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Employment Generation in Agriculture,
Wasteland Development, Afforestation & Agro-Industries

Development of agriculture is critically important for ensuring foawd nutritional

security for the hundreds of millions of people that still live Wwelloe poverty line, for
raising rural incomes and generating employment opportunites] for stimulating

industrialization and overall economic development of the counRgising the
productivity of irrigated and rain-fed agriculture, combined hwiiainwater harvesting
and water conservation techniques and assured accessntanerative markets for
agricultural produce through linkages with agro-industries gxamatically raise rural

incomes, generate millions of on-farm and non-farm employno@portunities,

eradication poverty and usher in a prosperity movemenudirout rural India.

1. The Dilemma of Indian Agriculture

In the last four decades since the launching of theeiGr@evolution, Indian
agriculture has made great strides in introducing ingutogenetic material, raising
crop productivity, expanding the areas under irrigatedtivation, diversifying
cropping patterns and producing food surpluses. Wetpite of these tremendous
achievements, the country's present performance ioudigire is unsatisfactory for a
number of reasons:

» Low Crop Productivity:While the wage rates paid to Indian farm labour are
among the lowest in the world, the unit cost of produrcts among the highest
for almost all crops due to low crop yields. Table Inpares the average
productivity of Indian and US farms on a range of crofise table shows the
enormous gap in productivity between the two cousitriuch low yields offset
the advantage of low labour cost and make India cropsnupetitive on the
international market.

Table 1: Comparative Crop Productivity (kg/hectare)

Crop USA India USA/India
Rice 6622 2928 2.3
Maize 8397 1666 5.0
Wheat 4400 2583 1.7
Groundnut 3038 912 3.3
Soy beans 2452 1007 2.4
Potato 40,238 17,307 2.3
Lint Cotton 700 333 2.1
Tomato 59,295 15,138 3.9

While the differences in productivity shown in this table extremely high, the
actual differences in field production are even tged-or instance, the average
yield of tomato in Tamil Nadu is approximately 10 totbRs per acre, whereas
leading farmers in California achieve over 60 tonsraye on extensive



cultivation of 2000 acres, a difference of 500 to @@@dcent. A lead farmer in
Tamil Nadu applying the same California technology hasadly achieved three
to four times the Tamil Nadu average.

High Cost of Foodin spite of low labour costs, low crop productivity resuits
relatively high cost for food production resulting in lowecomes for farmers.
High cost of food results in lower food consumption amoogugation at-large
while limiting access to international markets for exportsofplus. India has
accumulated huge stocks of foodgrains, sugar and otdmmodities which it is
unable to export because the price is higher thaninternational market is
willing to pay.

Low Purchasing Powerdigh cost of food results in low per capita consumption
and malnutrition. Nearly 60 percent of the Indian viorge is engaged in
agriculture. Low crop yields result in low incomes farmers and farm labour. In
spite of huge food surpluses, nearly half of the Imdiapulation suffers from
chronic under-nourishment because they lack the purchasiwer to procure all
the food their families require and to rise above the pypviine. The most
vulnerable are children, women and the elderly ambedower income groups.
Chronic energy deficiency among the elderly hadied from 62 percent in the
1970s to 50 percent in the 1990s, but remains a sepimblem among those in
lower income groups.

Lack of MarketsEfforts to raise and diversify crop production arersed by the
common phenomenon that increasing production resultdling prices, inability
to market the produce and losses for farmers.

Low Water Productivityindia is endowed with abundant water resources and the
second largest irrigated area in the world, yet itesaffrom a perennial shortage
of water both for agricultural and non-agricultural gmses due to wastage and
very low productivity of water in agriculture, whiclkc@unts for 95% of the
country’s total water consumption. To cite a single epleamcotton farmers in
Tamil Nadu consume approximately seven times as muatlervand generate
about 1/8' the yield as their counterparts using extensiveatlin and furrow
irrigation methods in California. That means that thedpctivity of each litre of
water used for cotton cultivation in California is 35 tintegher than in Tamil
Nadu.

Underutilised Rain-fed and Wastelandadia possesses 50 million hectares of
degraded wasteland that lie outside the national forestdditian to 30 million
hectares inside protected areas. In spite of this bugmt, the country is a net
importer of forest products to the extent of $2.5 billionaally. A vast extent of
rain-fed farm lands and privately held wastelands thatnat being effectively
utilized to address the problems of malnutrition, undereympént and poverty,
because the water available from monsoon rains is pedtiitt run off and the
farmers lack an assured market for their produce.



Figure 1: Vicious Cycle of Poverty
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2. Solutions to the Problems of Agriculture in India

A. Raising Crop Productivitytncreasing crop yields per unit of land is essential for
escaping from the dilemma. Higher productivity will —

= Bring down the cost of food for the local populationréiiy making it
more affordable and improving food and nutritionalusigg.

» Raise the incomes of farmers and farm workers, enathigrg to consume
more and rise above the poverty line.

» Generate additional employment opportunities.

= Make surplus farm production competitively priced faleson the
international market.

B. Diversification: Diversifying cropping patterns from foodgrains to coenaial,
horticulture and orchard crops will reduce productionwpkises and generate
higher farm incomes.

C. Rotation:Rotation of crops every season in response to avaijabiliwater and
changing market demand will reduce crop surpluses angrove farm
profitability.

D. Raising Purchasing Powerdigher farm yields and incomes and employment
opportunities will increase the purchasing power of thal population, resulting
in greater demand for a diversified basket of foodngethat can eliminate
malnutrition and poverty while also acting as a stimulusamufacturing and the
service sector.

E. Raising Efficiency of Water UsageAdvanced techniques for rain-water
harvesting coupled with improved methods for water agement can
dramatically improve the productivity of both irrigatadd rain-fed cultivation in
the country.

F. Linkages with Agro-industried:inks to agro-industries such as biomass power
plants, bio-fuels and edible oils can provide an assumatket to farmers at
remunerative prices and generate significant non-&anployment opportunities.



Figure 2: Virtuous Cycle of Prosperity
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3. Creating Assured Market for Agricultural Produce

Raising agricultural production will not usher in rural gresty unless farmers can
be assured of a remunerative market for the cropsptaeijuce. The project envisions
a multi-pronged approach to assure remunerative maboksesd on the following six
strategies:
1. Diversification of crops to avoid concentration of @i patterns on
perishable or widely cultivated crops.
2. Reducing production costs to make Indian crops compettivimternational
markets.
3. Focus on crops with virtually unlimited market potentiartigularly energy
crops and edible oails.
4. Processing of perishable crops into value added ptaduc
5. Improved storage and post harvest handling to prolong Iffieebf perishable
crops.
6. Linkages with agro-industries to provide an assured loeaket for crops.

The specific crops and markets listed below indicatesttope for creating assured
remunerative markets. Recent developments in Tamil Neithu regard to paddy
husk and begasse illustrate this approach. A few yegogice mills were disposing
of paddy husk at no charge. Today it is being burneshilhboilers and sold to a
biomass power plant for Rs 800 per ton. A few yeatskagasse was being sold for

Rs 50 per ton. Today it is sold for Rs 700 per ton, s 100 less than sugarcane
itself.

A. Bio-Mass Power

India has an unlimited need for energigure 3 depicts several possible scenarios for
the projected growth in demand for power in Indi@rothe next 20 years. Even the
best case scenario (BCS) shows the demand for polériple during this period.



Figure 3: Project Power Demand in India by 2020 (in TWh)
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Most of the increased power demand will have to be metXdpansion of thermal
power generation capacity based on imported coal agldofu Figure 4 shows the
projected growth of demand for oil during the sameqggerEven under the best case
scenario, oil demand will increase by 250% and total oil itspwaill rise from 85
million tons to nearly 200 million tons by 2020. This will utsn a huge outflow of
foreign exchange and make the domestic economy asicrgly vulnerable to

international oil price fluctuations and shortages.

Figure 4: Projected Demand for Oil
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Energy that is now a severe drain on the growth of thellecanomy can be
converted into an engine for economic growth by an alter@adpproach. If the
country makes a strong commitment to the development ofdsis{power and bio-
fuels, it can act as a powerful stimulus to rural job creation panasperity, while
radically reducing India’s dependence on imported fuels.

India has a vast extent of privately held, rain-fednféands and cultivable wastelands
that can be utilized for development of energy plantatiomsisting of fast-growing
tree crops such as bamboo, Casuarina, eucalyptuprasdpis, which can serve as
the raw material for a nation-wide network of small, de¢dised bio-mass power
plants. These power plants, ranging in size from 6-25 &M, generate thousands of
megawatts of power from renewable, forest-based doakces in a cost-effective
manner. The average investment comes to only Rardscper MW, which compares
favourable with the Rs 5 crores cost of coal-baséis.uhower can be generated and
profitably sold at a price equivalent to that currentlyngepaid to private power
industrialization and help reduce transmission losses thaiga/@0 percent or more.
Already, in the last few years more than 20 biomaswepaoplants have been
established in Andhra Pradesh and an additional 20 plants texently been
licensed.

The soaring demand for power will necessitate a triplihgnstalled generation
capacity from 101,000 to 292,000 MW over the next tieocades. Establishment of
10 million hectares of energy plantation crops such asu&ma, eucalyptus and
bamboo would be sufficient to generate 40,000 MW e¥grogeneration and provide
year-round employment for 5 million people. This strategyuld reduce India’s
dependence on imported fuel oils, stimulate private investnim the power sector,
and generate massive income and employment opportufotiethe rural poor.
Details of energy plantation and power plant economicsa@rined in Appendix 1.

B. Bio-Fuel from Jatropa

India also has the capacity to generate bio-fuels in nagsiantities. Curcagfropa
curcas)is a plant introduced from Africa, which already growiéd in India and is
often used as a fence crop. The plant produces laiygities of seeds which contain
up to 35% oil that is a substitute for No.2 diesel ands@me and can be blended in
diesel motor fuels up to 15%. The cost of productiocoispetitive with other fuel
oils. Cultivation of 5 million hectares of this crop could proe 3.75 million tons of
fuel annually while generating year-round employmen®t&rmillion people. Details
of jatropa cultivation and yields are contained in Apperliand details of oil
extraction industries for edible oil are contained in Apgiie 4.

C. Bio-Fuel from Ethanol

Ethanol, which can be produced from maize, tapiocagrsage, sugar beet and other
crops, is another bio-fuel with enormous potential. Itlsamixed as a pollution-free
blend with petrol and diesel. Ethanol-petrol fuel blends wilized in more than 20
countries, including Brazil, Canada, Sweden and US2A donsumes 4 billion litres
of ethanol as motor fuel per annum. Brazil consumestian 16 billion litres of
ethanol annually and meets 41% of demand for trandpeftfrom this source.




Between 1979 and 1992, an ethanol fuel strategy ethdazil to reduce reliance on
imported oil by 70 percent.

India presently consumes approximately 40 million toindiesel fuel and 6 million
tons of petrol per annum. Assuming a 10% blend cdrethwith petrol and diesel,
the total requirement of ethanol would be 4.6 million tpas annum, equivalent to
4.6 billion litres. With engine modification, much higher atbl blends can be
utilized, created a potential demand for more than 10 millans of ethanol per
annum.

Currently India produces surplus sugar and is holdiogks equivalent to about 10
months domestic requirement. Export of the sugar is mabbles because low
productivity and high cost of production make Indianaugncompetitive on the
international market. Utilizing surplus sugarcane and metass raw material for
ethanol production will also improve the prospects ofidisdhuge population of
sugarcane farmers.

A strategy to develop large quantities of ethanol for fwelld include the following
elements:

a) Utilize surplus sugarcane and molasses to produce ethanol.
b) Cultivate maize, tapioca and sugar beet to produce addigtrahol.

c) Establish 250 new processing plants to convert surpluscuge and
other crops into approximately 6 million tons of ethare gnnum.

d) Processing units can register these other crop for@tparduction just
as sugar mills now do for sugarcane.

e) Apply rainwater harvesting & advanced water managémeahnology in
all areas covered by the programme to improve wateseggation and
efficiency of utilization.

f) The additional begasse produced by the programme euwdfficient to
generate more than 20 billion units of electricity.

g) Generation of 3 million additional on-farm and non-fammpéoyment
opportunities.

D. Edible Oils

India currently produces 18 million tons of edible oit peanum, which represents a
shortfall of 3 million tons from current domestic consummptiTo fill this deficit, the
country imports approximately Rs 9000 crores of edil each year, resulting in a
heavy outflow of foreign exchange.

Paradise trees{maruba glauca)s a Brazilian oilseed-bearing plant that can become
an important source of edible oil for India. The plant idraught-resistant, high-
yielding, perennial ever-green tree ideally suited fyrldnd areas of India. It grows
under rain-fed conditions and requires minimal inplatstarts bearing seeds from the
3% or 4" year. The seeds contain 50% oil, which when refinedery similar in
characteristics to groundnut oil.



The National Oilseeds & Vegetable Development Boarddheady identified this
crop and recommended its widespread cultivation in In@didtivation of 5 million
hectares of Paradise tree over five years can meethihtfall in the edible oil
production while generating 2.5 million year-round employtra@pportunities and Rs
11,000 crores of additional rural income.

Details of Paradise Tree cultivation and yields are coethin Appendix 3 and
details of oil extraction industries for edible oil are camdiin Appendix 4.

E. Benefits of Bio-mass, Bio-fuels and Edible Oil Strategy
The approach outlined above

a) Generates an assured and remunerative market foukhgral produce.
b) Creates employment for more than 5 million rural families

c) Generates huge rural income

d) Reduces dependence on imported fuels

e) Create an alternative market for sugarcane to reduee sugplus

f) Stimulus to rural industrialization

g) Reduce pollution from petrol-based motor fuel

h) Boost rural electricity generation from begasse & pievocal source of
power for rural industrialization

i) Improve general rural eco system and generate avB®g6,000 per year
for each families covered under the scheme.

The greatest advantage of producing bio-mass power anflibi® from tree crops is
that they can generate millions of rural jobs and stimulate enosngoowth of rural

incomes, especially among the weaker sections. Theref@aproach should not
be evaluated solely from the narrow perspective of endsgy,from the wider
perspective of national development.

F. Other Crops with Strong Agro-industrial linkages

In addition to the energy and edible oil crops discusbedea there are a range of
other crops which when processed can tap a largeetmaokential and form the basis
for viable agro-industries. A few examples are memtibinelow:

a. Maize products —Maize can be processed into chicken feed and datitd
which enjoy a huge market. India is currently importiagge quantities of
chicken feed to meet domestic demand. Maize can alpodressed into corn
syrup, which is the largest source of sugar in the US#n flour, corn flakes
and many other products.

b. Sugar beet— Sugar beet is a six month crop that can be cultivatadrgend
in South India. It can generate yields of 50 to 60 feeisacre per year and
contains about 15 percent recoverable sugar, i.e. enage about 100% more
sugar per acre per year than sugarcane. At the samd ti@guires only about
40 percent as much water as sugarcane.



c. Dehydrated Fruits, Juices & Pulp —There is a large export market for
dehydrated fruits such as mango, papaya, pineapplgend. These fruits
can be processed during the peak season when faitesmd unmarketable
surpluses are generated. There is also potential forladzing small sachets
of nutritious fruit juice both within the country and overse

d. Herbs & Medicinal Plants — Plants such as amla and neem have both
domestic and export potential when processed to extrait ahtive agents
and vital nutrients.

4. Agricultural Credit for Improved Crop Production

Three factors need to be addressed that in the pastskaously constrained farmers
from adopting new cropping patterns and improved praguction practices.

0 Hesitation to take up new crops in place of traditional crepsvhich can be
addressed by educating farmers and demonstrating gierhprofitability of
alternative crops. Farmers are more educated and psbgretoday and will
respond when exposed to proven opportunities.

o Concerns about marketing which can be addressed by fostering agro-industrial
linkages and reducing production cost to open up iatemnmal markets. The
tremendous expansion of the sugar industry is the Rasime of agro-industrial
linkages. The success of Maharashtra in grape andyonaaltivation is an
excellent example of successful international marketing.

o Lack of sufficient farm credit

Even if the first two factors are successfully adslees higher cultivation cost or
longer crop duration will still constrain farmers from adogtirmproved
production methods unless assured access to cretlibimmade available. Again,
the best example of a successful farm credit system otfiteact farming system
employed by sugar mills all over the country. Farmegsster with local sugar
mills for growing sugarcane in a certain area and olatedess to farm inputs and
crop loans on the basis of these contract.

Similar contract farming practices supported by cromdofrom commercial and
cooperative banks, which are prevalent practices irerotountries, can be
extended to a wide range of crops, including maagioca, and sugar beet for
ethanol production; jatropa and Paradise Tree for oil extractind tree crops for
biomass power generation.

Combined with greater access to credit, advanced ATieabpn a graded
approach can raise farm productivity and incomes, sb ithaach cropping
system an incrementally higher investment in cultivaticem result in a
significantly higher net income to the farmer. Eveinstances where farm credit
is limited, farmers can gradually and progressively réw# productivity and
incomes utilizing this technology. In one project southerihaB applying
advanced AT enabled maize farmers doubled theidyi@hd incomes from maize
in one cropping system and then went on over foursygadiversify cropping
patterns and multiply farm income. Today these farmérs started with only an



acre or less of land just a few years ago and now atiltiy five acres or more of
high income vegetable crops.

5. Comprehensive National Strategy

This paper presents a comprehensive strategy for agplyis set of solutions as
depicted irFigure 5.

Figure 5: AT Strategy

Agriculture Technology (AT)
Engine for Growth

Higher crop yields & farmer N Links to Agro-industries
profit through AT for assured market

| !

Higher on-farm Higher non-farm
employment employment

\ v/

Higher purchasing power leading
to bigger demand for food

The main elements of the strategy include:

A. Train agricultural entrepreneurs and lead farmers inattieanced and proven
agricultural production technologies to increase yieldd farm incomes on a
wide range of irrigated crops, including rice, mamggarcane, cotton, vegetables,
banana, tapioca, and others, as well as on a wide cinga-fed crops that can
be grown on manavari and -cultivable wastelands, inofjud@asuarina,
eucalyptus, cashew, neem, jatropa, Paradise Tree, @usapis and others.

B. Promote widespread cultivation of bio-fuel crops suclptiepa, maize, tapioca
and sugar beet in conjunction with efforts to fostepagdustrial linkages for the
establishment of jatropa oil and ethanol processing plants.

C. Promote widespread cultivation of bio-mass crops su€gasarina and prosopis
in conjunction with efforts to foster agro-industrial ligles for the establishment
of decentralised biomass power plants.

D. Promote widespread cultivation of edible oil crops suchPagadise Tree in
conjunction with efforts to foster agro-industrial linkadgesthe establishment of
edible oil extraction plants.

10



E. Demonstrate and promote dissemination of advanced odetlfior rainwater
harvesting and improved water management, including de# ploughing and
furrow irrigation techniques.

6. Advanced Agricultural Technology

The advanced agricultural technology needs to becteduincluding technology for
upgrading soil fertility and improving irrigation to doebbr triple farm yields and
incomes on a wide range of commercial crops. This téogpchas already been
demonstrated effective under a variety of conditions ridia’ The technology
involves --

A. Land Preparation for High Productivity and Water Conservation

1) Indian farmers usually plough the soil only 6 to 8 icdeep. This results in
dense packing of the earth over time, which preveaiswater from
penetrating deep into the soil where it can be storddresults in run-off of
rain water and excessive soil erosion. The hardeniribeofoil also prevent
plants from sending their roots deep into the eaedlting in horizontal root
growth, weak plant structure and stunted plant growthemthese lands are
irrigated, the root systems are alternately floodedi starved of water, which
prevents them from metabolizing soil nutrients effectiva@llge problem of
shallow ploughing is illustrated in Figure 6.

Figure 6: Impact of Shallow Ploughing in India

Rainwater cannot penetrate deeper
or drain, so it floods roots &
evaporates rapidly. The flooding
prevents plant roots from breathing,
which is essential for absorption of
nutrients.

~

~ Roots cannot penetrate so

plant growth is stunted.

Plants are small, weak,
Hard Pan needs frequent irrigation &

gives low yield.

2) Advanced land preparation techniques utilize special inghésnto break up
the underlying pan to achieve deeper root penetrajocrdips and improve
water retention and utilization. These deep ploughiogrigues can penetrate

! Pioneering work has been done by by Dr. C. Lakstan, Director of California Agricultural Consutgin
Services, in demonstrating the potential for highields and profits on a wide range of crops uriddian
conditions.
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down 36 inches or more into the soil. This enables water to penetrate and
collect at greater depth where it can be drawn upothéylant root systems
and also stored for long periods of time. Rainwater ffflasad soil erosion are
greatly reduced. Plants are much healthier and croguptieity is much
higher. These methods can reduce the need foatioiyto as low as 20% or
on-fifth that normally required in India. That is why Gathia farmers are
able to irrigate cotton only once in 40 days compacedrice in 6 days in
Tamil Nadu under similar climatic conditions. The benefitsl@ép ploughing
are illustrated in Figure 7.

Figure 7: Impact of Deep Soil Ploughing

Roots sink deep to reach
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- —-—

Rainwater is stored deep down

== where it will not easily
evaporate & is available to
plants for months

B. Balanced Soil and Plant Nutrition

1)

2)

3)

Plants require more than 12 essential nutrients to genbeskthy and
productive growth. Without these nutrients, the geneticrpieieof hybrid
seeds cannot be tapped. For example, the same higleriseed that yields 2.8
tons per hectare in India, generates 5.4 tons in Chida8atons in USA
because of improved plant nutrition.

Soil testing labs in India routinely test for only three maatoents, nitrogen,
phosphorus and potassium. Other crucial nutrients saclroa, copper,
manganese, sulphur, magnesium, chlorine, boronjuoaland molybdenum
are ignored. As a result, the application of chemiegtilizers does not
effectively replenish soil nutrients and the plants raisedhat soil lack
resistance to pests and suffer from slow and stuntedtigroAdvanced
methods of plant nutrition can triple or even quadrupkedpctivity of the
same hybrid seed.

In addition, the methods and timing employed for the appbn of chemical
fertilizers in India lead to low absorption by the plaets;essive wastage and

12



high cost. Achieving balanced soil nutrition can generagien rates of
growth with relatively lower levels of fertilizer application.

4) Progressive application of plant nutrients prior to planttag balance and
build up the fertility of the soil over successive crogpseasons.

5) Crops grown without proper nutrition are also poorerquality and more
perishable. They deteriorate more rapidly aftervésting, leading to high
post-harvest losses. Improved soil nutrition can exstorhge time, improve
taste and nutritional value, improve appearance and atbieve more
desirable qualities for specific purposes, such as lomgsture and higher
solids content from vegetables that are to be processed.

. Crop Selection

1) Crop Rotation is practiced to restore the nutrient vali¢he soil and to
reduce dependence on a single cropping pattern. Ang&aof a typical crop
rotation pattern suitable for irrigated lands in Tamil Nedgiven below:

0 Vegetable in fall
0 Maize in spring
0 Pulse in summer

2) Mixed Cropping Patterns are practiced even on small laldihigs in order to
maximize incomes, reduce dependence and vulnerabibity reliance on a
single crop and meet the varied nutritional needs ofatimdy. An example of
a several mixed cropping pattern for irrigated andlangs is given below:

a) Cropping pattern for 10 acres of irrigated & dry lands

0 3 acres maize, tapioca, sugarcane or sugar beehéorabt
1 acre banana

1 acre vegetable

1 acre pulses for edible olil

1 acre mango, nheem or amla orchard (irrigated or dry)
1 acre Casuarina (irrigated or dry)

1 acre jatropa (dry) for fuel oil

1 acre Paradise tree (dry) for edible oil

O O0OO0OO0OO0OO0Oo

. Irrigation & Water Management €rops grown in India often suffer from excess
of water rather than water deprivation. When plant systems are submerged
under water, the plant cannot absorb the oxygen negessanetabolise soil
nutrients, so it can actually ‘starve’ in the midst térpy. Methods commonly
employed in India for flood irrigation often deliver toauch water at the wrong
place and the wrong time for maximum benefit to the pldhtsven methods for
extensive irrigation can optimize the utilization of watdiile maximizing plant
growth.

. Advanced methods of production of transplants and seedidyanced methods
can ensure a healthy, pest free plant material thatdwssved all the nutrients
required during the critically important early stages ofrgho so that the genetic
material in the seed can fully express its potential.

. Pest Management Poor nutrition and poor water management practices als
make crops more vulnerable to attack by a wide rafigeests. Improving soil
nutrition generates higher resistance to pest attacks vimpeoved water
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management reduces the moisture content in which i{hests. A comprehensive
package of pest management practices can significardiyceethe risks and
losses due to pests.

. Timing & Schedule Management Effective application of agricultural

technology depends not only doing the right thinghie tight way, but also on
doing it at the right time. Each stage in the preparatidaraf, application of soil
nutrients, planting, weeding, irrigation, pest manageraedtharvesting needs to
be timed so as to maximize the benefits to the plants anidhinénwaste and
losses. Schedule management is essential for achievimgabpigrformance from
seeds, fertilizers and water.

Advanced methods for harvesting and post-harvest handlRroper handling of
crops during and after harvesting can result in a fsgnit reduction in damage
and wastage and significantly longer shelf life.

. Summary of Strategy for Irrigated Farm Lands

A.

Diversification of crops, including foodgrains, pulsgegetables, fruits and tree
crops, to focus on those that generate the highest pefacre under current
market conditions.

Application of rainwater harvesting techniques to imgravater retention and
plant growth and reduce soil erosion.

C. Improved soil nutrition to double or triple yield per acre

D. Mixed cropping patterns to reduce vulnerability to saadaharkets.

E. Linkages with agro-industries such as ethanol to peodssured off-take and

remunerative prices

. Strategy for Non-Irrigated Farm Lands

A.

Diversification of crops, including oil bearing and biass tree crops, fruits and
nuts, herbs, medicinal crops such as amla and neerfgcts on those that
generate the highest profit per acre with little or no water.

. Application of rainwater harvesting techniques to imgravater retention and

plant growth and reduce soil erosion.

C. Improved soil nutrition to double or triple yield per acre

Crop rotation and mixed cropping patterns to reduceerability to saturated
markets.

Linkages with agro-industries such as biomass power, jatfoph oil and
Paradise Tree edible oil to provide assured off-take@mdinerative prices

. Strategy for Agro-industrial Linkages

A

Educate farmers about commercial potential of each aghastrial crop.
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10.

B. Demonstrate methods for high profit cultivation at trainoceptres & on farm
schools.

C. Canvas farmers in each region to plant sufficient doeaone or more agro-
industries of each type.

D. Conduct business conferences in major cities to promese tgro-industries.

E. ldentify potential entrepreneurs and investors in d¢akly and approach them to
establish units.

F. Recommend establishment of cold storage and crop giogdscilities.

Farm Schools

Rapid introduction of advanced agricultural productiechhology can be achieved
by establishment of a national system of model farm sclioa@smonstrate and train
progressive farmers on the latest production technoldggse Farm Schools should
be supported by a network of regional training cen{ilRTC) providing technical
support on a continuing basis, the soil testing labs, amch fequipment hiring
services. The characteristics of the farms schoolglglie as follows:

A. Each farm school will be self-sustaining, profit-makifagm cum training centre
owned and managed by a farm school instructor-entrepre

B. The objective of each farm school will be to demonstratdtipe cropping
patterns suited to the local soil and climatic conditiond d@n generate a
minimum of Rs 50,000 per acre annual income frongated lands and a
minimum of Rs 10,000 or more per acre from rainfeds.

C. Each farm school should consist of a minimum of tensacfarrigated and rain-
fed farm lands owned by the instructor-entrepreneleased from farmers in the
village, a computer system with internet connection linketthe regional training
centre and a classroom teaching facility.

D. Demonstrations and training will be carried out on larnesed by or leased from
farmers, so that they will have maximum impact.

E. Capital expenditure by the farm school entrepreneurscamputers, farm
machinery and teaching materials as well as crop ctitivdoans will be
financed by banks through a special state-sponsorezigral credit scheme.

F. Certified farm school instructors who enlist a minimum @&8udents per annum
will be eligible for continuing technical support from tR&C in the form of:

1) Access to a high quality, soil testing lab at the RTC capableccurately
analyzing the complete spectrum of plant nutrients.

2) Access to an expert computer program for analyzing ®/pes and
recommending best practices to achieve maximum yreddpaofitability.
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12.

SrACTIONMOOWR

3) Access to priority use on a hire basis of the specilizem machinery
required for deep ploughing and soil treatment to b&iged by or through
the RTC.

4) Access to Internet and CD-Rom-based training matersagded to accelerate
transfer of knowledge to lead farmers.

. All cultivation on the farm schools should be done bylehi farmers enrolled at

the school and drawn from the local population. Studemsldlbe charged a fee
for enrolment in the programme which entitles therpddicipate in classes and
demonstrations, provides them access to informatiom fthe computerized
intelligent system and computerized training materialsyelsas priority access
to specialized farm machinery.

Each farm school should achieve a minimum averageal revenue of Rs
50,000 per acre for irrigated crops and Rs 10,00@ge of rain-fed crops.

Training Curriculum

Crop economics

Crop selection methods

Land preparation

Deep ploughing & rainwater harvesting techniques
Soil analysis & plant nutrition techniques
Pest management practices

Irrigation scheduling & methods

Crop maintenance practices

Harvesting methods

Post-harvest handling

Agro-industry & agri-business opportunities
Marketing

. Teaching and communication skills

Benefits of the Strategy

Concerted efforts to apply the solutions listed above resalt in dramatic benefits,
raising millions of people above the poverty and uskeirina Prosperity Movement in
the country. These benefits will include

»

»

Higher farm incomesincomes from both irrigated and non-irrigated lands lwa
raised by a minimum of 100%.

EmploymentThe strategies described in this paper, when fully imptged can
generatemore than 14 million on-farm and non-farm employmeniasfunities
around the country.

Poverty Alleviation: Lower food production costs, higher farm incomes and

additional on-farm and non-farm employment opportunitees @ise millions of
families above the poverty line and usher the rural artagprosperity.

16



Development of Cultivable Wastelan@ultivable rain-fed lands in private hands
can be made far more productive, resulting in higheorires to families living
below the poverty line, year-round employment oppdties) generation of
renewable energy and stimulus to agro-industrial enser

Improved Water Managemempplication of advanced techniques for rainwater
harvesting and water management will result in substantiadase in crop yields,
reduce rainwater run-off and soil erosion, and reghgroundwater.

Renewable energymplementation of this approach can lead to establishofen
more than 40,000 MW of biomass power plants in thanty based on
renewable energy over the next five years in additiggraduction of more than 7
million tons per annum of bio-fuels from ethanol and jadrop

Rural industrialization:The cultivation of irrigated and non-irrigated crops with
assured industrial potential, including maize, tapioca, sughr beet for ethanol
production; Casuarina, bamboo, prosopis and otherctogs for biomass power;
Paradise tree for edible oil and jatropa for fuel oil caulten the establishment
of around 8000 new rural industries supported byialde decentralized network
of rural power plants.

0 4000 biomass power plants of 10 MW each

0 2500 jatropa oil extraction units

0 1000 Paradise tree oil extraction units

0 250 ethanol fuel processing plants

» Higher GDP:Higher agricultural productivity combined with agro-indusstri
can generate more than Rs 100,000 crores per aohaduitional GDP in the
country. The wasteland and energy related programaineg can generate Rs
70,000 crores per annum as shown in Employment k-egueller unit will
generate year-round, non-farm employment for apprately 10 persons.
Therefore, establishment of 550 units will generate amuinm of 5000
additional jobs, which is insignificant compared to thererous on-farm
employment generation.

Appendix 5.
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Appendix 1: Energy Plantations for Biomass Power Generation

Cultivation of fast-growing trees such &3asuarina equistifolia, bamboo, and
eucalyptusand bush crops such asosopis julifloracan serve as biomass fuel for
establishing a national network of decentralized rural pgue@nts. These power
plants, ranging in size from 10-25 MW, can generateighnds of megawatts of
power from renewable, forest-based fuel sources tost-effective manner. This
would reduce India’s dependence on imported fuel silmjulate private investment
in the power sector, and generate massive incomemptbyment opportunities for
the rural poor.

A. Energy Plantations

Casuarina is a fast growing tree that can be cultivatethanginal waste land and
harvested on a rotating basis from the third to foyghr onwards. Casuarina is
already commercially cultivated over wide tracks in thgtlsern states, primarily as a
rain-fed crop for fuel and construction. It can alsabed as pulp for papermaking. It
has been found an excellent species for environmentéiotof erosion, stabilization
of soils and reclamation of poor soils. Casuarina hadagific value of about 3500 k
caloriesand contains less water than most wood species.

» One hectare of Casuarina under rain-fed conditions wasiupe on average 200
tons of fuel in four to five years, an average oftd®0 tons per annum under
rain-fed conditions. Under irrigated conditions, yielderaging 150 tons per acre
per year can be obtained.

» It requires 10,000 tons of Casuarina to generate @uyawatt for a year.

» By harvesting the crop on a rotating basis, a standimggtlan of 250 hectares is
sufficient to generate one megawatt of power. A 258€tdre Casuarina energy
plantation can support a 10-12 MW power plant.

» Assuming a net farm selling price of Rs 700 per tow loectare of Casuarina can
generate year-round net income of Rs 28,000.

» Each hectare of Casuarina requires approximatelyr2@0-days per annum of
labour input. Therefore, a 10 MW power plant woulcherate 2500 year-round
on-farm jobs.

Prosopis is a thorny plant that already grows wild on ektersseas of wasteland and
serves as a fence, but is not being harvested or utfiimecbmmercial purposes. It
grows rapidly, producing about 10 tons of biomassioy-weight basis per hectare
per annum. The wood is hardy with calorific value lobat 4000, as compared with
3000 for coal. It grows well in sandy, loamy, sodaljree, alkaline and marshy soils
with very little input and at very low cost. The biomassaisexcellent raw material

for power generation. A 1000 hectares of rain-fed gpizsscan provide sufficient fuel

to generate one MW of electric power.

» One hectare of prosopis under rain-fed conditions caduge on average 10 tons
of fuel per hectare per year, from tH&y&ar onwards.
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» By harvesting the crop on a rotating basis, a standargation of 1000 hectares
is sufficient to generate one megawatt of power. AA@}ictare prosopis energy
plantation can support a 10 MW power plant.

» Assuming a net farm selling price of Rs 700 per tore hectare of prosopis can
generate year-round net income of Rs 7,000.

» Each hectare of prosopis requires approximately 1006-aags per annum of
labour input. Therefore, each 10 MW power plant based®000 ha of crop
would generate 5000 year-round on-farm jobs.

B. Economics of Cultivation

Table 2: Economics of Energy Plantation Crops

Casuarina Prosopis
Initial cost of cultivation 1 year (w/o labour) Rs 2000 Rs 500
Gestation period 5 years 3 years
Capital cost till harvesting begins/hectare Rs 6000 Rs 500
Average yield per hectare per year 40 tons 10 tons
Price per ton (net at farm) Rs 700 Rs 700
Average annual gross income per hectare Rs 28,000 Rs 7000
Average annual net income per hectare Rs 27,000 Rs 7000

from year 5 from year 3
Plantation for 10 MW power plant 2500 hectares 10,000 hectares
Employment generation per plantation (year- 2500 persons 5000 persons
round) per 10 MW power plant (1 job per ha) (1 job per 2 ha)
Average annual income per on-farm job Rs 27,000 Rs 14,000

C. Power Plants

» Mini-power plants in the size range of 6 to 25 MW utilizibigmass such as
Casuarina, prosopis and paddy husk are already apmhtind commercially
viable in several Indian states.

» The local power plants will provide an assured marketterenergy plantation
crops at pre-negotiated prices and reduce the cosamgporting the crop from
field to market.

» All power generation equipment is indigenously fabricated readily available.

» The power plants will cost approximately Rs. 3 crores megawatt. The low
capital investment in the power projects will make themaetitre to Indian
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entrepreneurs and reduce dependence on large poojectp with long gestation
periods and foreign investment.

» Based on a farm sale price of Rs. 700 per ton forfuleg the cost of power
generation is Rs. 3.00 per unit, compared to Rs 2.6@dal and Rs. 4.00 for
petroleum based power plants utilizing imported fuels. dditeon, wood
generates far less pollution than either coal or oil.

» Additional employment will be generated for transportatiofuef and operation
of the power plants at the rate of approximately 20quergper MW. Therefore
each 10 MW unit will generate a minimum of 200 non-faolms. Generation of
20,000 MW of biomass power from Casuarina would terean additional
400,000.

D. Programme Benefits
These rural plantation and power projects offer a vadeadvantages:

» Establishment of 10 million hectares of energy plantatidh bve sufficient to
generate 40,000 MW of power generation

» Taking very conservative estimates of total job creatatijvation of 10 million
hectares of energy plantations alone will generates dyregt-round on-farm
employment for 5 million persons and on-farm income @oa-farm employment
for an additional 800,000 persons.

» Purchase of fuel from rural families generates rural jabd rural prosperity
rather than expenditure of foreign exchange.

» Power plants can be located in every district and talugeotduntry, providing
the essential infrastructure for rural industrialization.

» Local power distribution will also reduce transmission lossa®s the current 18-
13% down to 10%.

Locally grown bio-fuel will reduce dependence on imparigels.
General improvement in water harvest and increasesitheail water table.

Better soil Conservation and fertility improvement.

vV VYV V V¥V

The expansion of forest area will increase rainfall, cedie run-off of rainwater
and raise the water table throughout the country.

Appendix 2: Bio-Fuel from Jatropa

Cultivation of oil bearing crops such as jatropa on baigated and medium grade
cultivable wastelands can serve as an economically @tadternative to the import
of fuel oil. Establishment of local oil extraction units catimslate rural
industrialization. Establishment of 10 lakh hectares of jatpiisaeds plantation will
be sufficient to provide 10 lakh year-round employtregportunities.
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This plant was introduced from Africa, where it growsthe wild. A wild species

already grows in India and is often used as a fenge. dibe plant produces large
guantities of seeds which contain up to 35% oil. The ail Bo-fuel and substitute
for No.2 diesel and kerosene. It can be blended ireldiastor fuels up to 15%. The
cost of production is competitive with other fuel oils. Ini&dd, curcas oil can be

utilized in the manufacture of soap, paints and varnishie oil cake is highly

nutritive as an organic manure which is superior to ppultanure. The crop starts
yielding from the 3rd year and continues bearing2f30 years.

* Planting pattern — 1200 plants per hectare @ Rs 2 per plant

= Cost of cultivation per hectare — Rs 3000 in 1st yeaplamts & fertilizer
(labour till maturity not included)

= Gestation — yield from 3rd year onwards

» Farm yield per hectare (rain-fed) —
0 2250 kg of oil seed containing 750 kg of oil
0 1500 kg of oil cake

0 1000 kg of pulp manure (nitrogen rich manure can lee ts extract
biogas for power generation and then used as a fen}ilize

= Sale price of farm produce — Rs 5/kg of seed; Rs 3-difeake, and Rs 1.50-
2.00 /kg of manure

» Income of farmer per hectare (rain-fed) — Rs 18 @0annum from 3rd year
onwards

= Value added income of oil industry — Rs 6,000 per hegiar year

» QOil Produced — 750 kg per hectare valued at Rs 20 perfg 15,000. Yields
from irrigated lands will be 100% higher.

= Employment — 100 man-days per hectare per year

* Proposed area for cultivation — 5 million hectares in yioars
» Total employment — 2.5 million permanent jobs

» Total income generated — Rs 7500 to 15,000 crores

Appendix 3: Edible Oil from Paradise Tree

Cultivation of edible oil bearing crops such as Paradise ®reboth irrigated and
medium grade cultivable wastelands can serve as anormamally attractive

alternative to the import of edible oil. Establishment of lathextraction units can
stimulate rural industrialization. Establishment of 5 million hexsasf Paradise Tree
oilseeds plantation will be sufficient to provide 2.5 milliogay-round employment
opportunities.

Paradise Trees{maruba glauca) is a Brazilian oilseed bearing, drought-resistant,
high-yielding, perennial ever-green tree ideally sliter dry land areas of India. It
grows under rain-fed conditions and requires minimplig. It starts bearing seeds
from the & or 4" year. The seeds contain 50% oil, which when refiisegery
similar in characteristics to groundnut oil. India currentlyduces 18 million tons of
edible oil per annum, a shortfall of 3 million tons less tlamrent domestic
consumption. The National Oilseeds & Vegetable DevelopBeard has already
identified this crop and recommended its widespread ctittivan India. Cultivation
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of 10 lakh hectares of Paradise tree over five yearsnmezet the country’'s entire
shortfall in the edible oil production.

Planting pattern — 250 plants per hectare @ Rs 10 per plant

Cost of cultivation per hectare — Rs 3000 in 1st yeapltmts & fertilizer
(labour till maturity not included)

Gestation — 3-4 years

Yield per hectare —1500 kg seeds & 750 kg oil fom@fed), 3000 kg seeds &
1500 kg oil for (irrigated).

Sale price of oil — Rs 30/kg (assume Rs 20 to farmeL,0Re expeller)
Income per hectare (rain-fed) — Rs 15,000 per anmom 4th year onwards
Edible oil produced per hectare — 750 kg

Proposed area for cultivation — 5 million hectares in f@ars

Employment — 100 man-days per hectare per year

Total employment from 5 million hectares — 2.5 million pernmajabs

Total income generated — Rs 10,000 crores

Appendix 4: Oil Extraction Industries

Oil can be extracted from both Paradise seeds and £brcaneans of small oil
expeller units suitable for operation in rural areas. Histabent of 550 units to
process the oil from these plantation crops will serve astimulus to rural
entrepreneurship and rural industrialization.

Investment per 10 ton per day oil expeller unit — Rs 10slaincluding

o0 Plant & machinery — Rs 5 lakhs

o Civil works — Rs 5 lakhs
Capacity — 10 tons of oil per day, equivalent to 400@anes per annum
Number of expeller units —

0 250 expellers per million hectares

0 2500 expellers for 10 million hectares
Employment — each expeller unit will generate year-roond;farm
employment for approximately 10 persons. Therefeseggblishment of 550
units will generate a minimum of 5000 additional jobs, Whginsignificant
compared to the enormous on-farm employment genaratio
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Appendix 5: Employment & Financial Summary

Project Total Area Investment Income Job Gestation
Proposed (Crore Rs) Generation Creation
(Ha) (Crore Rs) (year-round

full time jobs)

Energy plantations

Prosopis 5M ha Crop 250 6,250 5,800,000 3 years
Casuarina 5M ha 2,500 13,750 5 years
for 40,000 MW | wasteland | Power 120,000 82,000
Oilseed plantations
Edible oil 5M ha Crop 3,000 11,000 5,000,000 3-4 years
Fuel oil 5 M ha Industry 250 7,000
wasteland
Horticulture & 1M ha Crop 4,500 4000 1,000,000 1 year
Medicinal Plants wasteland
Ethanol plantations 0.5 M ha Crop 3.000 7,000 2,200,000 1 year
irrigated IndustEy 13,000 4,000
Power 8,000 3,000
Total 21 M ha Rs 154,500 Rs 138,000 14 Mjobs
wasteland crores crores
+05M
irrigated

2 Assuming that most of the ethanol production cama result of increased sugarcane cultivation and
higher yields, the begasse generated would becguifito produce 2600 MW of power.
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