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As for co-operation, T have cited a few instances of its power. In 1943,
when the buffilo owners of Kaira District went to Sardar Patel 1o com-
plain  about their marketing difliculties due to exploitation by milk
merchants, he replied that the obvious solution to this problem was to
organise the dairy industry on a co-operative basis, He further advised
the farmers to set up their own dairy processing unit, This was the seed
for the growth of the Kaira District Co-operative Milk Producers’ Union,
which has brought prosperity to the formerly helpless owners of one or
two buffaloes and has become a model for all parts of the country to
emulate.

Our political freedom depends on rapid economic growth and
this in turn depends on our performance in agriculture. The future of
our agriculturg in its turn depends on the success with which we can help
the small and illiterate farmers to take the many small steps which alone
can lead to a great agriculture. Science can only show the way; it is for
us, the educated and the privileged class, to provide the will.

Jai Hind !
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set of examples which were valid at that time.  We should not make the
mistake of rejecting the principles because some of the examples used by
Gandhiji forty  vewrsage may be out of date in the Light of modern
science.  On the contiary, science and technolosy have in their search
for a productive agriculture compatible with human crowth and human
welfare, uncovered the very same principles swhich Gandhiji arrived at by
a different ronte.  If we can take the steps necessary to cvolve the kind
ot agricultural system I have described o far, based on  the rnost
advaneed principles of biclogical science, we can probubly cliim to have
developad a Gandhim Agricultare, because this would he an agriculiure
where Gandhian concepts become manilested in the form of an advanced
rural economy, benefiring a1l sections ol the commurnity.

. To achieve this, the tool has to be education, and the chosen
method, co-aperation.  Social synergy has to be released by using appro-
priate educational and organisational methods as catalysts.  Tn addition
to oflicial extension ugencies, we have numcrons workers belonging to
the Gandhim and Sarvedaya movements, missioniary groups, veluntary
service societles and others, who are dedicated servants of (he rural poor,
strugnling with zeal and devotion to transform the face ol rural India.
What they Lk are the teols and the widerstanding of & modern aoicul-
tural technology which can help them o achieve their aims.

Transferring technology to the masses

Tiwe techuology s now becoming available but the mechanisi for
bamslerring it to the illiterate and small wsers in an effective manner does
not exist. Tronically, there is a global communication nerwark which
makes the latest findings of science available almost immediately (o
research workers i oany corner of (e world 5 but what s urgently
needed is such o conmunication network at the service of the poor
farmer in our conntrs. Tt is not only knowledge that is necded, but an
approach which will be wble 10 supply the right knowledge and tools to
N . the right people at the right tine and place.  The worker on the spot,
whether he is an agricultural oflicer, a teacher, a aram sevik or a social
worker, must be able to identify the local problem ar need which will
act as a catalyst for promoting co-operative endeavour in that aren—it
may be lift irrigution in one place, dairving in another, pest control in a
thivd, ~upply of farm machinery ar fish fiugerlings in a fourth and
marketing in a ifih.  Tn this network, the mass communication media,
particularly the radio, television, cinema and the language press, have
a very important role to play ; so have the research and the extension

worker, the education system and the drive for technical literacy.
In an earlier lecture in this series, Dr. Zakir Husain explained
how we could tailor educition to the needs of ecconomic recoustruction.,
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The Tudiyalur Co-operative Society has been providing total service to
about 8000 cultivators in the Coimbatore district. The Syndicate Agri-
culture Foundation, Manipal, the Mahatma Gandhi Lift Irrigation
Co-operative Socicty, Gaddipalli, Kerala Development Society, the Musahri
Plan initiated at the suggestion of Shri Jayaprakash Narayan, Food and
Marketing Centre, Jamshedpur, the Agricultural Institute at Kosbad Hill,
Shri Shivaji Council for Education and Extension, Godegaon, the Saman-
way Vidyapeeth, Bodh Gaya, Kishore Bharti, Hoshangabad, and several
other organisations in different parts of our country are helping to uplift
the economy of the poor. Various missionary organisations have been
actively involved in educational and developmental work in the field of
agriculture, The Aurobindo Ashram at Pondicherry runs a farm based
on recycling principles.

The Archbishop of Trivandrum, for example, has personally tested
and popularised new varieties of tapioca, hybrid napier grass and other
strains popularised on a large scale. Our Rashtrapati, Shri V.V, Giri,
in his integrated scheme on land colonisation has given a detailed outline
as to how the benefits of agricultural transformation can be transmitted to
educated unemployed youth on the one hand and landless labour on the
other. Such colonies could become centres of generation of social synergy.
All these examples need to be multiplied as fast as possible,  This can he
done, provided at the village level (here is a combination between those
who possess technical knowledge and those who are devoted to social
service and both together identify the most important need of the village
in getting its economy moving. If the need is correctly identified, and then
properly attended to, it will act as a catalyst In releasing synergy. An
important task of social workers is hence the identification of catalysts
which can bring home through tangible economic benefits the value of
co-operation to the small and marginal farmers.

I have so far spoken about an agriculture in which the ccological
advantages of the different parts of our country can be maximised and
the hazards minimised through appropriate Jand and water use planning,
in which high synergy crop and animal production systems arc introduced,
recycling procedures used to promote a high growth rate in productivity
on the basis of renewable resources of energy, farm and factory are closely
linked, maximum economy and efficiency effected in the use of all
resources, export markets nurtured through continuous attention to the
changing quality needs of the clients and a fair and remunerative return
assured to the primary producer. This is an agriculture based on ecolo-
gical awareness, in which synergy, harmony and economy are the basic
principles, and of which recycling is a tool. These are in cssence the
principles on which Mahatma Gandhi developed most of his concepts of
rural reconstruction, though he used a different language and a different
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Our Agricultural Balance Sheet :
Assets and Liabilities

Food is a basic requircment in the hicrarchical needs of man, The
successful domestication of plants, animals, soil and water by settled
human communities has hcnce been the starting point for the evelution
of culture and orderly Government. Sardar Patel often stressed this fact
by emphasising that the only culture he understood was agriculture,
Ironically, the very centres of civilization, where the domestication of
plants and animals took place in the past, are the areas which are strugg-
ling today to find an honourable equation between population growth
and food supply on the one hand, and population growth and opportuni-
tics for produgtive and remunerative employment, on the other. The
secondary and tertiary centres of origin of agriculture have, in contrast,
more than cnough to eat and constitute the developed or rich nations of
the world, It has been estimated that in the poor nations, which have
contributed most of the domesticated plants and animals to the world,
ncarly 800 million individuals, live under conditions of absolute poverty,
resulting in protein-calorie malnutrition, squalor, illiteracy and disease,
Again, ronically, the lands of the poor have often greater biological
assets, the most important of which is abundance of sunlight throughout
the year, rendering the historic concept of cereal inapplicable., This
word refers to crops which grow during only part of the year, being
derived from the myth of Ceres’ happy seasonal reunion with her
daughter. In our earth, appropriately comparcd to a spaceship by Buck-
minister Fuller, the first class compartment, which the rich nations as
well as the rich of the poor nations occupy, is consuming a greater and
greater proportion of the available resources, thereby making life for
those living in absolute poverty more and more hard. Those living in
the first class compartment of the spaceship have forgotten the meaning
of the prayer “God, give us our daily bread”, while for the vast majority
of humanity squeczed into the small second class compartment, *“God
is bread”, to use the words of Mahatma Gandhi. Why are we in this
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state of paradox ? Why do plants seem to be unhappy and hence not so
productive intheir historic native homes 7

Contrasting trends

The state of food and azricuture in the world shiows (wo contrasting
trends.  Inone kind of agrieniture, larger and larger farms wre heing
farined by fewer and fewer cultivators.  Such fums are hichly automated
and capital-intensive. Let me cite an illustration, A recent article on
computerized firming in Culifornia tells how o firm called Superior Farin-
ing Company, owned Ly a Texas Oil Company, raises 26 different crops
on about §,000 hectwes, with Iind and  equipment worth abour Re, 30
crares. In this agri-husiness, an irrigation system, called the drip method,
brings individaally piped water to every frule tree and resulate the flow
to o trickle, supplying exactly what cach tree needs and no more, Under
such systems of farning, not only Is the officiency of use of inputs like
water and lertilizer high, but labour productivity adso i very high. In
one study conductad during the mid-filties, it was found that while in
many countries of Asia and Africy about 2.5 1o 10 work days were needed
to produce one quintal of grain, the extent of labowr tme needed w
produce the same quantity of vrain was abont 3 howrs in patls of Trance
and only G to 12 minutes In parts of the United Stares,  The gop
in the refative productivity of fom labour was therelne about 1 1o
GO0 cven over 13 vears oo and this gap, whicl also represents the rela-
tive earning and purchasing power of fin Labour, Lus been growing eve
e,

In many of the poor nations, iucluding our own, s dler and smalter
farms have to be cultivated by the same or even lareer number of
farmers. The percentage of wark force employed in furming i India was
72.1 in 1971 and it is anticipated that this percentage will remain practi-
cally unaliered in 1981, The relative productivity of small farms, how-
ever, varies widely in the world,  Mr, RS, MceNamaa, President of the
World Bank Group, pointed out vecently that “if Japin could produce
6,720 kg. of grain per hcctare on very small farms in 1970, then Africa
with its 1,270 ke, Asia with 1,730 kg, and Latin America with 2,060 ke,
per liectare have an enormous potential for expanding productivity™

Agricultural growth

Besides furm size and land and labowr productiviey, the other two
major differences in the agriculture of the rich nations as compared to the
poor ones, arce in the pattern of agricultural growth and the nature of the
food chain. The mechanised and low-libour consuming agriculiure has
achicved increased productivity largely on the basis of a high consumption
of encrgy derived from the non-rencwable resources of the earth.  Thus,

L2l
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srives o moaximise the suceess of the group,  Samce ol the approaches 1
describud eartier, such as ensouraging children and stndents to take up
vceonamic projects in i respousible way, aund vnking them with acadenic
sicvess, would be good examples of social synerey ol work,

This is not however the ouly means of achieving the soul. Tnou fee
cconwmy, it is possible to conceive ol & svetem whereby farmers could be
mativated 1o produece what the nation considered necessary. This would
involve a very complex set of arrangements including priciee, avadabtlity
of inpues. technival knowledoe, land ownership and o vaviety of other
things,  lowever, it is clear that slogans and appeals o the secial enn-
scicnce cannot work, except for shert periods during national crises.
fGrow More Food™ o»r “Seilreliance’ are not adequuee a5 methods to
persuade farmers even (o grow anyilime, leave alone to do oso inan
coclogically bidanced manner, It requibes ot more widepread and
dypamic movement of socicty to bring aboul snch chonees. L other
words, it reguires a release of synergy,

a
H

I have been tulking about individuals and societs. Tt nuy be asked
who [s the “Individnal’ whose interests have to he daentified swith the
sacia] interest?  Whearnm s e new technology to serve?  The Just task iy
to ilenify the dividuad, T will begln by stating the obviows, The
ey of India, who must be served bathe new toehnolouy o such a
voay as o release social svneroy, has three qrudifications. Heds essenially

o« sadl Lo, poor and Hinenate,

A techmnology for the poor farmer

Il slozaus such as the rausformation ol raal e, or the acideses
mment of srowth with social justice are 10 be teanslated dnto reality, then
the new technolegy must be such that it can be adopted by the small,
poor and illitevate farmer. Do we Tave such a techinelagy? - Yes, but as
I explatued at the beginning of this tall, ity adeption particulady during
the south-west monsoan season regnires o certun degree of co-operative
effort and w changed eutlook., These in turn imply farreading changes in
education and social organisation as prerequisites,

Let me gquote a few encouraging examples of what I mean, hefore
I close.

Here and there o our countryside, but unfortunately only rarely,
we see striking examples of the cconomic benefit that can acciue to small
enltivators by co-operative action.  The Bhartiya Agro Industries Founda-
tion at Urli Kanchan near Poona has sponsored a whole set of co-operative
activities like Lill irrization, dalrying, poultry and joint farining based on
the concept of uplifting the rural pror Lthrough the latest agricultural and
animal hushandry techniques. The work of the Kaira District Co-opera-
tive Milk Producers’ Union, Anand, is too well known to need deseription,
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first applicd the concept of synergy in social sciences, says and 1 quote,
“Societies where non-aggression is conspicuous have social orders in which
the individual by the same act and at the same time serves his own
advantage and that of the group...Non-aggression occurs in these socielies,
not because people are unselfish and put social obligations above personal
desires, but because social arrangements make these two identical.

Cultures with low social synergy are those in which the social struc-
ture provides for acts which are mutually opposed and counteractive, and
cultures of high synergy where it provides for acts which are mutually
reinforcing... In cultures with high social synergy, institutions ensure mu-
tual advantage from their undertakings, while in societics with low social
synergy the advantage of one individual becomes a victory over ancther,
and the majority who are not victorious must shift as they can.”

According to Abraham Maslow, “The high synergy society is the
one in which virtue pays...High synergy societics all have techniques
for working off humiliation, and the low synergy societies uniformly do
not.”

To a biologist like me, there is sufficient evidence in Nature to prove
that symbiosis, or the process of mutual assisiance and support, is a neces-
sary ingredient for syncrgy. However, it seems that the very concept of
syncrgy has been very little used, or even understood, by social scientists
in its application to man. Ruth Benedict was onc of the few social
scientists to apply this concept to societies, and it has becn later developed
by Abraham Maslow, who is, significantly enough, not considered an
orthodox psychologist. A very significant definition of social synergy is
the one I just quoted. From this, it appears that there is a close correla-
tion between synergy and non-violence, a fact which should be of interest
to us in the country of Mahatma Gandhi. TFurther, the high synergy
society secems to be another name for what Gandhiji described as the
Sarvodaya society. It Is also evident that our society as at present orga-
nized is a low synergy society. What steps can we take to ensure that we
move from this to a better state of affairs?

Individual and secial goals

Individual goals have to be made to coincide with social goals. This
can be donc in many ways. The Communist countries have found their
own approaches. Russia, China and Israel have all found their own ways
of ensuring this merging of individual and social goals. Most of thesc
methods are related to the practices of child-rearing and education, In
Sovict Russia, for instance, the system of rewards and punishments in
schools is such that the individual is rewarded only when the poor group
succeeds. At every stage, the success and happiness of the individual is
related to the success of the group in such a way that cach individual
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while in 1964, about 286 kilo calorics of energy were needed in countries
like India and Indonesia to produce onec kg. of rice protein, 2,860 kilo
calories of energy were needed to produce one kg. of wheat protein and
over 65,000 kilo calories to produce one kg, of beel protein in the United
States. Such a situation has now resulted in a widespread awareness of
the simple truth that any finitc resource, if exploited in an exponential
manner on the assumption that the resource is infinite, will some day or
the other get exhausted, thereby bringing the pattern of growth based on
its consumption to ruin. It has also become clear that thc tools of
modernisation of agriculture, like pesticide, fertilizer, farm power and
water, if indiscriminately used and excessively, based on non-renewable
resources, will end in crises, now referred to as  ‘ecological crises,’
“energy crises” and so on. For example, 96 per cent of the energy input
in the United States in 1970 came from oil, gas and coal, while in the
same year non-commercial fuels like dung, firewood and wastes provided
52 per cent of our energy needs. The reserves of the fossil fuels are
expected to decline rapidly in the next 30 years and even now, we have
started witnessing some shortages of the most desirable fuels. Qur agri.
cultural production process is still predominantly based on the use of
rencweable resources but our current productivity is very low. Hence,
there is urgent need for the development of technologies where the pro-
ductivity of land can be continuously increased with diminishing depend.-
ence on non-renewable components of energy, by deploying recycling
processes more and more effectively. A consequence of the agriculture
of the high-energy-consumption and low-labour-input pattern is the diver-
sion of labour from agriculture to more industrial pursuits and a close
linkage between farm and factory. Diversification of labour use, leading
to a reduction in the number of pcople employed in the physical opera-
tions of farming, has historically been associated with a rise in the stand-
ard of living.

Contrasting food chains

A biological consequence of affluence has been a risc in the consum-
ption of animal products, The poor and rich nations are hence charac-
terised today by the former depending largely on the plant-to-man food
chain and the latter, on the plant-animal-man food chain. Conse.
quently, the average per capita consumption of grain is about one tonne
per year in the developed nations, out of which only about 70 kg. are
consumed directly in the form of bread, biscuits, cakes and other products

made from flour. The remaining 930 kg. are used to feed animals whose

products like meat, milk and eggs are consumed by man. In contrast,
the per capita consumption of grain per year in the developing countries
is about 190 kg., most of which is directly consumed.
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To sumnuiise, the two major conuasting svstems of agriouiture
we sce today differ in the size of furmi, the propmtion of work force
employed in agiiculture, the types of linkages developed between lTarm
and factory, the extent of consumption of non-renewable resourees of
energy, management efliciency, per capita productivity and income and
the extent of use of animal produets in daily diet.  Our need s an agri-
cultural system where the benefits of w large human und animal popula-
tion, robust soils, abundant sunlight, rich ecological diversity, availability
of large quantitics of organic wastes and a fairly extensive lrrigation net-
wotk are optimiscd in a manner that prodectivity iy continunsdy in-
creased without dimmage to the long teem production potentiad of the
soil, stability is imparted o e production as well ws prices of [oodgrains
and labour and lund wse diversified, s¢ s to inerease real income and
purchuasing power.  The mode of achieving these poals was summed up
beawtilully by our President Shei V.V Girk when he called wpon ns 1o
make “Every acre a pasture and every home a factory™.

About 10 years azo, some foreign experts helieved  that India could
never become selfosullicient inits food reguirements. They predicted the
outhreak ot widespread fmine suxd hunger in hudia onthe basi of theo-
retical caleulations of the vear when e food needs of the poor THLLIONS
would exceed the capueity of the rich nations to meet them, Panl and
Willinm Padduck, for example, fixed this vear as 19750 Some others Telt
that such a coutinsency woull arise only in 1983, Our failure w achieve
during the nineteesw fifties and caly sixties the acipated resalts wilth
the Community Developnunt and the Tutensive Agrienttural District
Programmes fanned  the sentiments of the pessimists. 1t was wadely
believed that in our rural areas developmental action and achicvement
were being impeded by the limited sights of our Luming community.
Lxperts wondered why we should find it so difficult to hecome sellreliant

in owr food needs, when there appeared to exist several casy pathiways of

attaining 1his goal.  An expert on rodent control would thus advocate
the control of tats to wipe out the deficit in our food budget, while the
agronomist would plead for using good seeds and some fertilizer for achi-
cving the sume end. The fact remained, however, that progress in
improving production was slow and largely took place through an iucrease
in the cropped and inigated area, rather than through any appreciable
increase in productivity. The economic plight of the small farmer
remained unchanged since his real income would  rise ouly if producti-
vity was improved and marketing organized so that the smull producer
got a fair share of the price paid by the consumer for o commodity.
While Covernment was anxious to push up agricultural production and
Jawahailal Nehtu gave expression to this desire by his oft-quoted state-
ment “Everything clse can wait but not agriculture”, there was despair
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Indian Council of Agricaltural Research is proposing to set up . number
of Krishi Vigyan Kendras to impart technical literacy 1o practising far-
mers, fishermen and others. These Kendras would select in cach area
such means of cconomic vrowth which are most likely o give major bene-
fits 1o the poorest sections of the community,  Tn other words, those who
are setting up a Krishi Vigyan Kendra will fiist have 1o make @ swrvey of
the agriculture] potential of an area and then identify those aspects of
growth which could help to improve the purchasing power of the poor.
For example, in an exercise done in the Union Territories of Pondicherry
and Karaikal, where Krishi Vigyan Kendra has been approved for estas
blishment, 1t was found that the following arcas needed immediate atten-
tion, if the poor ave to be benefited:

{1} Improving the income and reducing the under-employment of

over 10,000 fishermen.

t2) Dmproving the average per hectave vice yield 1o about 2006 ke,

as soon as possible from the existing 1,408 kg,

5 Introducing a scientific animal hesbandoy programme in order
to produce more milk both for mnarkeiing in Madras city and for making
mitk powder,

A similar K
like tubewell technology, repals of implements and tractors and  scienifie

v Vievan Keswdroo in Paagds mae dead wide wopics

multiple cropping.

Havine aualy-ed the most effective methods of mproving the income
of the poorest sections of the community, and identified the major throsts,
the Krishi Vigvan Keudra has to provide traiming which will help the
trainees to initiate change in their respective occupations,  For example,
in the case of the Pondicherry fishermen the training will he in the area
of coastal aguaculture, which will help themn to undertake fish culture
in enastal estuarivs, in addition to improving the teehniques of fish capture.
Similarly, the animal husbandry programme will impart «kills in genetic
upgrading, cultivation of nutritious grasses and legumes as well as the nse
of wastes enriched with wies as feed, health care threngh sanitation and
immunisation and better processing and marketing techniques.

Even if we are able to provide the educational infrastructure needed
for agricultural reconstruction, we would stili have to develop a social
organisation which can help small f{armers 1o overcone the limitations
arising from the small size of farm holdings, lack ol capacity (o purchase
the requisite inputs and inability o get a fair price for the produce. To
achieve this aim we will have to devise strategics to generate social
sYnergy.

Social synergy
What is social synergy?  Ruth Benedict, the anthropologist who
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would help to generate a greater sense of sclf-confidence and self-reliance
on the part of the student. One approach to achieving this aim may lie
in making an in-built provision in each one of our developmental projects
for students’ participation.

Student work should not be regarded merely either as social service
or fraining but must become a distinctive and advantageous purt of the
project. If this approach is accepted by the Project authorities, students
can become a source of great strength and dynamism to the Project, if
they are properly trained and deployed.

What I have in mind is that every university student must be emplo-
yed in an appropriate Plan Project for a period of two months every year,
while he or she is in the University. A semester system of coursc-curri-
culum organisation would help in the implementation of this idea, al-
though this is not absolutely essential. The summer vacation ean be
restricted to one month, so that the formal teaching programmes do not
suffer. The assignment of studeuts to various projects will nced proper
planning and adequate consultation between the universities and Project
authorities. Needless to say, the assignment of students will be based
on the principle of learning through work and would hence involve a
planned matching of the field of study with the field of work., Thus,
students of History and Archaeology may work for the India Tourism
Development Corporation, of Zoology and Medicine in the family plan-
ning and preventive medicine programmes, of Agriculture, Botany.
Chemistry, Physics, Economics, Enginecering and Home Economics in
agricultural development and child nutrition programmes and of nearly
all fields in pre-primary, primary and secondary cducation programmes.

All scientific institutions in the country run by Central and State
Governments can provide opportunities for students to work in specific
projects and can at the same time give a great fillip to the cottage indus-
try movement by supplying detailed manufacturing drawings of new im-
plements, machinery and processes. With these drawings, university
students in engineering may be in a position to help village cornmunities
in starting small.scale industries, since rural credit is becoming more easily
available now.

Technical literacy for farmers

The majority of our peasants are illiterate. Unfortunately, the
proportion of iliiteracy seems to be higher in areas such as the arid and
semi-arid regions, where the scientific transformation of the rural economy
requires a much greater understanding of the principles of economic eco-
logy. Therefore, it is obvious that unless we seriously start programmes
to impart the latest technical skills to illiterate peasantry by the method
of learning by doing, we will not be able to accomplish our goals. The
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during the drought years of the mid-sixties concerning ouwr agricultural
destiny.

Famines and scarcities

Historically, famines and scarcities have been known in our country
from the earliest times, They are mentioned in Mahabharat and there is
a Jain legend of a 12-year famine in the fourth century A.D. It is recorded
by the official historian in the BadshalNamah that in the famine of
1630-32, the Emperor Shah Jehan opened soup kitchens, gave a lac and a
half to charity and remitted one-eleventh of the land revenue in the
affected area. Subsequently, there have been numerous famines but it
was only during the famine of [868-69, that it was clearly stated that
“the object of Government was to save every life.”  The Dbirth of agri-
cultural departments in our States and of Famine Codes took placc asa
result of the recommendations of the Famine Commission of 1878, The
Scarcity Manuals currently used by several State Governments are largely
based on the Famine Codes of the last century. B.G. Verghese’s penet-
rating articles entitled Bepond the Famine and A Blessing Code Named
Famine on the drouglits of Bihar and Maharashtra have highlighted the
advantages conferred on the helpless rural population by famines, since
it is only during such crises that at least some food and employment are
assured to those living in absolute poverty. '

Meanwhile a silent revolution has been taking place in the minds
of our farming community as a result of the new production technologies
introduced through the High-Yielding Varieties Programmes, Inlensive
Cotton District Programme including hybrid cotton which was introduced
into commercial cultivation for the first time in the world and the Cattle
Cross-breeding projects,  Ohsession with destruetive criticism has blinded
us to the meaning and implications of the increase in wheat production
from a little over 12 million tonnes to over 27 million tonnes in just six
crop scasons beginning from 1967.68. There has not been much interest
in studying how a small Government programme in wheat was converted
into a mass movement by our farmers. It is not only in the Punjab or
Haryana that wheat production went up dramatically but also in non-
traditional wheat areas like West Bengal. While in the past it was
difficult to induce farmers to take to a rat control operation, farmers took
pains, in the wheat belt, to see that rats did not migrate from sugarcane
fields to wheat, While in the past everyone knew that farmers were
sitting over a large underground water resource in the Indo-Gangetic
plains, it was only the introduction of high-yielding varieties of wheat
and rice that provided the necessary motivation for them to take to the
consiruction of tube wells—whether made of meta! or of bamboo—on a
large scale. The truth of the saying “Necessity is the mother of inven-
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tion® was proved to be true in the case of wheat culdvation, where
farmers somehow managed to produce or get the seeds they needed, use
diesel pumps if electricity was not available and get the requisite munber
of threshers and other implements as well as storage bins fabricated in
record time.  That our farmers may not wait for research workers 1o
produce perfect tools but will themselves innovate and find a solution to a
pressing need was shown by the Bilar farmer, Shri Ram Prasad Chaondh-
ary Jaiswal of the village Talpur who first put up a bamboo mbe well in
the Saharsn district. Farmers who learnt the cconomic value of good
management in wheat alsn took o Deller practives in vice, potato and
other ciops, with the result that agricnliure as a whole started moving
forward in such areas.  The sudden and steep spurt i fertilizer demand
is an elognent testimony to the credibility of the new varieties and
techniques.  The concept that agricultural advance in India would suffer
dus 1o the limited vision of the farming conmnunity was thus dispreved.
The social tensions hetween those who had access to the inputs ueeded
for adopting the new technology and those who did not luve similar
acecess, only underlined the fact that those who have not derived economi
benefit iom such techmology are cqually anxious w take 1o the techno-
Ibav,  The desire to change Lieming metheds thus Tinned both joy and
sarrow o our eountryside. This in tien generated considerable thinkinz
and action on the part of Governinent, resulting in progranimes o e
sinal and small firmers, cxpansion of crediv faeilities and more recenth
in intesrated Bumears’ serviee societies on the lines recommended by the

National Commission on Agricultuce.

Assets and liahilities

Thus, starting (rem the mid-sixties we have gone through waves of
pessimism and optimism.  We have been happy over good seasons and
mote than alirmed by bid ones. Soon we will be a uation of 600 miilion
and it is probably time that we look at our agricultural assets und liabili-
ties eritically and scientifically and evolve a pattern of growth which
would help us 1o take full advantage of good scasons, be prepared for the
worst and make agricultural growth yield mere income and more jobs n
addition to more Toud.  This is an appropriate time o undertake soch
review since, thanks to one of the best Alarif harvests we have had so Far, we
can afford to stop concentrating on holding operations and divert our atten-
tion to constructive programmes, Complacency at this stage and any relaxa-
tion: of 1elentless effures to achieve agricultural advance would be disastrous.

I would like 1o deal with our agricultural assets first.

ASSETS
Sunlizht, soil, water, plints, animals and human beings constitute

R

responsibility, to assume that they can take it and to let them sweat
aud strugete with i, Let them work it out thenmselves, rather than
over-protecting them, indulzing them or doine things for thom”

Iuis time that we use this as a basie principle in education,

Yetanother useful fovm of work experience would e the «ohnol
project. Apart fiom the practical and economic value of the schoaot Lirm,
garden or dairy, it wonld teach another vitally necessary airitiude which
I have already <poken about. This is the necessity for co-operative en-
deavonr,  Even i each student had his own plor, or animal, or pond, he
woulid, in the cowse of work, learn without beine asked 1o combine with
his fellow students for certain opevations, the need for eerinin activities
1y be undertaken by ol ol the same time, the veonomics of sharine and so
foreho Taoahis way, co-operative endessoir would Lecone a necessity i
the individual, for the success of cacl individual's project would be in-
cvitably linked o the performance of these joint operations ar the riaht
time and i the righit way,

Invelving university students

Athe university stuge, fewer people are nvalved, hie dhey need

to be involved dillerenily, Let me begin by quoting sonwe fucts. T

Pase 7o) about 5 omillon stndents were emolled o hicher education, about
2L omillion men and D mdilion women. OF this, en’lv 15", of the men

ancd

On'v 176 women were enrolled i agricnlturad niversitics. Tnoa country

of the women were cnsased inoany kind ot avriculiura] <tidies,

with G0 af the populatien engazed in agrieuliural pursuits and living in
the rural arens, 1t s sad that such a small fraction of men aud women
are eneaged in studies which can contribute to rural  development or agri-
cultural productivity, Te iy specially sad that though wemen contribute
equally to the labowr furce in aericuliure, performing many of the key
aperatons and the most of the more tiresome ones, agriculture as a profes-
sion is not regarded as a suitable one for women at the higher stages ot
cducation.  This reflects the gap between the eduecated classes, who are
mostly drawn [torn the urban arcas, and now-a-davs alzso from the rura]
elites, und the rest of the population. Apait from providing mere oppor-
tunitics o higher education and technical stndies in agriculture, we have
also to think of other practical ways in which the grear mujority of
aniversity students ean by helped o hecome involved in the work of rural
development and 1o acquire some understanding and svipathy for the
problets of the greater part of this country’s popnlation.  An example
of how non-agricultural colleges can participate is the good farm run by
the stall and students of the Madras Christian College, v what was until
14965 a serub jungle.

Making work-cxperience an integral part of iniversity edueation
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found the experience very rewarding to staff and students alike. Why
not bring in more and more part-time teachers, people who have skills
and kuowledge in agriculture and rclated cralts or at least send students
out to them. Some experiments along these lines are being carried out.
For instance, in Bombay, at the city level, the Bombay Municipal Corpo-
ration has arranged for students from a number of schools to be placed
for regular work in industrial establishments for two days a week. This
gives the students real work experience, preliminary training for their
future careers, and helps them to find placements after school. Here the
same idea has been applied in a differcnt sphere, the industrial one. In
some districts of Maharashtra, secondary school students are being placed
in villages in batches, residing with farm families, for several weeks at a
time, under the supervision of their own teacher. The objective here is
to enable non-farm students to learn more about agriculture and farm
operations through direct participation and observation. The students
live with the farm families, and join in their daily work and routine. The
difficulty has been that the teachers are often ill-equipped to guide the
students with the information that they need. Such schemes are steps in
the right direction. They necd to be expanded and adapted to a wider
variety of experiences and students,

Work projects for students

Another useful adaptation of the idea of work experience is to give
academic recognition, through marks, to real economic work projects,
self-chosen by students and carried out by them in their spare time, cither
alone, or with the help of their families. A boy or girl, who can run a
simple project such as a poultry unit or a kitchen garden, would have
learnt much by way of independence, responsibility and initiative, as well
by way of arithmetic, science aud economics. It is needless to add that
the conventional literacy skills of rcading, writing, and arithmetic will
also be fully utilised in such projects. Of course, it means more time and
cffort on the part of teachers and administrators to identify and iunitiate
such projects. Further, it requires the technical assistance of officials of
agriculture departments and extension agencies. It is naturally much
easicr to provide artificial work in the class room and call it work experi-
ence than to help children to engage in real work and to assess it as it
deserves. Children become responsible when they are obliged to carry
responsibility, The majority of children in our country are already work-
ing and carrying responsibility. It is up to us to devise an education that
will encourage and support them in their efforts by providing a place
for such tasks, Here I would like to quote A.H. Maslow, the humanistic
psychologist, speaking on the devclopment of responsibility:

“It looks as if one way to breed grown-up pecple is to give them
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the basic resources of our agriculture. Fortunately, sunlight is abundant
except during limited periods in the monsoon season and generally does
not constitute a limiting factor in production. In arid and semi-arid
arcas, the intensity of solar encrgy is fairly high and exceeds 650 calfcm?/
day. TUnder such conditions evapo-transpiration rates become high. The
average annual values of encrgies available in peninsular and north India
are 473 and 460 cal/cm?/day respectively. Apart from the use of sunlight
by plants in the praocess of photosynthesis, solar energy is used in rural
areas for purposes like drying of crops and grains, distillation, evaporation
for salt production and hcating. There is however, censiderable scope
for improving the use of sunlight both by plants, through multiple crop-
ping, and by converting solar energy into thermal cnergy.

Out of our total geographical area of 328.05 million hectares, the
net arca sown during 1969-70 was about 139 million hectares. Forests
occupied about 65 million hectares and uncultivated land was about
101 million heciares. Thus, the net sown area under cropsin 1969.70
was 43.3%, of'the reporting area and the area under forests was 21.3%.
The net national product was Rs. 34,253 crores during 1970-71 at current
prices and Rs. 18,876 crores at constant 1960-61 prices. At 1960-61 prices,
the contribution of agriculture, forestry and fishing to net national pro-
duct in 1970-71 was 44.4%,. The contribution of agricultural products to
the total export earning in the same year was 37.1%.

Diversity in physiography

The physiography of our country shows great diversity, On the one
hand, we have major mountain ranges with the Himalayas, at once one
of the youngest as well as the mightiest of the world’s mountain systems,
in the north and the Aravallis, the Vindhyas, the Satpuras, the Eastern
and Western Ghats and the North eastern ranges including the Garo,
Khasi and Jaintia hills in the other paris of the country. Plateaus, rang-
ing in clevation from 300 to 900 metres, constitute a prominent feature of
our topography, the well-known among them being the Malwa, the
Vindhya, the Chhota-Nagpur, the Satpura, the Deccan, Ladakh and
Meghalaya. A very large part of the country consists of extensive plains
watcred by great rivers where a considerable proportion of humanity live,
In the rivers originating from the Himalayas, the dry weather flow is
generally good due to water coming from melting snows and  glaciers,
The lean period for these rivers is the winter months but at no time is the
flow so reduced as in the peninsular rivers. The flow in the rivers of
peninsular India undulates heavily, with big discharges during the mon-
soons followed by low discharges during the rainless months. Variations
of the order of 1 to 300 in the mcan monthly flows of these rivers are
COMIMONn.




Our climate shows equally gicat diversity, ranging  {rom continental
to oceanie, from extremes of heat to extremes of cold, iom extreme avi-
dity and nezligible rainfall to excessive humidity and toreential rainfall,
The Himalavas present & barrvier to the influcnce of cold winds from

Central Asia aud give the sub-continent the elements of a tropical tvpe of

climate.  The variations in rainfall, temperature and humidily cansed hy
the incursion of comparatively cool currents from the Indian Ovean across
the Bay of Bengal and the Arabian Sea and by the movenment of shillow
depressions, which originate ouside Tudia, to the west, lead to extremely
complex weather patterns, which prevail even over those arcas which can
he grouped climatologically under a single type.  Tlos, tempaatnee,
rainfall and the amount of vapour in the air, which influence areatly the
growth ol crops, show wide variation even within small areas.

An interesting featare of wind system over the Indian Ocean and the
adjoining sea and lad arcas s the seasonal reversal of the monsoon, Dur-
ing the Lue summer, the winds flow from the south-west aver the sea
towards India and Burma, while during 1he winter, the flow of currents
s from India and Burma over the Bay of Bengal and the Aralian sea
towards the Fquator. The sonth-west mansoon season is responsibic e
over 80 per cent of the total rainlall in most parts of the country.

i an averase, we reorive an annwil rainfall of about 370 nuilioa
hectare meetres, It has been estimated thae about 80 miltion hectare
metres seep into the sotl of which about 33 million hectare meties renudn
in the top Liyvers and contribare to soll moisture which supoorts erop

growth, The ground water recharge available for utilisation may e of

the order ot 26,75 million heclare-metres, while the current atilisation is
about 10 million hectare metres. As a resuit of the vanious major, medium
and minor nrigation projects undertaken. the area under rrigation dur-
ing 1969-70 was 30,3 million hectare.  'The Second  Terigation Commision
has caleulated thar the ultimate potential for inigation fiom conventioual
sources as 81,7 million hectares. It is premature o guess what the contii-
bution ol weather modification and desidination will be in the futwie 1o
augment water availability in drought-prone arcas. The S:ates which
have less than 1595 of the net cultivated area with irrication facilities are
Mysore, Madhya Pradesh, Makarashtra, Gujarat and Rejasthan.  Much
of the knowledge we have on ground water resources is confined to the
ailuvial and semi-consolidated areas, whereas 70 per cent of the total
geographical area of the conntry is covered by hard 1ock. The weo-
hydrological studies carried outl by the Geological Survey of India as well
as the studies carried vut under the auspices of the Central Grouand Water
Board have revealed great opportunitics for scientific ground water exploi-
tation. Fresh ground water has been found in the heart of he great
Indian desert near Jaisalmer, in the Narmada and Purna Vaileys, the
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Banks can finance entire production programmes, as {or example the
production of o lakh of tonnes of sunflower ojl or the progduction
of a certain quantity of sovbean in a  suitable arca, and thereby
assure the credit and  other infrastructure for the entire production
chain and  not mercly for components of the chain, Similariy, pesticides
firms can sponsor programmes designed to ensure pest-proofing  of impor-
tant crops in the poorest villages in their area of operation. Al such
projects will provide excellent educational opportunities for the students
of the area, besides serving as demonstrations of new techninues,

Work experience at the upper primary and secondary Tevel ton can
be eflfective if carvied out in a different manner.  This ided of intreducing
work experience into schools seems rather artificinl and UNNCCEessary In
our coutext. At an optimistic estimate, about 70% of the children aged
6-11 are carolled In primary schools,  If we consider children upto the
age of Tk and take acconnt of wastage and stagnation in cducation, then
the number of children between 6-14 who are not in school may he as
Inrge or larger than the number of elildren in school, Most of these
children are already working, not indeed 1o gain work expericnee, thou th
they are gaining 1t no doubt, hut oul of sheer economie necessity, TIn
these vircwmstusces, ringlng work experience intn schools seems redn-
dant, Would it not he more meaninglul to caonry educative CxXpericnee
out to the work, where the chililren alveady ave anvway 7 This means
much tore than epen-air classrooms, or discussing arithmetic in terms of
hags of manure or heetares sown or other agricaltural opeiations.  OF
course, such activities are necessary and important,  But it would mean
much more. 1t wonld imply a profound change in the sehoo! programme,
introducing such activities as allowing children to work in thelr own or
others farms for part or most of the day, planning for Tearning oriented
and not teaching- oriented education, and cetting new kinds of teachers
1o deal with the uew tasks,

Who is 1o teach work experience as conceived in this way? The
traditional school teacher, who is mostly drawn from the white-collir class
and has little practical experience of agriculture may not alwmys be the
maost suited o this task. Tn Laet, it Las alrcaily been observed in arcas
where the new technology has spread, that the technical knowledge of
rural parents, who may be progressive farmers, is far ahead of the aut-
dated agriculture taught tu the schools, even by qualifics] teachers. Why
not allow such parents, or other local fumers, to teach part-time?  Often
even the children of farm fumilies know more about the latest develop-
ments in agriculture than the non-agricultwist school teacher, Liven at
the post-graduate level of education, the Indian Agricuftural Rescarch
Institute, Now Delhi, which started o few years ago the practice of inviting
farmers with practical wisdom for briel periods as Visiting Professors,
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nature to develop scientific skills, aptitudes and habits of thought.
How often are children in balwadis and primary schools forced to
remain within the limiting walls of a barren and bare classroom, because
of the false impression that education is something that must take place
within a building ? How few children in balwadis arc taken for walks
and helped to learn about nature ? On the other hand, there are com-
mendable efforts in some places to use nature itself as a medium of educa-
tion, as in the Meadow School of the late Tarabai Modak, which carried
education 1o shepherd boys right in the meadows where they were
grazing catile. Rabindranath Tagore was an ardent advocate of this
approach, There have been other similar ventures, but all have remaincd
small, local and isolated. At a different level, the Avinashilingam Coliege
of Home Science in Coimbatore for instance, has compiled a set of songs
for preschool children incorporating knowledge about nutrition. The
ICAR and the Extension Directorate of the Union Ministry of Agri-
culture are shortly bringing out a publication which will be a collection
of games for use in classrooms and in recreation introducing information
and concepts about agriculture. They can be played both by other
adults and by children. The details of the games will, however, have té
be developed in cach Block using data applicable to that region. We need
many more such educational games and kits that will make use of the
play way idea of teaching science in genecral, and agriculture in parti-
cular.

The traditional media of entertainment as well as the mass media of
radio, cinema and television can also be harnessed to the cause. Even now
many of the new crop varicties are known in villages at some places as
“Radio varieties”, sincc information on the new strains reached the illite-
rate cultivators through the radio. It is a happy sign that newspapers are
ihcreasingly assigning more space to items relating to agriculturc and
rural devclopment. While the English newspapers play an important
role in conveying messages to the policy maker, the language press,
besides the radio and cinema, forms the most significant medium of con-
veying information to villagers. Several of our leading newspapers have
now whole time agricultural correspondents and experts spccialising in
agricultural themes. Developmental journalism took to a new path when
an integrated village transformation project was initiated in the Chattera
village of Haryana State by The Hindustan Times. Apart from its contri-
bution to human happiness and welfare, this project is becoming one of
the best documented accounts of rural change.

Role of bhanks and companies

Both banks and public and private scctor companics can play a
great role in combining their regular work with the art of communication.
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Rajamundry and Tirupati sand-stone areas of Andhra Pradesh and the
Cuddalore sand stone and the Neyveli lignite areas of Tamil Nadu, in
addition to the already well known areas of Punjab, Haryana, Uttar
Pradesh, Bihar, West Bengal and Assam. Opportunities for lift irrigation
from perennial streams and rivulets are also yet to be fully utilized.

With the growth of vegetation and evolution of agriculture, what
were once geological deposits got gradually converted into soils. The
topography, biology, physics and chemistry of soils provide an intereste
ing account of past history of that soil. In particular, they indicate the
extent of interest taken by man in the care and maintenance of soil ferti.
lity and productivity. Examined by such criteria, our record is dismal.

Our major soil groups

We have four mrjor groups of soils-alluvial, black, red and laterite,
several other types like forest, desert, alkaline, saline and acidic soils
occuring in smaller areas.  The red soils occupy 72 million hectares and
are found in both high and low rainfall areas. The stored moisture of a
saturated red soil profile is generally suflicient to support a standing crop
only for 2 to 4 weeks. Hence mostly kharif crops are raised in such soils.
Red coils are generally low in nitrogen, low to medium in phosphorus,
and medium to high in potash. Drainage is not usually a problem in
such soils and hence they can be converted into irrigated land without
difficulty, if a water source is available,

Black soils which occur in about 64 million hectares are variable in
depth and are generally found in regions with an annual rainfall ranging
from 500 to 1200 mm. While in the shallow black soils, only kharif crops
are grown, tabi crops are raiscd in the deeper soils with residual moisture.
Drainage and erosion arc serious problems in such soils and hence there
have to be appropriate arrangements for drainage and soil conservation,
when such soils are brought under irrigation. Black soils contain 40 to
60 per cent clay and are plastic and sticky when wet.and very hard when,
dry. They contain a high proportion of calcium and organic matter,
magnesium carbonate, considerable iron and fairly large quantitics of
magnesia, alumina and potash. In black soils derived from ferruginous
schists, there is gencrally a layer rich in nodules of ‘kankar’ formed by
segregation of calcium carbonate at lower depths, The most important
difference between the red and the black soil lies in the amount and type
of clay mineral present. The montmorillinitic type of clay predominates
in the black soil and this imparts the characteristic swelling and shrinking
properties of these soils, On the other hand, the non-swelling kaolinitic
clay predominates in the red soil. The black soils, also known as ‘grumo-
sol’, ‘regur® and ‘black cotton soils’, have self-mulching properties, the
repeated wetting and drying causing clods to crumble into small aggre-
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gates forming a s face mulch,  These soils ave alsa referred to as being
Selftswallowing’, since the sorlace mulch falls inte the deep cracks and
thus hecomes imvorporated mto the sub-soil. Thus, on the pne hand the
black seils have a cood capacity tor conserving soil moisture, aned o the
otlier, they necd proper tillage and manag ment to overeome the Lant
caps of their bad structere,

Aluvial seils occupy an arca of abont 64 million hectares and are
generally decp and variable in structure, ranging from drift sand to loams
and from fine silts o stiff clays. The main chonacteristics of these soils
are derived from their having heen deposited as sile by the rivers. parti-
cularly those of the Indo-Gangetic and the Brabmputry svstems. The
phyeical characteristics and nutrients statws of these solls vary consderi-
hiv.  In the sonth, for example, the Godavari allovinn is rich in e,
phosphates and potash, while the Canvery alluvium is relatively poorin
plant nutrients,  To Assam, the old alluviad soils are acicdie, while the
new alluvimm is usually neatral or alkaline. Tn West Bengal, the old
alluvial areas are muceh less fertiic and productive than the new alluvial
soilx.

Hard pans oecur in the soil profile, particulanly n the Indo-Goonge-
tic alluvium of Uttar Pradesh, Punab, and Delhi as o result of infiloration
of silica or calearcous matter and the presence of “kank o’ Sach hand
favers impede root growth and percolution of  water.  In geneal, alluviad
solls are ideal for rrigation and gronnd water exploitation.

In about 13 million hectares, we have laterite solls, ceacrally asso-
ciated with undolating wpography n regiens with annaal rainfall ranging
from 1200 to 3000 mm. They are essentially composed of a mixtonre of
the hydrated oxides of aluminiuvm and non with small guantities of
manganese oxide and titanta. These soils are poor in lune and mognesiaom
and deficient in nitrogen.  Generally, they are peor i available plos-
phorus and calcium and have a relatively low arganic marter con-
tent.  Such soils are well-developed on the hills of the Deccan, Mvsore,
Reralia, Tamil Nadu, Mydhva Pradesh, Fastern Ghat region, Orissa,
Maharashtra and parts of Assam.  The high and low level laterites of
Tamil Nadu and Kerala are rich in plant nutrients, supporting paddy i
the low levels and tea, coffee, rubber and cinchona at the higher levels.
The higlier the altitude, the more acidic 1s the soil. There 1s o good
potential for exploiting eround water in many lateritie areas,

In addition to these major groups of soils, we have problem soils
suflering from salinity and alkalinity in about 7 million hectares.  'Phere
arc also peaty saline soils called ‘kart’ soils which are heavy bluck soils,
highly acidic and rich in organic matter. AMarshy soils occur in the
coastal tracts of Orissa, the Sunderbans and other areas of West Bengal,
north Bihar, the Almora district of Uttar Pradesh and the South-east
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referred to the possibitities for making full use of the 3-dimensional space,
and the availability of different kinds of fish food i a pond, through
stockine different kinds of fish which ean derive their bod from the
bottom, and upper and middle fevels,  Similarly, there are opporianitics
fer adopting new techniyues in arcas like 1he production of quality fish
sced through induced breeding, the cultivation of air-breathing fish in the
swampy areas and the enlture of frogs for export,  In marine fisheries
also, culture techniques can be introduced to supplement the income
from capture fishieries.  Mussel culture, growing milk fish, mullets and
certain species of prawns in coastal lagoons containing salt water and
pearl eulture can all improve the economy of the fishermen in our coastal
AT LN,

To sustain high levels of biological produrctivity, we alsh need to
generate a o generil awareness in the entire community of the crucial
sindificance of conserving soil, water, flora and fiume Like cume and
wild life sancruaries, we need to develop “Crop Gene Sanctiaries” in
thase parts ul our comntry where valuable genes are fowndd in the primitjve
cultivars and mative flora. Soch a step can help to prevent the eresion of

vidinable geaes, In contrast to soil eros?

g on. wene crosion s not visible

the naked eve and hence does not auract attention.

Changes in educational outlook

Havinz spoken about the extension needs of the new techaotnay, 1
wonsd like to turn to the social and educational inlrasoraciure whicl s o
presequisite tos the snceessful adoption obf the technolory, I shall deal
Hrst with the educational aspect.

Whet kind of education do we need that would be relevant to our
society, dependent as (tis on agriculture as its major activity ? And what
pravtical steps can we Gitke o change our educational system ints sueh o
one 2

Lhe changes requived are of two kinds @ at one end, we need to bring
about a change in outlook, creating an awarceness of biological surroun-
dings, and a consciousness ol the possibilities of synergy.  ‘T'his can be
doie only when there is an inundation, so to speak, at cvery [evel of
education, of marerials that will create such a consciousness. At the other
end, we need to give technical skills to illiterate and semi-literate adults,
which will enable them to understand and use efficiently the new techno-
logival package.  Between these two, there are a wide range of activities
which can be applied at every educational level,

During the cariy years of childhood, before the child begins to
reccive formal education, and in primary school, the major emphasis
should be on living in nature and with nature, learning about nature
through  direct  observation, and using the materials provided in
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be the poor cultivator’s response to a high-risk farming situation, unless
he has protection by means such as crop insurance, This isan important
reason for the relative stagnation of kharif crop production in our ceuntry,
where in spite of moisture availability, the farmer hesitates to invest on
inputs in areas which are pronc to pests and diseascs, water-logging and
operational problems in land preparation.

Co-operative elfort is not only needed in the delta areas during
the kkarif scason but even more importantly, in the dry farming regions.
While an individual farmer can increase the storage of moisture in the
soil profile of his own field through tillage, mulching and other measures,
the possibilities for collecting zll the run-off water and using it for a crop
life-saving irrigation later, can be realised only if there is group action in
accordance with the topo-sequence of the farms.

Changes in cultural practices

We also find that several basic changes in cultural practices may be
needed to get the best out of the new crop varieties. Tor example, in
dwarl wheats, sowing has to be shallow, first irrigation has to be given
at the time of initiation of crown roots and population density should be
higher. In rice, traditional practices such as low seed rate under direct
seeding, wide spacing, deep planting and bunch planting under trans-
planted conditions and drying the field to promote the establishment of
seedlings are all intended to retard luxuriant vegetative growth in the
earlier tall varicties, which have a proneness for both excessive vegetative
growth and lodging or falling down. In contrast, the new dwarf rice
varieties need almost the opposite kind of treatment, if they are to reveal
their full genetic potential for the yield.

It is obvious that to accomplish all thesc tasks successfully we nced
to develop educational and organisational procedure which would, on
the one hand, make the literate better equipped to discharge the func-
tions of gram sevak, gram sevika, credit agent, teacher and other agents
of change, and on the other, make the illiterate highly skilled and effi-
cient partners in adopting the latest scientific advances. I do not propose
to reiterate other obvious requircments like the timeliness of credit and
input supply and appropriate pricing and marketing arrangements, I

would, however; like to stress that in addition to the procedures currently -

in operation for product pricing, we should also pay serious attention to
evolving long-term pricing policies for factors of production, such as
fertilizer, pumps, pesticides and others, Product pricing alone without
- attention to the pricing of means of production will tend to result in
controversies and problems. '

It is not only in agriculture and dairying that new techniques need
to be popularised but also in inland and marine fisheries. I have already

.
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coast of Tamil Nadu. Forest soils containing a heavy deposition of organic
matter derived from forest growth and desert soils occuring in parts of
Rajasthan, Gujarat and Haryana, constitute the other important groups.

The main rivers of the Indo-Gangetic plains have extensive areas
lying adjacent to them known as khadir in Western and Central Uttar
Pradesh, diara in Bihar and eastern U.P. and char in West Bengal. 'The
soils of these areas range from unconsolidated sand to silt and are rich in
potash but low in phosphorus. Different management procedurcs are
needed for the sandy, water-logged, saline and good areas of the riverine
soils of Bihar, Uttar Pradesh and West Bengal. In U.P. and Bihar alone,
such area extends to about 2.4 million hectares and these are potentially
high production soils.

We have also rich rock phosphate deposits both in north and south
India and phosphorus rich sands on the beaches of Laccadive, Minicoy
and related group of islands in the Arabian Sea. Gypsum deposits are
available in Rajasthan.

Floristic diversity

Consequent on our varied soil and climatic endowments, wc have
over 20,000 plant species occurring in our country, a number which is
far higher than those found in countries with a larger land mass. Such a
floristic diversity is obviously the consequence of the prevalence of tropi-
cal, sub-tropical, tempeiate and alpine areas, where the precise flora may
vary depending on latitude, altitude, variation in mean annual day and
night temperature and the scverity of summer and winter. We have over
4,000 woody species of plants and among them about 50 are of major
utility, The potential productivity of our forests has been estimated to be
of the order of 490 million cubic metre of wood. The current annual
harvests comprising 12.9 million cubic metre of fuel wood and 8.9 million
cubic metre of industrial wood are, however, extremcly low, the gross
revenue being only Rs. 21.50 per hectarc.

Our wild plant wealth, used in various forms by people in tribal
areas, includes about 500 species, mainly belonging to the families Gra-
mineae, Orchidaceas, Papilionaceae, Rubiaceae, Euphorbiaceae,
Moraceac, Compositae and Labiatae. If we total up plants under cultiva-
tion on some scale, their number comes to about 250, excluding the orna-
mental trees, shrubs and herbs. It is believed that about 35 of these
species might have been first domesticated in India and our neighbouring
countries. Therc is a large genetic variability in our country in crops
like rice, sugarcanc, mustard, arboreum or Asiatic Cootton, fossa jute, various
pulses, vegetables such as brinjal, cucumber, gourd, yam, black pepper,
cinnamon, turmeric, mango, banana, citrus, jack fruit, ber, phalsa, amla,
and jfamun. Even in plants introduced from the New World, considerable
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viariability appears to have been generated subsequent o thelr arrival in
India. A few examples are maize, chilli, potato and cucurbits. We have
arcas in the country like the North Fastern Himalavas which have very

vich variability W crops Tike rice, muize and Citrws. A unique type of

arboreum cotton with lonz bolls oconrs in the Gara hills,  There are  trees
ol mandarin oranges in the Jowai area of Meghalaya which have been
productive for over a century, The Jeypore tract ol Orissa is also a centre
of considerable variabilisy in rice, while in central India, there is vast
variability in several pulse crops. It is anly recently that serious attempts
have been made 1o domesticate some of the medicinal plants which are
otherwise diveetly colleered fiom the witd state and used.

An example of such a recent domestication is the release for cultiva-
tion in the Bangalore area of stiains of Dioscorea Soriburda, a plant native
to Central America und which contains Diosgening, a sterohd wsed in
oral contraceptive pilis.

Impressive animal wealth

Equally mpressive is o animal wealtl, Acconting to the livestock
census of 1966, owr totad Tivestock  population was 341 million ncluding
176.0 million cattle and 53 miliion huffalocs. Botl in eows and Dafaloes,
we have an fmpressive aray of Tieds and produciive breeds. Exoto
breeds like Holstein, Brown Swiss and Jersey are heing invreasingly used
o catle breeding promammes, Move than 60 per cent ol the total ik
production comes from .ot 23,1 mitlion Duflalo cows. The Lest dairy
animals i our country have, howeser, an average production cifiviency of
only 237, of their counterparts in Durope snd North America.

We have about 4.2 per cent of the warld sheep populatios,
numbering according to the 1966 census about 42.0 million.  In addition
to wool, mutton and milk, sheep contribute al present 15.5 million picces
ol skins and 2.1 million tonnes of manure, Sheep abound in semi-arid
and arid arcas and both the Lot desert of Rajasthan and the cold desert
of Ladakh offer great scope fur sheep wud goat improvement. Our pouliry
population is equaily high, having been estimated at 115 million
m 1966,

Animnals also contribute over 28 miilion ILP. of energy per day for
agricultaral operations.  Good  animals found in states like Punjub,
Haryana, Andiira Pradesh and Tamil Nadu may give about 1 I1.P, per
pair per day of § hours, while those In the eastern states may give only
half as much. It has been calculated that to produce an yicld of 2 tonnes
per hectare, the average power requirement would be abour 0.75 11P.
per day. The current power availability including those provided by
man, animals, tractors and power tillers comes to only .30 HL.P. per
hectare. ‘Thus, inadequacy of power is one of the basic causes for our
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during April-May. These tasks can be casily accomplished by even
village school boys and girls.  TF such carly steps e taken, the small
population of Pyrifla that mav still remain s Iikely 1o be attucked by
natural enemies during the rainy scason and the problem may come
wider caontrel casily. L an the other hand, simple steps ke crop sani-
tation, 1emoval of cgys fram the wnder-siwiface of the leaves at the appro-
priate time and subsequent steps like attracting the nymphs and adults
of this pest by gkt traps, are not followed, then the pest assumes a
serious dunension towards September as it did in some arcas of the north
Indin this year.  Since the sugareane phintation wonld be full grown at
that tine o would be difficult to get inte the ficld and spray with
chrmicale,  Ar that <tage, the method of aerinl spraving or use of pewer
sprave:s becomes the only cholee left. Though inevitable, when the pest
has assumed menacing propmitions, it is obvious that making a habit of
such amethod in our cowdry would be tantuwount to bypassing our
nugor cirenath, vive, our large population, and to increasing  the already
hiel cost of cultivation,

The emerging agricultral technoloey s of two raajor kinds  with
ezt to the cosc of adoption. In oue kind, as for example, the new
technology of wheat cultivation, the economic benelits derived by a
Frmer by adopting the teehnology are not influenced by what his neigh-
Boning Dewrer daes or does notdos Inother words, the techinology i3
capalile ol sucocsstil tndiniduad adoption, in eceonomic terms,  In the
othier ki, the ceonamic Lenefits conferved by the techiology on the
tarmer will he proportinnel to the extent of co.operatis e action generated
o tle part of an entire village or water-shied community,  Rice and
cotron cultiviction ad prevention of discase epidemics in cattle are sood
examples,  Even in the Punjib, with oue of the finest farming communi-
ties it the world, the average vield of cotton is low, heing ouly 363
keflha.  In reontrast, in the Avab Republic of Lgypt where cotton cultiva-
tion is managed co-operatively without any nfringement ol individual
ownership, the average vield s 700 kg/ho, Pest control and  water
managenent i rice are best done co-operatively in a village. In lfuer,
if this can be accomplished, even some of the fertilizer lost through
leaching in drainage water can be recveled, by collecting such water in
a pond at the lowest point and re-distribnting it, 1 have already stressed
the need for achieving a doubling in fertilizer response om  the present
low level of about 10 kg of giain per kg of NPK nutrients. 1 also
pointed out carlicr that the emerging concept of pest avoidance is pest
management and not just chemical coutrol.  All these aspects of the
new technology would need understanding und co-operation among
neighbouring small farmers.  If this is not achieved, the risk element in
crop production will be high. A low-cost and low-effort agricuiture wil
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not enough forethought was given to the ecological consequences  of
developmental projects. However, the authors of the book also admit
that most of these projects were designed by experts from the developed
countries, often with limited knowledge of the client countries, and based
on the different and irrelevant experiences of their own countries. If
such programmes were accepted by the poor nations, it was for other
reasons which I nced not go into here. What is needed, however, is a
close and detailed understanding of local eco-systems, and its application
to local situations by those who are fully informed of the parameters of
Ehe problem. If devclopment is not to be destructive, then the develop-
Ing countries must take responsibility for understanding their own ecolo-
gical needs, resources and patterns and planning their development accord-
ingly. Ecology has to be a positive foree in the poor countries, one which
supports the economic growth we so urgently need, and not just a con-
serving force. This can be achieved when the pevple of each area parti-
cipate, through Block and District Level Land Use and Crop Planning
Forums, in the formulation of detailed land and water use plans for their
arcas, Land use planning at the Block level, assisted by guidclines on
market needs and opportunities by a suitable authority at the State level
and on inter-State crop adjustments and export opportunities by a Central
agency, would alone result in a dynamic agriculture, where the profits of
progress accrue to all sections of the community,

Village-level co-operation

For an efficient adoption of the technology at the field level, I
referred in the last lecture to the need for the development by scientists
of appropriate drought, good weather and flood avoidance codes for each
agro-ccological arca. Such codes would be of immense benefit to the
developmental administrators as well as to Village Panchayats, Zila
Parishads and other agencies who have to get projects translated into
field accomplishments. Tt is obvious that tasks like recycling ol all wastes,
and land use planning bascd on an appropriate admixture of agriculture,
animal husbandry, fishery and forestry, require considerable understand-
ing and co-cperation at the village level. The only approach to rapid
economic development which can succeed is to optimise the advantages
of our large population, vast numbers of whom are now neither partici-
pants nor beneficiaries of development activity,

For cxample, let us take the case of the control of Pyrilla, a2 serious
pest of sugarcane. Pyrilla is not only affecting sugarcane but is now
becoming serious in other crops like wheat and jowar. The most econo-
mical and effective method of controlling this pest would be field sanita-
tion involving the burning up of all trash after the harvest of sugarcane
and the collection of eggs of the pest from the lower surface of the leaf
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inability to improve the efficiency of farming through timely agricultural
operations.

Marine fisheries

Fisheries, both marine and fresh water, constilute one of our great
assets, Over 3 million persons live on marine fisheries and the gross
annual revenue to the country from fisheries is over 300 crores of rupees.
Qur marine fish catch has increased from about 4 lakh tonnes in 1947 to
about 1.2 million tonnes in 1971. We are now the second biggest shrimp
producing country in the world and the ecxport of seafood during 1972
carned for the country over Rs, 60 crores, The estimated potential catch
from the western Indian Ocean is about 8.9 million tonnes consis-
ting of 4.4 million tonnes of pelagic fishes and 4.5 million tonnes
of demersal fishes including prawns and other crustaceans. The
potential catch from the castern Indian ocean is about 5.5 million
tonnes which includes 2.4 million tonnes of pelagic fish and 3.1 million
tonnes of demersal fish. Another index of the untapped marine fish
resources we have is provided by comparative figures on catch in different
oceans. The yicld per sq. km. is about 233 kg. in the Atlantic ocean and
196 kg. in the Pacific ocean, in contrast to 37 kg. in the Indian ocean.
Even out of this low yield, we catch very little.  For cxample, the tolal
tuna catch from the Indian Ocean is about 175,000 tonnes, out of which
our share is about 5,000 tonnes. The rest is caught mainly by Japanese,
Korean and Taiwanese vessels.

Though the current contribution of infand fisheries, including both
capture and culture fishes is low and amounts only to about 690,000
tonnes per ycar, there is vast scope for improvement through modern
aquaculture techniques, Water pollution and water weeds could become
some of the greatest threats to fish culture and hence deserve serious
attention. Domestic and municipal wastes contribute more in many areas
to pollution, than industrial efHuents.

Any account of our agricultural asscts will be incomplete without a
reference to the excellent network of agricultural universities, research
institutes and demonstration-cum-training centres which we fortunately
have. A recent analysis at the Yale University has shown that while
investment in agricultural research has been very small in many parts of
India in relation to other scctors of research, the payoff from investment
on agricultural research in our country has been one of the greatest in the
world. Among factors which have contributed to the effectiveness of our
agricultural research system is the development by the Indian Council of
Agricultural Research of a national grid of co-operative experiments
conducted by scientists belonging to all the relevant disciplines and insti-
tutions. Such all-India co-ordinated research projects now number over
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70 and cover all the major areas of crop, animal and fish improvement,
The data collected in such projects are discussed at all-Tndia workshops
and decisions on recommendations to development agencies and farmens
are made collectively by ull the concerned scientists.  Another important
strength of our research system is the direet Ninkazes which have leen
established between the researchi centres and the farmer through Nationa
and mini-kit demonstrations, Krishi Melas and travelling seminars. This
feed back relationship assists in the fine tuning of the research apparatus
to the needs of its clients.  Though impressive in terms of contributions,
our research efforts are still very small in relation t9 the magnitude and
diversity of problems facing us.
I shall now turn to sonite of onr major liabilities.

LIABILITIES

The Tow productivity of our agricultural systems is well-known snd
comparative statistics place ouv country in the hottom group  with
reference to the vield per hectare of many cconnmic plants like rice,
wheat, jowar, maize, pulses, ollecds and cotton. An Important reasen
for our relatively poor average ag ieultural producsiviey v the vast area
undler the important crops, which ncludes considerable marenal Tands,
Historically, eropping systems have evolved partiadly due to ceolosical aid
pest and disease compuisions hut more impomtantly, on the basis of the
home needs of the farmer and his foudly, We now koow that many
iow-vield environments for rice or wheat may comstitute hishovield
environments for some pulse or oilsced frops, A elfecrive food distiibue
tien machinery can pave the way for readjustments in crop plinming
based on considerations af ccology and ceonomics,  If Lis is not <one,
our agricultire will beesme nereasinaly inetlicient and expensive and o
cost of praduction will increase, sinece wavres tend to rice with or without
ca-incident improvement in productivity.  For example, our averace rice
yield now 1s about 1170 ke, per hectne and 0 the tentative Fifth Plan
projection of productivity improvement is ail that we can achieve, the
average yield will be 1373 kg/ha by 1979, In contrast, the average vield
of rice even in 1971 was over 5000 kg per hecture in the Arab Republic of
Egypt, Japan, Italy, the United States und several other countries. Thus,
after the inadequacy of farm power, a major handicap is defective land
and water use resulting in low yields.

Probability estimates

I mentioned earlier that one of onr great natural assels s variabilioe
m weather and soil conditions which fostered the domestieation of a wide
range of economic plants and animals,  Aberrations in weather, however,
also constitute a major handicap. The rainfull distribution is skewed,

Social and Educational Requirements
of New Technology

In yesterday™s lecture, T deseribed several of the current trends in
the Improvement of the productivity of hunery soils in a way thar the
short-andd long-term uauls of development wre Larmonised. 1 sabd thae
the energing techoelosy Is based upan an understanding of the principles
ol ceolowy,

I must here draw a elear distincdon hetween the (Diferent nicanings
which this tern can have o prople tn difterene situations. Tn the deves
loped workl, the vrowing imporience of the scienee of coology s largely
the result of the efforts of the conservation movement, It is essentially
a movernent 1o use eeolosy 1o maintain, for the alieady rich people of
thuse countries, the very high standards of living which they cwrrentdy
crjov, It iy protective movement, aiming to prevent further depletion
ol vesourees already sovercly threatened or eroded and a further degrada-
uon of the environment.

However, for the developing world, ecology has 1o he understood
i a very different sense. Most people do not have even the hare neces-
st ol ife and therefore hardly any standirnd of living to conserve or 1o
protect, Rapid ceonomic grewth s hence o prime necessity. Huoman
wastes and civie effluents foom o Lir greater source of pollution in the
poor nations than scientfic and industrial pollutants. Our Prime Minister,
Shrimati Indira Gandhi, made this point vivid at the United Nations
Conference of Human Faviroument held Iast vear in Stockholm, when
she described poverty as the greatest pollutant, I owr situation, know-
ledge of ceology should be resarded as an instrument of balanced and
rapid cconamic growth.

A recent publication; entitled The Careless Tecknology points out,
with the help of 50 sclected case  studies, that a  high proportion
of the development efferts in the developing countries  have been
destructive, especially of precious natural resources and  delicate but ill-
understood natural balances, The book demonstrates that time and again
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face serious threat from synthetics, unless cotton strains can be developed
which can respond well to chemical finishing treatments capable of con-
ferring on cotton ‘casy care’ propzrties like drip-drying and crease reten-
tion. The preliminary work done so far indicates that there is scope for
screening varieties for these attributes.

Am exciting era

We are thus in an exciting era in agricultural and food science.
Thauks to the growing involvement of meorc and more physicists, chemists,
climatologists, mathematicians and engineers in studying and solving
biological problems, we can hope for continued progress in unravelling
new approaches to improving productivity. Remote sensing, satellite
photography and satellite television have all great applications in soil and
ground water survey, crop censussing, disease forecasting, prediction of
floods and cyclones and mass communication, The National Commission
on Agriculture in an interim report on Agricultural Research and Edu-
cation has stressed that in our legitimate concern for results of immediate
applied value, we should not dry up sources of basic research. Research
in production physiology, molecular biology, cellular binchemistry, design
engineering, construction of production models on the basis of a systems
approach, all deserve to be supported and intensified. Ifsome of the
current experiments designed to confer the ability for biological nitrogen
fixation on cereal crops, thus making them behave like legumes, mect
with success during the next 10 years or so, this will be one of the greatest
bonns that scientists can confer on the poor cultivators. There is evidence
that the current highest yiclds obtained in wheat and rice represent less
than halfl of what is theoretically possible.  Scientists have hence much to
to do.

While the onward march of science relevant to human welfare
must go on, it is our duty at every point of time to ensure that the people,
for whose welfare the scientific work has been undertaken at public
expense, benefit from the knowledge gathcred and material developed. I
shall discuss in the concluding lecture some approaches to this vital
problem.
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about 80%, occurring during the south-west monsoon season. About 309
of our geographical arca receives annually less than 75 ¢m. rainfall and
the occurrence of drought, floods, breaks in monsoon, cyclonic storms,
thundcrstorms and duststorms are common in one part of the country or
the other. Although the periodicity of such weather aberrations cannot
be determined with precision, it is possible to work out anticipatory
mcasures and cropping systems on the basis of probability estimates. This
is yet to be donc systematically,

The next major handicap is the growing loss of soil and the damage
that is being done to soil health and fertility. For reasons which are not
clear to me, there has been a great neglect of the soil in our country in
comparison with China or Japan. While it takes anywhere between [00
to 400 years {or one centimetre of top soil to be formed in nature, all this
soil can be lost in just one year due to erosion. It has been estimated
that nearly 80 million hectares out of the 139 million hectares under
cultivation require attention from the soil conservation point of view. A
wide range of factors such as denudation of forests and vegetation cover,
inappropriate tillage and cropping techniques and practices like shifting
cultivation, are causing a considerable loss of valuable soil through water
and wind erosion,

Shifting  cultivation, known as Fhuming in the north-castern
Himalayan region, involves cutting down all vegetation from hill slope,
use of fire to clear the debris, growing a crop like a hill paddy, millets,
sweet potato or beans, abandoning the land after a few years and restarting
the cycle at another place, According to an FAQ estimate, this form of
cultivation dates back to the Neolithic period. While this practice has
gradually tended to disappear from states like Bihar, Orissa, and Madhya
Pradesh, the area cleared annually for Fhuming may be about 100,000
hectares in Assam and Meghalaya. Observations in Assam hills, indicate
that at least 10 centimetres of soil may be washed away even from
moderate slopes in each Fhuming cycle. One of the factors influencing
such indifference to soil care is the fact that the land cleared for Jhuming
is not owned by the cultivator, whose interest in the land is co-terminus
with the cropping cycle. Shilting cultivation as well as growing one
crop once in two to threc years were two of the ancient methods of
overcoming the implications of the law of the diminishing return of the
soil in relation to crop yicld. In areas with settled cultivation, application
of organic wastes and the cultivation of pulse crops and other legumes
which can fix atmospheric nitrogen in the soil were the common methods
of restoring soil fertility adopted in the past.

Soil conservation

Soil erosion leads to an enormous loss of nutrients. Some calcula-
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tious show that the annual loss of soil due to erosion is about 6,000 million
tonnes and that of nutrients is 2.5 million tonnes of nitrogen, 3.3 million
tonnes of phosphorus and 2.6 million tonnes of patash. A portion of these
nutrients may get deposited elsewhere.  Tn fact, such loss of nutrients may
be the most important cause of warer pollution in our country. A majm
approach to soil conservition has been the construction of contour bunds
for the purpose of decreasing erosion, conserving water above the bund
and increasing infiltration.  We have so [ar treared, during the various
Plan periods, about 13.3 million hecrares of azricultural land and 1.2 mil-
lion hectares of pon-agricultural land with various soil  couservation
measures.  While these programmes have been very valuable both for
dimmishing erosion and providing employment, the avricultural benefits
from such programies have not beerr commensirate  either with the
effort o expenditure bivolved,  Often bunding has neither been ollowed
up with other measares 1 ke providing a veuetation cover nor has it been
carried out with an understanding of crop production technology. For
example, a recent sievey by the AMdhya Pradesh Depactment of Agricul-
tare on the effcctiveness of contowr bands in inereasing  rab wheat vields
has shown that on the whole the elfect of buading was strongly neeaive,
Simitbalv, o stwhvon the coflert of bunding on the vield of khanf crops
i the Bellary wen indiented thars contour bunding deereaseld the vields of
Jowear, cottan and safll nwer Lothr as a resnlt of water stagnation and delay
i cultnral operations. 1o 1s obvions therefore  that soll conservation
menstres necd to be planned and implemented ino much more s ientihe
manner taking into cons'deration nor only the neel to check crasion,
but also the end purpose of promoting crop groawth.

QOue has enly to see how land s heing used  for brick making and
road making i owr country to understand  the extent of ndifference we
the care of the soil. While planned use of Lind for brick making  conld
help in building up permanent asscts like (anks, unplinned vse results
both in the Joss of vood agricultural land and in erosion. Similarly, there
is always a danger that natural drains may he plugged il a total view on
soil and water conservation is not tiken while planning the construction
of roads and ratlway lines. Closing natural drams leads to floods and
thereby to considerable soil erosion. Thus, deforestation, shifting culi-
vation, vvergtazing and improper cropping of undulating lands, bunding
without vegetation cover, plugzing of natural drains and other kinds of
poor land management are causing increased  runefl, reduced ground
water recharge and severe erosion resulting in the deterioration ot soil,
lnss of valuable nuirients, lower yields, flooding of lowland areas, sed:-
mentation of small tanks and large reservoirs and the wastage of precious
water to the ocean. [t is not hence surprising that in an article emitied
The Eleventh Commandment, De. W.C. Lowdermilk stated a few vears
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capita meat intake, so as to reduce the pressure on plant proteins which are
needed to feed animals, food tecluologists are uow developing toxtored
vegetable proteins resembling meat prodacts, Plant proteins which were
not formerty of value in human nurition are also now  breomi o usable
due to the removal by processing of the toxic or anti-nurritionil factor.
For example. a milling teehinique called the Liquid Cvelone Pracess can
help to remove gassypol fiom cotton secds. Methods o removing the
toxic glueasinolates present in rape and musta~d seeds have bern stan-
dardived in Sweden.  Such dewxified mpeseed protein has stll sorme anti-
nutritional factors, which are currently being studied, A ldow eost 63 por
cent protein concentrate can now be prepared frem hesh coconuts. e
pracess aives ot the same time o hgh grade ol The Congd Toodd
Technolooeal Rescarch Laboratory ar Alvsore has s fardised several
useful mitling and  processing techuniuess and the moooved  merhods of
pulte milling particularly deserve populavisidion siee they can save aver
T ot milling lnsses.

Changes in processing and util'sation con completely chame the
market value of o eommodity, Por example, nntil some veus © oo rosoareh
fon the improvement of refstr coffee had been given Tess imnortece
HUour coery on the ascaareion chat the svorbl domoond wo dld be onldy
for arabica el which has s gpecior Tevonr, The advnt oF it o
soluble ¢affe hoe floweve clivized the poasition. sinee rofiedda has gon,]
solutnliev, T, wivhe the ool averaoe poices secused i 1800 G ex-
port aetions pes 50 ke, of Suilar arades of wrdbica and subaita were
pespectively R THLGO and 70,50, these prices swere Reso 223 apd 220,50,
during 1970.71 thus praciicaly wiping om the difference, Simlotly, lae
was regarded untl recendy as o dving indostres However. the price of
a tonne of lae i the UKL nunket this month is £ 1430, while in October
1971, the price was only £ 310, ()l)\'iflll\‘]\', somme important new e o
lac has heen found. Demand for tapinea hins also grealy growun and o
is expected that by 1980, couniries of the Enropean Leonomic Comimu-
nity would be mporting ar leasc L} million tonoes of tapiocn, hese
few examples would be sufficient to indicate Low in order both to main-
tain and develop further markets for agricultural proguce, we have 1o
keep ourselves very well informed abont trends in processing and utilisa-
tionn, Quality control and improved packiging and forwarding techni-
ques are equally mportant.  All this will call for an Agricalturad, Techno-
lous and Maket Intetigence Unit which can keep vur rescarch workers
constantly informed about the relative priovities they should assian o
problems having a hearing on export trade.

Watching technolog'eal trends would also be impartant to stabiliee
the home market for labour-intensive cash crops in the drv fming
regions, such as cotten. Globally, it is becoming clear that cotton may
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waste by anaerobic fermentation are some of the possibilities under
economic assessment ifi several countries. Unlike the situation in rich
nations, non-commercial sources of energy comprising dung, fire wood and
crop wastes constitute the major sources of energy supply in rural India
and we can hence profit greatly from recent developments on the efficient
use of wastes to supply power,

Fertilizer use efficiency is very low at present and the common
assumnption of return from the applied nutrients is 10 kg. of grain per kg.
of NPK. nutrients. Scope for improving fertilizer use efficiency exists
through procedures like adjusting fertilizer doses to soil test values, better
water management, weed control, split application, placing the fertilizer a
little below the soil surface, and use of nitrification inhibitors where
leaching losses are likely to be high. Seed-cum-fertilizer drills help to achieve
good seed germination and fertilizer distribution. When yields increase,
deficiency of phosphorous and of micronutrients like zinc become impor-
tant, as was seen in the Punjab afier the introduction of high-yielding
varicties of wheat. A continuous monitoring of the status of soil fertility
is hence important,

There is apprehension that phosphorus reserves may get greatly
depleted by the end of this century, Hence, every attempt should be
made to use wastes like basic slag from stecl mills, sources like rock
phosphate and Laccadive sands and alse promote the solubilization of
insoluble phosphates through mierobial secretion of organic acids which
dissolve phosphates. Rock phosphates and basic slag have been found to
be suitable for application in acid soils. Acid soils fortunately occur in the
vicinity of steel factories and hence transportation costs can be minimised.

Cutting post-harvest losses

Techniques are also becoming available for minimising losses during
harvest and post-harvest operations. A major problem in the safe storage
of grains is the high moisture content ofien found, particularly in paddy.
Studies carried out at the Paddy Processing Centre, Tiruvarur, on the
effects of salt sprays both before and after harvests have shown that this
technique could help to bring down the moisture content to about 12 per
cent rapidly. We need much more work on the standardisation of effective
methods of preventing pre-and post-harvest losses in grains, fuits and
vegetables under different ecological conditions. Bad storage not only
results in a quantitative loss of all food material, but more importantly,
there could be considerable deterioration in nutritive quality. The
problem is acute in crops like groundnut which develop aflatoxins following
fungal infection.

The situation in processing and utilisation is dynamic. In some of
the rich nations, where there isa move towards reducing the total per
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ago that “the use of land is a down-to-earth index of a civilization, for
land has been the silent partner in the rise and fall of civilizations”’.

We can continue to neglect our soil anly at the peril of our future.
The authors of Limits fo Growth have calculated that every child born
today would need 0.08 hectare of land for purposes like housing, roads,
waste disposal, power supply and other uses and 0.4 hectare of land for
producing the food he or she needs. On this formula, we will need at
least 5 million hectares of additional land every ycar to cater to the needs
of thase added to our population. In contrast even in 1969-70, the avai.
lability of agricultural land was only 0.34 hectare per person. Obviousty,
it is time we woke up and spread throughout the country a consciousness
of the value of soil and the importance of scientific land use,

Improper and inefficient water use, inadequate tapping of sunlight,
poor utilisation of biological nitrogen fixation, wasteful disposal of wastes,
lack of understanding of recycling processes and poor integration of crop
and animal husbandry on the one hand, and terrestrial and aquatic pro-
duction systems, on the other,-are some of our other major liabilities.

The slow pace of progress in getting the best out of our water
resources is evident both from the relative stagnation in harif crop pro-
duction and the low intensity of farming. During the kharif season, when
much of the rainfall is received, the production of foodgrains was 65.6
and 62.0 million tonnes in 1964-65 and 1971-72, respectively. In éontrast,
the radi production during these two years was respectively 23.7 and 42.7
mullion tonnes. Thus, our major grains in production have come from the
non-rainy season, With the development of irrigation facilitics it should
have been possible to bring more area under double and multiple crop-
ping, thereby raising the intensity of cropping. The intensity of cropping
is however still low, and has risen from 114 per cent in 1965.66 to only
117 per cent in 1969.70. :

A low intensity of cropping even when water is available also im-
Plies a poor utilisation of sunlight, since in the tropics and sub-tropics
green plants can be made to produce food, feed and fodder continuously
by photosynthesis from water and atmospheric carbon dioxide. The
cellulose produced by photosynthesis on the earth is not only the chief
basis of all fossil fuels, but is also the most abundant renewable raw mate-
rial currently available.

Nutrient supply

In the area of nutrient supply to crops, organic manures like farm-
yard manure, compost, green manure, various oil-cakes and various waste
products of animal origin like dried blood, bones, fish manure and urine
had been used in the past. With the growth in population, farmyard
manure and other organic wastes have increasingly been diverted to fuel
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purposes.  Thouzh some work has been done on the generation of gas
from such wastes in order to ohtain bhoth fuel and manuwe from  the same
material, such techuiques have not come into nse on any significant scale.
Afuch of the urban wastes, sewage water, cattle and human urine and
buman excrcla are not recveled in a manner that will promote produc-
tivity.

A great marvel of nature is the way in which miero-organisms fix
atmospheric nitrogen in the soil larzely thinugh leguminous plants. While
synthetie nirogen-fertilizer production requives very high  temperature
and pressure fur combining nitogen, hvdrogen and oxygen, the nmuogen-
fixing organisms Like Azotobacter, Riizobium, and blue-green aluae arce able
to de this at ordinery soil temperature and pressure, with the help of the
enzyme nitrogenase.  Nitrogen s now being intioduced into the carth
in fixed form at the rate of about 92 millien tonnes per vear, whereas the
1012l amount being denitrificd and returned to the atmosphere s only
aboul 83 million tonnes per year.  The difference of 9 million tonnes per
year may represent thie rate at which fixed nitrogen is building up in the
soil, oronnd svater, rivers, lakes and occans, Unfortunaicly, studies show
thit while Australia, the United States and Soviet Union are adding every
vear substaitinl nitrogen to thelr soils, we have a negative nitrogen bal-
ance to the extent of 8.2 Takh tonnes per vear.

Belore T end this discussion on our agriculiural assets and  lHab:
I musl refer to the most important faclor which will determine our agi-
cultur:] furure, namely, our human populstion, 'Lhe prineipal characie-

rist.es of our population are  the predominance of  vouth, poverty,
uncler-nutrition and illiteracy,  Aceording to the projections of the Reiz
trar General, we will have about 637 million people by 1931 over 40 per
cent of thew will be below the age of 160 Newrly 80.0% of our popula-
tion lived in villages during 1971, We are thus mainly a tand of vourh
and of rural people.  Impressive statistics on poverty arc available and

there is also a growing awareness of the hnplications of protein-calorie
maloutrition on national development. Many auwthorities now compare
nutrition education respectively to the hard and soft ware components of
technology.  Although in terms of percentage, the number of lilerates rosc
from 24.03 in 1961 to 29.34 in 1971, the number of illiterates increased in
absolute number during this period.  Most of our agriculture is managed
by illiterate peasantry and  Mahatma Gandhi warned us forty years ago
that unless there was a marriage between intellect and labour in rural
India, there would be neither agrarian advance nor rural prosperity. Our
agricultural future will hence depend to a great extent on how successful
we are in involving youth and the illiterate both men and women in rural
transformation. The urgency of population stabilisation hardly needs
any emphasis, since all our cfforts will have no eflect in  improving the
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Biclogical centrol of pests

Biolowical control involving the control of pests through  their
natural enemies is receiving  inereasing attention,  In the past, more
emphasis lad been placed on i inundation approach involving the nass
hreeding and release of indigrnous natural encmies,  Tinphasis s now
shifting to obtaluing more effective parsites and predators flom other
areas where the same or relited pests vecur. Tn general, conntrics which
have luud the sreatest successes in hiolngleal vontrol are the ones which
have impo ted the greatest number of natural enemies, A station of the
Commonwealth  Tnstiture of Blolooical Coatrol lncated at Bmgafore has
Leen helping in vetting natural encmies of pests of apple, cabbage, castor,
cotonnt, eattor, potata, sungwreane, rice amd acpatic weeds from othen
pares of the world,  Predatory snails and hermit crabs have been found
16 he useful in eontolling the Giant African snall, which had become a
menace in Andaman istands and in pars of Keraly and Assam, Anenpts
arc in prouress inosome countries in Afrien to contre! serions water weeds
like water hyaciuth and Suleinia through introdueed parasites. I such
panasites prove (o be ialdy hostespecifi, we may also be able to mitlate
simmilar studies inooan country, since these aquatic weeds are causing
serious problems i tanks and watersays partictanly i easters Indi and

KNerala,

Economy through recycling

Tlhe third madn concept T should Hke to toush upon is coonouy al
maximisation of farmn income, a concept which s being used with yreat
profit in diverse areas Lke increasing the efliciency of nutrient supply, water
use, energy release throush reeyeling and cllective wse of all wastes
by-products, improved huarvesting, storage, proressing  and utihsation.
The major aim is to reduce waste in all possible wayvs and decrease to the
extent possible the dependence on non-renewable vecources for increasing
production.,  An integrated autrient supply system invelves the develop-
ment in each Block of an appropriate schedule of manuring with organic
and inorganic manures. There is great scope for raising leguminous shrubs
on bunds of irrigated fields or all ulong hrrigition canals and rivers for
providing green leaf manure, Tt would be wise to introduce pulses and
fodder legumes in all rotations. Success in conserving cow dung and
other wastes for use s manure will depend upon the availability of luel,

Devices like cow dung gas plants are yet to become popular.  Mean-
while, rapid technelogical progress is taking place in which all wastes
which contain cellulose can be converted into pipeline gas or liguid fuels.
The conversion of grains through fermentation into usable ethyl alcohol,
the growing of trees specifically for generating thermal power, the develop-
ment of new high-vielding crops for industrial energy and recycling animal
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Harmony and natural balance

The next concept I would like to deal with is harmony and natural
balance. This involves the development of management concepts in areas
like disease and pest control and the balanced growth of different com-
ponents of a production system. “Prevention is better than cure’ is the
general motto in discase control and we know that through appropriate
immunisation, and sanitary and quarantine measures the health of farm
animals can be maintained at a satisfactory level. Our scientists have
been developing eflective  vaccines against the important diseases of
cattle, Recently, a vaccine against lung worm of sheep has Dbeen
developed using the principle of radiation attenuation. In general,
however, theawarencss of the need for quarantine and sanitation is not
widespread.

Depending upon the cropping pattern, water availability and market-
ability of produce, profitable mixed farming systems can be developed.
Where feed grain availability is low, ruminating animal could form a
good mix with cereal and milict cultivation. Poultry rations usually con-
tain as high as 60 to 70 per cent cereal grains. However, several agricul-
tural and industrial by-products like rice bran, wheat bran, slaughter-
house waste, fishery wastes, etc. could be used as poultry feed. Similarly,
last year’s serious drought in Maharashtra provided an opportunity for
introducing new rations hke a mixture of bagusse, molasses and urea.
Improved strains of fodder grasses and legumes are also becoming avail-
able and studies at the National Dairy Research Institutc have shown
that high-yiclding cross-bred cows can be maintained largely on high
quality fodder,

Growingly, concepts like pest comtrol are giving way to procedures
which help to raise good crops through better management with minimal
assistance from chemical methods of control. Such integrated procedures
of pest management involve an appropriate combination among methods
like selection of resistant varieties, use of parasites and predators, both
native and introduced, ecological control through modifications in crop-
ping systems and agronomic practices, development of microbial pesti-
cides, use of attractants and repellants including sex hormones, develop-
ment of various methods of inducing sterility and use of selective chemical
insecticides. Such an integrated approach has become necessary to avoid
dangers arising from the destruction of beneficial insects and natural
enemies of pests, the persistence of some pesticides in the food chain, the
origin of pesticide resistant insects and environmental contamination.
Safer chemical pesticides are also being developed and in crops like
Jewar the control of shoot fly through cither treating sceds with a suitable
pesticide or an adjustment in date of sowing could make a big difference
in yield.
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quality of life, if population growth cannot be arrested and stabilised.

The second c¢lass compartment of Spaceship earth is getting smaller
and smaller, while the number of thosc who have to live therc is getting
larger and larger. Affluence is becoming a major claimant of world food
and energy resources. Between 1967 and 1971, the developed market
economics increased their agricultural exports on an average by 11 per
cent per year, while the developing countries lost ground by I per cent.
This is the net result of what is called the U.N. Development Decade, It
is time the pcople fiving in the first class compartment realised that when
the compartment of the poor bursts due to excessive pressure, the whole
spaceship will crash. But the poor have to begin hclping themselves.

During the last few years, we have started making real progress in
improving our agricultural capability. While food production dropped
by 17 million tonnes during the drought of 1963-66, the fall in production
during the drought of 1972 is likely to be less than half of this amount,
This is certainly an index of real progress and encouragement for greater
effort.

To summarise the state of our agricultural balance sheet, we are
endowed with considerable ecological diversity, a large volume of tapped
and untapped sources of water, abundant sunlight, and large animal and
human populations. Qur liabilities, apart from those caused by population
growth and aberrant weather, mostly arise from an improper use and
management of these resources. Attempts to promote synergy, which is
the only mechanism which can lead to rapid progress from small resour-
ces, have been few and halting. Our urgent needs hence are first, to
develop and introduce in each ecological area an agricultural production
technology which will lead to increased productivity based predominantly
on the use of renewable resources and on the wise husbanding of non-rene-
wable resources. We will have to learn to produce more and more food
from less and less land. Secondly, we need to develop and introduce
educational tools which will help to impart the latest technical skills to
illiteratc peasantry and which will enable educated youth to become
catalysts of rural change. Finally, we need to develop and spread
management and organisational techniques which will help those living in
absolute poverty to overcome their handicaps and obtain their share of
the fruits of agricultural advance. I shall deal with recent developments
in agricultural science in the second lecture and with the social and edu-
cational aspects in the final Iecture.
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The Emerging
Agricultural Technology

In the first lecture in this series, T attempted to give a synoptic view
of our agricultural assets and liabilities and  stressed that in view ot the
inclastic nature of tand availability and the competing denunds for is
use, we have to adept an agricultural technolozy which will help us to
achieve our immediate goals of more food, more jobs and more neonne
for the present population, withont at the same time cudangering the
long rerm pra:luction potentinl of the soil,  Tois probable that extensive
occan tarming, hydroponies or soil-less cultivation, test-tube cultivation,
protein from petroleum and single cells and other similar wechnigues may
contribute to our future food supply.  In the immediate fuiure, however,
we will have to rely primarily on mother earth to feed s and our animals.
As [ as we can judge now, soil will continue to e the most isportant
medium for crop growth, since several of the other teclmiques will have
to rely heavily on the use of non-rencwable resources of enerav.  We also
do not know what the long term contequences of certain trends in ocean
farming, such as induced upwelling, will be. Upwelling is a physical,
vcean-atmosphere precess leading (o the transfer of high concentra-
tions  of chemical nutrients from sea Dottom into the zone where
there is active carbon assimilation thereby producing food for fish. Tt has
been estimated that about half of the world’s fish production occurs
in the restricted coastal upwelling areas. I man can artificially create
upwelling, it is possible that there may be richer harvests of marine
life for some time. No one, however, can predict what will happen in
the long term.  We already have the lesson of the Peruvian fisheries to
remind us that if man in his greed tries to over-cxploit a resource he will
come to gricf.  In 1970, the catch of anchovies in Peru reached 12.3
miltion tonnes, It dropped dramatically to about 4 million tonnes in
1972 and is not yet showing any sign of recovery. Though the drop is
partly due to a periodic ccological disturbance in the sea leading to the
influx of warmer water, many authorities believe that over-fishing
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in oilseed production.  Apart from opening up the possibilities for sun-
flower and soyvbean production, we have not had so far any striking
advance in oilseed research. Scope however exists for improving the yield
of grounchi, (7, safflower and coconut, through better munagement and
seeds. HMowever, in the near folure we may have to lean heavily on in-
ereasing the acreage under oilseed crops, if we are to substantiaily increase
the production of these crops,  Mare or less similur s the position with
regard to pulses,  Incieasing the arca under oilseeds and pulses wonld be
possible only through multiple ciopping and by increasing the producti-
vity of erops like rice and jowtar, so that some land can be released from
them.

More area for pulses, oilseeds

There is considerable senpe for releasing areas [tom jowar and bajra
for pulses or oilseeds in tainfed areas by improving the produetivity of
these crops, replacing the old varietivs by hich-vielding ones. For example,
calculytions show that in Gujarat, which produced during 14969-70 one
million tonnes of bajra from 1.73 milllon hectares, it is possible to produce
.12 miiion tonnes Gon LoD million heetares merely by inceasine the
proportion of the area wnder hish-vielding Lybrids from the oviginay 17
o 30 per cent. Similar opportunities are now available o jowar. as o
resilt of retease of varieties Tike 302, 608 ancd Swarna,

Cremetic improvement of nutritive quality of basic staples s nnther
venue of providing better nutrition, at no extia cost. Chenneal Jortifica-
tion with liniting aming acids, which used 160 be the major approach
advocated ten vears ago. by given wav now (o attempis (o improve
cenetically the amino acid balance and nutritive quality of ¢rops like
e, jorear, baley, potato. wheat, and rice. This fickd ol vesearch was
stimulated by ihe discovery al the Pardue University 1o the United States
of genes conferning a Ligher content of lysing, an essential amino acid, in
the protein of o tain strains of mdze a few years ago and more recentdy in
Jezear. The finding b joz ar was niade Ly an Indian scientist, Dr. Rameshwar
Singh of Pant Nagar, while he was working at Purdue. This is of parti-
cular sicnificance since the nutritional disorder Pellagra has been found
by the Nutional Tustitute of Nutrition, Hyderabad, in areas where jowar
is the staple.  Another important finding in this area is the identification
in Sweden of a barley stiain with high protein and iysine, Tt 15 interest-
ing that both the jowar and batley lines originated in Lthiopia. This line
of rescarch may help to produce high yielding-cum-high nutritive quality
strains,  TCit is conpled with the widespread preparation of home-made
weaning foods such as the Iyderabad mix in villages on the basis of
locally available cereals, pulses and jaggery, a dent on the malnutrition
problem can be more casily made.
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enduring type. He is also trying to develop escape mechanisms by trying
to alter the growth phase of the plant in such a way that it does not
synchronise with the peak multiplication and infectious phase of the
pathogen. He is striving to develop strains called *‘composite varieties”
which can help 1o reduce the pressure on the pathogen in building up
new and virulent races. He is also trying to understand the biochemistry
and physiology of resistance, hoping in this way to find effective and
cheap chemical methods of control. While all these approaches nced to
be foliowed with vigour, our immediate hopes lie in the genes for resist-
ance found in the primitive cultivars and other wild and cultivated
genetic material occurring particularly in the centres of diversity of plants,
Thus, the rich collections of rice made by our scientists from the north.
eastern Himalayas contain genes for resistance to a wide range of pests
and pathogens infecting rice. Areas where the pests are endemic provide
oppurtunities for screening for resistance,  Under our All-India Co-
ordinated research programmes, such areas have been identified, and
given an cflicient seced multiplication and distribution machinery, we
should be ablc to remain ahead of the pathogen in several crops.

Lqually cxciting are the opportunities now available for adding a
nutritional dimension to crop improvement programmes. According to
several authorities, including Drs. C. Gopalan and P.V. Sukhatme of our
country, malnutrition in countries which have cereals as the staple food, is
mostly the result of under-nutrition, arising in turn from inadequate
purchasing power. Chronic illness and worm infection due to insanitary
conditions, lack of community health care and ignorance about the fecd-
ing of infants resulting from poverty all add to the problem. According
to the report of the Task Force on Nutrition of the National Committee
on Science and Technology, 90 per cent of our pre-school children have
heights and weights much lower than those of children of corresponding
ages in the United States. Another important point made by the Task
Force is that our nutritional problems are qualitatively very different
from those of the richer nations and hence the remedies must be our own.
For example, in richer nations, where excessive intake of fat of the order
of 75 to 100 g. daily has aggravated the problem of certain kinds of heart
diseases, the emphasis has rightly been on reducing the fat content of the
diet. The same situation holds good among the rich in our country.
This section of the population, however, is very small and for a majority
of our people, the inclusion of more fat in the diet is not only desirable but
necessary, This 1s beeause fats and oils are not only concenrated sources
of calories but act as important vehicles for some vitamins. The NCST
Task Force has hence recommended that we should try to raise the per
capita average consumption of fats from the current level of 10 g. per day
to at least 30 to 40 g. per day. This would call for a 3 to 4 fold increase
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leading to the depletion of the basic renewal stock may also be a factor
responsible for this big drop. A sad consequence of the drop in the
availability of anchovies along the Peruvian ‘coast is the dwindling in the
population of the Guano birds, from about 30 million a few years ago to
about a million now. If the Guano birds disappear, the finest natural
fertilizer in the world formed by the deposits of these birds will also .
gradually get cxhausted. Anchovies not only constitute the dominant
food of the Guanos, but also of poultry and pigs in North America. The
drop in the availability of anchovies hence escalated the demand for soya-
bean as the main protein source in animal feed mixtures, The conse-
quent sudden risc in soyabean price led the Japanese to rclease rice for
animal feed, rather than import soyabean at very high prices. This iltus.
trates the inter-dependence of biological and production factors and
the consequences of one adverse event on other seemingly unrclated
cvents.

The importance of the scientific management of the biosphere is
thus obvious. In this lecture, I would like to deal with some recent
trends in the promotion and management of bivlogical productivity citing
relevant situations in our country.

Aitention to economic ecology

First among the emerging concepts of management of biological
assets is attentton to economic ccology. I used the prefix ““economic”
belore “ccology” to underline the fact that what we need isas high an
economic growth rate as possible through the use of the principles of
ecology rather than the kind of ecology discussed frequently in the affluent
nations which is of the conservationist or Zero growth rate kind, intended
to preserve the high standards of living already achieved. For the sake of
convenience, I would like to deal with our arable land in five groups—
arid, semi-arid, humid, irrigated and hilly regions. It is abvious that
there are numerous climatic variations in these groups. Kharif and rabi
seasons have not the same significance in south India, as they have in the
north, This is why agricultural technology becomes highly location and
situation specific, necessitating a considerable amount of local research
and testing work, before a new technology can be recommended to the
farmers. Whilc ideas and concepts can be transplanted from one region
to another, the actual material and techniques will have to be tailored to
suit the local agro-ecological and socio-economic milieu.

The arid zone occupies in our country an area of 3.2 lakh sq. km.
of hot desert, mostly in Rajasthan, Gujarat, Haryana and Mysore and
0.7 lakh sq. km, of cold desert in Ladakh. In Ladakh, extreme aridity
combined with low temperature limits the possibility of growing crops to
about 5 months in a year. Hence, the strategy for agricultural growth in
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Ladakh has to depend targely on the cultivation of quick-growing cereals,
oilsceds and fodder crops and the reaving of goats, giving Pashmm wool,
The hot decert resinns, in contrast, have an abundance of sunshine, land
and soils capabie of responding 1o management, well adapted grasses and
trees, cxeeilent breeds of sheep, goat and cattle and considerable reserves
of ground water.  Water and not land, is the principal fimiting factor and
hence all attempts have to be focussed on maximising inconie per litre of
water.  This wiil Dbe possible only if the ecological balance is uot further
distwrbed amd a proper land use pattern is adopted.

Let me cite three examples to iustrate the trends which e agora-
vating  the wnfvourable conscquences ol aridity.,  Viest, the area used
exclisively for grazing in Western Rajasthan has drepped from 13.09 mil-
lion hectares 1o 11.04 million hectares during 1951-61, while the populia-
ton of grazinyg animals increased during the same period  fram @4 million
to 144 million. “The same trend of diminishing grizing area and rapdly

expinding qrazing population is still persisting.  Secondly, while most of

the land i the arid zone s it only for forestry or range management,
Iand i inereasingls being brought under eropping,  The areas crapped
rose fromn 20 per cent in 1960 1w 33 per cent i 1970, thus extending
cultivation even to subrmarginad creas, Thirdly, the wen under o ests
is only 2 per cent although the extent ol land claswiiied under barren ui-

prrocent amd cnltural waste = 1 per cent, W o!

iy
)

1
cultivable waste s 24
whiclico Jd be planted with wee specles Like  dvacia il Prosopls
Julificra ol Encaleptas sp. Fralt ees Hke ber and pomesian e can also

be crown extensively,

Reclaiming the desert

Aflorestarion bas to be the fueal point for recladming the desers.
Techniques for soil and water conservation and for sand  dune stabiliza-
tion are lortunately available today.,  Large seale planting of shelter-belts
conlid help 1o minimise wind erosion and deercase the dust over the
desert. Scope for the establishiuent of pastures and grazing lands is great
and strip cropping invelving the setting up of permanent grass strips to
prevent wind damage will help w increase the yield of crops like bajra and
moong substantially. 1 steps of this kind can be taken, it may be possible
for the nomadic tribes like Banjiras and the Gadiya Lohars to start
leadine a4 more cettled life,

Rijasthan has many fine breeds of sheep and research has shown
that apprapriate cross-brecding precedures canchelp to improve the yield
and quality ol wool as of mutton.  Fortunately, techniques [or artificial
insemination have been developed and henee more widespread genetic
improvement programmes arc possible.

An important need in the desert areas is the preservation of orgauic
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per square metre can be packed into the new varieties of wheat and rice,
as compuared to the old ones. Similarly, the distribution of the total dry
matier produced by the plant hetween (he part of commercial value and
the remaining parts is much mave favourable in the new strains, New
Plant types in bajra can respond o a population density of about 230,000
plants per hectare, in contrast to less than 101,000 plants in the case of
the earlicr strains.  Similuly, in maize, dwarl varteties with smaller
tassel, high nirrate-redoctase activity and upper placement of the ear are
under testing in several conntries and these can respond 1o a population
density of ahout 130,000 plants per hectare.  The concept of population
explosion in fields has also permeated horticulture. Growingly, emphasis
18 being placed in oichards on the selection of dwarlmg root stacks.
Some experts believe that the fruit orchards of the {uture mayv be “Lili-
putian™ in nature, fwilitating a high management efficiency. Unfortuna-
telv, i our counury root stock  consciousness has not vet spread and
citrus growers seill raise orchards from seedlings although budded plants
onappropriate rool stocks like trifoliate ool stock in drought prone
arcas van mike avrear difference inorchard productivity,

Apart from improving popnlation pedormance and the yield poten-
tdal ot cionomic plants sheouph a repiciening of plaut architecture,
growti vhiython and allocation of dev matter hetween the cormmereial and
now-commercial portioas of the plant, the other areas of concern have
been in iutroducing o broad spectrum of resistance 1o pests and pathogens
and inimproving nairidonad aud cooking or processing quality, Une
fortuately, breeding tor resistiuce to pests and discases is often a never-
ending task. . The resistance teads 1o break down, ©llowing the build-
up in natre ol new races of the pathogen capable of atiacking a variety
carlicr released fov ity 1esistance. We are now witnessiug this in the
popular wheat varicties Kadvan Soua and Sonalika, which at the time of
thelr release in 1967, had a high degree of resistance o brown and
vellow rusts, Kalvan Sona has become swceptible particidarly to brown
rust and there is no assurance thet the vesistance of Sonalika may hold
out lor long. Seeds of new strains huve hence to be multiplicd and  dis-
tributed speedily. Dynanic varietal diversilication and  seed multiplica-
tion programmes are essential to sustain a good crop production pro-
grammec,

Outwitting the pathogen

Will the stiuggle between the breeder and the pathogen be an
endless one or wilt one outwit the other?  This is an interesting  question
for which no clear-cut answer is vel in sight.  The breeder s adopting a
multipronged strategy,  He is working on a type of resistance, technically
referred to as horizontal or field resistance, which is likely to be of a more
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interactions, Let me cite an example,

Chinese peasants had devised over a thousand years ago methods of
producing high yields of fish with low inputs of money and technology.
They did this on the basis of two principles. First, a body of water is a
three-dimensional growing space. To treat it like a field by planting only
one kind of crop is likely to result in wasting the majority of that space.
Secondly, any fertile pond will produce a number of different fish food
organisms. However, most fish arc not omnivorous, but are rather selec-
tive in their diet. Thus, stocking single species in a pond wastes not only
space but food. Chinese fish culturists took advantage of these two charac-
teristics of the pond environment through polyculture or stocking several
types of fish. Recently, under an All-India Co-ordinated Project on com-
posite fish culture, suitable species of fish have been identified which can
give co-operatively about 3,000 kg. of fish per hectare in about 6 months,
The species involved are both Indian carps like catla, rohu and mrigel and
exotic carps like grass carp, silver ¢carp and common carp. Such high
synergy aquaculture systems can revolutionise fresh water fish produc-
tion in our country.

Terrestrial and aquaculture systems can also be devised, where each
element would contribute significantly to the functioning of the whole,
resulting in a profitable farm ecosystem. The Chinese have again taken
advantage of the possibility for raising pigs and ducks in conjunction with
the culturing of fishes. In a 4.4 hectare Chinese farm in Malaysia, pigs,
fish and aquatic plants were raised together. About 30 tonnesof pig
meat were produced per year, with the primary feed being the aquatic
water spinach, Jlpomoea repens which grew luxuriantly in the fish ponds
fertilized by the pig manure. Besides the pigs, sume 3000 kg. of fish were
cultured in the small ponds. The main food for the fish was algae, which
grew well in the enriched ponds. Ducks could complement a sysiem like
this, their wastes being added to the ponds.

Changing plant architecture

The search for syncrgy has led both to the re-patterning of plant
architecture in many economic plants and to the development of cross-
bred farm animals which are efficient in the conversion of fced into the
product for which they are raised by man. What the breeders now look for
are the plant types which can maximise production per unit of area, time
and water. Thus, plant types which will not shade each other or fall
over cach other and which will promote better light interception and
carbon dioxide fixation are now sought after. In the carlier strains, many
of the characteristics had been selected for performance under adverse
circumstances and not for high yield under good management. Because
of their plant and leaf characters, a larger number of productive tillers
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matter for the soil. Unfortunately, due to deficiency of fuel, the available
organic wastes are generally used for burning and trees are cut in an un-
planned manner. It is here that more extensive research and extension
efforts on the utilisation of solar energy for purposes like heating, cooking,
lighting and distilling water will be of great value. Often in the desert
areas, the water is saline and people have to walk several miles every day
to fetch sweet water. Solar stills to produce water for drinking in such
area will be a great boon to the villagers.

Sophisticated techniques for raising crops in desert areas with very
limited quantities of water are now becoming available. These involve
cultivation of vegetables and high value crops under air-inflated polyethy-
lene houses using economic methods of water supply like drip or sprinkler
irrigation. Since the Lathi aquifers of the Thar desert are rich, it may be
possible to develop efficient water use systems at least for raising commu-
nity nurseries of different crops so that transplanting can be done if there
is a delayed onset of monsoon and for purposes like the cultivation of
vegetables and seed production.

Unfortunately, we have no arrangements now either to mitigate the
rigour of a Dbad season or to derive maximum advantage from a good
season. TFor example, this year provided a unique opportunity for plant-
ing in the desert a large number of trees and for seeding large areas with
grasses. While the average annual rajnfall of Barmer and Jaisalmer dis-
tricts are 277.5 mm. and 164.0 mm. respectively, 302 mm. rain was
received in just three days in Barmer and 377 mm. in Jaisalmer between
10.8.73 and 31.8.73. In spite of the shallow nature of the soils and the
calcium carbonate pans which occur in the subsoil, thereby increasing
run-off and reducing infiltration, abundant moisture was available to
facilitate the cstablishment of trees, shrubs and grasses, The district
administration tried its best for getting the available seeds sown, but the
magnitude of the programme was small in relation to the opportunities
that were available,

“Good weather code’

What we need in such areas is a Good Weather Code, which will
spell out the types of activities that should be undertaken in the cvent of
rainfall being good. While we have Scarcity Manuals which tell us what
to do when rains fail, we do not yet have a corresponding action code to
indicate what we should do to capitalisc on good weather. Tt is obvious
that a written code by itself will be of no value, if arrangements to implc-
ment its provisions, by way of ¢xtensive nurseries of trees, do nol exist.

About 75 per cent of our cultivated area is rainfed and since about
42 per cent of our food comes {rom such areas, there is variation in food
production depending upon the amount and distribution of rainfall. Semi-
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avied arcas where them can annual potentianl evapotranspiration exceeds
the mean annual rainfall, occur in manv of our States. Such areas have
been plagued for centuries by periodic droughts, floods, soil erosion,
instability in production, drinking water =cavcity, unemplovinent, under-
employment and other forms of human suffering. In about 101 millinn
hectares, crop fortunes are closely linked to the hehaviour of the monsaon,
These areas not only provide much of our millet and pulses but are
also 1he major suppliers of industial raw materiat like cotton and
groundnut.

The curliest vesearch cffort on devland agricultwe was stuted by
Tamhane 10 1923 at Mangri, Subsequenty, a ruther comprehrnsive pro-
gramme was cvolved by Kanitkar for improving the productivity of ruan-
fed farming.  This formed the basis for the Dry Farming Scheme started
in 1933 hy the Indian Council of Amicultural Research at Roliak,
Sholapur, Bijapur, Raichur and Flagari.  The outrome of these projects
was a series of dry farming  practices commonly known as Bombay,

Hyderabad and and A dras Dry Farming Practices. The basie featwes of

the dry farming practices developed in the past were hunding o canserve
sail moistare, application of farmyard muanare to supply plint notrients,
deep plonghing once in three vears, shallow preparatory cultivanon and
intercultire, low sced rate and wide spucing of cops. Otficial estimates
placed the fncrcase nocrop vields due (o the adoption of this package of
priuclices at cbout 15 1y 20 per cent over a base level af 200 to 200 ke
per hectare. No wonder, the package faslod o catch the imagination
and interesis of the Tirming community,  Nevertheless, these programmes
didd make o useful contribution In the areas of moistune conservation and
croslon control,

Later m 193, Soil Conservauon Resea:ciy and Demonstration Cent-
res were established in different parts of the country and they gathered
valuible data on the capabality of land, rainfull intensity and distribution,
run-off patterns and response to [fertilizer application.  In addition to
developing conservation practices appropriate to o region, these centres
also provided an msight into the facters imiting production in dry-farming
areas, Lack of quick maturing varteties was i majnr handicap in the early
programmes.  For instance, it was noted at the Bellary Rescarch Centre
that in late December the soil, which has a high ¢lay content, cracks heav
ily due to the logs of moisture.  The flowering stage of the traditional
varieties of cotton and jerar coincided with this period of rapid soil dry-
ing and hence their yiclds were poor. It was thus obvious that i cotton
or joear varietics which could be harvested by carly Drcember counld be
introduced into cultivation much higher vields could be obtained. We
had to wait nntil 1965 when thanks to hybrid jowar CSHLI, ILB.1 bajra
and PRS cotton varieties, which could all mature before the seil lost its
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We need for such flood.prone areas o Floed dvoidance Code, which conld
provide guidelines for restructuring the agricaltunal systemn in accordanee
with the probability of ocoirrence of floods,

The entire viverine or Digra areas of Bihar and Uttar Pradesh will
benefit greatly from arrangements for community tube wells. The Clhota-
Nagpur and Santhal Purganas area can grow [raits, vegetables and develop
dairving so as to captwre the emerging market o citles like DBokaro,
We also know now that due to cloudy conditions and rvelutinely greater
incidence of pusts and diseases during Ehar, the vield of high-vielding
varieties ol rice s lower during this season than during rede. Yer, while
the total area under rice is over 37.0 million hectares, the area under rabi
vice is only abour 3 million hertares. Thenijor problems in extending
rabi rice cultivation are the eold temperatures of December o Februay and
serrcity of water.  Cnld-tolerant strains are currently  heing selected and
with mrre economicdd water mamgement for which techiniques are avail-
able, it should be possible to take « unod rabi1ice erop i the deita regicn
of the east cost, where gronud water is avallable a few metres below  the
aronnd,  Thus, the seope for re-structuring cropping patterns on ecologi-
eat and marketing consideratinns s vast, Por thiss we nevd b elasdly
the existing cronpine systems, which are Togely the produce obf the home

necds of the Pirmer aad pest and disease svndvomes, into classes such as

those with hizh vield potentiod and Low 1isk, higie viell sotengal ard high
risk, low vield potential and low tisk, and low vield potential ainl high
visk, Obviously, we sheuld strive to eliminate the low vield potential crops
from the ceopping system of wuel e and veduce the risk rlements in the
high vield potentind crops. Above all, effective purchase wnd marketing
arrangements ave vital, singe the furmer i motivated not so much by yieid
per hiectare but by net retirn per heetare.

Synergy in agriculture

Having discussed some of the hroad features of crop plinning on an
ceological Dbasis, T would like 1o turn to the application of three other
important concepts in agriculture. The first of these is the coneept of
synergy in agriculture, one of the most fuscinating scientific developinents
of recent years,  Synergy is not a new eoncept, since this mechanism,
which results in the product being something much more than the sum of
the parts, Las been the mdbst potent tool invelved in natucal evolution,
Symbiosis, or mutually beneficial relationships and co-ordinated function-
ing are essential ingredients of synergy,  lor developing high synergy
cropping systems, an understanding of population  Dbehaviour and
performance, rather than merely of the characteristics of  individual
plants or animus, is essential.  Prudent observers of naturc in the
past had devised biological systems based on the release of synergistic
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High-altitude research

High altitude areas have also received relatively little scientific
attention. Ecological conditions vary greatly even within short distances
in thesc areas depending upon aspect, latitude, altitude, slope, soil depth
and distance from the plains. Large variations in temperature and rain-
fall occur and the length of growing season is controlled by the time of
occurrence of snow in winter and its disappearance in the spring. Erosion
will be a serious problem and in several of these areas, data are needed
on minimum tillage, suitable implements to ensure timeliness of opera-
tions, fertilizer use and weed control. Both horticulture and nomadic
sheep husbandry require considerable attention. For agriculture to start
moving in these areas, marketing arrangements are pre-requisites, since in
some of the Himalayan regions du~ to a variety of reisons the producer
may get as little as 10 percent of the price paid by the consumer.

Besides rainfall, altitude and latitude, the ecological conditions of
soil and scason need understanding for the improvement of biological
productivity. We have large areas affected by salinity and alkalinity
where crops cither do not grow or give very poor yield. Soil salinity is
also becoming a problem in black soils, where irrigation facilities have
been developed recently. An understanding of the nature of the problem
and of the physical and chemical characteristics of the soil profile would
be necessary to introduce the most appropriate corrective measures like
gypsum application, drainage, crop and varietal choice and fertilizer use.
Fortunately we now have techniques available for reclaiming such prob-
lem soils as a result of the work done at the Central Soil Salinity Research
Institute, Karnal, and at other research centres and agricultural univer-
sities. Acid soils also require special care and in particular, the most
cffective methods of phosphorus application will have to be worked out.

Strategies for ecological seasons

We are yet to work out detailed production strategics for cz.xch
ecological season. We now know, for example, that in Assam, thfe period
between September to May is usually free of floods, since the major floods
have cither taken place in May-June or more commonly in August. There
is tremendous potential in this arca for exploiting ground water and for
arranging for lift irrigation. An assured rabi crop can be taken if arrange-
ments can be made to supply water. There are areas in Assam with over
950 mm. winter rains, where even pending the establishment of an irriga-
tion system, good crops of sunflower, soybean, barley, meong. and. e.ven a
short duration rice variety like Bala or Pusa z-21 can be taken. Similarly,
coastal areas or West Bengal, Orissa and Andhra Pradesh are exposed to
recurrent floods and cyclones during August-September. It is possible to
tailor a cropping pattern which would escape or avoid the fury of floods.
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moisture, good yields could be achieved even in years of subnormal rainfall.

Intensification of dryland research

It is expericnces of this kind that led to the intensification of dry-
land farming research in 1970 through the initiation of an All-India
Co-ordinated Research Project on Dryland Agriculture with the collabora-
tion of the Government of Canada. Meanwhile, international interest in
upgrading the productivity as well as the stability of production of the
dry farming regions of Asia, Africa and Latin America grew and resulted
in the establishment by the Consultative Group for International Agricul-
tural Rescarch of an International Crops Research Institute for the Semi-
arid Tropics at Hyderabad in July, 1972,

The new phase of dry farming research, althoughonly 3 years old,
has already resulted in considerable data on better moisture conservation
and use, ncw cropping patterns, crop life-saving techniques and mid-
season corrections in crop planning in the drought-prone areas. The
pilot project areas attached to the dry farming research centres are helping
to identify the socio-economic and operational constraints in the transfer
of the technology from the research farm to the farmer’s fields,

Since water is the major limiting factor, a priority area of research
is the standardisation of techniques by which as much of the precipitation
as possible can be conserved for crop use, either directly in the soil profile
through infiltration or through run-off collection and storage. Deep
ploughing, for example, promotes a vertical rather than a tangential flow
of water in red soils with a dense sub-soil. The cultivation of deep root-
ed crops like castor, Red gram or arhar and cotton further helps in im-
proving the soil texture and in adding organic matter through root depo-
sition. Run-off storage structures are being developed both for individual
small farms and for larger water sheds. Obviously, the most cffective
method will be the co-operative management of an entire water shed. If
sufficient water can be collected in community owned ponds, a life-saving
irrigation can be given at the time of grain formation, when the crop will
benefit most from the supply of a little water.

In black soil areas with moderate rainfall, there is scope for double
cropping or ratooning, provided suitable surface drainage can be introdu.
ced during the rainy season and appropriate tillage practices can be deve-
loped. Drainage and sound soil and water management will again need
some degree of cooperative endeavour on the part of a water-shed comm-
unity. There is also great scope for introducing better inter-cropping
practices in areas with annual rainfall ranging from 625 to 1000 mm.

Drought-escaping varieties
Progress has been made in identifying crop varieties which are rela-
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tively photo-insensitive and which have & shorter duration and the result-
ing abiliny to escupe dioughts,  Early seedling viconr and zond popula-
tion performance are the other attributes of such strains.  Suitable varie-
tes in viee, jowar, bajra, minor millets, sunflower, safllower, castor,
mustard. croundnut, pidses like moong, wrad. arhar, and cowpeu and cotton
arc beconting available.  As a result, different cropping palteris can be
developed to suit different weather models. For example, ~ome of the
common weather aberrations ave fa) early or delaved onset of miomsoon,
(b} long breaks in the monscon and {¢) inadequate rainfall and different
crop schedules can be developed for each of these conditions.  Tf the
monsoon is very early, short duration leginmes could be tuken followed by
regelai season crops. For normal sowinge, jowar, for late sowiiy, bajra,
and for very Lae sowing sefaria e some of the possibilities.  When there
are long bhreaks i the monsoon, the jowar or bajra crops allected by drou-
ght could he ratooned.  Crops with indeterminate growth fobits sueh as

castor or arfar regenerate fast if given an urea sprav alter the receipt of

rains hiring a prolonged dreught period. The development of varly matur-
ing arfar varicties like Prabhat and Pusa Agetl has made it possihle By northe
western UL ta take a pulse erop Before wheat, Since carly varietes of
arhar are now availlable, a crop of this pulse can he taken i north Lodia
betwween Tolv and December, Then, with the help of dew o swinter 1ains,
a crap of sundlower can be raised n the sume field from Febroay oo Apil
Aueh bearer we of dew can be made in the north Tnd a0 duwing nabi.
Deo R.D Asae, e of omr enument plase phsiologists, developed a
model ol a wiat plint which wounld be capanic of 1owuning dew. We
need vesenen of this kind v all rainfed rad coops. We shonld evolee for
each soib and rainldl belt a series of alternative cropplug patterns to mateh
different weather probabilioes. To would alsy be necessary 10 build the
appropriate seed and fertilizer buffers and organise community nurseries
in order to pul into practice alternative crop schedules, it the weather
proves truant.  The Nutional Commission on Agriculture s planning to
develop the road outline for Drought Code which could help the deve-
lopmenta] administration to be ready for any weather pattein and initiate
anticipatary action to mitigate the effects of drouvht. rather thain be con-
tent with pallintive action aflter the misfortune has set in.

Multiple and relay cropping

The potential of wrigated arcas to produce much higher quantities
of food, feed, fibre and fodder plants through multiple and relay cropping
is now welt known.  Due to various difficulties and  shorrcomings in the
water conveyance and delivery system as well as due to shortage of power,
fertilizer and good sced, the full porential of the irrigated areas is vet to
be realized. If these defects are overcome and minimum of two good
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crops can be raised the production of about 8§ to 10 tonnes ol food and
other grains per heclave per vear, uow being harvested in several of the
experimental stations of agriceitural universities, should not be beyond
the reach of many small farmers. While taking up intensive farming
pracrices, a continuous menitoring of the soil lor major and micro-
nutrients and for patiingens will be essential. Legumes should find a place
in the rotation and as a rule. crops shuring comnmon pests and diseases
should not succeed each other. Tt would be betier 1o alternate deep
and shallow rocted crops so as o tap uutrients hom different soil
layers.

New systems of cropping are rapidhy coming into existence in many
of our brrisated areas,  Thusy fnothe Punjab and Havana, vice during
Fharii and wheat during rafi 05 gaimng popularity.  In West Bengal,
wheat is becoming popular as a sabl evop in rice fichds. Baisakhi moong
and ather strains developed in order to find place fora pulse crop during
a season when  the land is nerally faliow  are becoming popular as
summer crops. 1u the rive tllows off Sonth Indsa, jeear, bajra and
cotlon can be raised daring the ollseasons. In the case of severai of
these new  cropping  patterns, we need much more dita on the most
approprinze cultinnd practie es o inchadine tevt lzee application and weed

control.

Effective land use

Our kuowledue of the nest effective Lind use svstems in the heavy
vainbill reas st fragmentiey, Many of these aveas, Assun, Meshalaya,
Armachal Pradesh, Nagaland, Mizoram, Lripnra, Manipur and Kerala
grow plantation crops and frai trees inthe moedium and higher elevations.
A viable alternative 1o shifiing cultivation has to he fonnd in the north-
castern Llimalavan region,  Similuly in Kevala, there is very htde data
on the optimum utilisation of garden lands accu pied by crops like coconut,
arccanut, manzo and jacklruit.  Prol. KN, Raj and his collengues have
recently puinted out that the current crop-mix in garden lands of Kerala
and Mysore is the product of the technolagical possibititiesas knowu until
now to the farmers of these arcas but that a fresh look is nceeded since,
But the market conditions for some products, as for cxample arecaunt,
have considerably changed. By appropriate chinges in spacing in cocount
and arecanut, some other crops of high value like cocoa, cloves, and
soybeans can be grown in between the palms. New v.u'ic'tics of grisses and
legumes are available now which can also be grown as inter-crops in the
arécaumt or roconut plantations so that the farmer can maintain a few
cross-bred cows for milk production. These and many other possibilities for
capitalising on the ecological possihilities ol the humid tropic regions
are yet to receive intensive attention,
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