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© By year 2000 the Indian population of about 1 billion will
require an agricultural output 50-~60% greater than what it is
today. Though the thrust of agricultural research will continue
to be directed to finding quality food in adequate quantities in
the wake of fast dwindling non-renewable resourcéé»and damage to
ecology greater burden will have to be shared by agricultire in
the other two basic needs, clothing and shelter as well as in
improving ecological conditions. Before planning for the 21 Cen-
tury it is relevant that we assess the situation from now to’
2000 A,D. as the initial exercise. It has .already been recoghi-
sed that agriculture today comprehends animal husbandry, fishery
and forestry all interacting at micro and macro levels in a
human-animal-plant eco-system. In the light of the fast changing
social and economic conditions, for a long term planning of
agriculture researgh it will be more realistic to understand_
that the three basic needs of food, clothing and shelter will
centre round. Grains; tubers, fruits, vegetables, animal, fish
and their prdducts as the source of food, natural and synthetic

fibres as the source of cloth and dry matter of varying qualities

as the source of fuel(energy) and timber, the core components of
shelter and for improving ecology social and agro-forestry syste-
ms have to be developed even in annual cropped areas, Thus,

integrated research efforﬁs are called for producing not only

adequate food but also enough dry matter keeplng ‘the ecological
balance at safe levels,

“" Research efforts upto 2000 AD

Most inVestigators and leaders in agriculture expect that

‘a revolution through genetic engineering to occur in agriculture

it may take longer than 10-20 years since several break-throughs
are required, As such research on high yielding new varieties
of plants with resistance to many of the environmental and nut-'

rient problems which face the present day agriculture adoptlng
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new abproaches and involving the expected break~throughs in
some of the biolOglcal pbrocesses such as transfer of symbiotic
nitrogen fixing capablllty, C mechanism of photosynthesis,
reduction of loss due to resplratlon etc. haVe to be our maio
concern upto 2000 A, D; ’

1. Basic change 1n research strategy, .

Research has little relevance unless the results obtained
therefrom contributes to social benefit, t has to be admitted
that the ~ongoing research efforts are isolated in nature and’
in many cases either not sufficiently important in relatlon to
' production or is not carrled through tn a stage of effective
transfer to the fieldqd, ~hlS will mean that in future while
pPlanning research a variety of factors and their likely inter
actions. should be taken into accounts Computerised inventories
of the_follow1ng interacting factors are therefore a must,

1.1 Human resmrurces - ‘

a) Research for which section of soclety -
landless labour, marginal, gmajj and large
’farmer; tribals etc,

b) Research by whom = Dlsc1p11nes to be 1nvolved,

‘ whether competent persons dre available.

‘¢) Transfer of technology mechanlsm - Agenc1es and

type of manpower requlred

“If a total plcture on the above are available it w1ll be po-
ssible for deployment of man powcr, contlnued 1nteractlons and
develop an appreciation among the researchers that their efforts
are likely to benefit at least those sections of the society
for whom the programmes have been planned. While this is too
generalised a situation, it will be possible even for specific
problems of the .nature of pests and disease control, factors. to
be looked into before 1n1t1at1ng research keeplng in view the
above factual situation.

1.2’Prescnt level of understanding of different areas of
production ' '
For a producthe rcsearch the starting point has to be
based o what has already been done not only in that patticular
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field but also in the related areas which should be critically
analysed by 'tha research group and the work planned, The avai-
lable research results should, therefore, be summarised and
appropriate retrieval systems developed,

‘1¢3 Genetic resources of animals, plants and microbes

| Since exploitation of genetic diversity will continue to
play vital role in enhancing/étabilising production an‘inveﬁtony
of the genetic . resources of animals, plants and microbes indi-
cating consérvation and in-situ centres of both indigenous and

introduceqd matérialé”indiéating the possible/potential use of
each must be prepared urgently,

1.4 Input requirements and constraints, ;

One of the major réasons for the limited flow of research
results into the farmers' fields is the lack of understanding of
" the input needs and constraints that the farmer/extension agency.

The adbantages of éomputerising such information are obvious.
However, what ig ﬁore important is whether answers/predictions
can be obtained from a total analysis of the likely interacting
factors that a research programme is likely +o be socialiy bene~
ficial ang if so when and under what circumstances, If this
answer could be provided, fixing priorities in research is bound
to be fmuch more meaningful,

2. Break yield barriers,
241, Multiudiéciplinary revolution.

The green revolution achieved in wheat, rice and corn has
been by and 1arge'thé'fuhctién of improved varioties cultivated
under a set of limited conditions'over~specified areas, Stili,
the average vields éf not only these Ccrops but that of many
others are far less than the averages realisedlby a number of
farmers, A multi—disciplinary revolution in agriculture with
.greatly.increased Crop productivity is -izstround the corner,
Multi-disciplinary revolution as the néﬁe implies 1s the efforts
required to put all together intb a unified or integrateqd syétem

e
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already exist on ﬁow to improve crop yields, substantial incree
3ses in production are possible, '

The following is the effect of management system on
increasing crop yields,

- Yield in Mr
Crop Average Best realised
Wheat N 2.5 20
Potato ) 3.7 ) 100
Soyabean 5 2,0 ‘ Te5
Corn B 6=8 22,5

The secrets of those who have attained the 20 MT per ha
corn are ihputs_such as an appropriate hybrid seed, 90,000 pla-
nts, correct blantinq date, eliminating soi1l cOmpaCtion, pPlenty
of soil organic matter, 440 kg ofvnitrogen, 220 kg of phcsphb- .
ric acid and 440 kg of potash, sufficient irrigation, sufficie-
nt ahd continueqd availability of sqil'moisture, control of weeds
without injury to plants. andg protection against Pests and disea-
Ses. If soil moisture becomes limiting, then the computer says
that some of the nitrogen fertilizer’should be withheld,

limiting factors to crop production is that additive effects are
experienced (Wallace 1984), Correcting two limiting factors

dlone may result in a 20% yield increase for each. When both

adre corrected together the combined yield increase is more than-
40%; it can be 44 or more per cent (1420 x 1.20 = 1.44).  When
six, eight, ten or more limiting factors can bo corrected simu-
ltaneously the total cffect can be staggering, Oftén the combined

and Penner,1974). The combined effect then is much greater
than the sum ¢f the parts. Yields 9o up very rapidly with Syne

Eay

ergistic responsecs, An integraﬁed approach to overcome limiting

factors on sugar cane growﬁh increased yield of the cane almost

five times (Hussain, 1932), At this level inputs which normally

give smaller incremental return will start giving higher respone
Ses.

005/""'



'= S;z

- Yields haVe not reached a plateau. Much improvement is
st;ll possible especially if the disciplines work together to
eliminate more of the limiting factors. Examples of recent
works to improve yields by overcoming multiple limiting facto-
rs have been reported by a number of workers (Anderson and
Balser,1983; Brann and Alley,1983), This should therefore,
become a great research goal. Integrated 1nter—dlsc1pllnary
_experiments to test the additive and synergistic effects of
available product1on know=how and for obtaining information on
critical areas of interaction for a computerised monitoring
of the crop production will be greatly rewarding and should
enable the ‘easy ac comvliﬂkment of humen requirements of 2000 AD,

2.2 Ti§sue culture

B Genetic variability of 4 population while it is an advan;
tage, sets limitation in obtaining higher yields in the popu~
-lation unless- efficient clonal multiplication techniques are
available for the large scale propagation of any outstanding
high yielding or otherwise de31raole naturally occurring or
synthesized planta. - In coconut while the average yield of WCT
is 60 nuts/palm/per. year, elite single palms yielding 470 nuts
and single D x T hybrid palm giving 180 nuts/year under rainfed
conditions are available. There is no better method . Ammediately
availaocle for breaking the yield barrier than adopting tissue
culture technique under such situations provided adeguate care
is taken to include a w1der genetic base in such materials used
for multlpllcation. Where somaclonal variation is desired to be
exploited a callus pathway and in cases where cenetlcally unie
form clonal populations are to be generated from ellte selections
direct embryogenesLo and plant formation will be the useful tools,
Research on the. Diocnenical control of the process of somatlc
embryogenésis ig crop plants where the technique is rewarding
should be & prlorlty area.

2.3 Manipulatlon of physiologic parameters

The overall conver51on efflcienby of croo plants depends

to a. great extent on thc rates of dark reSplratlon and DhOtO—.

resplratlon exhibited by them. Althoagh a hlgﬁaﬁgrﬁ respiration

reflects better gro&th'of'the plants some crops use large,porulon
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of the photosynthats for their maintenance ;hrough,this
mechanism, In C3 plants intenéivevse§rch'fo;‘crop varieties/
individual plants which have higher efficiency in dark
respiration ag well as low photorespi:ation should be made

SO that the net dry matter production level is enhanced.
Considerable efforts should also be made to locate C,

System in individual blants among perennial species since
some of them éhbw'outstédding vields which could possibly

be Aua to C4:pathways. . '

3+ Biomass pathway

Calculation based on theoretical concepts haYe shown
that.the’potential productivity of a crop in tropics under
conditions of optimum'management is 770 kg dry matter/ha/day
which is equalent to an annual biological yield of 281..05
»»*ﬁns/ha;(boomis;and Williams 1973). As against this the
7 followiug is theAsituation in‘terms.of dry matter production,

(Hall 1976), ‘ o

Yields of dry matter - T/ha/year

- Tropical
Napier grass | . 88
Sugarcane , = | 66
Annual Ccrops 30
~Perennial crops ‘ . 75-80
Rainforest . 35~50
- Temperate v
- Perennial crops : 29
Annual crops ‘ 22

The above yields are by and largerffom*mcnocrops; There
are definitely methods by which the total biomass production
ber unit area in unit time can pe enhanced through high den-
sity cropping system approach. In such a system it was also
possible to ensure that the basic needs of food, fibre,
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~'energy, timber etce. Aare also gederated by an apprOpriata,choice
of the constituent Crops.. Considerable income generatioh also
be ensured, Experiments conducted in Sri Lanka have shown that
one such model involv;nq over one dozen crops at a population
density of 3606" plants/ha is capablc of giving, an income of
overm;AGOOOper annum in addition to giving a variety of home
needs and foddnr for animals (Bavappa & Jacob,1982) Recently
high density plantlng in coconut taken up at Kasaragod has over
13,000 plants/ha where the normal ~tand of coconut was only
175, The dry matter production in all these cases I8 yet to be
estimated. All the same, it is expected that in view of the
maximum harvest of solar energy thrsugh the crop canopies of
different crops uﬁder multl-layerﬁa gystem and better utilisa-
tion of soil ma ss the product1v1ty of biomass could be pushed
- higher., Such an approach has many ‘advantages such as minimum
requirement of tillage,’ continued returns and better economic
stability, higher generation and recycling of organic: matter
and nutrients and better ccological balance., & highly multi-
disciplinary approach to understand crop compatlblllt],'lnter
plant competltlon, nutrient balance, moisture rnqulremant,'
soil micro~biological changas, ecologlcal advantages, energy
input and output, biomass production and economics of the
systems involving annuals, perennials and anim;ls in varving
: ﬂombihations'ié highly worthwhileds ' -

4, Low cost technolocy b

, Most of the currently available: technoloqies are neutral.
to scale but not to resources there by compelling tho farmers
to spend more on: the inputs. Research vhould be oriented to
developing technologles that do not cost. mach to the farmers.

4.1 Utilisation and convension efficicncy

Photosynthesis

« While photosyntnbtlc efflciency of a partlcular crop is ‘
imbortant, convenSLOn of sol=r energy throuqh thé photosynthe;
tic apparatus of a crop community is more relevant in a tropi-
cal 51tuation whfre mixed cropping oatterns are being followed.
Undorstandlng of thls convension c;pablllty ‘is a prlmary ‘need,
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neced for better:adaptatiﬂn,of the plants to the cnvir nments
in which they are grown. . Evidence from native populations
suggests that high productivity can occur in these env1ron-_
ments and that opportunities for improving production in un-
favourable envxronm nts are substantial, Genotype selection
for adaptation to such environments has already played an
important role ih‘agriculture, but the fundamental mechanisms
are poorly undérstood; Recent sclentific advances makevex-
ploration of these mechanisms more feasible and could result
in large gains in productivity.

4,6 Biological fertilizers, nitrogen fixation and nutrient
systems; ' L
Though the possibility of cheaper sources of nutrients
through biological fertilizers. and nitrogen fixatinn have boen
indicated this is yet to come to a level of commercial exploi-
tation. While the pace of research in this area should be
accelerated using modern biotechnology tools a more relevant
area of immediate interest is the nutricnt addition and conser-
vation through cropping systems, Research on relay and mixed
cropping’ systems for lmprov1ng *helr self generating and conser-
vation capablllty with regard £o nutrients is a high priority
area. Cocoa mix cropped with coconut in double hedge system
has been observed to add 50 kg N, 11 kg PZOS and 35 K O/ha/year.

" Much higher efflClency may be possible by appropriate choice

of crops and supporting them further with proper biological
agents such as arbuscular vesicular mycorrhizae, Rhizobium,
free living fixers for nitrogen etc. ’

4.7 Slow release fertilizers

Recent resegrch has shown thﬁt in coconut grown in sandy
and sandy loam soils, up to 80% of the abplled nitrogen. is
lost by leaching. Importance of slow release fertilizers in
this context is most relevant for reducing the fertilizer

" inputi

«e10/~



¢ 10

4.8 By-product utilisation _

A number of agrlcultural byproducts 1if used in appro=
priate places caﬂ conslderably bring down the costi p<§§§%§éon‘
“husk pith is 1d°al 3011 ‘amendment for sandy soils. Rice bran
and brewery waste in cattle feed could substitute wheat bran

reducing the cost of production of milk by 35 palso/lltre

The research towards 2000 AD  therefore, should
not be 51mple trlalq but large experiments involving genotypes
with varlables for nhtrlents and moisture under an appropriate
cropping system with a7con+rol and a large 1nterdlsnlpllnary
team working on at least the more lmpor, nt parameters of
production andAthei: interactions, | ‘ |

Innovations for 2lst Century
l. Blotechnology research

Though considerable optlmlsm is ev1nced in thlS area as
a tool for enhancing production, it i1s evident that massive -
investment and expertise are required to achieve meaningful
gains. Since very many easier approaches are StiIT'availabie
at lpsser cost for increasing Droductlon it is only logical
that thesb should be first researched. All the same when a
plateauvln:yields if is to come by the turn of the century,
'methods for bfbaking this barrier should be available., It is
in this context that blouechnology research particularly

becomes relavent.
1.1 Root nodule symbiosis

The property of atmospheric nitrogen fixation is now
rlimited to légﬁminous plants, among higher plant species.
Monocotyledonous plants provide no confirmed instances of
nodule symbiosis. Although some of these may be induced to
- partic¢ipate in rhizosphere, nitrogen fixétion which leads to
large gains in nitrogeh, nodule symbiosis is. cthidered to be
the most eff1c19nt. Recently some ﬂorkers havc con31dered the -
possibility of imparting a f=calty for nitrogen flxatlon to
higher plants themselves. Rhiz®bia have,bben suCCessfully
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fused with tobacco protoplasts and these cells, when cultured

on a suitable medium is expected to give a whole plant with .
nitrogen fixing ability. These findings open'up new and ex=
Citing poésibilities of obtaining hybrids between legumes and
perennial monocots which will eventually lead to enormous saving

in nitrogen fertilizers.
1.2 C=3 C~4 hybridisation

C-4 plants in general are the most productfvé capable
of prodﬁéing high biomass and yield. Transferring a number of
characters from C-4 to C~3 plants adopting normal breeding tech-
niques have been done, However, transfer.of the most important
characteristic viz., C-4 pathway has not been achieved., Cellular
hybridisation and monscular transfprmatioh should‘gnable the,

transfer of C=4 mechanism to C-3 background,

1.3 Other areas of intefest

Scréening for resistancet In perennial crops scrcening
for resistance especially to virus mycoplasma etc. 1s an ox=-
ceedingly time consuming process todays: In vitro cultﬁring
of pathogenic agents like mycoplasmé;énd in vitro screening
of the callus/embryoids obtained through tissue.culturing tech-
nique should enable locating resistance much faster. In the
case of disease problems like Root (wilt) and Thatipaka diseases
of coconut, Yellow Leaf Diseasc of ar:canut, research to
standardise the basic technique should be undertaken. In this
context the possibility of developing a vaccine for the plant
mycoplasﬁa on a cross protection fechnique may not be viewed as
stretching the imagination too far. As a long term practical
measure of immunising millions of cocohut palms this is worth

heavy investment,

2., Breeding new strains of bacteria

Single cell protein
_-Whilst agricultural research world-wide pursues yield
improvement in food and forage crops in an attempt to keep pace
with growing demand, alternative 'non=-crop! protein sources have

also been sought, Bacteria and yeasts have been shown to
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bBave the charactpriStics necessary for large-scale produétioh
of what has come.to be known as single-cell protein, ICI's
'Prutcen', using a unlqum continous fermentation system,

’compares taVﬂu*ably with conventinnal protein fecdstuffs,

(Waterworth, 1981) . Improving the quality of these bacteria
adopting modern biotechnology techniques should enable massgi-
ve production of edible protein for human‘consumption.

Biomass dégr:dati:n

When biomass .production pathway becomes a reality, the
surplus dry matter can profitably be used only if the same
is separeted into fractions based on llgnln, cellulose, -

" nemicellulose ctc. for further exploitation, Search for

bacteria capable of such functions will have to be made and
if required even evolved

3. Hyponica , .

A recent report from Japan shows that plants giving
exceptionally high vield can be grown without soil by placing
a vinvl sheet .in a water tank where ordlnar] seeds are put
along with water and Brtiliser running constantly and evenly.
One tomato Rlant raised in this method is revorted to have
yielded 12000 fruits. Nozawa, an agricultural éngiheer who
is the father of this innovation has already attracted the

attention Bf agricultural experts from different parts of

- the world. Research to convent thoucands of sz of backwater,

tanks canals and rivers of Kerala into "Vegetaolc factories"
merlts attention

4, Sky farming

During the twentyfirst century, at least in urban areas
and in some of the thickly popuiatéa tracts the pressure on
land will necessitate farming in the air space, mof tops and
for that matter any area available for growing plants without
diréctly coming in contact with land mass. This calls for re-
search on production technology for'farming witﬁout s2il in
media which are light and which can keep moisture and nutrients
in a continuously available form, structures to support such
media in space, mechanisms to feed them and breed plants with

on013/"?
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canOpiesrand root systems-fitting into this, Air spéce'ﬁacthies
should be virtually possible for many crops. Research in this
area has to make;some‘baginning. '

Research in 2000 AD while is challanglng °h0hld n’so‘be
novel and ingenlous. ‘
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