cultivated wheat and barley in winter

Sesame was cultivated in rainy season, whereas mustard was cultivated at Chanu-daro in winter.

For the sake of convenience the crops grown at Harappa are grouped in three-tier system based on the importance of the
food crops.

1.Tier I    — Triticum sp. (wheat) ,   Hordeum vulgare (barley)

2. Tier II— Eleusine coracana (finger millet, ragi), Pisum sativum (field pea),  Cicer arietinum (chickpea)  ,
Lathyrus sativus (grass pea), Lens culinaris (lentil), Vigna radiata (mung bean, green gram ,Linum usitatissimum (linseed) °,
Brassica sp. (mustard), Gossypium. sp. (cotton)

3. Tier III— Oryza sativa (rice)

Rice was a minor crop at Harappa because the cultivated crop was not well suited to that environment. Even today it is not
a prominent crop.

In addition evidences suggest that the people of Harappa and Mohenjo-daro were familiar with some fruits like Punica
granatum (pomegranate), Cocos nucifera (coconut), Cucumis sp. (melon), and Ziziphus sp. (jujube).

The Harappans used scented wood of Cedrus deodara (deodar) and Dalbergia latifolia (rose-wood) for making coffins and
jujube wood for making wooden mortars for pounding grains.



                                  Rajasthan
             Sambhar, Lunkaransar, and Didwana

• The earliest evidences of full-time plant and animal domestication on
the Indian subcontinent are found in Sambhar, Lunkaransar, and
Didwana in the vicinity of saline Sambhar lakes of Northern
Rajasthan.

• The presence of cereal pollen, mixed datable charcoal, was
considered as evidence of forest clearing and planting of grain seeds
(c. 7000 BC).

•  The periodic fires in Rajasthan’s savannahs practiced for inducing
fresh growth of grasses for their domesticated animals shows the
domestication of animals as early as 8000 BC.



Kalibangan

• The people of Kalibangan, Rajasthan began to include
pastoralism in their hunting-foraging strategies by capturing
certain wild animal species trapped in marshy tracts of
Ghaggar river, but by 3000 BC they began to cultivate wild
plant species (not identified) as fodder along with some
crops that originated in Southwest like field pea and chickpea.

•  Hulled and naked barleys were also cultivated in Kalibangan.



     Bagor
• At Bagor no domesticated species of plants have been found, but there were domesticated species of sheep,

goat, buffalo, humped cattle, and pig along with species of chital, sambar, hare, and fox as early as 5000 BC.

• Ahar (Udaipur) and Noh
• At Ahar, one season farming was practiced during 2000-1400 BC by cultivating rice and sorghum (Sorghum

bicolor), which provided grains for humans and green fodder/straw for animals, respectively.

• The farmers also cultivated sorghum, which provided grains for humans and fodder for animals.

• During 1100-900 BC apart from rice, Dolichos uniflorus (horsegram) and Vigna mungo (black gram) were
cultivated at Noh in Rajasthan.

• All the plant species identified from several sites of Rajasthan during 2200-800 BC put together are given below:

— Oryza sativa (cultivated rice)

— Hordeum vulgare (six-rowed hulled barley)

— Sorghum bicolor (sorghum)

— Cicer arietinum (chickpea)

— Pisum sativum (field pea)



                               Gujarat

• Plant remains at Rajodi (2500-1400 BC) revealed that a number of crops were cultivated in this
region.

 In addition about 50 wild species, some of which provided edible plant parts were also identified.
Three phases or tiers of cropping pattern were recognized at Rajodi.

• 1. Phase I— Eleusine coracana (finger millet; ragi);— Panicum miliaceum (slender millet, proso
millet);— Setaria italica (foxtail millet, Italian millet)

• 2. Phase II— Pisum sativum (field pea);— Lens culinaris (lentil)— Dolichos uniflorus (horsegram;
kulthi, kulatha);— Vigna sp.— Linum usitatissimum (linseed);— Ziziphus mauritiana (Jujube)

• 3. Phase III— Hordeum vulgare (barley);— Brassica campestris (mustard);— Cucumis spp.
(melons)



                                 Lothal

• husk and spikelet impressions of rice were found during 2300 BC.
Other plant remains found in Gujarat were of pearl millet
(Pennisetum glaucum) from Rangpur, finger millet from Shikarpur
(Rann of Kutch), and Italian millet from Surkotada. Carbonized seeds
from Surkotada were of Setaria italica and leafy vegetables like
Chenopodium album and amaranths.

• The subsistence economy provided surplus food when barley,
sorghum, finger millet, and pearl millet began to supplement or even
replace several species of indigenous millets under rainfed conditions
during 2000-1700 BC.



                                 Punjab

• In Early Harappan phase (3300-2800 BC) of Sindhu-Saraswati civilization, the following
crops were cultivated at Rohira, Sangrur district of Punjab:

 

• — Hordeum vulgare (six-rowed hulled barley)

• — Triticum sphaerococcum (dwarf wheat)

• — Triticum dicoccum (emmer wheat)

• — Sorghum sp.

• — Dolichos uniflorus (horsegram)



• In addition, plant remains of grape and mehandi (Lawsonia inermis; henna)
were also identified from Rohira. Evidences show that farmers of this
region cultivated naked barley and fenugreek (methi) during 2800-1900 BC.

• Similarly at Mahorana, Sangrur district of Punjab, the evidences from wood
charcoal of plant remains revealed the cultivation of the following crops
during Early Harappan phase (3300-2800 BC) of Sindhu-Saraswati
civilization:

• Hordeum vulgare (six-rowed hulled barley)

• — Triticum sphaerococcum (dwarf wheat)

• — Triticum dicoccum (emmer wheat)

• — Lens culinaris (lentil)  

Grapes and Lablab purpureus (lablab bean, hyacinth bean — a vegetable) were also identified

in this region.



• —





                       Uttar Pradesh

• Evidences revealed that wild rice was eaten by the people of Chopani Mando of Uttar
Pradesh in the advanced Mesolithic or pre-Neolithic period (c. 8000 BC). The use of vrihi
(the oldest Sanskrit name of rice) has been mentioned in Krishna Yajurveda which also
indicates that the Vedic people were using rice around 7000 BC in India.

 

• Later during 6000 BC the use of rice continued at Koldihwa and Mahagarh as evidenced by
the identification of rice grain remains from these areas. This can be considered as the
earliest cultivation of rice in South Asia. After this there is a big gap in the archaeobotanical
records of cultivated plants till the 3% millennium BC.

 

• Plant remains identified from Hulas, Atranjikhera, Sringaverapura, and Lal Quila
(Bulandsahar) in Uttar Pradesh during 2000-1200 BC showed that the people not only
cultivated the indigenous crops but also crops diffused from other countries.



           The following crops were cultivated
 

• Dolichos uniiflorus (horsegram),Vigna radiata (mung bean, green gram),
• Vigna mungo (black gram), Pisum sativum (field peas, Lens culinaris

(lentil),
• Cicer arietinum (chickpea) Vigna unguiculata (cowpea)
• Triticum aestivum (bread wheat ) ,Triticum compactum (club wheat),

Triticum sphaerococcum (dwarf wheat),
• Hordeum vulgare (barley) Avena sativa (oat),
• Oryza sativa (cultivated rice), Oryza rufipogon (wild perennial rice),
• Sorghum bicolor (sorghum), Eleusine coracana (finger mullet; ragi),,

Ricinus communis (castor), Gossypium arboreum (cotton)



Maharashtra
Remains of dwarf wheat and barley identified from Daimabad during 2000-1700 BC
revealed that farmers practiced rainfed agriculture in winter but the crops cultivated in
rainy season are not known. Dunng 1700-1450 BC, plant remains from Inamgaon and
Daimadad associated with Malwa culture were identified which indicated that the
following crops were cultivated by the farmers of this region in winter and rainy season:
 
— Triticum compactum (club wheat)
— Triticum sphaerococcum (dwarf wheat)
— Hordeum vulgare (barley)
— Pisum sativum (field pea)
— Lens culinaris (lentil)
— Eleusine coracana (finger millet; ragi)
— Vigna unguiculata (cowpea)
— Vigna mungo (black gram)
— Lablab purpureus (lablab bean, hyacinth bean)
 
Later during 1400-800 BC, diffusion took place and a number of crops were cultivated.
The farmer used cereals, legumes, and oilseeds for adopting cropping patterns suited to
dryland and wetland conditions. The low-yielding crops were replaced by high-yielding
ones. Such changes produced enough surplus food.



                                                                                                      South India
Plant remains of Neolithic Age from South India are meager. Wild finger millet (Eleusine indica) and
cultivated finger millet (Eleusine coracana) were identified from Hallur (1800 BC) and horsegram
(Dolichos uniflorus) from Tekkalakota in Karnataka and Paiyampalli from Tamil Nadu. Finger millet, an
African domesticate, was added either through direct contact with Africa,
via sea or it was introduced with Chalcolithic culture of Maharashtra.
 
During 200 BC, the main profession of the people of Tamil Nadu had been agriculture. This region
extended from Kanyakumari in South to Tirupati in North and part of Kerala and Karnataka in the West.
The people made advancement in agricultural operations and plant protection. The following main
crops were taken by the farmers:
 
— Oryza sativa (cultivated rice)
— Eleusine coracana (finger mullet; ragi)
— Saccharum officinarum (sugarcane)
— Elettaria cardamomum (cardamom)
— Gossypium sp. (cotton)
— Cocos nucifera (coconut)
— Musa paradisiaca (banana)
 
Farmers were aware that rice could be grown only on wetlands with assured imigation. Banana and
sugarcane were ratooned. They practiced crop rotation by raising black gram after rice. The people
used buffaloes for plowing.
 



Bihar
During 2000-1200 BC, the farmers of Chirand and Senuwar started practicing agriculture by cultivating
rice in rainy season. But, when they came in contact with other cultures, they started growing crops in
winter also. The following crops were initially cultivated by the farmers:
 
— Triticum sphaerococcum (dwarf wheat)
— Hordeum vulgare (six-rowed hulled barley)
— Lens culinaris (lentil)
— Pisum sativum (field pea)
— Lathvrus sativus (grass pea)
 
A system of rotation of crops emerged that engaged the farmers round the year. When farmers who
were taking Panicum sp. under rainfed conditions observed that the diffused crop sorghum (Sorghum
bicolor) and finger millet (Eleusine coracana) yielded more than Panicum, they started to take these crops.
 
During 1800-1200 BC, diffusion of crops increased further and these farmers started cultivation of
Triticum aestivum (bread wheat) and Cicer arietinum (chickpea) in addition to the crops already taken in
winter. Vigna radiata (mung bean, green gram) and Dolichos uniflorus (horsegram) were added in rainy
season crops.
 



During 1100-800 BC, the cropping system was further intensified by
incorporating Sesamum indicum (sesame) for cultivation in rainy season;
and Linum usitatissimum (linseed) and Carthamus tinctorius (safflower) tor
cultivation in winter.
 
Thus in Bihar, a subsistence system based on single system cultivation
changed into an increasingly more productive farming system by gradually
incorporating several additional cereals, legumes, and oilseed crops,
whether indigenous or exotic. The farmers accepted those crops which were
found good yielders in the prevailing agroclimatic conditions — dryland or
wetland, and rejected the poor yielders.



During 1800-1200 BC, diffusion of crops increased further and
these farmers started cultivation of Triticum aestivum (bread
wheat) and Cicer arietinum (chickpea) in addition to the crops
already taken in winter. Vigna radiata (mung bean, green gram)
and Dolichos uniflorus (horsegram) were added in rainy season
crops.
 
During 1100-800 BC, the cropping system was further intensified by
incorporating Sesamum indicum (sesame) for cultivation in rainy
season; and Linum usitatissimum (linseed) and Carthamus
tinctorius (safflower) tor cultivation in winter.
 



Thus in Bihar, a subsistence system based on single system cultivation changed
into an increasingly more productive farming system by gradually incorporating
several additional cereals, legumes, and oilseed crops, whether indigenous or
exotic. The farmers accepted those crops which were found good yielders in the
prevailing agroclimatic conditions — dryland or wetland, and rejected the poor
yielders.



                Religion and Literature

• The period between 800 BC and the beginning of Christian Era is
marked by revolutionary development in Indian agriculture. During
600 BC Buddhism and Jainism came into existence; the followers
worshiped trees and developed sacred small orchards. These
religions were very much associated with vegetation. Ficus religiosa
(pipal), Ficus benghalensis (banyan), Shorea robusta (sal), and
Mangifera indica (mango) were considered most sacred trees.
Expansion of agriculture during this period took place in Bihar and
eastern Uttar Pradesh. Jains adopted trade and moneylending
because they believed the agricultural operations caused violence.
During Buddhist period Brahmins engaged themselves in agriculture.

•  



The ancient agricultural technologies developed in
India so far were transferred to the next generation
by oral communication. The sage Parashara (c. 400
BC) wrote Krishi-Parashara, which is considered as
the first written document on agriculture. Krishi-
Parashara deals with each and every aspect of
agriculture as well as implements used in
agricultural operations. Much emphasis was given to
seed collection and storage, sowing, weeding,
irrigation, draining, water retention, and water
harvesting. Not only this, Parashara also described
the methods of prediction of rainfall and its
measurement.
 



Kautilya or Chanakya was the chief advisor of Chandragupta Maurya who
overthrew the Nanda dynasty. Kautilya wrote “Kautiliya Artha-sastra” (c. 300
BC). He also laid great emphasis on agriculture along with administration. He
suggested appointments of Superintendents of agriculture to deal with
plantation of bushes and trees, and made them responsible for all
agricultural activities like collection of seed of all kinds of grains, fruits,
flowers, vegetables, fiber crops, and their cultivation/plantation. Similarly,
Superintendents were appointed to look after forestry, pasture lands, and
animals.
 
During 304-232 BC, Emperor Ashoka adopted state policy on arboriculture
and horticulture, the
first of its kind in the world. He encouraged the planting of mango, banana,
grape vine, jack fruit,
and date palm.



The documents of sage Parashara and Kautilya guided the people in practicing agriculture in ancient
period. The food production increased which brought prosperity to the people. Emphasis on non-violence
boosted cattle wealth and cow attained “sacred” status.
 
In the beginning of Christian Era, the Kushans from Central Asia conquered Kabul Valley areas, west of
India and later advanced up to Mathura (Uttar Pradesh). In 78 AD Kanishka ascended the throne. His
capital was Purushpur (now Peshawar). He ruled Kashmir, Punjab, Sind, Malwa, and plains of Ganga up
to Patna. Taxila was the center for the development of iron technology. Iron was exported to West Asia.
Cultivation of rice, ragi, sugarcane, cotton. and turmeric was common. Irrigation was developed and
practiced widely. Other kings like Chandragupta I, Samudragupta, Chandragupta II, and Vikramaditya
ruled India. In this period there was revival of art, literature, and science.
 
In this era, the agriculture in India continued to keep the production high. The protection of the crops was
felt necessary and adequate attention was given to this aspect. A number of sages like Varahamihira
(505-587 AD), Kashyapa (c. 800 AD), Surapala (c. 1000 AD), Sarangadhara (1283-1301 AD), and Chakrapani
Mishra (1577 AD) contributed a lot to boost Indian agriculture.



Traditional Agricultural Practices

• Traditional agriculture is often considered a step between the local hunt-and-gather practice, 
which provides communities with subsistence levels of food

• Modern agriculture practices are used for mass-production of food for global distribution.
• Traditional agriculture practice develops a balance between meeting our present needs, 

conserving natural resources, and protecting the environment for the benefit of future 
generations. 

• In recent years, documenting the traditional wisdom has gained significant attention world 
over, because of its importance in developing a high potential environment and sustainable 
management.

• Identification and utilization of such indigenous knowledge from the elderly people of rural and 
tribal will surely bridge the gap between the current science and age-old practices.

• Indigenous knowledge linked with the manipulation and use of natural resources in various ways, 
forms the basis for their link with nature, and the varied levels refinement depend on the level at 
which the society finds itself in the social evolutionary basis.



Shifting cultivation

• Agricultural practice of the ethnic people and is commonly called Jhum , which is 
one of the most ancient systems of farming believed to have originated in the 
Neolithic period around 7000 B C. ( transition between food gathering and 
hunting to food production.) In general, hill people who live in tropical region 
practice shifting cultivation

• The system of farming is still in persists in Meghalaya as well as whole northeast 
Himalayan region. 

• The  essential feature beings that the land is cleared, and agricultural crops are 
grown for a limited period, which may range from one to over ten years, after 
which the cultivation is moved to a new site, when the crop yield begins to 
decrease.  After a period , they return to the same land for cultivation. 

• This practice has an in-built mechanism of sustenance and conservation. 
However, due to anthropogenic pressure on land use for shifting cultivation 
adversely affecting eco-restoration and ecological process of forests. 



Terrace or Bun cultivation

• Bun cultivation on hill slopes and valleys is a settled cultivation system 
being practiced for last three decades, to provide improved 
production system, to conserve soil moisture and also to prevent land 
degradation and soil erosion.

• In this system, bench terraces are constructed on hill slopes running 
across the slopes. The space between two buns is leveled using cut 
and hill method. The vertical interval between the terraces is not 
usually more than one meter. Such measures help to prevent soil 
erosion and retaining maximum rainwater within the slopes and 
safely disposing off the excess runoff from the slopes to the foothills.



Bench terrace Irrigation practice





Preparatory cultivation 

• 1. To achieve fine tilth application of manures should be there. It is 
better to plough intensively . It is better to have deep ploughing 
rather than shallow ploughing for good crop growth. 

• 2. Ploughing four times for garden land and seven times for 
wetland



Seed and sowing

1. When moon moves from north east to south east direction, it is better to do sowing/planting/ harvesting of
crops that bear underground, starting preparation of compost and application of compost to field, pruning
and cutting of trees, planting tree, seedlings and ploughing the fields.

2. When moon moves from south east to north east direction, it is better to do budding and layering operations,
sowing/planting and harvesting of crops that bear above the ground.

3. Seeds sown 48 hours before full moon day germinate quicker and grow faster.

4. Sowing is done on Tuesdays and Saturdays.

5. The crop sown on new moon day escapes from pest and diseases.

• Higher yield of tamarind is considered as an indication for good agricultural season and higher yield of mango 
for poor season.



Manures 

1. Commonly used green leaf manures are Tephrosia purpurea, Calotropis gigantea, Pongamia pinnata, Azadirachta indica and Adhathoda
vasica.

2. Green manure crops like daincha (Sesbania spp.), sun hemp (Crotalaria juncea) etc., are raised and ploughed in-situ before their flowering.

3. Red gram is also used as a green manure crop which improves the soil fertility.

4. Applying water hyacinth plants either as a compost or as burnt ash to the fields for supplying potash.

5. Sheep penning results in more crop yields. Goat manure gives benefits to crops grown in the same season. Goat manure is good for the first
season and cattle manure and green manure for the second season.

6. Poultry manure serves as a good source of crop nutrients.

7. Cow urine is more nutritious than cow dung.

8. Soil fertility can be better increased by the use of pig dung than by the cow, sheep or goat waste.

9. Near the irrigation channel, a pit is dug in which cow dung, foliage of Calotropis gigantea, neem cake powder and cow urine are applied,
mixed well and allowed to decompose. Then it is allowed to mix with the irrigation water, to supply the nutrients, and to control pests and
diseases.

10. Tank silt is applied every year in dry lands for better yields.



Irrigation practices

• (i) Bamboo drip irrigation practice
• Bamboo drip irrigation is an excellent example of man’s skill and ingenuity and glaring example in the 

evolution of indigenous agricultural systems. It is widely adopted by the farmers in Jaintia hills of Meghalaya, 
where hill slopes are quite steep with low soil depth and having boulder soil. 

• The bamboo drip irrigation system is a practiced using locally available bamboo species. In this system, water 
is carried out with the help of different form of bamboo culms and further distributed into different bamboo 
water channels for irrigation of cropland.

• Bamboo drip irrigation practice prevents leakage and loss of water on the way. The indigenous farmers of 
the Jaintia hills have the potentiality to layout the bamboo networks with proficiency so that the sites 
remain productive

• . Plantation crops such as areca nut (Areca catechu Linn.), betel vines (Piper betle Linn.) and black pepper 
(Piper nigrum Linn.) are irrigated following this system. 

• Since the water is carried through bamboo culms in the indigenous farming areas, the system indirectly 
helps the forest areas.

• No cutting of trees and shrubs is required to clear the land for marking channels through the forest areas on 
hills. The farmers go for settled cultivation when bamboo drip irrigation practice is followed and shifting 
cultivation is reduced. The bamboo drip irrigation practice helps in conserving the environment and 
preserving the prestigious natural resources in the hilly terrain of Meghalaya.



Bamboo drip irrigation practice



Bamboo drip irrigation practice



(ii) Bench terrace Irrigation practice

• This is the common irrigation practice in Meghalaya as well as throughout the North East Himalayan region. 
• The hill streams are tapped as soon as they emerge from the forests and the water is channeled to 

accommodate a series of terraces.
• In this system, water flows continuously from the upper to lower terraces. This method of irrigation practice 

is widely used for non-fertile land to be utilized for raising rice crops. Stone and gunny bags help in the 
maintenance of terraces and stop soil erosion problems. Submergence of water up to 5 - 8 cm is maintained 
continuously throughout the year.

• After harvesting, ear head of rice is plucked and the straw is left as such in the field, which then gets rotted 
and helps improving soil fertility. Mostly all farm operation is done manually; bullock power is used for field 
preparations only in some pockets of Meghalaya. 

• Bench terracing is an important conservation measure for valleys and hill slopes. This is used predominantly 
for rice cultivation. 

• In bench terrace agriculture practice under rainfed condition, topo- sequence crops such as maize, bean and 
potato are planted on upper slopes and crop requiring more water such as rice and jute are grown on lower 
slopes. The excess runoff from upper portion of slope is nutrient rich, utilized for the lower hill crops.



SOIL MANAGEMENT PRACTICES
• Soil is one of the most important natural resources that performs many functions essential for maintenance 

of ecosystem, especially forests.
• It serves the substrate that supporting plant growth, acts as a reservoir of many nutrients, as a filter 

maintains air quality through interactions with the atmosphere, as a storage and purification medium for 
water as it passes through the soil profile, and as a biological reaction completing the cycle of life through 
decomposition and recycle of organic materials.

• The soil conservation practices in agriculture aims to maintain productivity for sustained production of 
crops. 

• The term soil conservation includes the preservation and restoration of lands. The soil management 
practices safeguard the soil against depletion by natural and anthropogenic activities. In most of the 
agricultural fields, soil erosion is minimized through traditional methods  such as by using bamboo culms, 
stones and gunny bags filled with soil.

• Some non-cereal crops such as grass clover (Trifolium repens Linn.) and alfalfa ((Medicago sativa) Linn.) 
conserve the organic matter in the soil. Thus, growing these crops tends to conserve soil even if some 
minerals are carried away in the removal of crops. 

• Applying green leaf and farmyard manure is the traditional method of improving the condition of the soil, in 
which green leaves and farmyard manure are ploughed into the soil. It helps in improving soil fertility 
through fixation of nitrogen using microorganisms.



Weed management 

1. Repeated ploughing will reduce weed population. 
2. To control Cyanodon dactylon in black soils the field is kept fallow for 3 years. Cultivating rice 

once in three years in garden lands to control Cyanodon dactylon weeds. 
3. Raising and ploughing the green manure crops like daincha, (Sesbania sp.) in the field before 

their flowering to reduce weed population. 
4. Growing horse gram, cowpea will control nut grass (Cyperus rotundus). 
5. Frequently ploughing the fields by wooden plough made up of neem trees and frequent 

application of neem cake in the soil to control nut grass. 
6. .Dissolving 1 kg. of salt and 100g. of soap in 10 lit. of water and spraying this solution to control 

all the weeds except nut grass. To control nut grass in the field 50 kg. of neem cake is applied 
both at the time of ploughing and sowing.

7. Dissolving 200 g. of salt in 1 lit. of water and spraying to eradicate congress weed (Parthenium 
hysterophorus).

8. Continuous submergence of field for some time controls the weeds. 
9. Keeping the irrigation channels free from weeds. 



Pest and disease management 
1. Uninterrupted drizzling of rain leads to the occurrence of a greater number of pests and diseases. Winds blowing at the

end of December bring lot of pests.

2. Crops grown in alkaline soils are more prone to disease attack.

3. Spraying cow urine to control many pests.

4. Any spraying is to be done in the early morning.

5. Lamps at the house entrance acts as a light-trap helping farmers to be aware about insect.

6. To prevent the attack of aphids and mite flies, sorghum or pearl millet is grown very closely in 4 rows around the fields to
act as a shelter so that these pests can not enter the fields.

7. Kitchen ash is applied to control aphids. A mixture of extracts of garlic and neem cake is sprayed to control aphids.

8. To control the sucking pests, 5 kg. of tobacco powder is soaked in a mixture of 10 lit. of cow urine and 5 lit. of water for 5
days. Then it is filtered and diluted with 80 lit of water and sprayed.

9. Mixing cow urine, neem oil and tobacco decoction together and spraying on crops controls sucking pests. Leaves of
Calotropis gigantea and neem cake are soaked in water in a mud pot and fixed in the field. Moths are attracted towards
the smell, fall inside and die.

10. Grinding the leaves of Calotropis gigantea with the fruits of Datura, soaking in water for 15 days, filtering and spraying
to control all the pest. .



Pest and disease management ……………

1. Two handful each of leaves of Leucas aspera, Acalypha indica, Ocimum canum, Datura, neem, 5 fruits of Datura and handful
each of neem cake and Bassia latifolia cake are pounded together and soaked in water in earthen pot for 10 days. Then it is
filtered, diluted (100mi/lit.) to which 100m1. of soap solution and 100 ml. of neem oil added and sprayed to control all insect
pests.

2. Neem oil and neem seed kernel extract are the general organic pesticides used to control many pests.

3. If neem cakes are applied as basal fertilizer, there will not be any incidence of diseases.

4. One kg. of leaves of Prosopis juliflora is pounded and diluted with water and sprayed to control yellow mosaic virus.

5. Grow castor on the fields and spread neem leaves and ash also over the nursery to control termites.

6. Putting neem cake inside a gunny bag and placing it in the irrigation channel controls mites.

7. To control termites, apart from putting the neem leaves, sheep wool and human hairs are also put. Termites eating these hairs die.

8. After the harvest of tobacco leaves, their stems and roots are ploughed in-situ to control the termites. Sprinkling 5% common salt
solution to reduce termite attack on the trees.



Scientific Basis of Age-old Plant Protection Practices
• It has been now realized that the techniques adopted for commercial 

agriculture are unsustainable in long term. Therefore, agricultural 
scientists are diverting their attention to the traditional or indigenous 
technology. Our old traditional practices are eco-friendly and based on 
organic materials including honey, ghee, milk and milk products, 
cow dung and urine, and several other plants sp like Brassica, 
Ficus, Piper nigrum, Azadirachta indica, Vitex negundo etc. 

• About 40% of total amino acids in milk are glutamate, leucine, 
and proline. A recent report claimed that milk sprays induced 
systemically acquired resistance in chili against leaf curl, a viral 
disease. Milk (10% aqueous suspension) has also been effectively 
used for controlling powdery mildews.



• The use of cow dung by our farmers for different purposes like seed dressing, plastering cut ends of 
vegetatively propagating units, dressing wounds, sprinkling dilute suspension of plants and applying to soil 
has been indicated since the time of Kautilya (321-296 BC). 

• The cow dung from the cattle shed is a mixture of dung and urine in a ratio of 3:1. Cow dung consists of 
crude fiber, crude protein, and materials that can be obtained in nitrogen-free extracts. 

• There are more than 60 species of bacteria and 100 species of protozoa encountered in the rumen of cow. 
The residue contains several elements, enzymes, macro-and micronutrients, epithelial cells, bile salt and 
pigment, and large number of bacteria. 

• The dung residue has emulsifying properties and readily absorbs moisture from the surrounding soil to the 
advantage of seeds. The presence of bacteria may antagonize potential pathogens ready to attack seed.



• Neem (Azadirachta indica) leaves contain Nimbidin and on hydrolysis it produces nimbidinic acid due to
presence of sulfur which prevents storage insect pests. Besides this two other bitter compounds free from
sulfur are also present which give a characteristic unpleasant smell. Hence dry leaves are very effective and
commonly placed in books and clothes to protect them from moths, etc. The odor produced by burning
powdered neem leaves is fatal to insects.

• Application of neem cake to the field reduces population of soil borne fungi and nematodes and also reclaims
alkaline soil due to presence of calcium and magnesium. The old practice of spreading neem leaves over
stored groundnut has a scientific basis. It has now been proved that neem leaves inhibit the growth of
Aspergillus flavus and thereby prevent aflatoxin production.

• The utility of neem tree has been recognized long back in Indian agricultural history. Every part of this tree is
used for several different purposes. This tree is now found to be an effective air filter and protects the
environment.



Traditional harvesting and post harvesting/Storage  practices

• Harvesting of cereals in shifting cultivation is done by picking up the ear heads only, using a knife 
or sickle.

• There are about fifteen types of sickles used indigenously in the region. These vary in shape and 
size from tribe to tribe.

• After harvesting, proper drying of grains is essential before storage. The traditional storage 
structure in Meghalaya is ventilated outdoor structures constructed with locally available 
materials such as bamboo, timber and thatch grass. 

• The storage structure is suitable under high humid conditions. Farmers use indigenous plant 
materials as insect pest repellent, but do not disclose the name of the plant species used for this 
purpose.

• Farmers for storing of rice use separate storehouse with raised wooden or bamboo floor. 
• In the hilly areas, usually un-husked paddy after threshing is stored, while in the plains, rice is 

stored either as a bundle of straw without threshing or un-husked paddy after threshing. 
• Bamboo containers of different sizes, woven tightly and thickly are plastered with mud on the 

inner side also used for storing paddy mainly for consumption and rarely for seed purpose.



STORAGE………………………..
• . Farmers for storing of rice use separate storehouse with raised wooden or bamboo floor.
• In the hilly areas, usually un-husked paddy after threshing is stored, while in the plains, rice is stored either as a bundle of straw 

without threshing or un-husked paddy after threshing.
• Bamboo containers of different sizes, woven tightly and thickly are plastered with mud on the inner side also used for storing 

paddy mainly for consumption and rarely for seed purpose. 
• Storing paddy for seed purpose is usually done in a specialized bamboo container commonly called Thiar in Khasi. 
• The Thiar is a small container loosely woven with bamboo split into strips. The container is thickly padded inside using rice straw. 

Thiar’ containing the seeds covered by the thick layers of straw inside is usually kept in warm places.
• The wooden bin indigenously made by the Khasi tribes is called Duli. It is a double-layered bamboo basket, plastered on both the 

sides with cow dung and mud, and placed in the inner side of the wooden bin. 
• This bin has been found to be most effective storage structure for storing grains particularly for wheat. 
• Most of the farmers store maize as cobs in un- husked condition. In the indigenous practices of storing maize, un-husked cobs are 

fastened on frame made out of bamboo poles and kept at a certain height to protect from damage by animals. A covering thatch 
grass is placed on the top to protect the cobs from rain. Sometimes a conical bamboo box is fixed upside down in the poles to keep 
the rats away from cobs. 

• Storage of rice for seed purpose has been found to be easier than the storage of wheat and other seeds. This is due to the fact that 
rice grain with the husk is less susceptible to the high humidity prevailing in the region than the other seeds but they have found 
some problems in preserving wheat seeds.



Storage pest control 

1. Store seed materials in earthen pots which are kept directly above the furnace in kitchen. The smoke acts as
a repellent.

2. Grains, trees etc. harvested on full moon day are rare prone to storage pest attack.

3. Mixing the dried leaves of neem, Pongamia pinnata with seeds while storing them.

4. While storing the seeds of food crops, they are filled in a container to its 3/’’ height, covered with a rough
cloth on which leaves of neem, pungam and nisinda (Vitex negundo) are placed to the remaining volume and
finally covered with sand up to its mouth.

5. Pulses and food grains are stored in gunny bags, which are previously wet with 10% salt solution and dried,
in order to avoid storage pest attack.



CROP DOMESTICATION AND DIFFUSION
Crop Domestication

• Crop domestication was a gradual transition
from foraging practices which took place in
several geographical regions of India.

• A large number of cereals and legumes used
to be gathered by people for their survival.

• Later, it was felt necessary to have surplus
food for non-producers and for use during
natural and other calamities, which led to
domestication of crops.



• Survey of the use of wild species have 
revealed that more than 20,000 plant species 
are found in India of which 778 species 
belonging to 96 families possess edible plant 
parts.

• Survey conducted by NBPGR (National Bureau 
of Plant Genetic Resources) revealed that 
about 580 species of economic plants were 
domesticated and cultivated in India. 



Some of the major species are listed below

Oryza sativa (cultivated rice)
Amaranthus blitum (chaulai)
Citrus limon (lemon)
Triticum aestivum (bread wheat)
Triticum dicoccum (emmer wheat) 
Cajanus cajan (pigeonpea)                             
Hordeum vulgare
(hulled two-rowed and six-rowed barley)                                                    
Cucumis sativus (cucumber)
Luffa acutangula (ridge gourd)                                                                                                       
Dolichos uniflorus (horsegram
Luffa aegyptiaca (sponge gourd)                                                                                                   
Vigna aconitifolia (moth bean)
Momordica charantia (bitter gourd) 
Artocarpus heterophyllus (jack fruit) 
Gossypium arboreum (cotton)

Mangifera indica (mango)
Morus alba (mulberry)  
Phoenix sylvestris (Indian palm, wild date)
Crocus sativus (saffron)
Curcuma domestica (turmeric)
Curcuma Domestica
Vigna mungo (black gram)
Vigna radiata (mung bean, green gram)
Brassica juncea (Indian mustard)
Brassica campestris var. sarson (yellow 
mustard)
Brassica campestris var. toria (Indian rape)
Sesamum indicum (sesame)
Abroma angusta (perennial Indian hemp)
Corchorus capsularis (white jute)



• Wild rice was eaten at Chopani Mando about 
10,000 years ago. Prolific use of husk and 
chaff of cultivated rice (Oryza sativa) as 
pottery temper at Koldihwa (c. 6500 BC) and 
Mahagara (c. 5400–4500 BC), and 
identification of grains of cultivated rice 
established the cultivation of rice at Mahagara
(Belan Valley). This may be considered as the 
earliest rice domestication in South Asia.

•



• The archaeological evidences show that hulled 
two-rowed and six-rowed barley along with 
wheat was domesticated in Mehrgarh (now in 
Pakistan).

• Apart from rice, barley, and wheat, legumes 
like green gram, black gram, and horsegram
were also domesticated in India. Oilseeds 
domesticated in the country are Indian 
mustard, Indian rape, brown sarson, and 
legumes.



A number of “unconventional” cereals and 
millets which are still cultivated by the tribal 
people in various parts of India must have 
been domesticated by their ancestors. 
Panicum sumatrense (little millet), 
Echinochloa colona (sawa; shama millet), and 
Sesbania bispinosa are a few examples of 
minor millets and forage crops domesticated 
in India.



Diffusion of Crops

• The cultivation of crops in areas other than its place of origin is 
called crop diffusion.

• When the people of a culture come in contact with the people of 
another culture, the act of “give and take” becomes beneficial to 
both of them.

• This spirit resulted in the diffusion of the crops. When the people 
started trading, they observed crops of the other area/country. 

• They procured seeds of crops and started cultivation. During this 
process the farmers accepted only those crops which were high-
yielders and suitable for their agroclimatic conditions.

• This resulted in the tremendous development of agriculture in 
different countries.



• Agricultural crops did not diffuse from one center 
to the rest of the world. Carl Sauer, a geographer, 
tried to establish that agricultural revolution in 
the Old and New World took place at seven 
centers. 

• He considered North India and South India as 
separate entities, which does not seem proper as 
both these regions are parts of Southeast Asia.

• Hence it seems that instead of seven centers 
there were only five centers of agricultural 
revolution 



• The oldest center of diversity and origin of cultivated plant species 
was Southeast Asia (including North and South India) where rice, 
sugarcane, banana, coconut, jute, cardamom, citrus, mango, black 
pepper, turmeric, cotton, pulses, wheat, rye, linseed, apple, pear, 
and walnut were cultivated.

• The second center was West Asia where wheat, forage crops, 
grapes, and almonds were cultivated.

• The third center was China where soybean, litchi, loquat, tea, and 
some citrus species were cultivated.

• The fourth center was the region including the countries bordering 
Mediterranean where oat, temperate fruits, cabbage, and 
cauliflower were grown.

• The fifth center was Ethiopia (Africa) where wheat, sorghum, 
barley, castor, coffee, and watermelon were grown



• According to Sauer, the oldest center of diversity and 
origin of cultivated plant species was Southeast Asia.

• He divided this region into three parts:
• (1) North India which also included Myanmar in the 

East and Afghanistan and Iran in the West; 
• (2) South India; and 
• (3) Thailand, Malaysia, Indonesia, etc. It is interesting 

to note that maximum plant species were cultivated in 
North and South India.



• The domestication and cultivation of rice started 
in Belan and Ganga Valley, Uttar Pradesh (c. 5440 
BC). Rice cultivation diffused westwards to 
Gufkral and Pirak in Kashmir (c. 2000 BC), and 
also reached Lothal and Rangpur in Gujarat in 
2300–2200 BC. Knowledge of rice cultivation 
from Ahar in Rajasthan, Dangwada and Navdatoli-
Maheshwar in Madhya Pradesh, and Pandu Rajar
Dhabi in West Bengal reflects the diffusion of rice 
in these regions.



• Crops Introduced into Other Countries
• The major crops that diffused to Middle East from India were rice, sugarcane, cotton, and lemon.
•
• Rice 
• The crop from India first went to Iran, and then was accidentally introduced into Iraq in 700 BC 

when the Arabs conquered Basra. The interesting event that took place is given below:
•
• “The Arab force found two baskets left by Persians, one containing dates and the other something 

new material to them (actually it was husked rice). The Arab Commander told his men: ‘Eat dates 
but not the other one which seems poison.’ They therefore, ate the dates and left the unhusked
rice as such. Somehow a horse came and started to eat rice. When they saw a horse eating rice 
they decided to slaughter the horse so that they could eat before its flesh got poisoned. The horse 
owner then requested to wait for the next day. Next day they saw that the horse was still in 
excellent health. Then they lit a fire under the un husked rice and burned the husk. The 
Commander then said: ‘Pronouncing the name of Allah, let us eat.’ They ate and found it most tasty 
food.”

•



• Sugarcane
• Sugarcane was another crop that was introduced into 

Persia from India. During the Islamic Middle Age, the 
cultivation and preparation of sugar spread to Egypt 
and North Africa. The cultivation of sugarcane was 
carried from North Africa to Spain from which it 
reached Atlantic Island and eventually to New World. 
Interestingly the semisolid stage called raab during 
refining of sugar was mistaken by Alexander for honey 
and he thought that India had a plant that produced 
honey.

•



• Cotton
• Cotton diffused to Persia from India around 630 AD. From Persia it 

was carried to Middle East and then westwards. The Greeks, seeing 
cotton for the first time, thought it was the wool from a plant.

•
• Lemon
• The Muslim caravan-traders introduced lemon into Middle East 

from India around 900 AD. The sweet lemon (orange) was 
introduced into Middle East by the Portuguese merchants in the 
beginning of 1600 AD. The cultivation then spread over across the 
Middle East and from there into Europe.

•



Crops Introduced into India

• A number of crops were diffused into India from other countries. All the 
exotic crops did not diffuse together, but followed one another. For 
example, naked barley after hulled barley, bread wheat after dwarf and 
club wheats, and finger millet after sorghum.

•
• The highlands of Peru, Ecuador, Bolivia, Southern Mexico, and Central 

America are considered to be the center of origin of maize. Maize diffused 
into several countries of Old and New World from these countries. 

•
• Several species of winter cereals, legumes, and other crops were 

domesticated in Southwest Asia and diffused into India around 1000 BC. 
Likewise, the other crops, viz., sorghum, finger millet, and pearl millet 
were domesticated in Africa and diffused into India around 2000 BC.

•
•



The major crops introduced from other countries/regions into 
India are listed below

• Portugal
• Amaranthus spp. (amaranth)
• Arachis hypogaea (groundnut)
• Cucurbita moschata (squash)
• Ipomoea batatas (sweet potato)
• Solanum tuberosum (potato)
• Anacardium occidentale (cashew)
• Psidium guajava (guava)
• Nicotiana tabacum (tobacco)
• Capsicum annuum (chili)



• Britain
• Avena sativa (oat)
• Pisum sativum (field pea)
• Gossypium barbadense (cotton)
• Brassica oleracea var. botrytis (cauliflower)
• Brassica oleracea var. gongylodes (knol-khol)
• Lycopersicon lycopersicum (tomato)
• Daucus carota (carrot – orange type)
• Carica papaya (papaya)
• Fragaria × Ananassa (strawberry)
• Malus pumila (apple)
• Prunus persica (peach)
• Cinchona officinalis (quinine)
• Papaver somniferum (opium poppy)
• Coffea arabica (coffee



• West and Central Asia
• Allium cepa (onion)
• Allium sativum (garlic)
• Brassica rapa (turnip)
• Brassica oleracea var. capitata (cabbage)
• Coriandrum sativum (coriander)
• Cucumis melo (sweet muskmelon)
• Daucas carota (carrot – black and red type)
• Phoenix dactylifera (date palm)
• Syzigium aromaticum (clove)
• Vitis vinifera (grape)



Spain
Phaseolus vulgaris (French bean)

•China
•Eriobotrya japonica (loquat)
•Juglans regia (walnut)
•Litchi chinensis (litchi)
•Glycine max (soybean)

•Latin America
•Hevea brasiliensis (rubber)
•Ananas comosus (pineapple)
•Spain
•Phaseolus vulgaris (French bean)
Spain
Phaseolus vulgaris (French bean)
Africa
Sorghum bicolor (sorghum)
Eleusine coracana (finger millet; ragi)
Pennisetum glaucum (pearl millet)
Southwest Asia
Triticum spp. (wheat – all types)
Hordeum vulgare (barley)
Several legumes



In recent years, the following plant species were introduced into India:
•Helianthus annuus (sunflower)
•Cyphomandra betacea (tree-tomato)
•Mentha arvensis (spearmint)
•Actindia chinensis (kiwifruit)
•Acacia senegal (gum-arabic)

The diffusion of crops changed the subsistence pattern. The changes in pattern 
were brought by:
•Gradually replacing high-yielding emmer, dwarf, and club wheats by high-yielding 
bread wheat.
•Incorporating several crops like oat and fenugreek for cultivation in winter.
•Cultivating rice and Indian legumes in rainy season.
•Replacing Italian millet by sorghum and finger millet.

•The process of diffusion thus increased the economic prosperity, when the 
farmers started raising a number of crops, fruits, and vegetables suited to different 
agroclimatic conditions of dryland and wetland farming systems.
• This crop rotation resulted in extensive land use practices which enhanced the 
development of agriculture.



Transfer of Technology 
With diffusion of crops in different regions the technology was also transferred with them. 
In India several technologies were developed which were shared by other countries.
Rice
•The art of rice transplanting was independently developed in India more than 2000 years 
ago.
•This technology was adopted bym several countries and also moved westwards. 
•The technology of cultivation of rice in Assam was well developed. 
•It was taken by Tai tribe to Thailand and was used to develop their cultivation in irrigated 
rice. Technology of cultivation of short duration and relatively drought-tolerant varieties of 
rice grown in India was taken to Vietman and Cambodia. 
•These short-duration varieties were then introduced into China. 
•These varieties matured in 100 days after transplanting as compared with 150 days of 
Chinese cultivars.
• Chinese made further improvement in these cultivars and reduced the maturity period to 
50–60 days. Thus, they made revolutionary change by taking 2 to 3 crops a year.



Sugarcane
•Sugarcane was introduced from India to Persia which spread over to Egypt and 
North Africa. 
•The technology of sugar preparation from sugarcane was also transferred from India 
to these countries.
Black pepper
•Portuguese merchants took away pepper vines from Malabar region of India for 
cultivation especially in East Indies (Indonesia) but it could not be cultivated there 
due to lack of technology. Later they took the technology from India and improved it 
as per their agroclimatic conditions. 
•Indonesia is now a strong competitor with India in pepper trade.
Cotton
•Similar to sugar preparation, the Indian technology of yarn and textile production 
was transferred to Middle East and then westwards.



Additional Notes
Irrigation
•India was the first country to build reservoirs and tanks to facilitate irrigation. The practice 
enabled the farmers to take more than one crop a year.
• This technology went to the East and the farmers benefited from it.
Cattle feed
•In Vedic period cow has been termed as the “Mother” and worshiped.
• Indians kept cows and every care was taken for her diet and comfort. They were paying 
full attention not only to cows but also to other cattle that they domesticated.
• The technology developed by Indians regarding feed rations of cattle was followed later by 
many countries.
Milk
•The traditional knowledge of milk heating (simmering), i.e., slow heating for a longer time 
on the fire of dried cow dung cake was highly prevalent in India.
• The Western countries did not know the importance of heating milk until much later.
Rainfall prediction
•India was the first country to develop and use astrological models for predicting the 
monsoon rainfall. 
•The models were adopted by other countries to predict rainfall for the use of farmers.



Persian wheel
•There is a general belief that the Persian wheel was developed in Persia, but it is 
not true. 
•The wheel existed in Pre-Islamic India. It is present in the sculpture of 11th 
century at Mandor (Jodhpur, Rajasthan) in a Hindu temple.
• It is likely that Islamic invaders took the wheel with them to Persia and thus 
called it the Persian wheel.
Plow
•The Indian wooden plow was one of those agricultural implements which the 
British considered “imperfect”. 
•They, therefore, tried to introduce the iron plow among Indian cultivators. The 
response of Indian cultivators to this plow was not encouraging because it was 
heavy and costly.
• However, the use of iron-share in native plow was readily adopted. Similarly, the 
Indian cultivators also accepted the iron rollers for crushing sugarcane replacing 
their traditional stone rollers.



















Graftage includes both budding and grafting. Knowledge of 
graftage is necessary for nurserymen and fruit tree produc-

ers. It is also a source of pleasure, satisfaction, and usefulness 
to the hobbyist. 
 The graftage methods described here are the ones most often 
used by fruit growers to increase plant populations, change the 
cultivar of a tree, or preserve a cultivar or mutation not found 
in nurseries. Since most fruit trees do not come true from seed, 
vegetative or asexual propagation must be used. Cuttings from 
the majority of fruit trees are usually difficult to root; therefore, 
graftage is the most efficient means of reproducing them. 
 Basically, graftage is the joining of a scion (bud or shoot) of 
the desired cultivar to a plant with an established root system 
(rootstock). Grafting is done in winter or early spring with 
dormant scion wood. Budding is accomplished by inserting a 
single bud of the desired cultivar into the stock in contact with 
the cambium. This procedure is usually done during the late 
growing season (July, August, or early September), although it 
may be done at other times. 
 The tree resulting from grafting or budding is essentially 
the same, only the procedure differs. Which graftage method 
is correct is determined by the kind of plant, environmental 
conditions, and the plant materials at hand. Under Kentucky 
conditions peaches, plums, cherries, apples, and pears are com-
monly propagated by budding, although apples and pears are 
also commonly grafted. 
 Although grafting is still used, budding is becoming the meth-
od of choice in fruit tree production. Budding requires: (1) less 
proficiency in handling a knife, thus making it easier; (2) much 
less time, making it more economical; and (3) a much smaller 
scion resource. However, a major disadvantage is that budding 
is mostly limited to active growth periods of the year when labor 
demands may be high for other growing operations. 

Budding 
 The budding operation begins when one-year-old whips 
of the appropriate rootstock are planted in early spring. Roots 
should be pruned to 6 or 8 inches to facilitate planting. Any 
sideshoots on the lower 4 to 5 inches of the trunk should be 
cleanly pruned off. 
 In mid-July, before starting the actual budding operation, 
check the bark on the stocks to see if it peels easily. (Irrigate if 
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dry; bark will then slip in a few days.) If it does not slip and the 
cambium layer appears dry, the budding will not be successful. 
 At budding time, remove all sideshoots up to 4 to 6 inches 
above the ground to give a clear trunk area for inserting the 
bud. Place the bud about 2 to 3 inches above the ground on the 
shady side of the stem. If a dwarfing rootstock is being budded, 
place the bud higher on the stem, usually 4 to 6 inches above 
the ground. 
 Collect “budsticks” of the cultivar to be propagated from 
vigorous current season growth. The middle buds generally are 
the best to use since the tip buds are too immature, and those near 
the base may be a cluster of buds or weak buds. The budsticks 
are prepared by removing the leaves but leaving ¼ to ½ inch of 
leaf petiole on the stem (Figure 1a). Long budsticks are usually 
cut to a convenient 8 to 12 inches in length. 
 The buds should be used as soon as practical but may be 
stored for three to four days. To store budsticks: 
• wrap them in damp paper toweling, 
• attach a label for positive identification, 
• place in a polyethylene bag, 
• seal tightly, and 
•  place in a refrigerator (40˚ to 45˚F). 
 When working with the budsticks in the field, keep them 
moist and out of the sun as much as possible. 

Peach 
 Peach rootstocks are best 
grown from seed planted in the 
fall. Seed from peaches that 
ripen after August 1 germinate 
better than those from early-
maturing cultivars. Peach seed 
commonly used for rootstock 

production include Lovell, Halford, 
Elberta, and Rutgers Red Leaf. Nema-

guard is sometimes used for nematode resistance, and 
Siberian C is occasionally used to provide winterhardiness 
and moderate dwarfing of the scion cultivar, but it does 
not survive well in Kentucky.
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How to Bud 
“T”-Budding and Inverted “T”-Budding 
 For “T”-budding, the “T’ cut on the stock is made in a clear 
area of the stem away from buds as much as possible. A vertical 
slit 1 to 1½ inches long and a top slit to ½ inch long are made 
by inserting the knife into the trunk until it meets resistance of 
the wood layer of the stem. Open the slit enough to insert the 
bud shield to be cut from the budstick (Figures 1c and 1d). 
 The bud is cut from the stick by starting the cut 1 inch below 
the bud, coming up underneath, and exiting about ½ inch above 
it. The depth of the cut is such that only a very small amount 
of wood appears directly under the bud (Figure 1b). Wood un-
derneath the bud need not be removed. Hold the top part of the 
shield between the blade and thumb, and insert the bud into the 
“T” cut on the stock. If part of the bud sticks out above the “T,” 
it should be cut off so the flaps can be closed tightly. A rubber 
budding strip or polyethylene budding tape is wrapped firmly 
around the stem to close the incision (Figure 1g). Tying may 
begin at the top or bottom of the incision, depending on the 
preference of the operator. Take care not to injure or cover the 
bud (Figure 1g). 
 Although “T”-budding is more commonly used, the inverted 
“T” method almost always gives better results. There are only two 

differences in the methods: (1) the “T” on the stock is inverted 
(Figure 1c), and (2) the bud is cut from the bud stick by starting 
½ inch above the bud and exiting ¾ inch below. The advantage 
of the inverted “T” is that the downward flow of hormones and 
metabolic products is interrupted below the bud rather than 
above it. This results in earlier healing and a stronger union the 
following year. 
 In three to five weeks, the rubber strip will loosen and pos-
sibly fall off. If this does not happen, cut the binding to prevent 
constriction. If the bud is alive, it will be plump and the leaf 
petiole will have abscised. If the bud shield is shriveled and the 
dried petiole is still attached, the bud is probably dead, and the 
job will have to be done over. Buds do not grow after they are 
inserted but remain dormant until the following spring. The bud 
placement can be marked with paint so it will be easy to see the 
next spring at pruning time. 
 The following spring, just as growth begins, all top growth 
is cut off with a sloping cut ½ inch above the bud (Figure 2a). 
At this time, any growth other than the desired bud should be 
rubbed off. Removing the top of the stock will force the new 
bud into growth; it will also force many other stock buds into 
growth. Every 7 to 10 days, all growth except the inserted bud 
must be removed (Figure 2b). 

Figure 1. (a) Bud stick with short leaf stems. (b) Shield bud. (c) Inverted “T” and standard “T” cut in stock. (d) Bark opened and ready for 
bud. (e) Bud inserted and flaps closed. (f ) Bud inserted for inverted “T” budding. (g) Rubber budding strip holding flaps and bud firmly  
in place.
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Chip-Budding 
 This method of budding can be used whether or not the bark is 
slipping. More expert knife handling is needed, but once the basics 
are mastered, it is nearly as easy as “T”-budding. An advantage 
is that chip-budding can be done when the bark is not slipping. 
When done at the same time as “T”-budding, it heals more quickly 
and gives an even stronger union than the inverted “T.” 

 To chip-bud, make a cut 1¼ to 1½ inches long on the stock. 
The depth of the cut should be one-fifth to one-fourth the diam-
eter of the stock. Make a small back cut at the bottom of the cut 
to remove the chip (Figures 3a and 3b). This small back cut on 
the stock aids in holding the chip-bud in place and provides for 
added cambial contact between stock and scion. The bud is cut 
in a similar manner (Figure 3c). 
 Ideally, the stock and the budstick should be the same diam-
eter. When the budstick is smaller in diameter, the bud must be set 
off to one side of the stock so the cambia of the stock and scion 
will match as much as possible (Figure 3d). Although budding 
bands can be used for chip-budding, polyethylene tape is best 
since it does a much better job of sealing the bud and preventing 
desiccation (Figure 3e). 

Grafting 
The Scion Wood 
 Scion wood is collected during the dormant season from 
shoots that grew the previous year. Vigorous growth of at least 
a foot makes the best scions. Water sprouts from up in the tree 
usually make good straight scions. Do not collect scion wood 
while it is frozen, and avoid wood that has been damaged by 
cold. 
 After the scion wood has been cut from the tree, it should be 
tied in bundles, labeled, and stored under moist conditions in 
a temperature range of 40˚ to 45˚F. The bundles may be stored 
in boxes of moist sphagnum or peat moss and placed in a cool 
cellar or refrigerator. Scion wood bundles wrapped with damp 
paper toweling, sealed in plastic bags, and placed in a refrigerator 
also store well. When you are ready to make scions, cut off and 

Figure 2. (a) The stock above the bud is removed with a sloping 
cut about ½ inch above the bud set the previous fall. (b) All other 
growth is removed allowing only the desired bud to develop.

Figure 3. (a) Side view of stock cut for chip-budding. (b) Front view of stock cut. (c) Chip-bud shield. (d) Chip-bud set in stock. Note that 
if the chip-bud is smaller than the cut that has been made for it, the bud should be lined up with the edge of the cut to obtain cambium 
contact. (e) Polyethylene tape to seal chip-bud; only bud is left uncovered.
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discard the tip and base of the shoot. Buds near the tip of the 
shoot are often flower buds, and those near the base are often 
weak buds. The remaining portion of the stem is used to make 
scions each containing three to five buds. Scion wood should not 
be stored in a refrigerator that contains apples, pears, or other 
ethylene gas-generating fruit, as this will ruin the scion wood. 

The Rootstock 
Apple 
 Desirable characteristics of apple rootstocks include adapt-
ability to local conditions, resistance to diseases and insects, 
vigor, and compatibility with the scion cultivar. These seedlings 
or trees make good stocks, in order of their vigor: Delicious (non-
spur), McIntosh, Jonathan, Winesap, Wealthy, and Rome. The 
seeds of these varieties germinate well and have a high degree 
of compatibility with most apple cultivars. 
 If you are considering producing dwarf apple trees, it is best 
to purchase dwarf rootstocks from a nursery specializing in their 
production. A wide range of size-controlling apple rootstocks is 
available in the trade. 

Pear 
 Both rootstocks and scions should be chosen for resistance 
to fire blight. Cold hardiness is also desirable in Kentucky. The 
French pear (Pyrus communis) is hardy but is not resistant to 
blight. The Chinese pear (Pyrus calleryana) has some resistance 
to blight but may be injured by sub-zero weather. There are 
several ways to produce trees with both cold and blight resis-
tance: 
(1) bud the Old Home cultivar onto a French seedling (Bartlett, 

Anjou, or Hardy), and the following year bud or graft the 
desired scion cultivar. This method requires an extra year 
for production; 

(2) use Old Home seedlings or Old Home x Farmingdale clonal 
selections as the rootstock; or 

(3) use Pyrus calleryana seedlings as the rootstock, bud the de-
sired scion cultivar as low as possible on the stock, and plant 
the finished tree so that all of the P. calleryana rootstock is 
beneath the soil. 

 Angers’ quince (East Malling ‘A’) is commonly used as a 
rootstock for producing dwarf pear trees; however, quince root-
stocks are not very hardy and are very susceptible to fire blight. 
The Old Home x Farmingdale 333 rootstock will produce a 
semi-dwarf pear tree. 

The Whip Graft 
 The whip graft (also known as the tongue graft) is particularly 
useful for species that unite easily, such as the apple and pear 
(Figure 4). It may be used in making a root, stem, or top graft 
as long as the stock and scion are near the same size. Scions and 
stocks from the size of a pencil to ½ inch in diameter are the best 
to use. 

Root Grafting 
 Root grafting is used to produce a tree on a seedling rootstock. 
Do not use root grafting to develop a tree on a dwarf rootstock 
since the scion will root and overcome the dwarfing effect. Root 
grafting is done when the apple rootstock and scion are dormant. 
(Pear is not normally root-grafted.) Either whole roots or pieces 
of roots 3 or 4 inches long and as large as or slightly larger in 
diameter than the scion may be used (Figures 4a and 4b) . 
 Prepare the scion by making a diagonal cut on the lower end 
about 1½ inches long with a well-sharpened grafting knife. Hold 
the knife at an acute angle (Figure 5), and pull the scion through 
the blade with a swift, smooth stroke. Make the tongue as shown 
in Figure 4a; start the cut one-third of the way down from the tip 
of the cut surface, and end one-third of the way from the bottom 
on the cut surface. Prepare the top part of the root section the 
same way as the bottom. Do not touch the cut surfaces with your 
hands. Oil from the skin may inhibit union of the parts. 
 Join the two pieces as shown in Figure 4b, making sure that 
the cambium layers are in contact at least on one side. Grafting 
tape is recommended to bind the union. When it is spiraled on 
tightly and in such a way that the edges overlap slightly, the 
union will be held in place and protected from desiccation. The 
tape does not have to be removed. It is designed to disintegrate 
after the grafts are planted to the field. Rubber budding bands 
or light twine may be used, but these may need to be cut before 
planting. 

Figure 4. The whip graft showing scion and stock: (a) Prepared. (b) 
Joined. (c) Tied in place with waxed twine or rubber budding strip, 
or wrapped with grafting tape.

Figure 5. Making the diagonal cut with knife held at an acute 
angle rather than at a 90º angle.
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 Bundle, label, and store the grafts before they have time to 
dry. Store the grafts in sphagnum or peat moss at 55˚ to 60˚F 
for 10 to 14 days to initiate callus formation, then store at 40˚to 
45˚F until they can be planted in the field. Examine the grafts 
from time to time and note the callus growth along the edge of 
the union. If mold is present, the grafts should be aired and then 
stored under drier conditions. If leaf growth has started, reduce 
the temperature to 35˚F, or plant as soon as possible. 
 The dormant grafts should be planted into prepared, well-
drained soil leaving only the top bud above the soil. Plant the 
grafts 12 to 16 inches apart in the row. The distance between 
rows is usually 30 to 36 inches and is mainly governed by the 
available cultivating and digging equipment. 
 March is a good time for field-setting grafts in Kentucky. The 
plants are grown for one season and then dug and stored for sale 
or transplanting the following spring. 

Stem or Top Grafting with the Whip Graft 
 Whip grafting to dwarf rootstocks follows the same procedure 
except the scion is placed uniformly 6 to 8 inches above the 
roots. This allows the dwarf tree to be set deeper in the soil at 
first planting for added support, and keeps the scion 2 to 3 inches 
above the soil line. The new plant needs to be set high because 
if the scion takes root, the dwarfing character of the rootstock 
will be lost. 
 Timing is important when whip grafting in the field on the 
stem or branches. The danger of cold injury should be past, but 
the graft must be made before the bark of the stock begins to 
slip. Usually stem grafting is done when the buds on the original 
stock begin to swell in the spring. The scion is then dormant. 
Keep all buds below the graft removed. Spurs may be left on to 
provide the needed leaf surface until the shoots from the scion 
have a sufficient number of leaves to do the job. 

Bark Graft 
 The bark graft is often used when the stock is too large for 
whip grafting. This graft is used mainly on pears, apples, and 
nuts such as pecans and walnuts. Dormant scion wood is used, 
but the stock is not ready until the bark begins to slip. Prepare the 
stock by cutting squarely across the trunk or branch with a fine-
toothed saw at a point that is from 1 to 2 inches in diameter. 
 Prepare two scions 5 to 6 inches long by making a sloping cut 
¼ inch above the top bud and a 2-inch-long diagonal cut on the 
lower end (Figure 6). Place the cut surface of the scion against the 
side of the stock. When viewed from the opposite side, 1/8 inch 
of the cut surface should be showing above the top of the stock. 
Hold firmly in place, and with the point of the knife, outline the 
scion on the bark. Finish cutting through the bark. Remove this 
bark and insert the scion. Use ½- to ¾-inch wire nails to hold 
the scion in place. Place the other scion on the opposite side. 
These operations should be done as rapidly as possible to limit 
drying of the cut surfaces. Study Figure 6. 
 A tree wound dressing of asphalt water emulsion is good 
to cover all exposed surfaces. This material is applied cold. If 

melted grafting wax is used, take care to avoid wax hot enough 
to injure the tissue. 
 Aftercare of the graft is important. Keep shoots and sprouts 
below the graft removed. If both of the scions live, pinch back 
the shoot of the weaker one several times during the summer. 
Both scions should continue to grow the second summer. Gradu-
ally reduce the development of the weaker one by pruning, and 
in the spring of the next year, remove it completely. During the 
first or second summer, the strong scion may need to be topped 
to encourage branching. 

Cleft-Graft 
 The cleft-graft is one of the older grafting methods. Good 
technique can make it one of the most successful. It is mainly 
suited for top working apple and pear trees. The process simply 
involves fitting a scion into a split stock. The best time to per-
form the cleft-graft is just before the bark begins to slip in the 
spring. 
 When preparing the stock for the cleft-graft, look for: 
• scaffold limbs or trunks from 1 to 2 inches in diameter, 
• areas on limbs that have straight grain for at least 6 inches 

below the amputation point (this area should also be free from 
spurs, knots, and cankers), and 

• limbs that grow more toward the vertical than horizontal 
position. Grafts on horizontal limbs will likely “take” just as 
well, but the resulting sharp-angled upright growth is very 
undesirable. 

 After locating the point of amputation, make the cut with a 
fine-toothed saw. Take care to prevent the limb from splitting or 
the bark from peeling. Using a cleft-graft knife and a wooden 
mallet, split the stock across the center and to a depth of about 
6 inches. After the scions are prepared, the split is held apart by 
driving the wedge of the cleft knife into the center of the split. 

Figure 6. The bark graft.
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For the hobbyist, a small hatchet may be substituted and the split 
held open with a small cold chisel or large screwdriver. 
 Prepare two dormant scions by making a sloping cut on each 
side of the scion. The slopes on the scion and split should closely 
coincide (Figure 7). The cut on the scion should start slightly 
below the bottom bud. There is no need to bring the cuts to a 
point; a length of 2 inches is sufficient. The inside of the wedge 
should be slightly thinner than the outside (Figure 7d). 
 When joining the stock and the scion, remember that the bark 
of the stock will be thicker than the bark of the scion, so be sure 
to place the cambia in contact with each other. The top of the cut 
surface of the scion should be flush with the top of the stock, and 
it is most important that the cambium layers touch at this point 
(Figure 7). If the scion is loose in the stock, wrap the split with 
waxed cloth for three months. To prevent constricting the limb, 
cut the cloth after three months, but do not remove it. Seal all cut 
surfaces with asphalt water emulsion or grafting wax, including 
the split in the stock. Be sure there are no pinholes in the wax 
that will permit moisture to escape. Recheck the graft the day 
after grafting, and seal any pinholes that may have appeared in 
the asphalt water emulsion or grafting wax. 

Important Points 
 Whichever method of graftage you use, remember 
these important points: 
• The cambium layers of the stock and scion must be 

in contact with each other. 

• Make smooth cuts to provide close contact. 

• Work as rapidly as possible to prevent drying of the 
cut surfaces. 

• Bind or wax the cut area to prevent drying of the 
tissue. 

• Bindings should not be so tight or left on so long 
that they impair or stop the expansion growth of 
the stem. 

• Use only properly identified and properly stored 
scion wood with healthy buds. 

• Do the job at the proper time. 

• Use sharp tools.

Figure 7. The cleft graft showing: (a) Split stock. (b) Scion with 
tapered lower end. (c) Scion fitted into stock. (d) Most vital points 
of contact are the cambium layers of stock and scion (note arrows).
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Terms* 
Budding is a type of graftage. It consists of inserting a single leaf bud, the scion, with or without 
attached bark and wood piece, into the stock by specific techniques. “T”-budding is done in the 
latter part of the growing season from late June into September. 

Budstick is the current season’s shoot growth from which single buds are removed for budding. 

Callus is the mass of regenerating cells, called parenchyma cells, developing from and around 
wounded tissue. The union between a rootstock and scion results from the interlocking of the cells 
from both parts. Likewise, roots usually arise from the callus tissue at the basal ends of cuttings. 

Cambium layer refers to a single layer of cells between the wood and bark tissues that surrounds 
all woody portions of a tree. This layer of cells, through cell division, produces two sets of cells that 
make up the growing tissues on both sides of it. On the outside, the new cells form phloem. On the 
inner side, the wood or xylem cells are formed. The phloem tissues eventually make up the layers of 
bark. The cambium is thus the source of all growth in diameter of the woody stem. In propagating 
trees, the cambium of the scion must line up with the cambium of the stock as perfectly as possible 
if good union is to result. 

Clone denotes a specific cultivar propagated asexually or vegetatively. Specific rootstocks used in 
fruit tree propagation and propagated in this way are called clonal rootstocks. 

Cultivar is the term now commonly used in place of “variety,” which was common in horticultural 
literature for many years. It refers to a variety that was selected or originated from a controlled cross 
under cultivated conditions, rather than found in the wild. 

Grafting refers to various techniques of inserting a section of stem with leaf buds (the scion) into 
the stock. Since dormant scions are used, grafting is done in early spring, usually before growth 
begins. 

Interstem or interstock is a section of trunk of the basic framework that is introduced between 
the rootstock and the scion cultivar. An interstem is chosen for specific vegetative characteristics 
or for the effect it may have on tree size. Interstems may be used to develop desirable framework 
characteristics, winterhardiness, or disease resistance or to make possible joining two cultivars that 
are incompatible if grafted directly. Thus, such trees consist of three distinct parts: the rootstock, 
the interstem, and the scion cultivar. 

Mound layering is a method of vegetative propagation. Plant species and cultivars successfully 
layered form roots on the portion of the stem (shoot) below the soil surface. The rooted shoots are 
removed later and used as rootstocks for graftage. 

Rootstock is the part of a tree that becomes the root system of a grafted or budded tree. 

Scion denotes a short piece of twig or bud with attached section of bark inserted into the stock. 

Seedling refers to a plant grown from a seed. 

Stock identifies a plant or root system to which a scion cultivar is grafted or budded. 

Sucker or root sucker refers to shoot growth arising from the crown or roots of a tree, generally 
below the graft union at or just below the soil surface. 

Top working is the practice of changing the top of a tree from one cultivar to another through the 
use of graftage. 

Waterspout indicates a vigorously growing unbranched shoot of the current season. It generally 
grows vertically and may arise from a primary scaffold or smaller branch, often adjacent to a prun-
ing wound. 

* Adapted from Tree Fruit Propagation, Bulletin 481, The Ohio State University. 
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