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PREFACE

The Report of the National Commission on Agriculture comprises
69 chapters in 15 parts. A complete list of chapters and parts is given

in pages (iiij) and (iv). The Terms of Reference of the Commis-
sion and its composition are given in Part I —Chapter 1 —
Introduction.

This volume, entitled ‘inputs’, is Part X of the Report and is
divided into the following five chapters:

47. Seeds

48. Fertilisers and Manures
49. Plant Protection Chemicals
50. Farm Power

51. Implements and Machinery
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SEEDS

The present chapter maintains continuity with the Seed Review
Team Report (June, 1968) and the two Interim Reports of this Com- -
mission entitled (a) Multiplication and Distribution of Quality Seed
pertaining to High Yielding Varicties and Hybrids of Cereals' and
(b) Potato Seed. Although the first Interim Report dealt with cereal
crops, certain principles were enunciated therein. which have their ap-
plicability also to other crops in general. '

1 INTRODUCTION

47.1.1 Seed production according to modern technology has gain-
ed ground within the country during the last two decades. The techni-
ques of seed production involve proper land selection, maintenance of_
a specified isolation distance, rougeing, synchronisation of flowering in
male and female lines (in hybnd seed production) and constant vigil
in general. In addition, plant protection measures and prevention of
moisture stress particularly during seed formation and development
are also needed. The post-harvest requirements with regard to drying,
processing, grading, seed treatment, packaging and storage are also
exacting. In certain crops, there are some complicated procedures in-
volved, which need very skilled handling. For example, it is necessary
in maize hybrid seed production to detasscl the female lines no socnsr
the tassel protrudes out of the flag leaf but before it sheds the pollen.
This operation needs special care over a period of about 10 days till
all the female plants are detasselled. In the case of cotton hybrids,
the flower buds of female line require to be emasculated at an ap-
propriate stage towards the evening and covered with butter paper
bags to prevent cross pollination and drying of the stigma. The emas-
culated buds require to be pollinated the next morning using pollen
of male parent. A differentiation has to be maintained between the

1 Hereafterreferred to as interim Report on multiplication and distribution of Seeds of Cereal
Crops.



2 SEEDS

emasculated but not pollinated buds and the emasculated but pollinated
ones. Despite these rigours, Indian farmers, who have participated
in the programme of certified seed production, have proved that they
can rise to the occasion and perform the needed operations quite skil-
fully. A sample survey conducted by the University of Agricultural
Sciences, Bangalore showed that the seed producers followed even a
more intensive package of practices than what was recommended.
This should be an ample proof of the interest and capability of an
average farmer of the country in regard to seed production. Seed
production is undoubtedly a highly remunerative enterprise and it was
only very recently that some of the seed producers of Varalakshmi
cotton got around Rs. 250 per kg of the seed produced givire a
gross income of about Rs. 2.5 lakhg per hectare. The 1zmunerative
nature of seed business indeed works as an attraction for farmers to
participate more and more in this new venture. '

47.1.2 Seed multiplication programmes thus far have been for-
mulated and implemented with governmental initiative, efforts and
organisation. For successful implementation the Governments have
been organising the necessary publicity and promotional measures.
They have been selecting and sponsoring the varieties. There has been
no competition. The overhead expenditure being high in govern-
mental enterprises, the cost of seed has been high and, therefore, the
seed has to be subsidised directly or indirectly in various ways. The
question for the future is whether a sged programme to cover the en-
tire area of the country with good quality seed should be developed on
commercial lines or on social welfare considerations.  Suggestions
have been made on many occasions that the Central and Siate Gov-
ernments should take full responsibility for production and supply of
quality seed at cheap rates. The Commission has examined this gues-
tion in detail and is of the view that the social welfare approach in
seed development with direct governmental involvement would commit
the official machinery to an intricate task of a vast magnitude, which
is not desirable. The programme should be developed on commer-
cial lines so that it generates interest, a spirit of competition, a motive
of profit and thus creates an employment potential for the educated as
well as others. In this chapter, we propose to discuss how the seed
programme could be developed in this manner.

47.1.3 "The magnitude of seed production in 2000 A.D. in crder
to cater to a gross cropped area of 200 Mha covering all kinds of
foodgrain, commercial, horticultural, plantation and fodder crops has
been worksd cut in Appendix 47.1. It would mean an iavolvement
of about 70 breeder seed institutions, a few foundation seced agencies
at the national level and about 50 of them in States including cfficial
and private ones, 360 certified seed agencies, 12 million farmers, 12,000.



SEEDS 3

artisans and 10,000 graduates. It would require about 3,150 seed
processing units and an equal number of storages. In addition, one
small storage at about 30,000 assembling and sub-market centres with
an average distribution of one centre within every 5 km radius is essen-

" tial in order to provide easy access to farmers in times of actual sow-

_ing operations. A task of this magnitude would mean addition of a
distinctly new dimension to the already existing activities relating to
crop production, through which a significant cross-section of cultiva-
tors stands to benefit. Besides fulfilling internal needs, the seced busi-
ness can also be developed so as to cater to the needs of foreign coun-
tries. A wide variety of agro-climatic conditions obtainable within
the country confers an advantage of producing seed of crops which
thrive in temperate, subtropical and tropical latitudes or which flourish
in different ranges of humidity and soil moisture. There is shortage of
land in some countries. Also, due to industralization many countries
have the constraint of costly agricultural labour and are not self-suffi-
cient in their seed requirements. As against this, India has the advant-
age of vast land and there is no dearth of agricultural labour, which
is much cheaper than in many other countries. These favourable fac-
tors can be utilized to expand the scope of the seed industty in due
course. The prospects of employment would increase for many more
people than what has been envisaged to begin with in Appendix 47.1.
Even reputed foreign seed firms and scientists could be invited to
collaborate: in’ the programme of seed production for their countries,
when it gets under way.

2 REVIEW

47.2.1 The earliest to engage attention in the country for seed
production were vegetables, cotton and a few other crops. Whereas
private industry got attracted in vegetable sced business, other crops
depended upon governmental efforts.  Although improved varieties
were evolved as a result of research, their seed was not available in
large quantities for use by farmers. The Royal Commission on Agri-
culture (RCA) (1928) had recognised this lacuna and had recommend-
ed setting aside separate staff in the State Departments of Agriculture
to attend to seed testing and seed distribution. It was recomended
that the cooperatives and seed merchants of proven integrity might also
be involved. However, increased attention to seed production started
only during the post-war period as a part of Grow More Food Cam-
paign. The Famine Enquiry Commission (1945) and the Grow More
Food Enquiry Committee (1952) noticed many shortcomings in the
system and made certain recommendations for improvement. At-

4—3 Deptt. of Agri/76
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tempts have since been made to set up a large number of seed farms
during the ‘plan periods essentially with a view to producing the re-
quired quantities of foundation seed of food crops. There is now a
network of about 2,000 seed farms in the country. The programme of
further multiplication envisaged involvement of progressive farmers as
registered seed growers and of cooperative societies for storage and
marketing. The departmental staff was to maintain check on the
quality of seed at every stage. Even payment of bouns to seed grow-
ers and cooperatives was considered to serve as an impetus.

47.2.2 Although the programme helped to provide a structure
and semblance of a systematic organisation, it broke down in imgle-
mentation at the field level. The weaknesses of this programme have
been brought out by the periodic review of the seed programme made
by the Ministry of Agriculture and Irrigation and by the Frogramme
Evaluation Organisation and the Seed Multiplication Team of the
Committee on Plan Projects of the Planning Commission. Coordina-
tion in breeding programmes of States was more or less absent ini-
tially. It started developing later in the States in the form of Agri-
cultural Research Conferences (AGRESCO) and between the Siates
comparatively recently in the form of workshops for different crops
held as a part of All-India Coordinated Research Projects. The sixties
marked further development with the infroduction of high yielding
varieties and hybrids of cereals and better crop technology. New
hybrids of maize were released as early as 1961 followed by the re-
lease cf hybrids of jowar and bajra and high yielding varicties of
paddy and wheat. This was all between the years 1961 and 1566.
Farmers showed great inclination to accept these varieties and hybrids.
This resulted in the development of the New Strategy, one of the main

" aspects of which is the High Yielding Varieties (HYV) programme-.

47.2.3 It became necessary for the Central Government to think
of means of multiplication and distribution of seeds of high yielding
varieties as a concomitant of the HYV programme. The National
Sceds Corporation (NSC) was started in 1963 to organise initially the
production of small quantities of hybrid seed and the seed of some
specific vegetables. In 1965, the NSC was given an expanded role of
producing foundation seed and initiaing a programme of maintain-
ing quality of seed. It organised a fairly good system of seed certifica-
tion by about 1965 with the help of Indian Agricultural Research Insti-
tute, the Indian Council of Agricultural Research and the Rockfeller
Foundation. It had to arrange also for production and marks:ting of
certified seed. Its activities encompassed States and gradually the
Blue Tag of NSC became a hallmark of quality seed in the country.
Increasing emphasis on quality seed had necessitated the setting up
of seed testing laboratories. The first Seed Testing Laboratory was
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established in 1961 at the IARI. Thereafter a programme was under-
taken to establish such laboratories in every State. A Central Seeds
Act was passed by the Parliament in December, 1966. It, however,
became operative in October 1969. This marked the beginning of a
statutory provision for quality control of seed. To begin with, it
niade compulsory only the truthful labzlling of secd material while
certification of seed remained voluntary. :

47.2.4 The maximum impact of HYV programme has bcen ex-
perienced only in the case of wheat, where the coverage has been
around 45 per cent of the cropped area. Paddy comes next with about
20 per cent and the coverage under other cereals ranges between 4
and 15 per cent (1971-72). Progress in other crops is comparatively
nominal, but even in the case of the area of cereal crops, it does not
necessarily follow that the area once covered -always gets seed of re-
quisite quality in the succeeding years. Therefore, the.coverage of
the cropped area by the HYV programme js not the true yardstick for
assessing the progress of seed multiplication work. It is a general com-
plaint that quality seed of high yielding varieties is in short supply for
the major cereals and not available at all for many of the other crops.
Considerable difficulty has been experienced in vouchsafing the quality
of seed, available through commercial channels. Consequently, the
entire gamut of seed activity commencing from the release of varie-
ties to their multiplication, quality control, processing. packaging,
storage, distribution and transport were examined by the Seed Re-
view Team (SRT) with the ob]cct of saturating the country’s cropped .
area with improved seed of known quality. It considered mainly the
12 crops, viz., paddy, wheat, maize, sorghum, bajra, ragi barley, gram,
groundnut, cotton, jute and tur, but references were also made to
vegetables, potato, soyabean, forage crops and grasses. A concept of
distinct wings for different activities is found implicit for the first time
in its recommmendations, the wings being : (a) production and relat-
ed activities upto distribution stage, (b) seed certification, and (c) seed
law enforcement. The Team laid down very cryptically that seed
certification agencies should be independent from the agency produc-
ing or selling the seeds on the one hand and the agency enforcing
the Seeds Act on the other. Various training programmes in seed
technology were also suggested.

47.2.5 Many problems arose in the implementation of SRT re-
port by the time this Commission was set up. It was considsred import-
ant by us to amplify or reinforce SRT’s recommendations, more
specifically with regard to cereal crops. In addition we felt that
potato also deserved special attention because of its possible role in
supplementing cereal diet. Consequently, the two Interim Reports on
multiplication and distribution of seeds of cereal crops and potato
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seed were brought out. The substantive part of the Interim Report
on the multiplication and distribution of seed and cereal crops soscifies
the responsibilities- of seed multiplication at different stages in order
to induct as much of private interest into the business as possible and
introduce market intelligence by way of governmental assessment of
seed requirements for determining the targets of production of indivi-
dual agencies. The Interim Report on potato seed is drawn on the
main lines of the other. In addition, the importance of banning im-
port of potato seed material from abroad and the need for imposing
restrictions on internal movement from such areas which pose danger
of spreading diseases and pests have also been stressed. Potato seed
development councils have been contemplated for the Centre as well
as the States in order to examine and regulate from time to time vari-
" ous kinds of programmes pertaining to multiplication and distribution
of seed material. '

47.2.6 According to the Interim Report on the multiplication and
distribution of seeds of cereal crops, the responsibility of multip'ying
breeder seed is required to be entrusted to certain selected breeders
and breeder institutions. This selection has to be done by the ICAR
for Centrally controlled institutions and programmes and States in
their own respective jurisdictions. It has also been explained that the
ICAR could confine its role to the selection of institutions efc. as far
as the all-India varieties are concerned. which are issued from the Cen-
tral institutions and from the All-India coordinated research projects.
Varieties of crops which relate to export and industrial production
also need to be handled in a similar way. For all varieties issued from
State institutions and universities, the States could nominatz breeders.
In the matter of multiplication of foundation sesd, monopoly by any
single agency has to be avoided. For this purpose, the NSC has to
devote attention mainly to varieties of all-India importance, but it
has to involve agricultural universities, State Farms Corporation and
other institutions also in its production programmes. Multiplication
of seed of lucal varieties could be the responsibility of the concerned
State Governments, which have to nominate or create one or more
institutional agencies for the purpose. This distinction between the
jurisdiction of the ICAR and the States has been made in ordef to
avoid chances of both fixing institutions for one and the same varety.
Direct governmental involvement has to be avoided in the production
and marketing of certified seed. The job has to be diversified and got
done in various ways, e.g., through seed corporations, seed coopera-
tives, seed growers’ organisations, agro-industries corporations .and
private agencies including individuals. ~Agro-industries corporations
could ordinarily participate in marketing business only, but these could
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also be utilised to enter into production programmes when governmen-
tal interests so necessitate. The basic principles laid down in the In-
terim Report on the multiplication of seed of cereal crops could be
extended to other crops too.

47.2.7 In our discussions with leaders of the All-India Coordinat-
-ed research Projects and others, we were asked to examine the role
of the farms of the State Farms Corporation of India and the Seed
multiplication farms of the States. There are about one dozen farms
of the State Farms Corporation situated in various States. Their area
generally ranges from 1000 ha to 12,000 ha. Their disadvantage is
that these are very few in number and, therefore, cannot make any
large scale contribution to the seed production programme. Their ad-
vantages are: (a) vastness and (b) situation in different climatic re-
gions. These advantages are good for (a) compact-area production
to suit requirements of isolation, (b) large scale. prophylactic or cura-
tive crop production operations and (c) production which requires spe-
cial considerations of climate, These farms can thus at best be of
help in foundation seed production in special cases by mutual arrange-
ments with the NSC, State foundation seed agencies or the State Gov-
ernments, These farms cannot be involved in the production of
breeder or certified seed, nor could they have any direct responsibility
like that of any organised agency such as the NSC even in the produc-
tion of foundation seed. Their role is collaborative only. Insofar as
seed multiplication farms of the State Departments of Agriculture are
concerned, their network is indéed widespread. There is ample scope
for their utilisation by the Governments concerned in various special
programmes. because of the magnitude and varied nature of multiplica-
tion work. However, these need not take part in the pro-
duction of certified seed in general, because this has been chiefly left
to private or quasi-governmental parties. The Interim Report on multi-
plication and distribution of seeds of Cereal Crops leaves enough ini-
tiative with the NSC and State Governments to utilize the state farms
and seed multiplication farms as explained here.

47.2.8 It is contemplated in the Interim Report under reference
that the ICAR could lay down procedures for prerelease trials of
varieties. It has been our view that a variety should be recommend-
ed for general adoption only if it has secured success under field condi-
tions in trials both at government farms as well as at a few selected
farmers’ holdings. Trials in farmers’ fields presuppose making avail-
abte the seed of nev varieties to a selact few and owing to this rea-
son a question has often been raised as to why only some persons be
put in an advantageous position. The unscrupulous amongst them
can utilize the new stock and make profits. This defect occurred in
the past, because varieties were entrusted only to a few individuals. It



8 SEEDS

can be rectified if a large number of farmers widely dispersed are made
to participate in the programme. The Mini-Kit programme introduc-
ed in the pre-release trials of new paddy varieties satisfies this requir-
ment in principle. If care is taken in practice to ensure thot no one
can exploit the situation to his advantage at the cost of farmers in
general, it would fully meet our viewpoint. The other point which is
important in regard to release of varieties relates to avoiding duplica-
tion of naming and uncoordinated releases. The desirability of having a
‘National Registry’ of varieties has long been advocated in this connec-
tion. The purpose of a national registry would be to ensure that thc same
variety is not given different names by different variety releasc com-
mittees and that a central place is used for properly maintaining & full
description and other particulars related to varieties regardless of whe-
ther those have been released at the Central or State level. We should
row like to emphasise the urgency and importance of having a National
Register of Varieties.

4729 The Central Government had constituted the Central Seed
Committee (CSC) in September, 1968 in accordance with the Central
Seeds Act (1966). The Act had envisaged that the CSC could appoint
one or more subcommittees for discharging such of its functions as
might be delegated by it to them from time to time. The CSC accord-
ingly constituted individual Central subcommittees for varicty release,
crop standards and notification and seed testing and seed law enforce-
ment. It also constituted State Seed subcommittees. A Cen-
tral Variety Release Committee (CVRC) of the ICAR had bezr work-
ing between 1963 and 1970 for screening and releasing of new varie-
ties for public use. There were the State variety release committecs
(SVRC) also. The former was mainly looking after the varieties re-
leased by the Centre, while its counterparts in the States were meant
for the varieties evolved in their respective areas. With the taking
over of the functions of release of new varieties by the CSC, the CVRC
now does not function. Similarly, in many States, the State seed sub-
committee is now performing the functions of the SVRC, bur there are
a few States where SVRC is still operating in addition to the Siate
seed subcommittees. Such States have to wind up their SVRCs ard fall
in line with the usual pattern. The CSC with the assistance of its State
sub-committees can operate a system of national registry of all the varie-
ties whether released by the Centre or the States. A suitable registra-
tion fee can also be introduced for the purpose. The CSC can arranged
to inspect the material at the farm of the applicant and for this purpose,
it would be obligatory on the part of the applicant to grow the variety
for registration as per required specifications. This procedure is neces-
sary for enforcing a check in the distinctiveness of the variety in gues-
tion. The ICAR has already prepared a proforma for description of
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varieties, which could be conveniently used. Further riles and proce-
dures could also be laid down mutually by the ICAR and CSC.

47.2.10 The Interim Report under reference laid due emphasis
on the enforcement of the Seeds Act and certification programme.
Despite the emphasis by the SRT and this Commission, most of the
Seed Inspectors, who have been appointed by the States so far, are
doing this job in an ex-officio capacity. They are either the District
Agricultural Officers or the Agricultural Extension Officers. Such
officers have multifarious duties and the enforcement of Secds Act is
just an additional piece of work for them. In some States, the Seed '
Development Officers at the headquarters or district levels are entrust-
ed with this task but even in such cases, their main job is develop-
mental and not enforcement. Seed Inspector exclusively for the ‘pur-
pose stipulated under the Act is yet to be notified in most of the States.
Insofar as seed certification is concerned, the position is also none too
‘happy despite earlier recommendations, To begin with, the NSC was
assigned this task. This arrangement was to continue until the State
Governments had appointed their own seed certification agencies. This
was necessary because the agency, involved in the production of seed
either at the foundation level or at the certified level, should not also
be the certifying agency. This object has not been fulfilled so far.
First of all, in many States, the NSC is still continuing the certifica-
tion work. Secondly, wherever the States have undertaken this work,
it has just been assigned to their Agriculture Departments, who still
have some role or the other ‘in the %roduction programme. What
was desired was that the State Governments should set up self-support-
ing independent seed certification agencies, to be run on ‘no-profit no
loss® basis. In order to set right this position effectively, an amend-
ment to the original Seeds Act known as the Seeds (Amendment) Act
(55 of 1972) was passed by the Parliament on September 9, 1972.
The Central Government has been authorised to establish a Central
Seed Certification Board (CSCB) to advise the Central and State Gov-
ernments on all matters relating to certification and to coordinate the
functions of the state seed certification agencies. The CSCB has
been authorised to appoint as many committees as it may deem fit
for the discharge of its functions. The Board had already been con-
stituted in practice under the CSC in April, 1971 and the above Act
merely gave it a statutory recognition. The Board had circulated
models for the constitution of the State Seed Certification Boards (SSCB)
and the allied seed certification executing agencies in February, 1972
among all the States, The State Governments are understood to be
considering these models.

47.2.11 A survey of what has alrzady been done or contemplat-
ed has been provided in the foregoing paragraphs. Problems have al-
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ready cropped up in implementation and these will arise in future. It
is expected that the CSC, the ICAR and the governments will be able
to evolve such a working machinery that current problems are at-
tended to periodically as these arise. The CSC has to beccme a very
effective instrument in decision-making and solving the problems of
the various facts of the seed programme. The CSC, as constitutad
today, will not be able to cope up when the work expands to all kinds
of crops. It is, therefore, necessary that the CSC constitutes separate
subcommittees for dealing with specialised groups of crops. For ex-
ample, there can be separate subcommittees for fodder crops, sugar-
cane, root and tuber crops, vegetables, fruit and plantation crops and
ornamental crops. Even the NSC can have specialised wings for such
crops in its organisation.

3. MEASURE TO MAKE SEED BUSINESS ATTRACTIVE

47.3.1 Besides various other factors, which have an impact on
the cost of seed production, the size of holdings is also a crucial fac-
tor. The cost of production is likely to be less if the size of nolding
is large within manageable limits. Efficient and quality seed produc-
tion demands isolation from other cultivated lands and large scale
plant protection measures. These requirements are fulfilled if the land
area used for seed production is large and consolidated. This is the
basis of the ‘compact area approach’ advocated for seed production,
but it goes in favour of the big farmers. In order to make possible
the participation of small farmers, it is necessary that they should be
organised to pool their land resources into compact and viable units.
The certified seed agencies which have to depend on the resources of
small farmers to a considerable extent will have to educatz and en-
courage them to join togethen on a voluntary basis. In this task, the
State Governments will have to back the agencies with all possible ad-
ministrative and financial measures.

Seed Crop Insurance

47.3.2 Multiplication of seed which requires high technical stand-
ards involves substantial investment. This is specially so in the case
of foundation and certified seed. There is the risk of rejecticn of seed
in the course of certification. Seed production, like any other ficld
venture, is also prone to losses due to adverse weather. Substandard
quality of seed may not all be due to the fault of the grower, it might
be the result of poor quality of breeder or foundation seed. There is a
legitimate case for compensating the seed grower in all such instances
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where the loss to him does not occur due to his negligence. Seed crop
insurance can really meet the situation. It has an added advantage of
enabling commercial banks to finance seed production. Foundation
seed agencies, which have to plan often two seasons ahead of actual
seed production, need definite commitmsnt and assurance for off-take.
Therefore, they demand advance cash deposits from seed producers
for supply of foundation seed. This arrangement puts hardships on
seed growers, who can ill-afford to pay cash. Crop insurance, if in-
troduced, would entitle the agencies to receive necessary bank gua-
rantee which should satisfy them. The system of cash deposit preval-
ent at present may be eliminated in this way. The scope, manner and
terms of seed crop insurance require to be determined and then tried
on a trial basis before general application. The Union Ministry of

scheme.
Remissions

47.3.3 Many State Governments have to impose a levy on food-
grains in times of scarcity, There have been instances when a levy
has been imposed even on seed. This is due more to the ignorance
of the operational staff in distinguishing seed from grain than to
motives of the concerned orders. However, the ambiguity can be eli-
minated by mentioning in the orders themselves that certified and
treated seed marked ‘poison’ shbuld be exempted from such levies.
Similarly, there have been suggestions for exemption from octroi and
sales tax. Besides contributing to higher cost, such impositions intro-
duce disparity in the sale price of the same seed in different places, be-
cause the local taxes vary from place to place. Such disparities can
discourage popularisation of concerned seed brands. Owing to these
reasons, the case for exempting seed from local taxes is justified.

Discontinuance of Detrimental Practices

47.3.4 The Departments of Agriculture in many States have been
advancing certain seed varieties of crops to farmers without any cash
transactions but on the assurance that at the end of the harvest the
farmers concerned would return the quantity of seed taken plus 25
per cent extra of the same varieties for which the seed advance was
given (sawaj system). The intention is good so that the poor farmers
who cannot afford cash could yet have seed of good varieties, but in
practice this has not yielded the desired result. The farmers sometimes
do not sow the same seed, but use it as food out of necessity. At the
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end of the season they purchase from the market some grain of thz
same crop but not necessarily of the same variety and quality, and re-
turn it to the seed store for completmg the formality. It has also
come to our knowledge that in many States the departmental and
coeperative seed stores ‘are dealing in uncertified substandard secd
worth crores of rupees. Some of the States procure grain from the
Food Corporation of India and sell it as seed. Such undesirable prac-
tices like the sawai system or dealing in substandard seed will have
an adverse impact on the sale prospects of genuine certified seed.
These should be discouraged in general and the Governments or auto-
nomous bodies or organised seed agencies should never resort to them.
It should be realised that harm done in a season by wrong circulation
of seed can take years to remove the ill effects.

Processing, Packaging and Storage

47.3.5 Production of seed in field stops at providing the ‘true to
type’ raw material, but its conditioning for viability and sale is also
a very essential step, which is linked with the post-harvest operations
of processing, packaging and storage. Even the manner and speed of
transport can make or mar the quality and prospects of seed material.
The operations of processing, packaging and storage must necessarily
develop as an integral part of the seed industry in order to make it re-
munerative, A reference is invited to Appendix 47.1 wherein the re-
quirements of processing plants and storages for seed have been work-
ed out. The breeder seed institutions and the foundations and certified
seed agencies are required to have their own processing plarts and
storages. The number of seed processing plants and storages each re-
quired with the breeder seed institutions and foundation sced agencies
will be about 150. It may not be difficult for them to own them. The
foundation seed agencies might experience some financial ditficulty to
build storages which will have to be a condition. The network of
processing plants and storages alike is envisaged to go down upto
taluka level, In addition, seed storages of small capacity are plannsd
to be available even in the interior at a rate of one for every 5 km ra-
dius. This is an ideal picture of distribution. In practice, it will
have to depend upon the economic viability of the project in differ-
ent places. What is pertinent to note here is that the number of
organised seed agencies is contemplated to be only 360 for the whole
country, whereas the number of processing plants and storagss requir-
ed for certified seed would be too large to shoulder the burden of their
construction and management. The State Governments will have to
step in to solve their problems in this regard. It is not mecessary for
the Governments to participate directly, what is needed is their
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advice, financial assistance and assistance in the form of procuring
essential equipment. It will be ideal if all the organised seed agencies—
whether foundation or certified—and individual seed growers can be
encouraged to form limited concerns on a regional basis to own and
construct a network of seed processing plants and storages throughout
the country. In fact, packaging could also profitably be brought with-
in the functions of these concerns. The salient features of the three
components, viz., processing, packaging and storage are now discussed
separately. ' .

47.3.6 Processing : Processing is the most important of these
operations under consideration and involves drying, shelling or thresh-
ing, preconditioning, cleaning, size grading, upgrading and chemical
dressing of the seed material. Certification at.present is not compul-
sory but processing has got to be, otherwise it' would be difficult to
adhere to the required standards. It is absolutely essential that “all
operations commencing from threshing have to be performed separa-
tely from the commercial crop. It may be cited for example that one
of the handicaps in maintaining purity of cotton crop is the mix-up:
that results from ginning the seed material in the commercial ginne-
ries only. For this reason, there is no escape from providing separate
processing machinery commencing from the threshing stage onwards
for seed purposes. Processing equipmenfs in use in the country were
mostly obtained from foreign countries. If there has been any attempt
to manufacture some within the,country, it has been i the direction
of developing only the prototypes. First generation equipments such
as small air screens, seed cleaners, vertical bucket elevators, belt con-
veyors, seed treaters, moisture testers, dryers, threshers, shellers and
bag closers are being fabricated in the country now.

47.3.7 Problems of securing specific type of steel, sealed bear-
ings, precise screens, precision safety controls are being faced by the
manufacturers, who are still in the small scale category. Sheet, sruc-
tural steel, alloy steel, special sheets for screen manufacture etc. are
not available to them at controlled prices. The transport facility for
steel given on ‘full wagon load basis’ cannot be taken advantage of
by the small scale manufacturers. These bottlenecks have to be re-
moved. What is still imported includes special separation machines,
such as spiral separators, indented cylinders, specific gravity separa-
tor, aspirators, stoners, soyabean and other bean threshers, roll mills,
large capacity seed cleaners, improved seed dryers, automatic filling
and packagirg/or bagging machines and dehumidifiers. Import cof
these equipments and machines has to be allowed on a liberal scale
until these are developed indigeneously. It is very necessary that indi-
genous manufacture replaces imports to a great extent, and that de-
signs’ should also be original and suited to our conditions: Gauges of
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imported machinery are not perfectly suited to clear the produce as
it comes from harvest under the country’s average condilions owing
to the presence of a lot of admixture of grain and straw of different
sizes and shapes. The Industry Development Cenire (IDC) of the NSC
is meant for this very purpose. It will be necessary to prescribe speci-
fications to help the manufacturers and test the manufactured
machinery. In regard to other kinds of machines, tools etc., the sole
national body to prescribe and test standards is the Indian Standards
Institution (ISf). The IDC and ISI should collaborate closely to deve-
lop suitable specifications and set reasonable limits of performance,
keeping in view that rigorous specifications at the development stage
may be hard to comply with, In order to provide incentive to indivi-
duals, a system of prizes and royalties may be introduced.

47.3.8 Packaging : Packaging comes at the end of processing
operations. An essential pre-requisite for packaging is that the mois-
ture content of seed should be low, say 8-9 per cent or less. Thea the
object of packaging is to protect it against external moisture, pests
and mechanical damage, Seed is usually packed in cotton and jute
canvas, hessian and gunny bags with or without polyethylene Jamina-
tion, while vegetable and flower seed is packed in paper, plastic or
cloth containers. This kind of packaging does not ensure either protec-
tion against external moisture or tearing or insect pests, rodents and
vermins. Packages for processed seeds in foreign countries are made
up of burlap jute, cotton cloth, metal and paper films, glass and fibre
‘board and various combinations of these materials. Jute and cctton
bags are laminated with materials like polyethylene. Paper products
are extensively used. Aluminium foil is also used. It is bonded to
other materials to produce combinations having desired characteristics.
Metal containérs are also used. These, when properly seal-
ed, provide an effective barrier against moisture and gases and shield
the product from light. Such packing materials and packages should
be developed in India. The materials so developed should also be
amenable to printing so that contents, grade and quality ard instruc-
tions for users can be suitably indicated on them. The Seed Techno-
logy Division of the IARI, IDC and the Indian Institute of Packaging
(Bombay) could profitably collaborate in this regard.

4739 New techniques in packaging are also coming in with the
advances in research in technological fields. Vegetable seed is often
tiny and the requirements of individual growers are small because of
Tow seed rate and small size of holdings. Therefore, seed packets will
have to be very small and moisture proof. Because of the processes
of making moisture proof small packets, sealing becomes cumber-
some and costly. To obviate this difficulty a practice is followed in
some countries whereby the seed itself is coated by some non-toxic
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chemical. The nature of chemical is generally kept a secret. Another
way in seed packaging already initiated in some advanced countries
envisages embedding of seed on soluble tapes at the required distances
of planting. The tapes have an advantage that these could be rolled,
transported and stored with convenience and planted intact merely
by unrolling. This way of packaging is also ideal for vegetable crops
and it has utility in conducting small scale trials in the case of other
crops too. Researches in packaging should also consider such inno-
vations.

47.3.10 Storage : The factors which influence the storage life
of seed are the oxygen and carbon dioxide contents of the air around
the seed, exposure to direct sunlight, humidity and temperature; of
these the last two are the most important. Fungal and insect activity
increases to the detriment of seed quality when the relative humidity
and temperature of the store are higher than 40 per cent and 20°C
respectively. Breeder seed requires to be stored at about 5°C and if
so done, its viability and vigour can be retained for as long a period as
5-6 years and this in turn can obviate the need for multiplying the
seed at shorter intervals to some reasonable extent. The rigorous of
temperature requirements for foundation seed, which needs to be stor-
cd upto about 2-3 years only, are a little less (5 to 15°C). Both these
stages of seed, therefore, require airconditioned storages. The storage
for certified seed should only be damp proof with adequate protection
against heat and leakage. It is desirable that the rocf of the stores
is made of RCC and walls and floors are made damp proof by coat-
ing with bitumen and a thin layer of polythene. Seeds should be stor-
ed on wooden pallets so that bags do not touch walls and floor and
pick up incidental moisture. Exhaust fans are also beneficial to pro-
vide air circulation so that foul air contaminated with fumes etc, is.
eliminated. It is understood that some universitics and research insti-
tutes do have special cold storage facilities for germ plasm and breeder
seed. Tt is not difficult for other breeder institutions also 1o build such
facilities. The main problem lies in making available the storage faci-
lity for foundation and certified seed; their solution has already been
discussed.

Transport

47.3.11 One of the crucial considerations in the transport of seed
is speed, because of the short duration of sowing operations. Delay
in seed movement at the peak period makes all the difference between
success and failure of crop performance. Therefore, all facilities of
movement of seed at the proper time have to be geared. For short
distances, truck transport will predominate, but for long distances rail
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transport is inevitable. Rapidity of movement, even by air has to be
thought of in emergent situations. Concessional air freight has to be
decided for such exigencies. Railways have to ensure that the requir-
ed number of wagons are released in time. Wagons should be lcak-
proof and insulated so that moisture and heat ‘do not damage the seed.
A very high priority will have to be given to seed movement so that
it is not held up in transit and for this purpose wagons will have to
be marked suitably in order to indicate that they are carrying sced

material.

4 MEASURES FOR QUALITY IMPROVEMENT

47.4.1 The Agricultural Produce (Grading and Marking) Act of
1937, which is operative in the field of agricultural marketings, is meant
‘to regulate through Marketing Inspectors the quality of agricultural
produce in general for marketing purposs. The Seeds Act (1966) is
meant for transactions in seed used for raising crops and is enforced
through Seed Inspectors. Thus, the two Acts are distinct and they are
-enforced through two different agencies. However, dealers in seed are
often checked by the marketing staff also under the first Act. Besides
duplication, this causes harassment and inconvenience. It hag to be
clearly brought out that seed is not meant for consumption and, there-
fore, should be exclusively regulated through the provisions of the
Seeds Act alone. The Seeds Act is basically regulatory in nature and
is meant to ensure that seeds of notified varieties offered for sale con-
form to certain minimum limits of purity -and germination. The en-
forcement machinery should try to educats dealers and encourage
them to maintain proper norms rather than take penal actions. Seed
industry is a developing one and, therefore, the Seeds Act should not
unnecessarily frighten seedsmen so that they shy away from the in-
dustry. When seeds do not conform to standard, issus of ‘stop sale’
and withdrawing of seeds from the sale premises would in itself work
as a sufficient deterrent. Only in cases of intentional and flagrant vio-
latior should legal action be taken.

47.4.2 The Seeds Act has been formulated in the infant stage of
the seed industry. Many lacunae are being noticed in course of its en-
forcement. For example: (a) it does not provide licensing and re-
gistration of dealers; it may become difficult to enforce the Act if they
are not licensed or registered, because they can always lead when
caught violating the provisions of Seeds Act that they are not dealers;
(b) the provision of minimum germination standard does not teally
give a choice of selection to the purchaser with respect to a variety
which will give the maximum germination; and (c) the enforcement
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of seed law is at present restricted to the kinds notified or varieties
and excludes many other inferior ones. It may be mnoted that the
Seeds Act is applicable to seed and propagating material of only agri- -
cultural crops in the groups of food crops (including edible oilseeds,
pulses, sugars and starches, fruits and vegetables), cotton and fodder.
The release of varieties of sugarcane, tobacco, jute, oilseeds, arecanut
and spices is governed by their respective directorates. Similarly,
variety release in the case of tea, coffee, rubber and cardamom is re-
gulated by their respective boards. Because of this difference, many
of the aspects regarding seed research, production, introduction, re-
lease and registration of varieties are not governed by uniform stand-
ards. Many such lacunae will come to notice in future. It
will be prudent to wait and work through conventions within the frame-
work of the existing law rather than rush for amendments every time.
In due course a comprehensive law should be enacted. All the zrops
have to be ultimately brought under one Seeds Act, but until then an
understanding with other concerned bodies is necessary for adopting
common standards.

Provisions of Grow-out Tests in Seed Testing Laboratories

47.4.3 Seed testing laboratories have already come up in majo-
rity of the States. The IARI and NSC have also their own labora-
torics. The JIARI serves as the Central Seed Testing Laboratory. The
Forest Research Institute, Dehradun, serves as the testing laboratory
for fresh seeds. These laboratories conduct routine analysis of seed
samples, which 1s generally confined to evaluation of physical purity,
germination and moisture. Tests for genetic purity are still uncommon
in most laboratories. It is recognised that genetic purity evaluation is
of great utility for seed laboratories, certification agencies, seed law en-
forcement agencies, seed trade and the farmer. To the certification
agencies, such tests provide information on the quality of seed certi-
fied by them, thereby enabling them to locate and remedy defects in
procedures and standards. To the enforcement agencies and the far-
mers, the tests give an idea of the quality of seed in circulation, there-
by helping them to locate possible sources of good and poor quality
seed. Three main tests, viz., laboratory test, green house or growth
chamber test and field plot or grow-out test are generally useful for
determination of genetic purity. Field plot or grow-out test is made
under field conditions. The first two can provide preliminary data,
but a field trial is essential for a final verdict. Apart from genetic
purity, grow-out test provides useful information on the levels of field
emergence which determine vigour and viability. At present, seceds
are revalidated on the basis of laboratory germination test. Labora-
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tory and field tests may not agree closely specially when seed viability
is low. Infection carried in seed can also become manifest in field
trials, Field test at specified soil moisture levels is, therefore, an abso-
lute necessity. Seed testing laboratories are -the best places where
grow-out test can be conducted, because these are already analysing
service samples, certification samples and control samples and ths
field work will be just in continuation of the same.

Compulsory Certification of Hybrids and Seed Material of Vegetatively
Propagated Crops

47.4.4 Hybrid seed production involves production and mainten-
-ance of parental lines, at least two seasons ahead of actual seed pro-
duction, and the evolution of ~parental lines especially in maize re-
quires continuous inbreeding with selection for as many as six to seven
generations,  Being inbreds, the parental lines are relatively
poor yielders and, therefore, are costly to produce. Error in hybrid
seed production will not give the desired cross and will nullify the ex-
pensive  and laborious efforts made in the evolution of the line and
in the production, maintenance and stocking of its breeder and founda-
tion seed. Further while with most crops improper roguing may not
cause damage provided the foundation seed is relatively pure impro-
per detasselling or inadequate isolation with maize can cause irrepara-
ble damage even in pure foundation seed. Genetic impurity in a
hybrid resulting from such production can be detected only with diffi-
culty even in grow-out test with seed claimed to be hybrid. Hybrid
seed requires to be renewed every year for the maintenanc of original
yielding level, while in other cases, the renewal period may be longer.

4745 Like the hybrids, vegetatively propagated crops have
also their special problems. The use of degenerated stock is one of
the stumbling blocks in increasing their yield. @ Many diseases and
pests are carried in succession from crop to crop through seed. In
the case of sugarcane, pests like borer larvae, mealy bugs and scales
and diseases like red rot, virus mosaic, grassy shoot and ratoon stunt-
ing are all transmitted through setts. Therefore, setts meant for multi-
plication of sugarcane seed require screening. Because of the perni-
cious nature of seed borne diseases, specially virus, production of seed
potato in the plains according to the seed plot technique requires : (ay
thorough removal of mild mosaic infested plants within 25-30 days
of planting and well before contact between plants occurs, (b) perfect
dehaulming before a prescribed date to escape aphid incidence and
thereby virus transmission through them, and (c¢) complete prevention
of regrowth after dehaulming. Slightest delay and defect in any of
these processes may lead to transmission of the virus in seed potato
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and to the outbreak of disease and comsequent reduction in yield. It
is well recognised that freedom of potato seced from disease (most dis-
astrous being viruses) is a single factor determining the quantum of
potato production in the country. So is the case with other crops pro-
pagated through stem cuttings, rhizomes or suckers. Thus, there is
an obvious need for an impartial check on seed production without
exception in the case of hybrids and vegetatively propagated crops.
The objective of impartial check can be fully achieved. through certi-
fication because certification processes automatically involve the re-
quisite steps like verification of seed source, field inspection, seed test-
ing and tagging and sealing. Though certification is at present a
voluntary process, it should be made to apply to these special catego-
ries without exception. ’

Indication of Minimum Renewal Period in Certificates

47.4.6 A mention of the number of generations upto which the
seed could be multiplied from the produce of the previous crop with-
out resort to renewal is another important aspect, vital for the mainten-
ance of quality seed. Crop varieties can differ in their reaction to so
many factors, viz., seed borne diseases, pollination behaviour, ccm-
patibility, germinability, etc. For instance, in the case of the mustard
group of crops, some varieties are self-sterile even within the species,
while some others are self-fertile.» Similarly, germinability in soya-
bean, dormancy in paddy, seed hardness in legumes, susceptibility to
loose-smut in wheat etc. differ among their respective varieties. The
standards for seed certification can be prescribed broadly crop wise.
The breeders or breeder institutions sponsoring a variety for release
have to state if in subsequent seed increases under certification the
variety can in all respects live up to the crop standards prescribed
for certification. Time limit up to which subsequent multiplication
can be practised without deterioration of standards should also be indi-
cated.

47.4.7 Production of certified seed from certified seed is permitted
upto two generations after the stage.of foundation seed, provided it
is determined by the certification agency that the genetic purity will ‘
not be significantly altered, and up to three generations from founda-
tion seed in the case of highly self-pollinated crops. Evidently, this
description does not specify the crops or varieties which are highly
self-pollinated or whose genetic purity will not be distinctly altered
and thereby leaves the decision in this regard to the discretion of the
certification agency. As certification agencies would be many, there
can be variation in their discretion. Hence, it is very necessary to specify
seed renewal periods on a scientific basis for as many crops as possible

5—3 Deptt. of Agri.[76.
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for common adoption. The Central Certification Board can jook into
this aspect.

5 SEED RESEARCH, EDUCATION, TRAINING AND ORGANISATION

47.5.1 Seed research according to modern concepts is fairly new
to the country. Almost complete reliance had to be placed upon
foreign know-how when seed programmes were initiated in the sixties.
The processing and packaging machinery was all imported. Foreign
standards were also adopted for use in laying down specifications for
testing and certification, isolation distances, environmental and seed
conditions for storage etc. Problems typical to the country still abound
~ practically in every sphere whether it relates to breeding of seed
itself or its multiplication and maintenance of quality in various post-
harvest operations. Time of planting and methods of culiivation are
required to be studied from the point of view of producing maximum
quantity of high quality seed. For example, it has been shown in
soyabean that the quality of seed can be considerably improved if
the seed crop is planted late in September. Information is also re-
quired on the plant population, manurial and optimum irrigation re-
quirements for producing high-quality seed. In the field of plant pro-
tection, isolation distances are extremely important. For example, the
distance upto which a wheat plant infected with loose smut can infect
other plants is not known. The distances fixed at present are mostly
arbitrary and, therefore, require experimentation.

47.5.2 Very little information is available on seed contamination
and pathology. Control of diseases and pests through seed treatment
and procedure for production of disease-free seed has to be studied
in detail. How much incidence of a disease should be permitted at
various stages of inspection for seed certification? ~What are the
methods available to reduce or eliminate seed-borne infection? What
are the optimum storage conditions which would reduce biodeteriora-
tion of seed? There are answers to some of these questions in rela-
tion to certain diseases, but the information is often inadequate. For
example, it is now known that stalk rot of maize causzd by Cephalos-
porium acrenium is seed-borme, but, itis not kmown how
much seed frcm infected plants has to be permitted, if at all,
to go’to the seed processing plants. The same questions arise in rela-
tion to several other diseases, such as, cob rot due to Eusarium
moniliforme in maize, bacterial blight and Helminthosporium blight in
paddy, ear cockle and karnal bunt of wheat and pol blight (Collecto-
trichum truncatum), bacterial pustutle and ringspot virus of soyabean.
Attempts should also be made to develop easy keys for identification
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of seed-borne pathogens during routine seed testing. Studies on the
correlation of percentage of infected seed in a lot with disease inci-
dence in field have to be carried out. This would help in arriving at
minimum disease incidence tolerance to be prescribed for seed certifi-
cation.

47.5.3 Seed maturation studies are needed to reveal as to when
a seed becomes germinable after fertilization, reaches physiological
maturity, and attains minimum viability vigour and the relationship
of field maturity tochanges in moisture content, Physical matu-
rity and moisture relationship can help to determine the stage
of field maturity at which seeds have maximum vigour and can
be harvested with minimum damage. Specific information on moisture
and storage relationship of seeds of many species is not available.
There is considerable scope for research to determine safe environ-
ments for both short and long term storage of seeds under various cli-
matic conditions. In the area of purity analysis and seed testing,
methods need to be developed to overcome discrepancies in germina-
tion results caused by uneven ripening of the seed in the inflorescences
of some species like jowar and bajra. The field of developing quick
viability test is wide open.

47.5.4 1t should be easy to realize that production of szed away
from traditional areas has many advantages. A beginning ia this direc-
tion has already been made jn certain crops. For examnle,,
jute seed production is now taker up in Maharashtra and also in the
Tarai area around Pantnagar, because the production of sced in the
main growing region is not sufficient to meet the needs. Seed produc-
tion of hybrid bajra is taken up in Karnataka and Maharashtra to
avoid the crosspollination effect which is inherent in the usual bajra
producing areas. Soyabean seed does not give good stand of crop
under all conditions; there are only a few areas where it has besn possi-
ble to produce good quality seed. Sunflower seed production has
also to be taken up in specified areas where better filling of the Lead
is obtained and where technical know-how for continued seleciion dur-
ing the production of seed crop would be readily available, Arcas
far away from the popular places of production haye an advantage of
being free from the prevalent pests and diseases. For all these rea-
sons, it is necessary to explore and demarcate experimentally the best
possible seed producing areas for every crop. Irrigated areas of Rajas-
than can also prove useful for seed production, because dry climate
provides a natural advantage of freedom from pests and diseases.
Rajasthan can easily specialize in various kinds of cucurbit, forage and
fruit seeds. Cotton is another crop in which it can specialize for seed
production. This aspects has already been referred to in our Interim
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Report on Desert Development. The problems with regard to some
important crops are discussed in the succeeding paragraphs.

Sugarcane

47.5.5 This crop has a long history of development and though
the country is flooded with Coimbatore canes, yet the seed, that is
used by cultivators, is commonly the degenerated stock representing
their own field produce carried over from year to year for seed pur-
poses. This situation has to be rectified urgently as it is one of the
main causes for low yields. The planting material has to be made
disease-free. A technique of heat treatment of setts has recently been
developed, which eliminates pre-existing infections of certain internal
seed-borne pathogens. The treatment has been found efficacious
to control virus diseases like ratoon stunting and grassy shoot and fun-
gal diseases like wilt and smut., All such useful results have to be
properly utilised. Special attention should also be paid to multiply
sufficient quantity of seed material suitable for every tract. Whereas
the usual agencies have to be utilized for multiplying foundation and

~ certified seed, the responsibility for breeder seed should lie with the
Central Sugarcane Research Station, Coimbatore. As the breeder
seed will be required for different parts, which are agroclimatically
different, it will have to take the assistance of the research siations
situated in different States.

Fodder Crops

47.5.6 Fodder crops represent a. very wide spectrum of plant
species and the primary obstacle in their improvement is the paucity
of varieties exclusively developed for fodder purposes. Additionally,
the large number of fodder crops involved in itself makes difficult the
task of production of seed of each one of them and in many cases. e.g..
some legumes and grasses, specialised knowledge and skill are requir-
ed. Even in the case of better known crops like lucerne and bersesm.
seed material of high quality is not available in abundance, because
their seed yield is either low due to poor setting in the absence of de-
sirable pollinator insects or due to some other reasonms. As far as
grasses are concerned, the seed problems are acute even more. Many
of the grasses have long dormancy periods, because of which either
plenty of seed has to be used or there has to be some accurate know-
ledge of the duration upto which seed can give the best germinability
and remain viable. According to R.O. Whyte!, in 1957 the know-

1 Whyte, R.O., The Grassland and Fodder Rescurces of India, Revised Edition 1964, ICAR
(Monograph 22).
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ledge and research on the physiology and morphology of Indian
grasses and legumes and on the production, control and distribution
of seed of improved varieties had not then reached a stage at which
some good overall picture could be drawn. The picture is a little
better now in as much as the Central Arid Zone Research Institute.
Jodhpur and Indian Grassland and Fodder Research Institute, Jhansi
are seized of the problems. An all-Tndia Coordinated Project for Re-
search on Forage crops is also functioning since 1970. The Union
Ministry of Agriculture and Irrigation runs seven regional fodder pro-
duction and demonstration centres at Hissar, Suratgarh, Kalyani,
Dhamarod (Gnjaratj, Srinagar, Madras and Hyderabad. The Cen-
tres supply seed also to the adjoining States. Despite these develop-
ments, rapid and appreciable progress is yet to be made. Increased
attention will have to be given to the production of adequate quanti-
ties of good quality seed of all kinds of fodder crops. The State De-
partments of Agriculture will have to take direct responsibility in
planning and encouraging this kind of work with the help of ectabhsh-
ed foundation and certified seed agencies.

Horticultural Crops

47.5.7 All horticultural crops—whether vegetables, flowers, fruits
or plantation crops—suffer from a common defect that dis-
ease-ridden varieties of unknown purity and performance are
commonlv in circulation. Evolutidn of varieties with desirable charac-
teristics has to await the results of persistent researches over a long
period, in consonance with our recommendations made elsewhere.
Meanwhile, some short term measure is very necessary for effecting im-
mediate improvements. Screening of the existing varieties seems to
be the only effective step to begin with. Planting material has to be
multiplied only of the selected varicties. Besides this general point,
each class of horticultural crops has its own problems. In case of
vegetables, it may be, stated that the growers are usually small land-
holders. "Vegetable seed is minute in many cases and it is difficult
to grow. In many cases, it i3 not possible to raise this seed every-
where due to climatic requirements. The result is that seed growing
is beyond the capacity of all vegetable farmers, because of which they
have to rely on someone to supply them seed in sowing seasons. - This
type of demand and dependence has given rise to a set of merchants
who have specialized in the seed business. Therefore, it is not sur-
prising that vegetable seed industry is one of the cldest in this country,
but if its modus operandi is critically examined, it wil be found that
the seed concerns have been mostly operating as intermediaries bet-
ween the sources of production and the needy growers. In the earlier



24 SEFDS

days, the source was foreign for many temperate vegetables like cole
crops, turnip, beetroot, tomato and capsicum, but with the gradual
clamping of import restrictions, certain pockets have developed with-
in the country in temperate regions like Srinagar valley, Himachal
Pradesh. West Uttar Pradesh hills, Darje¢ling, Kalimpong, Maha-
baleshwar and Nilgiris. A hereditary class of vegetable seed growers
have developed in such areas. As far as the plains are coacerned.
there have always been areas specially known for some chosen vege-
table or the other, e.g., Fatehgarh and Kanauj for radish and water-
melon. Luckncw for muskmelon (kha-buza) ard slender cucumber
(kakri), Nasik for onion, Poona for table cucumber (khira) and so on.
In these areas too. there have been families who have done the same
kind of sced raising job generation, after generation.

47.5.8 The vegetable seed merchants have established lasting
contacts with the hereditary seed growers—whether on hills or in
plains, Their only job has been to procure it, pack it and sell it to
the needy farmers. The position is exactly the same in case of flowers.
In this process the quality aspect has never figured; rather it has been
generally neglected. The only merit of this system has bsen that a
constant timely supply of seed material has been ensured to the farmer.
Another good point which emerges from this system is that the tracts
and the hereditary seed growers can now be easily identified for differ-
ent class of vegetables, If the State Governments take direct rzs-
ponsibility to develop those very tracts on scientific lines by providing
seed .of proven varieties, other inputs and better production techno-
logy, a breakthrough is possible in the shoriest possible time. It is
also worth considering whether the very type of material which is be-
ing cultivated at present in different tracts cannot in itself be improv-
ed rather than introducing an altogether new material. A malpractice
of common occurrence has also entered the vegetable seed trade. It
relates to the utilisation of the left over rubbish of the vegetable mar-
kets by unscrupulous elements for seed purposes. This defect can very
easily be rectified if the local bodies are empowered with the backing
of appropriate law to destroy all such material ‘every night after the
closure of the vegetable market. This applies equally to fruits like
papava.

47.5.9 In the case of fruit crops, a way of improvement commcn

_to all, is by establishing a chain of progeny orchards from breeder to
foundation to certified stages. Seed material to growers must flow
from only such orchards and the supervision and promotional mea-
sures must be the direct responsibility of State Governments. The
Seeds Act includes under its purview materials like seedlings, tubers,
bulbs, rhizomes, roots, cuttings, all types of grafts and other vegeta-
tively propagated material. Considering, however, the general nature
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of provisions of the Act and the plight of fruit and plantation crops,
it seems very necessary that detailed codes are laid down to regulate
the multiplication and distribution of seced and planting material of
these crops through the progeny orchards. Some important sugges-
tions, common fo research and multiplication aspects, are mention-
ed below individually for a few important fruit crops :

()

(i)

Papaya—Seced should be produced under controlled coudi-
tions through artificial pollination and bagging of selected
types so that mixing is avoided.

Bapana and Pineapple—Bud sports and mutations are
frequent in these crops. Selection of the improved clone and
rigorous multiplication of the progeny from that clone are
essential for uniformity and improvement in production. The
pace of progress in this manner can be slow because the num-
ber of progenies from a single selected ‘mother plant will be
limited, but experiments in Tamil Nadu, West Bengal and
Maharashtra have shown that this situation can be improv-
ed by following the technique for multiplication from bits of
the corm in banana in addition to the suckers and in the
case of pineapple, the stem below the flowering shoot can be
cut into small pieces and multiplied.

(iii) Guava—The orchards are at present mostly raised from seed,

(v)

but fast deterioration is inherent in this method. Inarching,
veneer grafting, air-layering ard stocling can all provide an
effective alternative through vegetative propagation.  The
first two vegetative methods carry a disadvantage that the
progeny is influenced by the characters of the stock. Air-
layering does away with this defect and, therefore, this
method can be profitably used in multiplication programmes.-
Experimentally, air-layers have to be developed from a
selected variety as a first step. Then, these air-layers are al-
lowed to grow over a period of 3-5 years. This time gap
gives scope (a) to judge the performance and (b) to permit
ample branching. Then, as a third step, further progeny is
secured from the branches of air-layers through stooling with
due etiolation, ringing and hormone treatment (5,000 ppm of
indol butyric acid). About 10 plants can be obtained in this
manner per air-layer and the process is subject to repetition
for further multiplication. This method can be given fur-
ther trials for common adoption.

Mango—Mango is propagated by inarching, but both scion
and stock of doubtful characters have been freely used in the
trade so far. As the rootstocks for mango are raised from
seeds, there is considerable genetic variation in them which
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(vii)

SEEDS

causes extreme variation in orchards. To rectify this situa-
tion, uniform rootstocks are required which can be secured
either from nucellar seedlings raised from polyembryonic
varieties or through clonal propagation from air-layers or
cuttings, The air-layers on established cuttings can be multi-
plied with the same principle as explained in the case of
guava. As regards scion, the prevalent practice is to allow a
graft to grow for 2-3 years and then bend the whele tree and
use all the branches for inarching even before the tree starts
bearing with the result that the performance of ihe tres re-
mains unknown. A better practice would be to select trees
of proven performance leaving no room for chance. Once
the parent material has been thus established, veneer graft-
ing could be adopted for mass production, because it is found
to be easy and cheap.

Citrus—The major trouble in citrus plants in general is that
of virus (Greening and Tristeza etc.). This trouble is avoid-
able through seed propagation. The method of seed propa-
gation even now is common in this crop and, thercfore, has
to be retained in preference to vegetative methods, unless re-
searches can produce virus-resistant rootstock.  Ancther
point in favour of retaining seed propagation in this crop is
that citrus is mostly polyembryonic, because of which the
scedlings are invariably in a position to maintain stable
characters uniformity. In order to bz certain of the ‘true to
type’ progeny, a further precaution is possible, which con-
sists of isolating a few mother trees and growing with them
Poncirus trifoliata as a pollen parent and then resorting to
control pollination. Poncirus trifoliata is a kind of citrus
plant whose morphological characters are slightly different
from the usually cultivated types. Because of this distinction,
it becomes easy to isolate the nucellar and gametic scedlings.
It is the nucellar seedlings which are then used for further
propagation. Therefore, the use of Poncirus can be cousider-
ed for general adoption in progeny orchards.
Cashewnut—The existing stands of cashew crop are usually
poor and have been mostly raised through seed. Vegetative
propagation through budding and air-layering is showing pro-
mise, which could be tried profitably. Out-of the two, air-
layering is found to be better.

Cardamom—Most of the cardamom plantations' as present
are infested with mosaic virus, whose vector is an aphid. The
possibility -of ‘grading rhizomes for multiplication purposes in
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the aphid-free period is worth trying in the same way as it
has been successfully tried in the case of potato,

Research and Education

47.5.10 The above mentioned survey merely provides a bird’s eye-
view of a very vast field which lies ahead for seed research. The ICAR
is the proper agency to make a thorough appraisal of the general as
well as cropwise problems and then organise an integrated programme
of research involving the IARI, agricultural universities and other in-
terested autonomous or private institutions. Arrangements should also
be made for the introduction of suitable courses in seed production
methods, seed physiology and health and seed technology, testing and
certification in all agricultural universities both at the graduate as well
as postgraduate levels, The IARI, Tamil Nadu Agricultural Univer-
sity and G. B. Pant University of Agriculture and Technology have al-
ready introduced some such courses. Their experience might be use-
ful in formulating courses on a uniform basis for all the universities.
Some suitable courses in the management aspects of seed business
preferably at the postgraduate level have also to be formulated. These
have to be introduced in the ¢xisting institutes of management as an
interim measure until a separate specialised management institute with
a bias towards agriculture, animal husbandry and rural sciences as en-
visaged in our Interim Report on Agricultural Research, Extension
and Training is established.: dn addition, appropriate short term
courses for training in seed production methods, seed technology and
essentjals of testing and certification work will have to be arranged
for the personnel of the Agriculture Departments as well as for the
producers, processors and salesmen. The responsibility for arranging
these training courses lies with the State Departments of Agriculture
as recommended in the Interim Reports.

Organisational set-up

47.5.11 It has throughout been our emphasis that the production
and distribution of seed should be preponderantly private, whereas the
involvement of Governments should be confined only to overall super-
visory, advisory and fostering activities. In the governmental set-up.
seed production, seed law enforcement and seed certification are re-
quired to be independent of each other in order to bring an unbiased
and objective approach into the respective spheres. ~ Therefore, it is
necessary that the Departments of Agncu]ture—whether at the Centre
or in States—should have three distinct wings each to deal with irput
aspect, law enforcement and certification. The Departments of Agri-
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culture and Horticulture (wherever the latter exist separately) have to
deal with various other inputs and laws too. It is suggested that sepa-
-rate divisions are created for inputs and law enforcement and aspects
pertaining to seed are also looked after by them. Insofar as certification
is concerned, the Central Seed Certification Bdard is already in exist-
ence together with its State boards and this arrangement is sufficient
to take care of the third component.

47.5.12 With regard to the seed industry, which will be largely
private, it will be necessary to organise it in an effective manner.
There are a couple of associations of seed producers even now, but
their number, scope and sphere will increase with the seed business in
every State going down even to village level. The National Seeds Cor-
poration was to perform,two functions according to its original terms.
It was required to have its own programme of seed production on com-
mercial lines and at the same time jt was also charged with the res-
ponsibility of helping the development of an exclusive seed industry.
The second function is now required to be developed and for this pur-
pose, a clear separation is needed between the commmercial and deve-
lopmental activities. It should have a separate new wing, whose res-
ponsibilities should include training of personnel, establishment of new
seed enterprises, and rendering of technical advice to banks and other
lending agencies on credit and other financial needs of the seed in-
dustry. As the activities of this wing of the NSC expand and streng-
then, seed growers, seed dealers and the NSC together with the State
foundation. seed agencies and many other well-organised certified seed
agencies are bound to emerge as a well coordinated system having the
basic unity of purpose and common methods of approach.

6 SUMMARY OF RECOMMENDATIONS

47.6.1 The Seed Review Team Report (June, 1968) should be
considered as the base and the recommendations in this chapter
should be read in continuation of the Commission’s Interim Reports
entitled (a) Multiplication and Distribution of Quality Seed pertain-
ing to High Yielding Varieties and Hybrids of Cereals and (b)
Potato Seed; the main recommendations are given below:

1. The programme of seed production in the country should be
developed in future on commercial lines. The industry could be ex-
panded gradually so as to be able to cater to the needs of other
countries also. Even reputed foreign seed firms and scientists could
be invited to.collaborate in the seed production programme.

(Paragraphs 47.1.2 and 47.1.3)
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2. The Central Seed Committee with the assistance of its State
subcommittees can operate a system of national registry of varieties
for the entire country—whether released by the Centre or States. A
suitable registration fee could be charged for this work and inspec-
tion on site should constitute an essential step for issuing certificates.
Necessary rules and procedures in this regard could be laid down
mutually by the ICAR and the Central Seed Committee,

. (Paragraph 47.2.9)

3. The Central Seed Committee, the ICAR and the Govern-
ments should evolve a working machinery so that the problems
arising from time to time in the implementation of various reports
could always be tackled expeditiously. It will be necessary for the
Central Seed Committee to constitute separate sub-committees for
dealing with specialised group of crops and the National Seeds Cor-
poration could also likewise have specialised wings for crops.

(Paragraph 47.2.11)
4. In order to ensure full benefit to small participants, they
have to be educated and encouraged to form ‘compact areas’ for seed
production. Certified seed agencies, which will have to depend on
small farmers, should be made to undertake directly this programme
and the State Governments have to render assistance through all
possible financial and administrative measures.
(Paragraph 47.3.1)
5. Promotional measures 'like (a) seed crop insurance, (b) ex-
emption from levies operative for grains, octroi, sales tax or.local
taxes in any other form, (c) timely release of wagons in adequate
number, their proper insulation and unobstructed rapid movement,
(d) air movement of seed material and concessional air freight for
the purpose are all very desirable. Detrimental practices like sawai
system and sale of uncertified sub-standard seed has to be dis-
couraged in general and the Governments, autonomous institutions
and organised seed agencies in particular have to desist from taking
recourse to those under all possible avoidable circumstances.
(Paragraphs 47.3.2, 47.3.3,
47.3.4 and 47.3.11)

6. The network of processing and storage plants should be made
as widespread as possible so that the facility could be utilised by
farmers in all parts of the country. At the same time their distri-
bution should be compatible with the magnitude of seed industry,
which will determine the ultimate economic viability of the project
in different places. It will be ideal if all the organised seed agencies
and even individual seed growers can be encouraged to form limited
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concerns on a regional basis to own and construct the seed pro-

cessing and storage plants7 Even packaging can be included in their
scope. ’

7 (Paragraph 47.3.5)
- 7. Seed procesing has got to be made compulsory and performed

separately from the produce of the commercial crop. In order to
cope up with the load, processing equipments and machines have
to be manufactured within the country as an ultimate objective.
Whatever little is manufactured at present under small scale indus-
tries suffers from inadequate supplies of basic materials, ie. steel
or various manufactured components like sealed bearings, precise
screens etc. and even if the materials are available, these are not
on controlled rates. Small scale manufacturers are put to a disad-
vantage even in procurement, because thev cannot afford to pay for
the whole wagon load, which is the basis of allotment at present.
These bottlenecks have to be removed.
(Paragraph 47.3.6)
8. The Industrial Development Centre (IDC) of the National
Seeds Corporation and the Indian Standards Institution have to
collaborate in designing, making specifications for fabricating pro-
cessing equipment and machines suited to Indian conditions for the
benefit of local manufacturers and testing the same for performance.
In order to provide necessary incentive to individuals, a system of
prizes and royalties has also to be instituted. In the intervening
period, when the country has to depend on imported materials, the
Centre should liberalised its import policy with regard to the re-
quired items.
(Paragraph 47.3.7)
9. The Seed Techology Division of the IARI, IDC and the
Indian Institute of Packaging (Bombay) have to join together in deve-
loping materials, methods and designs for ideal packaging to mect
different requirements. New innovations like chemical coating of
seed as developed in order countries for special crops and ready made
‘sced on tape’ have also to engage constant attention.
: (Paragraphs 47.3.8 and 47.3.9)
10. Storages for breeder and foundation seed have to be aircondi-
tioned (both for temperature and humidity) and those for certified
seed could be only damp-proof and free from pest attack,
: (Paragraph 47.3.10)
11. The Central and State Governments should ensure that seed
marketihg is enforced only through the Seed Inspectors under. .the
Seeds Act and.not through the marketing staff under the provisions
of the Agricultural Produce (Grading and Marking) Act or under
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any other law. Clear orders are necessary to operational staff to
remove any ambiguity which might be existing in this regard. Fur-
ther, the Seeds Act should be enforced as far as possible  through
persuasion and educative methods rather than through penal measures.
(Paragraph 47.4.1)
12. Amending the Seeds Act should be deferred until experience
and working with the Act have reached a stage at which a compre-
hensive bill could be brought forward to make it foolproof and
reasonably comprehensive. In the meantime, conventions should be
developed within the existing framework of the Act. For the same
reason, working arrangements have to be made by the ICAR and
Central Seed Committee with various directorates of crop commodi-
ties as well as boards of different plantation crops so that common
standards could be enforced in all crops on a-uniform basis.
" (Paragraph 47.4.2)
13. Some of the aspects related to the Seeds Act which require
pointed attention are specified below:
(i) Grow-out test should be made an integral part of seed test-
~ing. This job should be entrusted to seed testing labora-
tories.

(ii) Compulsory certification is desirable in the case of seed
material of hybrids and vegetatively propagated crops.

(iii) In order to avoid chances of deterioration in the multiplica-
tion of seed at different stages, breeders or breeder institu-
tions should specifically state about the chances of a variety
to maintain the varietal standards as needed under certifica-
tion and the Central Seed Certification Board should specify
for each variety the time limit up to which subsequent
multiplication can be practised without deterioration of the
standards.

(Paragraphs 47.4.3 to 474.7)

14. There is need to undertake research under Indian conditions

in almost all fields of seed production, preservation and standardisa-

tion. Seed ecology, biochemistry, physiology, pathology, entomology,

breeding and cultivation aspects as also the laboratory or industrial

aspects require attention. Physical constant of seed under various
conditions and for various purposes also require to be determined.

(Paragraphs 47.5.1 to 47.5.3)

15. Congemal areas for seed production for every crop will have

to be determined and developed through experiments. In this work

special emphasis should be given to the selection or areas remote

from the traditional areas of cultivation in respect of every crop.

Specialised pockets of seed production already exist in the case of
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‘vegetable crops, but the material being produced, pertains to varicties
of unknown purity and performance. In their case, therefore, the
need is to educate the traditional growers in the practices of growing
quality seed and provide them with the requisite inputs and guidance.
Another point for consideration could be whether their own material
could not be improved upon rather than introducing new material.

(Paragraphs 47.5.4 and 47.5.8)

16. Necessary steps to tackle the seed problems of some of the
selected crops are suggested below:
(i) Sugarcane—Multiplication of disease free planting material

(i)

(iii)

is the prime necessity. It is equally important to multiply
sufficient quantity of seed material suitable for every track.
Whereas the usual agencies have to be utilised for multiplica-
tion of foundation and certified seed, the responsibility for
breeder seed should lie with the Central Sugarcane Research
Station Coimbatore. This station should take the assistance of
research stations situated in various States in order to get the
benefit of multiplying seed for different agro-climatic con-
ditions. (Paragraph 47.5.5)
Fodder crops—Fodder crops are many and may be classified
into legumes and non-legumes. Increased attention should
be given to the research and multiplication aspects of all
these crops so that adequate quantities of good quality
seed become available. State Departments of Agriculture
should take direct responsibility in planning and en-
couraging this work with the help of established founda-
tion and certified seed agencies.

(Paragraph 47.5.6)
Horticultural and Plantation Crops—In. the case of fruits,
vegetables, flowers and plantation crops, the first necessity
is to screen the existing varieties in order to choose the best
amongst them and then take measures to multiply the seed
material of the chosen ones in adequate quantities. Sced

‘material to fruit growers must pass through known pedigree

orchards and for this it is very necessary to establish chain
of progeny orchards from breeder to foundation and certi-
fied seed stages. The supervision and promotional measures
with regard to progeny orchards must be the responsibility

~ of State Governments. It is also very desirable that detailed

codes are laid down within the purview of Sceds Act to
regulate multiplication and distribution of seed and plant-

ing material of these crops through progeny orchards.
(Paragraphs 47.5.7 and 47.5.9)



@iv)

v)

(vi)

(vii)

(viii)

(ix)

(x)

SEEDS 33

Papaya—Papaya seed requires to be multiplied under con-
trolled conditions through artificial pollination and bagging
of selected types in order to avoid mixing.
(Paragraph 47.5.9(i))
Banana and Pineapple—Clones of improved types and known
pedigree are required to be multiplied for the sake of
uniform and better production. Multiplication from bits of
corm in the case of banana and from small pieces of stem
below the flowering shoot in the case of pineapple increase
progeny and therefore, this practice has to be encouraged
after due trials.
(Paragraph 47.5.9(ii))
Guava—The vegetative propagation through experimentally
proven methods such as by air-layering could be tried for
multiplication. ‘
(Paragraph 47.5.9(iii) )
Mango—The important problem is to standardise the stock
and scion in the case of mango. Nucellar technique could
be utilised to develop uniform rootstocks or it can be done
through clonal propagation by airlayes. Scions require to be
multiplied from varieties whose fruiting performance has
actually been verified. Once the parent material has been thus
established, veneer grafting could be adopted for mass pro-
ductjon. ' : :
(Paragraph 47.5.9(iv))
Citrus—The most important problem in the case of citrus
is to produce virus free planting material for which, nucellar
technique could be put to use to the advantage.
(Paragraph 47.5.9(vi))
Cashewnut—Vegetative propagation through budding and
air-layering could be tried in multiplication work.
(Faragraph 47.5.9(vii))
Cardamom—The possibility of grading rhizomes for multi-
plication purposes in the aphid-free period is worth trying in
the same way as applicable to potato.
- - (Paragraph 47.5.9(vi))

17. The ICAR should take steps for introducing suitable courses
related to seed production methods at the graduate as well as post-
graduate levels in all the agricultural universities. Some suitable
courses in the management aspects of seed business could also be
introduced in the existing Indian institutes of management to begin
with and later on such courses could form part of the curriculam of
the specialised management institute with a bias towards agriculture,
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animal husbandry and rural sciences as envisaged in the Commis-
sion’s Interim Report on Agricultural Research, Extension and Train-
ing. In addition, short term training courses have to be introduced
by the State Departments of Agriculture for training of the lower
cadres as well as private seced producers, processors, salesmen etc.
' (Paragraph 47.5.10)
18. The Departments of Agriculture at the Centre and in the
States should have three distinct wings each dealing respéctively with
the input ' aspect, law enforcement and certification work. The
Departments "of Agriculture /Horticulture have to deal with various
other inputs and laws too. It is suggested that separate divisions are
created for inputs and law enforcement and aspects pertaining to seed
are also.lookcd_after by them. Insofar as certification is concerned,
the Central Seeds Certification Board together with its state boards
would serve the purpose of the third wing.
{Paragraph 47.5.11)
19. The various foundation and certified seed agencies, which will
‘be coming forth in future, will have to be organised in an integrated
manner. The National Seeds Corporation could play a leading and
purposeful role in this conmection. It could create a distinct wing
to look after promotional activities like the establishment of new
seed enterprises, training of personnel and the rendering of technical
advice to banks and other leading agencies on credit and financial
needs of the seed industry.
(Paragraph 47.5.12)



APPENDIX 47.1

Magnitude of Seced Industry
(Paragraphs 47.1.3 and 47.3.5)

An attempt is made in this Appendix to estimate the extent of involve-
ment in seed industry by way of area, quantity of seed, processing plants and
storages and man power necessary to meet the needs of about 200 Mha of
gross cropped area in 2000 A.D.

Seed Area and Production

2. Calculation of seed area and production depends upon the knowledge -
of the crop area to be sown, seed rate used for that area, Seed rits and yield
of seed crop (which will give the multiplication ratio), * seed renewal period
and seed multiplication stages. Basic data for calculating area and production
pertaining to seed crops as in 2000 AD. are given in Statement.-I. Seed rates
have been assumed more or less at the existing level itself but the yields are
assumed at higher levels, Usually, only about two-thirds of "the '-production
accruing from a seed plot constitutes the quantity of seed fit for sale because -
of sorting and grading etc. Even then, the produce of seed crop 'as’ compared
to the corresponding field crop on per hectare basis under farmers’ average.
conditions is at present more because of the low standard of the latter. This
disparity is going to narrow down with the raising of general standards of
cultivation in times to come, but the seed crop may yet have an edge over
the field crop. However, it is difficult to pre-judge the extent of this disparity
in quantitative terms for 2000 A.D. Therefore, the same standards of yields
have been adopted for seed crops in ghat year as targeted for the field crops,
which are in themselves 2-3 times higher than the existing ones. The basis of
other norms has been explained in Statement I itself. The area and produc-
tion of seed crops as in 2000 A.D. calculated on the basis of Statement I are
given in Statement II. : ) '

3. An appraisal has also been made for 1985 just to give a compérative
idea of an intermediate position (the total span being counted from 1976 to
2000). The relevant norms and corresponding calculations for 1985 are
shown in Statements IIL and IV respectively. Only the targeted areas have
heen reckoned to begin with (i.e., in 1976). In the case of the important
cereals, where some progress has already been made in the High Yielding
Varieties Programmes, allowances have been made for coverage which could
be expected by 1975 on the basis of targets and achievements. The allowance
made in different crops is paddy 7.5, wheat 8.0, maize 0.7, jowar 1.6 and bajra
2.5 Mha. In the case of cotton, the position gets complicated because the
ginning of seed, which the farmers use from their own crop, is done in the
commercial ginneries only and, therefore, the likelihood of a mix-up always
exists, Owing to this difficulty, no allowance for coverage under better varieties.
has been made for this crop, although the official figure of such coverage was
56 per cent in 1973-74. The areas which will be under high yielding varieties
in 1985 have been worked out by fixing the period of coverage of the full
area by such varieties in the following manner :(—
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() The period of coverage has been kept as 10 years, if the total area
under a crop to be covered by quality seed is 1.0 Mha or less. Such
a crop is jute, An exception has been made for wheat, in which case,
even though the area is more than this Iimit, the period has been
kept as 15 years only.

(i) The period has been kept as 15 years for arcas between 1.1 and 5.5
Mha or less.. The crops are barley, ragi, pigeonpea, brassicas, sesamum
and linseed. An exception has been made for paddy, in which case,
even though the area is more than this limit, the period has been
kept as 15 years only.

(iii) The period has been kept as 20 years for areas between 5.6 and 10.0

. Mha. The crops are maize, bajra, gram, pea, groundnut and other
oilseeds. Wheat, which falls under this category, has been placed in
category (D.

(iv) The period has been kept as 25 years for areas more than 10 Mha. The
' crops are jowar, other pulses, cotton and fodder crops. Paddy, which
falls under this category, has been transferred to category (ii).

-4, The seed area and production as worked out for 1985 and 2000 A.D.

are given below:

area ='000 ha
production =000 tonnes

stage 1985 2000

area production area production

breeder . . . . . 017 013 012 0l
foundation c e e . 9-41 8-07 10:03 1056

certified . . . . « 1,163-12 '1,296°56 [1,595-84 2,209-20

total . 1,172.70 1,304.76 1,605.99 2,219.87

It may be noted that the area under seed crops will be about 1.60 Mha in
2000 A.D. to cater to the needs of a total cropped area of 175 Mha.
5. The area of field crops considered for seed calculations in 2000 AD. is
" about 87.5 per cent of the then gross cropped area. The crops left over are
sugarcane, tobacco, tubers, bulbs, other vegetables, flowers, spices and condi-
ments and plantation, fruit and medicinal crops, Though these crops will
occupy only the remaining 12.5 per cent of the gross cropped area, yet it does
not follow that the area needed for seed or nursery purposes for them will also
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Reering (s poit o viom 1wl e sty o peerll a2 under seed crop,
and nurseries for these cro’ps will be 20 per Ze:isz?eththait :}:e od avenr seed
ing thereby that 1.60 Mha represents only 80 per cent by sood area, mean-
. of the seed area. If this
is 50, the seed area for the left-over crops will be 0.4 Mha.

6. It may be recalled that a surplus production of 25 to 50 per cent of
breeder seed was recommended in the Commission’s Interim Report on Multi-
plication and Distribution of Seeds of Cereal Crops, but the quantity of this
seed being small it seems better to provide for a much bigger stock for the
sake of future projection, The basis adopted at present for different stages of
multiplication is twice the annual need in the case of breeder seed, 1.5 times
in the case of foundation seed and 1.25 times in the case of certified sced.
Accordingly, the estimates of seed area and production for 2000 A.D. would
change to the following values:~—

area="000 ha

production=2"000 tonnes

stages 7 ‘area production
breeder . . . . . 0-24 022
foundation . . ’ . . 15-05 15-84
certified . . . . . 1,994-80 2,761+50

total . 2,010-09 2,777-56

In this manner, the area required for seed production in 2000 A.D. will finally
aggregate to 2.0 plus 0.4 (representing the share of left-over creps) = 2.4
Mha, The quantity of seed which will be produced in 2000 A.D. accerding to
above calculations will be utilized for arriving at the estimates of processing
plants and storages.

Number of Seed Processing Plants and Storages

7. Breeder seed will be produced only by (a) the agricultural unjversities,
(b) Central and State institutes related to crop research and (c) similar private
institutions. There are 21 States and 9 Union Territories and considering that
the number of agricultural universities on an average will be one per State,
although some States may have more than one and a few smaller States and
Union Territories may have none, the total number of agricultural universities
¢an be kept as 30 in 2000 A.D, Similarly, the total of Central and State insti-
tutes can also be kept at 30. Although private breeding institutions are only
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a few at present, these are likely to increase in future: their number in 2000
A.D, may be assumed to be 10. Thus, the total number of institutions, which
will produce breeder seed, will be 70. It is necessary in the interest of purity
_of breeder seed that each of these institutions should have tkeir own seed
pracessing plants and storages. The quantity of breeder seced being small, a
capacity between 5 and 10 tonnes per processing plant or storage will be more
than sufficient, Storages for breeder seed will require to be provided with
temperature and humidity regulating mechanisms,

8. Foundation seed of field crops will be about 15,000 tonnes. It may be
assumed that one-third of this quantity will relate to varieties of all-India im-
portance, whose seed will be the responsibility of the National Sceds Corpora-
tion (NSC). Thus, the NSC will have to handle about 5,000 tonnes of seed.
Supposing that its establishments will have to exist in every State, there may
be about 25 processing plants and storages each in its charge.* The capacity
of these processing plants and storages may be of the order of 200 tonnes
each on an average, The balance of the quantity of foundation seed, viz.,
10,000 tonnes, will fall in the share of other foundation s:ed agencies whose
number could be assumed as follows :—

(i) one each in States to be set up by the governments . . =25

(i) private agencies also @one per State on average . . . =25

The average capacity of these processing plants and storages alike will also
have to be around 200 tonnes, The storages for foundation seed will have to
be air-conditioned both with regard to temperature and humidity.

9. The quantity of certified seced will be about 2.8 or say 3 M tonnes.
The production of this seed will involve a large number of certified seed
agencies and individual farmers from almost all villages will also have to
participate in this programme. Moreover, certified seed has to be made avail-
able within easy reach of all villages so that its non-availability in times of
need does not become a constraint. Insofar as storages are concerned, the bulk
of the produce should be stored at taluk points, while there should also be a
provision to keep some quantity readily available at the assembling and sub-
market centres (approximately 30,000), which are being proposed at the rate
of one for every 5 km radius in Chapter 56 on Marketing, Transport and
Storage. The capacity of storages in towns could be 1,000 tonnes, whereas it
could be about 10 tonnes for a primary market centre, The processing plants,
however;, need not go into interior farther than taluk points, In this manner,
the capacity of a processing plant for each taluk can be placed at 1,000 tonnes.

10, The number of processing plants and storages meant for certified seed
is such that only the seed agencies will not be able to own them; the State
Governments will have to think of some other means too to meet the situation.
As far as construction requirements of certified seed storage is concerned, it
will suffice if these are damp proof with adequate protection against heat and
leakage. Some sort of storage arrangement is required to be introduced in

® The number of States and Union Territories may be reckoned to be 25 for the sake of calculations,
wkerever weightage is required to be given for size.
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every village too so that individual farmers may learn to protect their seed
material from deterioration. Seed box of approximately one cubic metre
volume is a cheap contrivance, which can serve the purpose. If 50 seed boxes
are provided for each village to begin with, that would mean 30 million seed
boxes. Fabrication of these boxes will open up an added avenue of work and
income to village artisans in the small sector,

Man Power in Seed Industry

11. The area under seed industry has been shown to be 2.4 Mha, If half
of it is managed by organised seed agencies or well-to-do farmers and the other
half involve the participation of small land-holders and if only 0.1 ha is uti-
lized by every participating small farmer for growing seed crop, it will mean
an involvement of 12 million farmers to make up 1.2 Mha.

12, It has been stated that about 30 million seed .boxes will be needed in
villages, Spread over a spam of 25 years, this will mean construction of 12
million boxes per year and @ about 8 boxes per carpenter per month (i.e.
approximately 100 boxes per year per man in round figures), it will mean an
involvement of 12,000 artisans per year in this job.

13. The handling of air-conditioned processing plants and storages is a
technical job which must be handled by graduates and postgraduates. The seed
storages which are going to be provided at the assembling and submarket cen-~
tres can bé managed by the general staff which will be provided there. However,
the processing plants and storages needed for breeder seed (70 each), founda-
tion seed (75 each) and certified seed upto town level (3,000 each) will require
exclusive attention of trained staff.'I} will be appropriate to provide gradu-
dates or postgraduates at these plants and if it is assumed that one such person
will be able to manage one processing plant and one storage, the number
required will be 3,145. There will be many other jobs too for which graduates
and postgraduates will be needed, A complete enumeration is made below:

(i) processing’ andstorage . . . . . N . 3,145
(ii) breeder institutions @ 4 per institution=70xX4= & . . 280

(iii)foundation s22d agencies @ and averagerate of 6 graduatesper

agency==75%x 6= . . . . . - . . 450
(iv)certified seed agsncies @ 3 psragency and the agencies assumed
to be atleastone perdistrict = 360x3= . . .. .« 1080

(v) seedtesting laboratories @ 4 technical men per laboratory
* and lahoratories @ 2 per State (the number of Statesreckoned
as 25 for calculation)=25%X2x4= o . . o . 200

(vi) certification : percrop per State 4 graduates (one certification
incharge, one certification offizsr and 2 graduate assistants)
=50 crops X25x4= . . A . . . . . . 5,00(3

b gt

total . 10,155
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14. The magnitude of seed industry as in 2000 AD is summarised below
on the basis of foregoing considerations:

area needed under seed cropsand nurseriesto provide seed

and planting material for a gross cropped area of about

200Mha . . ° O . . e o - . =2+4Mha
breederinstitytions . . . . . . . . =70

processingplantsandstorages forbreederseed (capacity=5—10
tonneeach) 70x2 . - . O . - - . ==140

foundation seed agencies : NSC (considered equivalentto 25
because ofitsinvolvementin allthe States withregard to all
India varieties—30 Statesand Union Territories considered
equivalent to25 States) +oneeachin Statesto be setup by
the Governments+private agenciesalso @ one per State . =75

procéssing plants and storages forfoundation seed (capacity—
200tonneeach)75% 2 o o . . . . . =150

certifiedseed agencies @ éﬁe per district . . o . =360

smallfarmsrs participating inthe productionof certified |
seed (annual) . . . . . . . R . =12million

processing plants for certified seed (capacity—1000 tonne). « =3,000
storagesforcartified seed—

(i) towns(capacity 1000 tonne) « o . . . =3,000

(ii) primary market centres(capacity 10 tonne) . . ==30,000
(iii) seed boxesforvillages . . . . . . =30million
village carpentersforseed boxes . . . . . . =12,000

graduatesand postgraduates . . . . . e =10,000



APPENDIX 47:1 (contd.)
Statement I ¢ BaslcData for Caloulating Area andProductionpertalningto Seed Crops as 1n 2000 A.D.

Crop Seaq Seed crop Seeq Seed multiplication stages
area rate for —oeu o — renewal
Seed crop Mha farmers’ Seed Yield Multipli-  period Breeder Founda- Certified Total
crop rate tonne/  cation years tion
tonne/  tonne/ ha ratio
ha ha

1 2 3 4 5 6 7 8 9 10 11
paddy (2) 32:00 0030  0-030  4-55 152 4 1 i 1 3
wheat 17-55  0-075  0-075 3-64 49 4 1 1 2 4
barley . 550  0-075 ' 0-075 1-97 26 4 1 1 2 4
maize hybrid (b) 6-00  0-015  0-013 3-23 248 1 1 1 1 3
‘maize variety (b) 3.00 0-015  0-013 1-50 115 3 1 1 1 3
jowar hybrid (b) 11-34  0-010  0-008 1-43 179 1 1 1 1 3
jowar variety (b) 5.66 0010  0-008 075 ‘94 3 1 1 1 3
bajra hybrid (b) 8:00  0-006  0-004 1:52 380 1 1 1 1 3
bajra variety (b) 4-00 0006 0-004 0:70 175 3 1 1 1 3
ragi 2:50  0-005  0-005 2-10 420 4 1 1 1 3
gram and peas 9:50  0-070  0-063 1-50 24 3 1 1 2 4
pigeonpea 3-00 0-012 0-010 1-50 150 3 1 1 1 3
other pulses (c) . 12:50  0°015  0-012 150 125 3 1 1 1 3
groundnut 9:00  0.120  0°120 1-50 13 3 1 2 2 3

sgaas
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APPENDIX 47.1—(contd.)

1 2 3 4 5 6 7 8 9 10 11
brassicas . . o« o« . 4:00 0-005 0-005 1+00 200 3 1 1 1 3
sesamum . . . . . 3:00 0+005 0-003 0-60 200 3 1 1 1 3
linseed . e e 2:00 0-015 0:012 0°50 42 4 1 1 2 4
otheroil crops(c) . .. 7:50  0:012  0-010 073 73 3 1 1 1 3
cotton . e e e 1150 0:020 0:020 0:92 46 1 1 1 2 4
jute’ Lo . . 1-00 0-010 0-005 0-60 120 2 1 1 1 3
fodder(@® . . . . . 16-50 0-060 0:008 - 0-60 75 4 1 1 1 3

total . 175+05 (whichis approximately 88 p=r centofthe 2ntireestimated grosscropped area asin2000 A.D.)

Nortes : (a) Yieldrelates to paddy—not rice.

(b) Proportion of area batween hybridsand varieties has bzen arbumnly fixed as 2:1 for the sake of cilculation. The yiolds of hybrids and varieties areso
fixed that these give the same overall production as targete

(c) Seed rate is assumed so as to beapplicable to majority. Yield isso ﬁxed asto udd up to the overall production for the group asa whole.
(d) Calculated for jowar.
(e) Multiplication stages are fixed as follows :—

Mulgiplication ratio stages
15 orless 5
16—=50 4

5] and above 3

[44
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APPENDIX] 47.1 (contd.)

Statemsnt If : Area and Production of Seed Crops asin 2000 A.D.
Calculated on the basis of Statement 1

Area=hectares
Production=tonnes
Breeder Fouadation Certified Total

Crop R — —_— — e —
Area Production Area  Production Aréa Production Ar€a  Production
paddy 2-3 10.5 346-3 1,579-1 52,631,6 240,000-0 52,080-2 241,589:7
wheat 08 29 37-7 137-2 92,2467 335,778:0 92,2852  335,918°1
barley 3-0 59 77.4 152.5 54,3611 107,091°4 54,441-5  107,249-8
maize hybrid 0.5 1:6 112-3 3627 27,863.8 90,0001 21,976.6 90,364-4
maize variety 0-7 i-1 869 130-3 10,0000 15,0000 10,0876 15,131.4
jowarhybrid 2-5 3-6 443-0 633-5 79,300.7 113,400-0 79,746-2 114,037-1
jowar variety 28 2°1 267.6 2007 25,155.6 18,886-7 25,426-0 19,0695
bajra hybrid 0-2 0-3 83-1 126-3 31,5789 47,999-9 31,662°2 48,1265
bajra variety 0.4 0-3 65-3 45-7 11,428.6 8,000-2 11,4943 8,046-2
ragi . 0-08 0-02 3-5 7-3 1,488-1 3,125:0  1,491-608 3,132-32
gramand peas . 10-7 16°1 256-5 384-7 153,935-2 230,902-8 154,202°4 231,303°6
pigeon pea 0.4 06 53-3 79-9 8,000:0 12,000-0 8,053-7 12,080°5
other pulses 27 4-1 333-3 4999 41,666_--7 - 62,5001 42,0027 63,0041
groundnut 8.4 12:6 1,529-3 2,293-9 258,461-5 387,692-3 259,999-2 389,998-8
brassicas 0-2 0-2 33-3 33:3 6,666°7 6,6667 6,700-2 6,700-2
sesamum 0-2 0-1 417 250 8,333-3 5,000-0 8,375-2 5,025-1
linseed 0-2 0-1 85 4-3 15,357-1 7,678.5 15,365-8 7,682-9
other oilcrops 7-7 " 56 562-9 410-9 41,095-9 30,000-0 41,6665 30,416-5
_ cotton 2+6 2+4 118-1 108:7 255,434-8 235,000:0 255,555-5 - 235,1111
jute | 06 0-4 69-4 41-6 - 8,333-3 5,000:0 8,403-3 5,042-0
fodder 73-3 44-0 5,500-0 3,300-0 © 412,500-0 247,500-0 418,073-3  250,844-0
total 120-208 114-62 10,029-4 10,557-5 1,595,839:6 2,209,201-8 1,605,989:208 2,219,873 8

sqags
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APPENDIX 47.1 (contd.)
Statement [II : BasicDatafor Calculating Areaand Production pertalning to Seed Crop asin 1985 A.D.

Crop Seed Seed crop Seed Seed multiplicationstages

area  rate for —— .——  renewal —_————

Mha farmers’- sed Yield Multipli- period  Breeder Founda- Certified Total
Crop crop rate tonne/ cation years tion

tonne/ tonne/ ha ratio
ha ha
1 2 3 4 5 6 7 8 9 10 11

paddy (a) <. . 2380 0-030 0-030 317 106 4 1 1 1 3
wheat . . . 17-55 0-075 0-075 2-81 37 4 1 1 2 4
barley . . . 3-70 0-075 0-075 1-69 23 4 1 1 2 4
maizehybrid (b) . . . 2:42 0-015 0013 223 171 1 1 1 1 3
maizevariety(b) . . . 242 0-015 0-013 1-07 82 3. 1 1 1 3
jowar hybrid(b) . . . 3-88 0-010 0-008 0-99 124 1 1 1 1 3
jowar variety(b) . . . 3-88 0-010 0:008 0-52 65 3 1 1 1 3
bajra hybrid(b) . . . 3-62 0-006 0-004 1:06 265 1 1 1 1 3
bajra variety(b) . . . 362 0-006 0-004 0-46 115 3 1 1 1 3
ragi‘ . . . . 1-67 0-005 0-005 1-14 228 4 1 1 1 3
gramandpeas . . . 475 0-070 0:063 0-99 16 3 1 1 2 4
pigeonpea . . . . 2:00  0:012  0-010 1:05 105 3 1 1 1 3
otherpulses(c) . . . 5-00 0:015 0-012 0-80 67 3 1 1 1 3
groundnut . . . . 4-50 0-120 0-120 1-20 10 3 1 2 2 5
brassicas . . . . 2:67 0-005 0-005 075 150 3 1 1 1 3
seasamum . . . %-00 0:005 0-003 0+48 160 3 1 1 1 3

sagas



linseed ... 1:30 0:015  0-012 0-38 32 4 1 1 2 4
other oil crops (). .. 375 0-012 0-010 0-47 47 3 1 1 2 4
cotton . . . . . 460 0020  0-020 0-51 25 1 1 1 2 4
jute . . . . 1-00 0-010 0-005 0-54 108 2 I 1 1 3
fodder@ * . . . 660 0060  0-008 0-42 53 4 1 1 1 3

total . . 104-73 .. .. .. .. . .. . .. .
Notss ;—

(a) Yieldrelatesto paddy— not rice. .

(b) Proportion of area b3twzen hybrids and varieties has been kept as 50:50.
(¢) Ssad rate and yield are assumed so as to be applicabl eto majority~

(d) Calculated for jowar.

(e) Multiplication stages are fixed as follows :

Multiplication ratio stages
15 orless 5
16—50 4
51 or more 3 -

(f) The period crasidered for fixing yield is 25 years between 1976 and 2000 A.D. The yiclds in 1976 approximate to the present experience with regardto the
parformance of seed crops. The yields for 1985 are fixed proportionate to thedifference between the rates at presentand in 2000 A.D.

5Q3as
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APPENDIX 47.1 (contd.)

Statement IV : Area and Production of Seed Cropsin 1985
(Calculated on the basis of Statement I1I)

Area = hectares

Production = tonnes
Breeder Foundation Certified Total
Crop —— —_— —_—

Area Production Area  Production Area Production Area Production
paddy 5:0 15:9 531-2 1,6839 56,309-1 178,499-8 56,845+3 180,199+6
wheat 23 65 855 240-3 120,269-1  337,956°2 120,356+9 338,203+0
barley 3-4 5:7 77-6 131-1. 42,835+ 72,3913 42,916-1 72,5281
malize hybrid . 06 1-3 95-2 212-3 16,2780 36,2999 16,3738 36,513+5
maize variety . 1-7 1-8 137-9 147+6 11,3084 12,100+0 11,4480 12,249-4
jowar hybrid 2-6 2:6 316-0 3128 39,1919 38,8009 39,510°5 39,1154
jowar variety . 59 31 382-6 198-9 24,8717 12,9333 25,2602 13,1353
bajra hybrid 03 0-3 77-3 819 20,4906 21,7200 20,5682 21,8022
bajra variety 1-2 06 1369 63-0 15,7391 7,240+0 15,877.2 7,303:6
ragi 0-03 0-03 8-0 91 1831+1 2,087+5 1,839:13 2,09663
gram and peas 27-3 27-0 437-3 4329 118,949:9 117,760-4 119,414-5 118,220-3
pigeonpea 07 0-7 72-6 76-2 7,619-0 7,999+9 7,692-3 8,076-8
other pulses 70 5:6 4664 373-1 31,2500 25,000+0 31,723-4 25,3787
groundnut 15:0 180 1,650°0 1,980+0 165,000 198,000+0 166,665:0 199,998-0
brassicas 0-3 0-2 39-5 29-6 59333 4,450-0 5,973:1 44798
sesamum 03 0-1 43-4 208 6,994+4 3,333-3 6,988 1 3,354-2
linseed 0-4 02 12-4 4.7 13,1213 4,986.1 13,1341 4,991-0
other oilcrops 0-3 01 14-4 68 32,5939 14,319-1 32,6086 15,3260
cotton 11-5 5:9 288+6 1742 187,607+9 95,680-0 187,908-0 95,8331
Jute 0-8 0-4 857 463 9,2593 5,000-0 9,345-8 5,046-7
fodder 839 35:2 4,447:4 1,867-9 235,714+3 99,0000 240,245:6 100,903 -1

total 170-53 13123 9,405-9°  8,066-4 1,163.117-4  1,296,556-8 1,172,693:83 1,304,754.43

o
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FERTILISERS AND MANURES

1 ROLE' OF FERTILISERS IN CROP PRODUCTION

Introduction

48.1.1 Addition of plant nutrients in the form of fertilisers consti-
tutes an essential step in agricultural production. Because of - the
narrow land-man ratio which would get still narrower in coming years,
the only hopeful means of supplying needs of agricultural produce
would be by rasing the productivity level. One of the important inputs.
for achieving this objective is the fertiliser. Plant nutrients, consisting
of major, secondary and microelements, have certain specific functions.
to perform in the plant and should be available in a balanced manner,.
otherwise the full benefits of each or all of them would not be
achieved> The forms, chemical as well as physical, in which nutrients.
are to be applied to the soil determine not only their availability but
also the use efficiency of the fertilisers containing them. The mainte-
nance of quality of fertilisers in the chain of distribution is equally
important. The fertiliser dosages are based on ficld experiments, and
depend on crop variety, water availability, soil characteristics and
management practices. Relatively inexpensive soil tests emable con-
siderable economy of fertiliser use. Fertilisers attain optimum efficiency
under favourable soil conditions for which suitable amendments are
required and the soils are to be provided with adequate organic matter.
In’ addition, organic manures and compost derived from plant residues.
and agricultural wastes and byproducts may provide plant nutrients.
These and some related problems are delt with in this chapter. -

~—

Fertiliser Consumption

48.1.2 With the initiation of agricultural research in India and
reorganisation of the Agriculture Department in 1905, considerabls
stress was laid on soil study and soil conditions contributing to crop
growth. It was established that Indian soils, in general, were deficient
in plant food materials and attention was drawn to problems arising

47



48 FERTILISERS AND MANURES

from this deficiency. The importance of the use of chemical fertilisers
for the production of foodgrains and other crops was recorded, not
without some amount of reservation, in the Report of the Royal Com-
mission on Agriculture (RCA) 1928 in the following words :

“It is hardly necessary to point out that the use of nitrogenous

or other artificial fertilisers is not profitable in all conditions.

Where crop production is limited by a small rainfall, the annual

additions of combined nitrogen to the soil as the result of natural

processes may be sufficient to meet the needs of a crop the outtern
of which is limited by the moisture available.”
The above contention may be valid so long as the yield of crops per
unit of land is low and the demand of crops is satisfied by the nutrients
present in the soil and those made available tﬁrough natural recupera-
tion _processes.

48.1.3 It has been the experience throughout the world that
increased agricultural production is related to increased consumption of
ter.tilisers_) Some data on fertiliser ‘consumption and foodgrains pro-
duction in India are shown in Table 48.1.

TaBLE 48.1
Consumption of Total Nutrient (N-P,0;-+K,0) and Foodgrains Production

(million tonnes)

Fertiliser Foodgrains

Year consumption! production®
1964-65 e 0-77 89-36
1965-66 . . ... . . o1 72-35
1966-67 e e e e 1-10 74-23
1967-68 e e e e 1-54 95-05
1968-69 e e e 1-76 94-01
1969-70 e e 1-98 99-50
1970-71 C e 226 108-42
1971-72 e e 2:66 105-17
1972-73 e e, 2:77 97-03
1973-74 e .. 2-84 103-61

Increasing trends of fertiliser consumption and foodgrains production
are no doubt noticeable, but a one-to-one correlation is not observed.
This is most probably due to the fact that fertilisers are not exclusively

<, Data obtained from Ministry of Agriculture and Irrigation, Government of India (Fertiliser
Division). .

s .Estimates of Area and Production of Principal Crops in India 1973-74. Du‘ectorate of Eco
nomics and Statistics, Ministry of Agriculture and Irrigation.
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used for foodgrains production. Moreover, some increase in produc-
tion is evidently caused by increased areas under cultivation and irri-
gation. Of the other factors influencing the correlation in the domain
of rainfed agriculture, climatic factors, especially rainfall distribution,
seem to be the most important. It appears that following the intro.
duction of the high yielding varieties of cereals, a higher proportion
of fertilisers was diverted to their production) Even though the con-
sumption of fertilisers in India shows an upward trend, the total
amounts of nitrogen, phosphorus and potassium (NPK) consumed per
capita and per hectare of agricultural land are, by comparlson with
other countries, still very low (Table 48.2).

TABLE 48-2

Consumption of F:rtilisers p2r H*>tars 'of Azricultural Laad and
per Capita®

NPK/haof NPK/capita

agricultural (kg)

Country land

- (kg)
China (People’s Republic) . . . . 15 6
France . . . . . . ‘ . 150° 97
GDR . . . . . . . . 255 101
India_ P . . . . . . 15 5
Israel . . . . . ‘ . . 49 20
Italy . . .« . . . .. 82 27
Japan e . 332 20
Netherlands . . . . . . 283 46
Pakistan . . . . . . . 11 4
USSR . . . . . . . . 17 43
W. Germany . . . . . . 245 56

Calculated on the basis of irrigated agncult‘ure, the disparities may
not appear as wide as seen in the table

(]

1, Fertiliser Statistics, Fertiliser Association of India, 1973-74. pp II1-9-10,
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TABLE 48-3
Projected Population, Area and Production of Foodgrains

Projections
Item

1971 1985 2000 AD
population (million)* e 551 725 935.
foodgrains requirement (humanand non- 108 low 150 205
human) (million tonnes) high 163 225
supply (milliontonnes). . . . 108 low 150 230

high 164
per capitaavailability of arable land (ha) 0-29 0-22 017
yield per hectare (kg) . . .o 872 low 1,180 1,870

high 1,290

As on 1st July of respective years,

Enhanced Foodgrains Production Per Unit Area

48.1.4 Foodgrains production at present accounts for a large bulk
of the fertilisers consumed in the country. This is going to be so
in future as well From our projected foodgrains requirements to feed
the growing population as given in Table 48.3, it is evident that
within a period of 25 years, the foodgrains requirements for the pro-
jected population around 2000 AD would be more than double. Only
marginal increase in area for cultivation may be possible by providing
irrigation facilities in arid areas and reclaiming some saline, alkaline
and waterlogged areas and ravine lands. Of course, the water resources
of the country are large and tapping them for agricultural use might
help in increasing the gross cultivated areas. For attaining more than
two-fold increase in production during the next 25 years, it would be
necessary to improve the per unit area yield by various intensive
agricultural methods and taking recourse to modern technology. As
the percentage of land under arable use in India is already very high,
it is reasonabie not v extend it further. There should preferably be
a tendency to gradually reduce the area as the yield per unit area of
land increases. Maintenance of ecological balance is also to be taken
into consideration.

Increasing Pressure on Land

48.1.5 Based on the existing and projected data on population,
the per capita arable land works out as follows :

1970-71 . ) - - . - e 0+28ha

1985. . - « « « & e 022ha

200AD . . . . <« .« .. 017ha
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It would thus be seen that there would be a continuous pressure
developing on agricultural land. By comparison with some other
countries of the world, India does not appear to be in an unfavourable
position (Table 48.4).

TABLE 48+4
Per Capita Arable Land in different Countries (1970-71)!
Country ha/capita
Belgium . . . . . . . 0-09
France . . . . . . . 0-38
India . . . . . . . 0-28
Ttaly . . . . . ... 0-28
Japan . . . . . . 0-05
Mexico . . . . . . . .0:47
Pakistan . . . . . . 0:22
UAR . . . . . . . 0-09
UK . . . . . . . . 0-13
USA . . . . . . . 0-86

(.. 1974, [ndian Agriculture in Brief; Thirteenth Edition, DES.

Not only the demand for land for arable use is growing but, with the
developing economy, the demand on land for civic uses, industries,
roads, rural housing etc., is ever increasing. It can, thus, be easily
realised that the pressure on land in the coming decades would be
tremendous. v

48.1.6 New lands for agricyltural use being limited the solution
lies in increasing the per unit area productivity by modernising agri-
culture with the help of technology.( By taking recourse to multiple
cropping programmes utilising high yielding varieties of crops, and
necessary inputs including fertilisers, appreciable increase in production
per unit area has become possible.) From the yield data given in
Table 48.5 a welcome trend is noticeable of increases in the yield of
cereals from 1967-68 to 1973-74. Even then the yield per hectare of
cereals in India is one of the lowest in the world.

TABLE 48°5
Yield of Total Cereals?

Year Yield (kg/ha)
1967-68 . . . . .. . 840
1968-69 . . . . . . 843
1969-70 . . . . . . . 865
1970-71 . . . . . . . 949
1971-72 . . . . . . . 936
1972-73 . . . . . . . 886
1973-74 . . . . . s . 909

2. Estimates of areaand production of principal crops, 1973-74. Directorate of Economics and Sta-
tistics. ministry of Agriculture and Irrigation. '

7—-3 Deptt. of Agrij76
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The world average per hectare yield (1,701 kg)* of cereals is much
higher than India’s. Japan leads all other countries in per hectare
yield (3,106 kg) of cereals. These figures suggest that there is ample
scope for increasing India’s cereals productivity. By means of careful
ficld experiments on scientific lines, one can get a fair idea of the
attainable productivity potential. The National Demonstration Trials
are aimed at demonstrating the efficiency of the new agricultural
technology on cultivators® fields for maximising agricultural production.
The results obtained so far are encouraging. The data given in Table
48.6 indicate the production potential of crops which are grown in
various agroclimatic regions. Even taking into account the decreasing
values during the three years of study recorded here the yields are
nearly 4-6 times the average. Similar results have been obtained under
the All India Coordinated Agronomic Experiments Scheme. A more
intensive use of lands is possible by adopting a suitable scheme of
multiple cropping as the data in Table 48.7 show.

TABLE 48.6
Mean Yields (q/ha) obtained under Natjonal Demonstration Trials_

Crop S 1968-69  1969-70  1970-T1

paddy e e 595 56-9 56-1

wheat e e e e 40-0 40-7 ..

bajra e e e e 33-0 32:4 30-7

maize e e e 43-3 42+4 38-1

jowar . . . . . . . 46-6 35-9 35-8
TABLE 45.7

Yield in tonnes/hafyear of multiple Crops undér natiotal Demonstration Trialg

Average yield in tonnes/
ha/year

1967-68  1968-69  1969-70

Crop rotation

rice-rice . . . . . . . 10-5 9-4 105
peral millet-wheat . . . . . 79 7-7 7-2
sorghum-wheat . . . . . . 6-5 81 8-0
rice-wheat . . . . . . . 10-7 12-6 ..
rice-rice-rice . . . . . . 13-3 15-4 13-7
jute-rice-wheat

grain . . . . . . . 9-9 10-3 10-1
fibre . . . . . . . . 2-1 2-1 1-3

B
sProdnction Year Book, FAO, 1970,
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One should not, however, lose sight of the fact that multiple cropping
(specially more than two crops) requires a high degree of tight sche-
duling of operations and sophistication to which none but a few
progressive farmers would be able to address themselves by taking
recourse to mechanisation, even if other inputs like water, fertilisers
and pesticides are available.

48.1.7 The data presented above show the tremendous possibility
of raising the unit area productivity provided the inputs of production
are made available in adequate measure and proper management
practices are followed. It must be emphasised that highly favourable
conditions attainable in the trials, namely, high doses of fertilisers
and necessary irrigation facilities can hardly be assured except on a
limited scale, because of the constraints imposed by lack of adequate
supply of fertilisers and water. The production potentials are, no
doubt, eye-openers to future prospects in agriculture. It should be
remembered that irrigation facilities are at present available to only
20 per cent of the cultivated area. The average unit area productivity
as projected during 1985 and 2000 AD will largely depend on yields
of crops under dryland or rainfed cultivation. Researches on dryland
farming under an ICAR coordinated scheme are going on for some
time. The yield trends obtained both in research plots and cultivators’
fields give sufficient reason for optimism for higher yields than the
present. Experiments have consistently shown economic returns even
under rainfed conditions, provided the choice of varicties and quantity,
method and time of application of fertilisers are made judiciously.!

48.1.8 It would not be out of place to focus attention on some
of the relevant factors of world fertiliser production trends, which
registered several ups and downs, especially in the sixties and early
seventies. World production grew from 1.9 million ¢onnes in 1905
to 27.9 million tonnes in 1959-60. During the sixties the developed
countries recorded a fertiliser production growth rate of 8 per cent
and the developing countries a rate of 14 per cent. But in spite of
a higher growth rate, the latter were in short supply because of large
demand. The growth rates of consumption for the developed and
the developing countries respectively were 7.5 and 14 per cent. As
a result of high and growing demand, the early sixties saw fresh
investments in fertiliser production. Some oil companies also started
fertiliser manufacture, so much so that production ran faster than
demand, leading to fall in prices and shut-down and curtailment of
production by some companiés. The demand of developing countries,
however, went on increasing unabated, unmatched by production. Im-

¢ Kaawar. J. S. 1972 . Prac. Pertiliser Association of India. Seminar on Fertilisers in Indiain
Seventies, P.II-2.



54 FERTILISERS AND MANURES

port became imperative causing rise in price in world market, but the
developing countries had to depend on the marginal surplus in world
market, which is usually no more than 5 per cent. The precarious-
ness of the situation, therefore, lies in the fdct that the 10-15 per cent
compound rate of growth of consumption in the developing countries
has to be met from the surplus of 5 per cent. in world market. Con-
sequently, indigenous production has to be speeded up. But apart
from technological difficulties and bottlenecks the developing coun-
tries have to put up with wide fluctuations in fertiliser demand because
of the occurrence of bad and good years, which cannot be normally
accommodated in production schedule.

2 PLANT NUTRIENTS

482.1 The relative amounts and forms of the major, secondary
and microelements* present in soils are dependent to a large extent on
the soil forming factors and their reactions and interactions, and hence
on the prevailing soil types. When added from outside as fertilisers
and manures they react with the soil constituents, thereby altering
their relative proportions and forms depending on the chemical, physi-
cal and microbiological conditions of the soil.

Removal of Nutrients from Soils by Crops

48.2.2 The amount of nutrients removed by crops varies widely
depending on the species and variety of plants, yields of grain and
straw, moisture availability, soil reaction, and other environmental
conditions under which plants are grown.( From an analysis of straw
and grain it is easy to calculate the extent to which the soil gets deple-
ted of nutrients by raising the various crops, and to what extent
replenishment would be necessary. These calculations suggest that
production of foodgrain and nonfoodgrain crops during 1970-71 resul-
ted in the removal of about 12 million tonnes of nutrients (N+P.0Os+
K:0) in the ratio of N:P:O: : K:O=1:0.4 : 1.6. For the projected
‘production of foodgrains and nonfoodgrain crops during say, 1980-81
the depletion of nutrients is likely to be 18 million tonnes (see Appen-
“dices 48.1 to 48.3),) In comparision to what are added in the form
of fertilisers, the quantities removed by crops are staggering. This

#The major nutrients are nitrogen, phosphorus and potassium; secondary nutrients are calcium,
magnesium and sulphur and the micronutrients are boron, chlorine, copper, iron, manganese,
molybdenum and zinc.
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phenomenon is perhaps sufficiently convincing to put the best efforts
at recycling resources and returning wastes to field.

Natural Recuperation

48.2.3 The RCA (1928) observed, “Although but little of the nitro-
gen removed is returned to the soil in the form of manure, there is
po definite evidence that the cropping values of Indian soils are dimini-
shing. That they are maintained at a low but stable level of fertility
as a result of large increments of nitrogen which accrue from natural
recuperation processes in the soil has been established by work done
in all provinces tnd qualitative estimates of these increments have
been made in Bombay, the Central Provinces and the Punjab”., The
RCA recommended conduct of further research to determine with
greater precision the causes involved in such recuperative processes
under varying conditions of soil and rainfall. Following this recom-
mondation considerable stress was laid on researches involving the
natural recuperative processes in soils in subsequent years and it was
established that a number of microorganisms, both symbiotic and
nonsymbiotic, were involved in the process. In India, green manuring
with leguminous crops has been practised from olden days and consti-
tutes an important feature in crop rotation and mixed cropping.
Various estimates have been made as to the amount of nitrogen added
to the soil by root-nodule bact¢ria in symbiosis with the host plant
and these figures vary from 30 to 400 kg per hectare per crop per
season depending on plant type and efficiency of the associated nodule
bacteria, More recent studies have revealed the usefulness of inocula-
tion of a number of leguminous crops grown in India by certain
strains of Rhizobium. Application of phosphate further enhances the
growth of Rhizobium as well as of legumes.

48.2.4 A number of free living organisms, e.g., Azotobacter and
Beijerinckia, inhabiting the soil are capable of fixing, nonsymbioti-
cally, atmospheric nitrogen. Under aerobic conditions. Azotobacter
fixes a substantial amount of nitrogen provided enmergy material in
readily available form exists for its growth and multiplication. Apart
from nitrogen, these bacteria are known to release growth promoting
substances which enhance seed germination, and ensure better and
more vigorous stand of plants, thereby indirectly increasing the yield.
There is considerable scope of finding newer and more efficient orga-
nisms capable of nitrogen fixation.

48.2.5 In India the monsoonic climate keeps extensive area in
various parts of the country in waterlogged or anaerobic conditions,
where rice is the predominant crop. Rice has been grown in such
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arcas year after year without any significant decrease in yield. The
main biological consequence of waterlogging, as prevalent in rice
fields, is the growth of several forms of algae. Some of these, especially
the blue-green algae, are known to fix atmospheric nitrogen. The
different algae vary in their capacity to fix mitrogen, ranging from 3.6
to 14.5 mg/100 ml. Blue-green algae have added advantages, in that
they can solubilise slightly soluble phoshates in soil, and supply growth
promoting substances. The yield increase by algal fertilisation is
observed even in the case of high yielding varieties of paddy, which
are highly nitrogen responsive and usually heavily fertilised with nitro-
gen. When superimposed on added nitrogenous fertilisers, the diffe-
rential increase due to algal fertilisers is much greater than nifrogen
fertilisers alone and more profitable.

48.2.6 For the purpose of using algal materials as fertiliser aids,
methods of growing these in bulk and keeping them in a viable state
have been developed. Of these, growing algae in sewage or urban
effluent waters would not only produce biofertilisers but also serve
the purpose of reclaiming sewage water for irrigation. Because of
the presence of nitrogen in sewage water the growth of algae is more
luxuriant than in rice fields.

48.2.7 Nitrogen is a fugitive constituent of the soil and is subject
to a variety of transformations. Because of the existence of a well
established cyclic operation involving the different transformations, it
is possible to make a fairly accurate estimate of the gain and loss of
nitrogen. The loss from the soil is mainly due to uptake by vegeta-
tion, leaching and denitrification. The gain is through rain water,
symbiotic process in root nodules of leguminous plants, and free
living nitrogen fixing organisms. Assuming that the gain through
rain water is compensated by the loss due to leaching and denitrifi-
cation, the net gain is the result of what is added by legumes and
bacteria. A rough calculation suggests that these two sources respec-
tively contribute annually about 1.0 and 0.15 million tonnes of nitro-
gen to the 24 million hectares of land under legumes. Compared
with what is now being added in the form of chemical fertilisers,
namely, 1.8 million tonnes, the amount so added is indeed substantial.
The Rhizobium spp. in fixing this amount of nitrogen function under
a variety of adverse conditions. There is considerable room for a
severalfold increase in their efficiency, which involves selecting superior
strains and offering optimum conditions in the soil. It seems possible
not only to breed new strains or species of Rhizobium but also a new
genus of pitrogen fixing bacterium capable of infecting nonleguminous
plants. If such a possibility materialises the cereals may easily
satisfy 'part of their nitrogen requirements through this process.
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48.2.8 Of the nonsymbiotic processes responsible for gain of
nitrogen in soil, the various blue-green algae and the free living acro-
bic bacteria like Azotobacter and Beijerinckia deserve mention. The
efficiency of blue-green algae to enrich rice soils has been mentioned
earlier. The free living bacteria suffer from the handicap that they
are less active in presence of high doses of nitrogenous fertilisers.
Unless fast growing and highly efficient strains of Azotobacter are
evolved, their contribution to the soil growing high yielding varieties
of crops would not be appreciable. There are, however, a few species
of Azotobacter present in the rhizosphere of cereals and nonleguminous
plants, a suitable suspension of which reduces the nitrogen require-
ments of rice, ragi, cotton and tomato by 20 to 40 per cent. For
this purpose either the seeds are pretreated, or seedlings dipped in the
suspension of the bacterial culture, or it is added to the soil. The
potentialities of these observations seem to be enormous and funda-
menta] studies are called for to explore them.

4829 Unlike nitrogen, the other two major nutrients, namely,
phosphorus and potassium, have to be obtained from soil reserve
itself. The tapping of this source requires a knowledge of the soil
conditions, namely, pH, moisture content, nature of clay minerals,
forms of elements and the nature of microorganisms phosphobacteria
are autotraphic phosphorus solubilising bacteria by the inoculation of
which a greater availability of soil phosphorus may be ensured.

Fertilisers in the Farming Systém -

48.2.10 Both mineral and organic matters of the soil are sources
of plant nutrients. But as the available plant nutrients which ordi-
narily constitute a small part of the total amount present in the soil
are often inadequate for growing crops, these require supplementation
from cutside sources. They are: (a) chemical fertilisers which are
ultimately responsible for adding organic matter to the soil in the
form of plant roots and residues, (b) farmyard manure, compost, night
soil, organic wastes, etc. which, by their decomposition, bring about
microbiological activities and increase soil humus and (c) soil amend-
ments which are primarily used for correction of unfavourable soil
conditions such as soil acidity and alkanity, poor soil structare etc.
Lime, dolomite and limestone are ordinarily used to correct acidity.
They also supply available calcium and magnesium which are secon-
dary nutrients. Gypsum or other sulphur compounds which are used
for correction of alkaline condition in the soil also supply calcium and
sulphur. Some of the chemicals used as pesticides, weedicides, etc,
may, in addition, act as growth regulating or growth promoting factors.
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48.2.11 The indigenous varieties of crops with low yield poten-
tial which were traditionally cultivated, had low nutritional require-
ment. But it should be noted that even these old varieties could be
.made to yield somewhat higher by the use of fertilisers and water.
\The introduction of high yielding varieties has changed the concept
of farming system, which aims at optimisation of yield. The high
yielding varieties have exacting nutrient requirement which the soil
reserve and natura] recuperative processes can hardly cope with. For
success in modernised farming, ap efficient and balanced (cf. para
48.2.15) use of fertilisers and manures is imperative. JThe experience
in the JADP districts has shown that the trend is for applying more
of phosphates along with nitrogen, instead of nitrogen alone which
was in vogue earlier. In the package district of Ludhiana there has
been reversal in the schedule of fertilisation and more of phosphates
are in demand. The diversity of soils of India coupled with the
diversity of climate changes the farming system which may be simple
or exceedingly complex depending on the economy of the community
and skill and resources of the cultivator. Whatever may be the soil-
water complex, there should be a well planned cropping system pro-
viding nutrients for growing crops in sequence or rotation in crder to
build up soils to a high state of productivity and maintain it there.
For soils affected with acidity, salinity and alkalinity etc., reclamatory
measures are required, to be followed by growing crops with adequate
fertilisation. It would, therefore, be seen that in the farming system
of the country, the dominant role of fertilisers has come to stay.

Need for Nutrient Balance

48.2.12 Plant nutrients aid as well as compete with one another
in the soil while entering the roots of the plant. Their modes of
action and interaction are usually complex. Healthy and normal plants
are found to have nutrients in certain ratios which vary within some-
what narrow limits. They are said to have a proper balance. Many
cases of imbalance in nutrition have been recorded with the help of
characteristic visual symptoms of such imbalance.

48.2.13 Plants can grow well under a rather wide range of con-
ditions. Crop varieties with low yield potential rarely show deficiency
symptoms in a great variety of soils which furnish the nutrients at a
relatively low rate. If the cropping conditions change towards yield
increase, e.g., from dry to assured irrigated farming, or by introduc-
tion of high yielding varieties responsive to heavy fertilisation, the
soils good under the above conditiops show up nutritional disorder in
crops under the changed condition{ The IADP experience has revea-
led that for the attainment of maximum potential yield balanced
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qutrition is of utmost importance. With the initiation of IADP prog-
ramme, the farmers impressed by the good vegetative growth of crops
have gone all out for nitrogenous fertilisers. As a ggsult the balanced
availability of fertilisers has been adversely affected.) With the IADP
programme aiming at optimisation of crop yields by the use of new
varieties of cereal crops, the trend has been towards balanced use of
fertilisers by incorporation of more phosphate with nitrogen. Nitrogen
alone does not give the desired response. In other. arcas also, the
trend for balancing the fertilisers is gradually becoming evident. Many
-soils are deficient in two or more nutrients. In such cases, the addi-
tion of one nutrient only may produce little or no increase in yield,
but addition of all the deficient nutrients produces a large increase
in yield.

48.2.14 Under the All India Coordinated Agronomic Experiments
.Scheme it has been found that the interaction ‘between nitrogen and
phosphorus is significant at a number of centres and was generally
positive, resulting in higher yields being obtained with combined appli-
-cation of nitrogen and phosphorus. Not only higher yields but a more
effective utilisation of both nitrogen and phosphorus is assured. In
-cultivators’ field trials also significant effects of interaction have been
-observed; positive results were obtained in 8 out of 15 districts for
rice and 16 out of 19 districts for wheat. Sometimes, however, for
-reasons not yet fully understood, the effect of adding all the nutrients
‘together may be less than the sym of the individual effects and hence
the interaction is negative. It is obviously a matter of practical im:
‘portance to determine by experiments the responses of crops to fértili-
-sers on particular soil types. Under the high yielding varieties
-programme, where high doses of major nutrients are being applied,
conditions have arisen in which zinc has become a limiting factor.
“Thus, fertiliser practices need revision to meet changing conditions.
Deficiency of other elements may similarly arise and should be watch-
-ed and studied.

48.2.15 The essentiality of N,P and K as the major plant nutrients
has long been recognised. Because of the fugitive nature of nitrogen
under tropical conditions and the proverbially low content of nitrogen
-of Indian soils attention was initially directed to demonstrate the use
-of this element in most of the fertiliser experiments. The results were
indeed spectacular, there being an excellent response to nitrogen appli-
-cation but gradually it became apparent that nitrogen alone is unable
‘to sustain a balanced growth of plants, particularly those producing
-grains or fruits. The need of adding phosphorus along with nitrogen
was felt when it was shown that NP interaction was highly positive,
:and a combination of the two had a marked influence on the efficiency
-of their assimilation by the plant. Potassium once thought to be
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present in sufficient quantity in Indian soils, has been showing excel-
lent response by the high yielding varieties of cereal crops, sugarcane
and tubers like potato. Good response to potassium has been observed
even in the case of traditional varieties especially in high rainfall
areas, where soils get drastically depleted of all plant nutrients. Some-
times, K shows positive interaction with N and P. As a result of these
experimental findings and demonstrations there is a strong awareness
about the balance that ought to prevail in respect of the three elements.

48.2.16 Assuming that the countries which have a well established
agricultural pattern and a complete awareness about the use of ferti-
lisers have achieved a balance amongst the three major nutrient ele-
ments through years of experience, the proportions in which the
fertilisers containing them are consumed should provide a_sufficiently
valid measure of the balance required for good agriculture{ One should
not lose sight of the fact that the ratios are often misleading in the
sense that they may ensure optimum balance, but not the optimum
yields, which depends, in addition, on the actual amounts of the ferti-
lisers added

48.2.17 “One should at the same time be cognisant of the fallacies
involved in arguments such as the above. The nutrient balance which
has direct influence on the metabolic activity of the plant prevails in
the body of the plant itself. This balance or relative proportions of’
N, P and K in the plant body may be related, in a complex manner,
with those in the soil or fertilisers applied but not necessarily in the
same proportions, it being well known that the availability of added
fertilisers is not in the same proportions as they are applied to the
soil. In that case, the comparision of the equivalence of nutrient
ratios within the plant with the consumption ratios is farfetched, unless
some ad hoc assumptions are made. In spite of the fallacy mentioned
above, attempts have been made to arrive at a measure of nutrient
balance by means of the consumption ratios of the NPK fertilisers.
Peculiarly enough, the consumption ratios are customarily calculated
in terms of N:P:0,:K:0, each expressed in tonnes. In the plant body,.
it is known that N, P and K are absorbed mostly in the form of N3
or NH % H:PO-; and K +jons respectively. Consequently, the con-
sumption ratios will have little meaning unless calculated in terms
of the ionic forms in which the nutrients are taken up from the:
fertilisers or else we may follow the internationally accepted N:P:K
(atomic) for comparison.

482.18 It may be of interest to calculate the nutrient ratios in
growing plants and compare them with the consumption ratios. If
the critical concentrations, which are just enough for growth, of these
jonic species in the plant body are considered, the ratios, converted
into N:P:0.:K:0, are far from the consumption ratios supposed to:



FERTILISERS AND MANURES 6l

maintain nutrient balance. Thus, for wheat the critical ratio is 1:1.7:0.
006 whereas for maize it is 1:0.007:0.0002, which are off several
orders of magnitude. The final fallacy refers to the completely dif-
ferent utilisation/consumption ratio of fertilisers under tropical
conditions as compared to temperate conditions. It is common know-:
ledge that nitrogen utilisation is much less in tropical countries than
under temperate conditions, a good proportion being lost in the former-
by leaching and denitrification. Hence, the consumption should be
proportionately more, and therefore, N:P ratio would appear wider.

48.2.19 Instead of the consumption ratios we may preferably:
consider for comparison the nutrient ratios (also as N:P:0:.:K:0) in
the recommended doses for various crops. It is noticed that the latter:
are much narrower than what is given by the former. This shows.
that if the recommended doses could be uniformly followed through-
out the country, the consumption ratios would have compared favoura-
bly with those of the developed countries. The departure from the
recommended doses is most often caused, among other factors, by
non-availability of fertilisers, and not necessarily due to lack of aware--
ness of the usefulness of balanced fertilisation. This awareness is
indicated by the increasing proportions of phosphate, and to a small
extent of potash, consumed over the years starting from 1965-66.
Further observations on the efficacy of a balanced use of nitrogen and'
phosphorus have been made in section 7 while discussing the econo-
mics of fertiliser use.

3 ASSESSMENT OF FERTILISER REQUIREMENT

Methodo]ogy

48.3.1In respect of planning agricultural production, the assess-
ment of fertiliser requirement is crucial. Of the several possible ap--
proaches none is entirely free from uncertain assumptions. Neverthe-
less, some kind of assessment is imperative for the obvious purpose of
matching production or supply with the demand. The methods that
have scientific basis and at the same time lend themselves to compa--
ratively straightforward calculation are the following :

(i) based on replenishment of nutrients removed by crops;

(i) based on areas under crops and recommended doses; and

(iii) based on agricultural production demand and response rate-

of crops to addition of fertilisers.

The merits and limitations of each of the three approaches will be-
evident from the following discussion.
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48.3.2 As regards (i), the quantity of nutrients stored in the soil
is large in comparison to what is added in the form of fertilisers.
That is the reason why the soil can sustain a base production unaided
by fertilisers. The quantity removed by crops from a well fertilised
soil is also considerable which can be determined by chemical analy-
sis. It varies with the crop and soil conditions. If the quantity lost
as a result of removal by crops is replenished the nutrient status of
the soil is most likely to be regenerated. It should, however, be noted
that the crops draw upon the soil as well as the fertiliser source for
their nutrient requirement. { Calculations given in Appendices 48.1 to
48.3 show, as already mentioned (Paragraph 48.2.2), that the total
quantity of nutrients removed by crops is qmuch greater than that
.consumed by plants or added as fertilisers.} The data for several
years are summarised in Table 48.8 and repfesentzd graphically in
Fig. 48.1 which shows the variation in the ratios of fertilisers consumed
to those removed by crops during 1960-61 to 1973-74. A close look
at the data given in Table 48.8 suggests that even in 1960-61 where
the added nutrients in the form of (N+P:0:+4K:0) fertilisers consti-
tuted no more than 5 per cent, the remaining 95 per cent requirement
for foodgrains was provided by the soil. The corresponding amount,
namely, 6.66 (=F—C) million tonnes of N+P.0:+K.O, therefore,
represents the capacity of the soil to supply nutrients at that point of
time. As the production increases during 1960-61 to 1973-74 removal
by crops also increases, part (roughly 10 to 30 per cent) of which is
supplied by fertilisers, and the rest by the soil itself. A scrutiny of
the F—C values over these years shows that they do not change much
16.24 to 7.33). It would be of interest to keep a watch on these

. values in successive vears by elaborating a project on this subject.
The amounts of nutrients removed by non-food crops (=T—F) vary
from 2.60 to 3.16 million tonnes.
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FiG. 481 (PARAGRAPH 48:3:2)
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_ TABLE 48.8
Nutrients Removed by Crops and Nutrients Consumed and their Ratios

1960—61 1964—65 1967—68

N P,0, K0 Total N P30, K20 Total N PO, K20

“ Total

nutrients removed
by foodgrain
crops (F)

nutrients/removed
by foodgrain and
non foodgrain
crops (T)

fortiliser dutrients
consumed (C)

2.37 0.91 3.6 697 256 098 4.09 763 2.77 1.08 4.35
3.08 1.33 514 9.57 3.42 150 564 1067 356 1.58 5.88

0.21 0.07 0.03 0.31 055 0.15 0.07 0.77 1.03 0.24 0.17

0.089 0.077 0.008 0.044 0.215 0.153 0.017 0.101 0.372 0.315 0.039

0.068 0.051 0.005 0.032 0.161 0.100 0.012 0.072 0.289 0.215 0.029

6.66 6.86
2.60 3.04

8.20

11.02

1.54

0.14

6.66
2.82

144
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A TABLE 48.8
Nutrients Removed by Crops and Nutrients Consumed and Their Ratios

1968-69 1969-70 1970-71 1973-74
N PO, K;O Total N PO, KO Total N PO, KO Total N PO, K,0O Total
F 2-68 1-07 4:25 800 2:84 114 4:54 852 3:33 1-24 502 9-59 3-12 118 4-88 9-18
T 3:42 149 572 10°63 367 164 6°14 11-45 416 1-69 6:53 12:38 4-02 1:69 663 12:34
C 1-21 038 0-17 176 1:36 0-41 021 1-98 148 0-54 0-24 2-26 1-83 0-65 036 2-84
C. 0°451 0-355 0-040 0°220 0-479 0-360 0-046 0-232  0-44 0-44 0-044 0-24 0587 0-551 0-074 0-309
F
c 0-354 0:2550-030 0°166 0-371 0-259 0:034 0-173  0-36 0-32 0-037 0-183 0-455 0-385 0:543 0:230
T v .
F-C 6-24 6-24 7-33 6-34
T—F 263 2-93 2-79 3:16

STIONVI ANV S3ISITILEIA
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This analysis gives added support to the suggestions made later in
this report for recycling agricultural wastes, It will be further seen
from these data and the graph that prior to the introduction of high
yielding varieties of crops, i.e. 1966-67, nutrients added as fertilisers
constituted only a small fraction of those removed by crops but the
rate of consumption showed a steep rise from 1968-69 onwards with
some slowing down in 1969-71. Even during the rising periods the
fertiliser added to supply nutrients constituted on an average about
55 per cent N, 45 per cent P.Os, 5 per cent K.O, and 25 per cent of
total N+P.0.+K-0O removed by crops. It is, of course, not necessary
always to replenish the amount removed, bacause not all that is
removed is lost. Some are returned as crop residue; some, originally
unavailable or carried below root zone are converted into an available
form or brought upto the root zone as a result of the crop rotation
normally practised in any good farming operation. The quantities
of nutrients removed scrve, however, as a rough guide to what a crop
needs at its utmost. Because of shortage of indigenous production
of fertilisers, and somewhat faulty distribution, the consumption figures
may not speak truthfully of the real demand, which appears to be
higher. 1If, therefore, the demand is set at 60 per cent N, 50 per cent
P.O; and 10 per cent K.:O of the quantities of each removed from the
soil, the total would come to 32 per cent or about one-third. Thus,
for 1980-81, the nutrient removal by foodgrain crops has been calcu-
lated (cf. Appendix 48.3) as 4.17 N, 1.64 P:0s, 6.69 K.O and a total
of 12.5 million tonnes. The demand may, therefore, be set at 2.50 N,
0.82 P:0:, 0.67 K:0, which add to 3.99 million tonnes, close to one-
third of the total. The same yardstick may be used to calculate the
combined fertiliser requirement of the foodgrain and non-foodgrain
crops. Thus, by reference to the data given in Appendix 48.3 the
1980-81 figures for N, P.Os and K.O c<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>