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I., INTRODUCTION .
 

The authors were engaged as consultants to AiD Mission, India, for
 

Lhort;period,_.to.providQ_.assistance_,tothei. development..........
Missionin their 

iof a study entitled "Long-Range Agricultural Adjustment Analysis." The
 

part of the Mission study this report deals with, as a primary concern,
 

centers upon (1) the Indian resource base and potential for food and
 

fiber production and (2) the flow of "on the farm" agricultural tech­

nology. Secondary attention is focused upon (3)problems and concerns
 

in optimizing the adoption of agriculturally useful technology and (4)
 

policy implications.
 

The authors start with the assumption, which they believe to be 

correct, that the food problem in InQ", is manageable, if population growth 

levels out by the turn of the century and if but even a small percent of 

the very able and highly skilled manpower of India has the opportunity to 

effectively work on and to determine an agricultural policy directed 

toward.increasing Indian food and fiber supply. .. 

This report is divided into several parts. The production potential
 

of India is considered and discussed by soil regions. The level of aggre­

gation used in this study reflected the resources and time available for
 

the study as well as the questions to which answers were sought.
 

The next section of the report is directed toward identifying the 

technologies and groups of technologies which can increase food and fiber I, 

production bothin the near and more distant future. The technologies . - , 

examined are related to crops, geographical areas of like ecological 

characteristics and crop rotation systems. In the first go-around a loose 

concept of"normal; and constant" price ratios of inputs and outputs is 

assumed. 

Section IV is directed toward problems and concerns in optimizing the
 

adoption of agriculturally useful t.echnology and spills over into the input
 

and output markets and industries sometimes identified as agri-business.
 

In Section IV -the outlook for the likely flow of agriculturally useful
 

technology is evaluated first. Attention is then directed toward the ­

geographical specialization and location of agriculture. Lastly, a number
 

of adjustment problems are examined..
 

In the concluding''section, consideration i s directed -toward policy 

implications
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 I' ' I/'Ii i ,: .b , : . .:, ...... ..I , ..



Th oisanliae fIndia constitute a resource base, which if. ... 

4-4 t 4,". , ,4, I''l ?£'... 4 
futureFor 'most".of,the country,, temperature and day length place little . :. 

,'-...;:or,'; no, constraint. on,...plant growth during., any season. on the other hand,
 
' i
) :"r['ainfall is highly seasonal and varies widely in quantity in different ' "-i j 

{ -. " par ts :of India . :J .. : .' , : ,. _, .. :{ ,! 

',::' :.: The soill serves as a "staging area" for the water and nutrient-s 
- ,,, .... .required by living plants. Soils'differ widely in their inherent capacity ",! i 

to perform these functions and it is often necessary to introduce manage- '
 

. meit practices to~correct sub-optimum levessof nutrients, improper
 

/,.a:rai~age:or.'physlcal conditions that impede root development or-to supple- " 
 -

ment-tthe natural-soil moisture supply with irrigation.
 

:::, .The basic strategy of water management for maximum agricultural -'- , ,
 ..4: .
 
!."'"produc-,,in is to balance for the maximum-length of time the :supply. of:. !i ? 

4 i 
4.,:'' water available in the rooting zone with the evapotranspiration demands
 

ine lttrs: 


it proncunced-seasc'nality in India :and is makedly)ou .ophase
 

ofth co. h largely a temperature dependent .parameter, ,., : ~-. 
,t:exhibits 


with the. iglyly seasonalIdistribution of rainfall. hrcersial
 
th atrsupply equals or exceeds crop demands during,some.or 'all of the ::::
 

)i,, monsoon season . ',_For.: the remainder of. the year 'however thei 'evap3otranspira- :.::-(i.(.i.'.t( !, 

:tion exce'eds the precipitation.. During the latter period the 8rowing crop,". 

is depe d n on: soii : Ls u e s o e in t e r o zone. : It is clear there- -. - . .. i 

.fore- at, the capacity of,"the soil'.to, store water '!and the 'depth to which .::'. ' P; 
O O a n 
plant r ts,: penetrate-to exploit tlt reservoir are important factors '.... '. 

mnfluencing'agricultur: l water moanagemenit. When the.'amount :of. available- .,_.'-­

water .from.incident rainfall that &a.be stored imn .the>root: zone is'-.,' :: i ::
 

:?insufficiant crop needs,:.,::,,i to meet additional water..in .the .form of- irrigation:: :ji-i:.!'i!i}­

..........
T;he geographic .distribut-o'of anua, rainfall,-.annual potential , . :,
 

evapo3transpiration aend- theg!'-ti be -en-',tm.:is shown.-in Figures i:1-1a 3.
 
'Fwrom-those !figures,t: is clea a ecpfor 'areas',-'in:Assam,:Bi.har;., ,
 

:Wes Begl ,Mdh a d e'sh, th aaa os nd,(i n"the :mou ntaifns -:the
 
Sv ag
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"rainfall. This indicates that for most of India it is not possible to
 

meet fully the 12-month evaporative demand of cultivated areas even if it
 
were technically possible to retain on each hectare of such areas all of
 

the rain that falls on it. To meet the crop needsbeyond those supplied
 

by indigenous rainfall, it is necessary to supplement the latter with
 

run-off water from other.non-agricultural areas. Such "foreign" water
 

may be retained in surface storage reservoirs, in underground aquifers, or
 

may be supplied to the area of use from perennial streams flowing from
 

the catchment area. The more complete utilization for agricultural produc­

tion of both the rainfall that falls on cultivated area and foreign water 

from those parts of catchment areas that are not suited for intensive 

crop production is clearly a problem of paramount importance in programs 

designed to increase agricultural production in India. 

Although the total supply and total potential demand figures are
 

useful in analyzing the limiting physical possibilities of regions for
 

crop production, it is the comparative seasonal distribution of water
 

supply and demand that largely dictate the ways in which regions can be
 

utilized. In Figure 4 are shown the seasonal distribution of rainfall (P),
 

potential evapotranspiration (PE) and the calculated actual evapotrans­

piration (AE) for six stations whose locations are indicated on Figure 3.
 

The actual evapotranspiration is calculated on the assumption that the soil
 

has a moisture storage capacity of 300 mm and that the actual evapotrans­

piration will fall below the potential in direct proportion to the fractional
 

depletion of the soil moisture supply. The data in Figure 4 show that the
 

actual evapotranspiration falls far below the potential for several months
 

at five of the six stations I Using similar data from 145 Indian weather
 

stations below 1500 meters elevation, an analysis was made of the seasonal
 
./ AE. 	 .
istrbutin of ... 
distribution of the A ratio. The results of this analysis are shown 

in Figures 5 and 6. 

The data show that current rainfall and profile stored water are usually 

sufficient to meet crop needs for a kharif crop, may be adequate also to 

meet the requirements for a rabi crop, but only in limited areas are they 

also sufficient for the high water demands of crops produced in the hot, 

dry zaid season.
 

* 	 If the PE and P for the latter season (April, Mlay and June) are 

subtracted from the annual PE and P values, one obtains the potential water 



FIGURE 4 --	 Seasonal Distribution.of Rainfall (P) ,Potential'Evapotranspiration (PE)1
and Actual Evapotranspiration (AE) for Six Locations 
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FIGURiE 6 The number of consecutive months for which the ratio of ­

actual to potential evapotranspiration is 0.75.: 
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i -demand (PE*) and supply (P*) for the 9-month production season consisting
 

of kharif and rabi crops. Figure 7 shows how the varies in India.
 

This indicates that the indigenous water supply is sufficient to meet the
 

potential demands for a double-cropping system for a significantly large
 

part of India. The double-crop water demands for an even larger area can
 

be met if foreign water from those parts of catchment areas not suitable
 

for intensive crop production can be supplied to supplement the indigenous
 

supply of the double-cropped area.
 

The Soil Resource for Agricultural Production
 

The basic potential of the soils of the major regions shown in
 

Figure 8 is considered here to be largely determined by the physical
 

capability of the soil and the underlying parent material to provide
 

....	 sufficient storage of water to bring the seasonal supply and demand functions
 

into balance. In most instances the full expression of the physical poten­

tial will req ire the correction through fertilization of the basic inade­

quacy of nutrients that exist in most of the soils of India.
 

Alluvial soils represent nearly. 25 percent of the total land area of
 

India and perhaps 40 percent of the nation's currently cultivated acreage. .
 

'These soils have developed on old alluvium of great depth in the Indo-


Gangetic plain and on more recent alluvium in the large coastal 'deltas
 

and adjacent to the major rivers of peninsular India. Because of their
 

extent, favorable topography and general suitability for intensive cropping,
 

the alluvial soils as a class constitute India's most important soil .
 

resource. 

Characteristically sufficient water is available to permit crop . . . -. -

Droduction on a year-round basis on the alluvial soils. Although indige-'
 

nous rainfall is insufficient to meet the annual evapotranspiration demand
 

in much of the alluvial soil area and surface storage is not feasible
 

i 	because of the nearly level topography, the underground storage capacity,
 

recharge, and withdrawal characteristics are favorable to pump irrigation.
 

Water management in the alluvial soil areas should treat indigenous rainfall,
 

perennial stream flow and underground recharge, storage and withdrawal as
 

a total dynamic hydrologic unit. When considered in this light there seems ­

'flittle, reason to doubt the assertion that the water-!resources are sufficient­

to 	permit year around cropping in most,,if not all, of India's allu ial 

~ soils ;
 
In Assam,I~and much of West Bengal and Bihar, the major problem of
 

7 -	 ." J '-- '4~-
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water management is drainage and flood control during the monsoon 
 a 

problem that is greatly intensified by the large voluines of stream flow
 
'rom other parts of the catchment basins that enter these areas during
 

and immediately following the monsoon. Water, requirements for rabi and 

~.Tzicrop .s..can-fbe---mt__in _th 66 f r~m annuaally recharged groundwater 
~ . aquifers. 

In central and eastern Uttar Pradesh and the coastal.deltas, an
 

extensive acreage of. alluvial soils occur in areas of lower annual rain­

fall. Here too the problem of disposal of excess water during the monsoon,
 

though less severe than those of the areas described above, must be
 
solved if the full potential for kharif cropping of this large andimpor­
tant area is to be achieved. Water requirements for rabi and zaid crops
 

can be met in these areas from the groundwater aquifers that normally
 

will be recharged naturally each year. Although the indigenous rainfall
 

in these regions is sufficient only to meet kharif and rabi season demands,
 
the fact that the areas are traversed by perennial streams and many un­

lined irrigation canals it is reasonable to assume that the annual
 

recharge of the groundwater will be sufficient to meet the water require­

ment of a 12-month system of cropping.
 

r In Punjab, HimachalPradesh, Western Uttar Pradesh and Haryana there
 

are large areas of alluvial soils that receive only limited annual rainfall. i. ,
 

The disposal of surplus monsoon rainfall is only a minor problem in this
 

area which traditionally has emphasized rabi season production. 
The exten- . 

sive development of canal and tube-well irrigation in this region is 
dependent on surface water that enters the area as stream and canal flow 
from the Himalayan watershed. The potential volume of such imported water 
is such that if the rates of annual groundwater recharge are sufficient a 
combination of canal and tube-well irrigation could meet the water require­

ments for 12-month cropping of most, if not all, of the alluvial soils in
 

this important agricultural area.
 

Large Careas of alluvial soil also are located in,the deltas and as
 

riverine deposits in the valleys of major rivers of peninsular India. 

Although theindigenous rainfal,,in these areas is usually lessthan that 
required to meet the water requirements for 12-month cropping, the availa­
bility of annually rechargeable underground aquifers and the possibilities 

for diversion from the perennial streams thIat traverse these areas su giest 
that 12omonth cropping is feasible for these important alluvial soils. 



otec tOn against flooding during and 1mediately following the monsoon 

'will be locally important in many of the deltic and riverine alluvial 

soils.
 

'In sun-aryi it can be stated that if indigenous rainfall, exogenous 

stream and canal foWnd _the_inherent storagecapacityof.undergrond 

aquifers are properly managed, the extensive alluvial soils of the Indo. 
Gangetic plain, the coastal deltas and the riverine flood plains of the 
major rivers of peninsular India are of crops 

"'' 12-onthbasis. Given existing knowledge, proven production technology
 

andmcurrent prices, li.t is estimated that the total annual agricultural 

production of the alluvial soils of India potentially can be increased 

by a factor of ten times the current level. 

Red soils as a class are the most extensive in India. They are the
 

dominant soils of the more humid uplands of' Assam, West Bengal, Orissa
 

and eastern Madhya Pradesh. They also are the major soils of the drier
 
N,, 

regions of the eastern part of Andhra Pradesh, Mysore and Madras and of 

,the very dry desert fringe of Rajasthan and Gujarat. The red soiVS are 

. :highly weathered and low in organic matter and plant nutrients. In the 

more humid regions the red soils of medium to fine textux;e on level to 

7':gently sloping topography.have,great potential for paddy production. 'The 

full expression of this potential commonly requires land leveling 'and 

provision-for positive water control through drainage and irrigation. 

On more sloping topography the red soil-5 given appropriate fertilization. " 

and ,cultural management, are well suited for a wide range of kharif crops . 

including maize, jowar, soybeans, etc. Where the topography ,s suitable'
 

.. and the water supply adequate the red soils 4in south India are well
 

. suited for production of sugarcane. ,
 

In the more humid red 6il area the water requirement for a rabi crop.'
 

can normally be met from water stored in the root zone or from that in
 

i"A tanks and locally recharged groundwater aquifers. Where such water storag-,
 

,	facilities are available, production of paddy during the rabi season can 

be greatly expanded. Where irrigation is' not available, other food crops 

can be pro uced during the rabi season to augment the kharif paddy crop. 

Crop production in thezaid season on red soils will be limited to rela­

tively small areas having an assured supply of irrigation water.- Because 
ble gquifersar in g "l nt aailabli,,suchwgrondwater: aqifrsar n general not 	 wate 



____ 
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must be obtained from surface storage facilities or from perennial streams 

that traverse the area. 

In the drier areas of south India the production potential of the red 

soils is lower than that of thef " more humid regions discuassed above. The7--.--id genous -rainfall -,for-much - o -:.. ar a-i -b - nl -t 
-- n. hiare i ~~ cetf -" t ...... 

kharif crop, although the more favorable seasonal distribution of the , 
precipitation does permit rabi production in significant parts of this 

area. Groundwater resources for irrigation are generally not available 

and storage of.indjigerou' U-)ater in tanks is quite inefficient due to .high 

evaporative loss caused '6,\the higher winter temperature of this region. 

The red soils of the desert fringe in northwest India have a very 

low production potential. The rainfall is so low and erratic that even 

kharif production is limited to short season drought tolerant crops 

such as the millets. Production in this area 2s,,,largely,estricted to" 

' areas where there is some localized accumulation of runoff or where .. 2. 

irrigation water can .be supplied from outside. .. , 

In summary, the red soils although more extensive, "do not have as 

great a potential for meeting India's food needs as do the alluvial soils 

discussed above. This arises because of their lower capacity for moisture 

storage in the root zone, lower inherent nutrient status and less favorable 

topography. The po?,entials of the red soils fo('multiple cropping is 

lower than that of lihe alluvial soils because of the general lack of 
-adequate aquifers for storage of exploitable groundwater and because exten­

sive irrigation with foreign water is less feasible because of topographic 

limitations. The red soils, however, are responsive to improved manage­

ment and as discussed above are in many areas suited for -much more 

intensive use.. It.is estimated that,double cropping could b~e practiced on . 

50 percent of the red soils now under cultivation and that f12-month crop- . 

ping is technically feasible on perhaps 10 percent of the cultivated red 

soils. Based on this evaluation, it is estimated that with present know­

ledge, existing technology and current prices, the food produ'tion on the 

red soils could be increased to five times its present level 
Black soils occupy most of the drier western of ' 'part 

a -':' 

t central
prtifth'entral :.', 

Deccan plateau. They .comprise an estimated area'of 60 million .ectares 
and are the dominant soils of central and western, Madhya Pradesh, most 

'of LM'aharashtra,, western Pradeshsurface. la.,.e'.'.s, : :. Andhra:' " 'ar andnl northernone to th"ree'feetThd, dark*thick,these soils,.. - , from? Mysore. 

surface2ayr o, ths c o f
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deitc their color are generally low iin organic matter. Characters, 

tic&~' the black soils are fine textured. 'Their high clay content is 

reflected in their plasticity and stickineSs .whenwet and their tendency 

to' crack deeply into hard Otractabi'ekb],ocks upon drying. Due to this 
deep cracking the black soils undergo considerable 

'natural vertical mixing andlar'e commonly called "self-swallowing" soils. 

Because they have developed Vrundcr sub-humid to dry conditions; the black 

.. ' 

soils 'are less highly wieathered than the red soils and are normally higher 

in bases and plant nutrients. 

The black soils as a class have a high capacity to store soil moisture 

for use by crops. The full exploitation of this inherent capacity is often 

prevented because low infiltration rats prevent full recharge of the 

...' -. 

V .. 

soilprofile during the'ihonsoon or because poor root penetration does not 

allow the crop to use the water in the deeper parts of the subsoil. The 

physical management of the black soils is thus the key to their more 

Iproductive use., ' .. . 

In the more hunmid parts of the black soil area, kharifipaddy can be. 

produced provided suitable land leveling and water control techniques are 
used. Their high clay content and low profile permeability rakes these 

.. 

soils well-suited for paddy production. Problems of seed bed production 

for transplanted paddy are more easily solved than are those for other 

crops. On black soils having sufficient slope to permit surface drain­

age, kharif crops of maize, jowar, soybeans, etc. are feasible. However, 

existin4 methods for timely seedbed preparation, planting and weed control, 

seriously limit the full potential for kharif production of these crops 

-

on the black soils. r" :. . . 3" 

In the )b-45 inch annual rainfall belt of the black soil region, 

wheat-is the predominant food crop. Seedbed preparation for this rabi 

crop is done after the end of the monsoon, but at a time when'the surface 

soil has dried enough to have lost its plasticity and stickiness, but not 
so much as to become hard and intractable. The wheat crop is then 

produced primarily on the soil moisture stored in the root zone. In the 

'3"''' 

-

•':drier western parts of 'the black soil area %wherethe moisture supply is 
.more marginal for..wheat, a rabi crop of jowar or millet may be produced'. 

'' . 

~~ 

Irrigation is not highly developed in the black soil region. 'Suita­

ble ground water aquifers have not as yet been' widely located or developed 

and large'scale irrigation schemes are very limited in this part of India. 

Because of their inherent low permeability, the black soils present[ ! :".{7 ,. ,... : ,o -, -;<:",' ." k :, L;,i""i :, : .': ," " • ''U, 
< 
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d4ff4cult problems of soil management under irrigation. In the drier areas 

where soluble, salts are: present ,in.significant qu4antities at shallow :depths,; 

[the ;application of irrigation water :will lead to.serious salinity problems 

Uiinles's adequate :provision :for ,profile drainage •is :made a part.of:the design ' 

i'iithi's is"usUally a difficult requirement to meet. • ". '- J ,!
 

i',:,i:,,,Because,of their inherent moisture holding characteristic,, and rela- ,.
: ,: 


:: .tively.high base status, the black soils have considerable potential for.. i:
 

parts of the black soil region is criticaly dependent upon the development
 

Of
:f suitab le high yielding short-season crop varieties and improved technologyl,:i
 

" 
i for seedbed preparation and weed control..:Improved methods of harvesting
 

,
!::?:iof ,surplus moson rainfall for profile or groundwater storage for :rabi crop:_ !
 

'i?)/?: ;iuse, would ,also increase tile food production of tlhe black soils.; Itl is i: ii::ii
 
-
" , herestimated that with presentsknowledge, existing technology and currentepts­

efood production of the black soilstould beincreased to three 

: , ntimes its present level If suitable tecnirlues for tillage and timelysi 

SSeedbed repazation could be nteveloped for theblact fsils, the racs ­

i ,:ii"'tivityee.4 of: to .fivetimes., ':"!?i~!'- this important area could be ,increased,,. .",its.. current.,. 


Other so4is. As shown in Figure 5, the alluvial, black and red soils
 

S discussed above represenfi about 80 percent of t-e land surface of India.~i... 
Theremaining-20 percent consists oif the desert soils of Rajasthan and the 

oule o hils .andmountainofus regions, principally in the northern egion 

It is stimatd tha the cultivated •area in these/ .wogroups fsi
 

21'!::):i•/;represent .not-more;tha-n: 2 percent of. India,'s total . • . .: . :. /:;;;;: ::. : .";:
 
pa Fof nnthe depcrop prducioneon thedesert soilslly dependent mnt n 

f dvathe t of irrigstion water resures are sovelimitedlg 44bl Indigenos 

that such development depends on the importation of water nto the areai 

thohthe soil Fig lathe auial, blacktmans reAssown inhog r ol
 
ifr:om the Indus catchmenti basin;..: The <!i'.-


>baes ad tat h profint knowlege, that mike forurrent
 

-- •desert-soils :are: inherently :richi ini :.- .
 

rprset theming 4tsuithd f
dicuse aov bot 0 ecet f il lndsufae nda
 

: ;iintens,'i.....ve :cultivation-if :.:supplied with adequate water oaf :suitable .quality,; .:,-?!-,i 
.. priBecause odls ai targe quantities of mobile sol leis thaefdesort ct 

wime itsupresento le ule s rovmded,
c.: levsutls table profle dranage
.i isbmperatiove tco ud e developed a waterrtebaksithqotofthe prodt-" 

Siigtof thisioa eacoud .' t fivewtm ee miincease a itcr
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required to develop them, the desert Sils' if properly managed can make a 

significant contribution to meeting India's food needs. 

J, The soils of the hills and)rmountains represent a very heterogenous 

group. Many are uniquely suited for such crops as tea, coffee and tree 

fruts;"'The temperature~ and- moisture­ condi,ions- are"'of ten'suiterl-for '*­

vegetables or off-season speciality production. Improvements in produc-: 

tivity of these soils will be associated with the development of varieties 

and cultural practices to meet special needs and will often be dependent 

on improved off-farm storage, processing and marketing facilities and44 

transportation. " I 

III. THE SUPPLY AND FLOW OF ON-THE-FA I PRODUCTION TECHNOLOGY 

Agricultural production involves the 

physical, biological and economic factors. 

interaction of a complex 

Since most of them are 

set of 

susceptible to modification by the farm operator, the successful applica­

tion of a new technology is dependent on the degree to which an adequate 
4level of sufficiency has been achieved in the other factors. Thus the 

potentialities of a new variety will not be realized if it is inadequately 

fertilized or supplied with needed water. Recognition of this interaction 

phenomenon has led to, acceptance of the "package-of-practices" concept for 

'.:the major physical.production inputs. Such a systems approach also can be. 

extended to include the interactions arising from marketing and utilization 

parameters and from off-farm, intersectoral economic and technologic 

" . 

" 

j 

Ii',:. 

,actors. In this discussion we limit our consideration to the on-the-farm 

. production inputs and to annual net income of the firm as the measure of 

, w 

~~ 

performance of the package-of-practices employed. It is clear that the . 

managerial ability of the farmer plays a key role in determining the 

effectiveness of any new production technology. It is assumed in the 

.following that asuitable market demand exists for any increased production 7 

arising from the new technology. 

It is our belief that new production technology will-be adopted most 

quickly 'by innovators and will spread most rapidly among their neighbors if ,, 
that technology enables the individual farmer toe:ercise management 

. 

4 

4 

I : ,' . ,b. ' 4 4/> .. ,- ?U : 

control of the maximum number of the production variables that influence 

~Q<his net income. Adoption will be slow and diffusion minimal if the 

~'~> effectiveness of a new technology is critically dependent upon the decisions 



hnolactions of individuals or groups other than the farmer himself. Thus 

the adoption of new varieties, fertilization and culftural Tpacticesfor 

wheat is accelerated by the installation of farmer operated tube-wells 

whch bring the essential irrigatiov: water under his control. Conversely, 

the lack of adequate on-the-farm control of excess Water during the monsoon 

.has impeded the adoption and sprad 'of 'certain of the high yielding 

varieties of paddy which are intolerant ofmarked fluctuations in depth. 

~of flooding. 

We also postulate that the adoption of such on-the-farm controlled 

production technology by a significant fraction of the farmers in a 

village will create aweareness of the need for and advantages of group 

action as a means of achieving even better contirol of important factors 

that influence their individual economic welt:"being but which cannot be 

achieved by individual action. Thus pest control may be technically very 

difficult for an individu.! farmer, but technically and economically 

feas.,ble if handled on a village-wide basis. Recognition of the need for 

consolidation of holdings and rationalization of field boundaries may well 

follow the adoption by a significant nubnier of farmers of improved land 

forming, drainage or irrigation technology. The benefits associated with 

economies of scale in threshing, storage or marketing may well become 

evident following the adoption of yield increasing ne, technology by a 
group of farmers. The emergence of such a "grass-roots" kind of need for 

group action ,ill, in our opinion, result in more viable and effective 

socio-eonomii and political institutions than those that are conceived 

and 'organizedexogenously. ' 
.' ,:.. 

" 
' vs- . ... . . . .. . . ,... < . . . . , . . . 

The Research Base and outlook for Production Technologv 

It is well established that improved technology is an essential 

ingredient in programs designed to increase agricultural production. ' It 

is equally clear that because there is a high degree of interaction among 

the major factors of production, the full benefits from technological . , ' 

improvement in one factor will rarely.be obtained without concomitant 

improveme:its in the other factors. It follows therefore that sustained 

growth in agricuiltural productivity requires that improved technology be 

developed.for all of the major factors of production. Thepresent status 

and outlook for improved technology for each-of the major components of 

'j~~'~:the crop production package follows. . 

Im.roved varieties. This phase of agri-ulur.al research has tradi 

tional" received:major attention in India ihe development of high­
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vulno,-e... -, o--h L" c-oc La rCI r,; Ucvair.K a; e;.i hv ics o1 otlier in-­

for-eSuca 1.-: a <',7.; o 7 ;' -. '.; c.]
 

On t-; .. iol, tha va§.,.Lv i:.vcav::,r rezaavch itv: ,.tiaac Lcv ,:an
 

can be c': ct; .",' a 'oc./.'a an C c'ica Ue s. -':1',' of- J:..- ,vc:d v c c.. c.
 

the rI.jc-an : r c v -o:-; "I -d to 1 .in - Lre crc'..'th oj 	 r. I : ra, a 3c.­

cultu-a , c.:c':.§-. FoP ti:; 'O, toalLo Ie r' ].J,: , >..!.,; r 

atteintioi riust L, cj..n L'-O1.; o.c:; t.a , oI 	 al it-La .. l c n , ;:Cc Lion, 

control and ... ;u i-s.,.cv. U .L ,I :,Li o .h. i_:-cOV.., I'c , "-)h dofvelo. L 

t h e r e s c -uC. c ) ,_ejo 3 ... 

Fertil.i <p.t.. It is gene:a.llv rc-co:i. J. a L" U tIile I-evefCt f or iitV 

of Indian sa;l]s is too ]c. .....U . 102level of crop ovodcction. Theto "lfl 

-yield resrna.sms ave rtviitici.arl' d.'ar;aLic ,,.-an , iris a.li to
 

resconsive varietic an,7 ,.ie acuate r'aiStxe, suitabCle cultual
 

practices and ap,oriate rlant vxat-c.ion M:a:tices arc used. Until
 

recent!,/ :nost of the soil fortil.j.t' resca:,:>ha. been of the "some vs. 

none" type o-nunf ]:oCved' va etios and t.;ith tra.it:ionra! cultJ.vatI an 

plant protection ,actices Soi.l testing as a : C-sofZ fertil .]t" Jia <nosis 

has received considiaale attention7, but at pzcs_-n': is largely ineffectual 

because of the lac:: of ade.;uate cc::relation ';iLh field -escortse data. Field 

experimDnts to est bish the fe1Li.inc rr ns eoSas u,.-.c -. 1c thTo :1, 

food crops .::oa.n under in.v'ed a'cfuccicn conitic.- areu, ... ,1. ne,-a.a 

to proviCe basis the of t" -aa for ,ffic.int use the inc r! 

.of fertili:erhat i,,ill be rcqui_-, to S .... in..c a.... foodI,-o"uction 
cin India. In addition, ro: re...... is on lea cn n n
 

fication losses, on inoculation of Ie"UTm, and on the residual effects
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•of fcrti!iz .:, i.-,: .ti a " c, .t . to f.t , -" o -::.i:i:; svt.cos 

tion c, f - L- C%.ii:7,,: v vc .:iti -:- 3 ;,.; y as; that the 

lack oC -. c 1 :c- i ::: .:L. . . .w.- L £ rio . 

v..;i ;*o:7: tP¢]'.. ..j J .-.. _ . :,- :]'.;:-:.' of.-orO- i,. 1 :.c. ; .J7," .. ;< ; :' Y'e ccm.{, [: '. cr .::*d} ;.];;C',2]'' t asor[ t f...,". It. i 

; 2 r',q;i. Jmoz]'< t.';';: L]O '* -h:! cr:. ,i rvu' ] Cl .",_ L,.); to tie est-,.'Jli.sh­

rnent oj s;ch' '.eir>C:,u.c tioo-s if th:e fuji3. bec'; fit2; of o~f'caint fertilizer 

are to b, 

co:.stlcin -T bc' -I,food 1: , 1:. n lve-e 1 >1-: s!1i inffici n 

: t'y - c ", ' , ret.. t(1-n inas. ccCc2
 
of fcrli : tio: t-ec:v::oJ .,:gy. --.:~t:] to'l o a..-. not <x:f~ciol.<.
 

ho,/evuL to *c,:Ivld , the 5cr.t:j .:, ,:.::ie i c' <: o- f.:r i.Li" *:: .'' e 

_oondli!:ic,< of cco;V >.: * v. -.-->:. t. in v::,i -ti: , c .u- ! !na t 

t lo__ ! '-: L:* : . ir <c ¢.ts Y'::t: ho!7':.. ' .7 :'d v ,_ -'. ' l _etc . c t a 

heavy to% C) . c.x:;. U:o.:t-, ,1'_ r,:. .rch j r thi fie.d 

has r,:.ueivcd :-,_ati, , 3i ei.If, :isu.!:- .i, alrJcu i :al sci.entists. 

As a t,7: is (:D7.ic life1-tte:; -t c: of ,.cc. of the history, 

!cotpuatCon d2..::ic2, og ' :.1 Ci::Ce;j C1- t,'atLons.-.-t Such 

in'o: - ti on F- :- r.: . 1c et i vc v o . 1:nt protection are 
to be dT.'e"o. P:'.nL ett.:nticon-ni4 m.t he given-r-) to the orn tron 

o .r of : in,:.' se'i1S*za. , an in the traji. igEton diCa : n t ic s'tu::s 

of fj01. 'esn!i:o can di :Tese cIo' dciets end insect infestaticns. 

Close collaoration l'<t '.c2n unco:o] cists, r thol-c is s and p1ant breeders 

in the"dv-o Cat of resist j,. 7,.jctiOS shouldC".c1o2 _:Eg2d. Srecial 

attention to ho't : D:inte::Lcti-os is n;o: ] for crons receiving 

higher levels of fertijizer and irri ation an- for crops grc+;n in systems 

of ulti':e-c:'onning. A vigorous effort shculd be ilade tc dctermine the 

natural biolojical contr:ols that okorcte on the various diseases and 

insects ar~f to s,-, ,,avs to - . the. eff.ctivness of such ffcts. 

Field cvclunticn cnd:, a range of c;v.Lr.ei~t ! an1 roduction conditions 

of chemical COntrol ajents should be e::ande]. 

Tile s,..o.'L. of ,:ria field eve!uaLed technology for plant 

protection is i-, cte at p,.uszr:t and unless vigorous steps are taken 

to correct this situ,ation -- t y, the reciied progressiive increase in 

food production ,ill be jconardi:ed. 
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-
indigenons raiunfall ansi :"'it :." sto;'ecd in the crso root -:onu. 

E::...ol,__,,s of : ... s 0.7 rCs2.:C.,--s,:c3.2 t,:C''flD!o2-'- tiat arc urgecntly 

-,,arc: :,m~'mos la fo-" :,':e unif:a'....... (!) o'- for... 3 distrib:ution, of 

irrrjtio~atc, 2) eon.L~nr; f-. inc "-t'sins thr. roc tas'e of the soil 
proi 12nr.: of in -in-j t -'.fici-r.. ,'it> <:hic> iilant roots can 

moist,':'>, d.-o,,i,..sc... ,d.a,3eutilze ,zch! (3) pr_ for :Tini.lizln'., the to crops 

f ex:cess ",rater C>0i:.:3 t]:e 2i90sacn, (i) field nr.,jv.:n r'eth.cds cm recicng 
evsrto rst:- s.-l su':fface an2 :at'-, ce'":is (5) -so:,e e'ficient 

ta- .....
ays of dit- :uti_:y- iiri .tazion;,,a so th.. i Is r •....
 
contol of t: . t.. , C.. e C to L Lur s
,-
....
 

run-off for nsa:u.:: .. .-.m._ usa, 2,() red'':dm .tcnf 

locatin'j jron.:h,.d.ate'r acr.life~s and i,..tt - 7it :d ".-', "nt fo-:t:,trs installa­

tion and oseakation of >r-scale z. _. urj.;nt rneedi:s:i"jation. ",-..... ';.., 
for enscrcal field -'.asar,::::2nts of th: inF,1 t.....; l . mI str:'-e 

,
con'i i oa and a! of the other factors of , for basic ansooi. 

applied research on means of reducing the effects of moirture stress on 
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plant qrcodLh.1. 

Pr eSC.nt St, t.."I C, Co rY TTn r'- i P c ll2 c.i e c 

C9. U~ J. 


The pi:cc::-It ft cio. F(-~~: is
 

does 1o0tcc CC LI17 U Co 17 11 a.1 1. jt . t o . 

Of thujr-; c o SC,:.:r to -LC,) c icr.~ cu, 'nl_ ii L a n uL . 

f.1 C.l; j-.1 'o~oia a:: 

SUCil2 u.:1c 1 U''vc L U ':11.cio jcL;" 

cilia;:1 2,'y J i -. " n.cu'.~us 

:7 1o,: t, C-)'--0cri ~ . Lc i~.~viU 

ricenio2 '...'5J2.1 ai u:c- ;~vj* ev--;y tho C) i h ai 

Asse~ L ;i c Cqo 'x a:n(71.,;al tlinc su: an,,!woil Out in: on act 

_reaItrvoc2.t.~o 

pests by rach1ing croun) actilon C:i h-c oi-sroe oi]iclLd 

Ult)oi -a.-vna'ccluo in the ieoltipol croppingjc;(i''2o so'cof 

area, the hicjh '.ac'cc:a'2of Z rL 1-;c1 favor it!- us, a7. a :,harif urooD 

in a miAxcd uiul" " '1 c2~ic s...". T1 ~~ or, ta:Chr,.nicix coh to be 

solvecd in such a swt.:is th;D-t of cmjhvcr~~uga cac,,cuv. fi-eld into 

an acueaydir;r9o. crops . The.-_ cin ta2chnioue 

d~cln."' _i '.:n andc- x' a'jl at !!%?I .is an areuroach to this 

pr-olem tliaL sh,;..3CCa '"c'n'~''2 

*,Vi0ca is Se:Cond I' to rc!a> : 3c,clda' q in india. It is gro.'; 

on about m;ill.ion h- ct~ios -,in-! ts aborut 12 - 20 prcent of the.C 

nation's ainnual foodC. grain sut1 P'oduc Lion has shn.na sharnrescos 

to thce i nlrcrltic L1, in o.fE tlb f o ~l r~ za'~i vc va r _"ILi03 an.d th? 3rsc i­

cted sot of pLLalO33nactccs. Tllis c hoo has beecn i:.ozt daei 



ill tho lc. Jr:~tJ'.~c'~ C oi. ;, UWcL n U"..zr ~ ~K:a Ol 

S nL<DI~ I 

Tho '1'_- i(hn in the 

or ' - c): -i ,2 -II 

cy of Le;' - ~ 'rc.wlcy2o y )(v'..I 

j t ~ 

that ' ,4 ( f('4 e;ri .h I'olU b Of~C3: 410-

u~~ij01- 12C,~ >~ .. (4>i fo r terain-

Soruhi. 5 a1 ICc n fl., 2ain:; 1?r Li i..ar 1 i n tho 

dr iecr -,L; iI 1"" Cu alcut no.-,c ofrt c iTn c' a. tij.Lut 21 25 nt the 

ac reacj e a nd- tb.15 r-'c: r-nt Ini., a oc!cj 2:,-i n z.ebc cLin. Proc,;(.*:a-s to 

date in varie2y n r"s 4''tu o g _i-4n p-c.uction practLices 

has not be:en as gfoiat as' in rice an,], aL This is Ch)ue in part to 

the lack oorolu 1'ar Lie technology othorfcl-e-b r:i in 

thr, C' i w!-ic ' c:r~la:parts off ''0" 1(f-a i'' India b3ulcCuickly 

deolc-a2 o R*--i.-e- hc-.1444. t'.- . r" 1c 

Indian .- 'Yf~~,-d,; '-ihcotl 2-v 1n-il 

potential, sho f u .;c; ;:- ,v< ann ins-ct resist­

ance haval''!1 b--n Li.Altuojh701vcn the! major 

emunlha-;iI.7~ 1,-'1 tn', tt;-o~- c 2Lnep.r s.' ftor C'C'..' rainl­

fed co:.&i LiA-rn's, t'-, y havec. nila-.l ro,~aiLc for ii 'c in multiple2­

crop:m-ng syst4:Lis uiv2r irrigaetion. This is fpart-icularly tr,_e, for the 



17.
 

sorcjhlv-i hc 1-;y 'rat.ter- -cj" ccfl bn nicrv-0stel t- 'o or tmor tiwiv,:: from~ a 

n~ ral'.ots b1~y r icC., t1-CU L'h h: in 

T.-~. i ->-

pc)v!Jt.c Evn:3tj 311. C, a, n' s v;:)1: LI C) 

A]. L,. ~*e ~r H* c:a < .d~ e :o~c~ 

2r-. L ut1euicn c 'cI S cdc~ 

othrsn)ul ci '- n .ccC I.~cL C: IuIA : r: 

and otherr -~~iucc ]"it i' ... :> to crot that 

highnly ScjAtif':7CZ.xt, .2ot ~ o:n'.i clt eac:n.Sc, S u.'~ 

prcillc t ion '">-act c s. L1< t i.' t '2..1. c s~Of 1 tri gle tc'.n 1 

Bo'Caus i of icu i C- 'lo-n'c-' ohnologjy,- the 

prciuction'o'i C-' .';n' "'' 6,C-llr . 'h11i r trend prohahly will1 

contilnso a-- tr: 07pi'vv' tuC.--nolo'jl/ in othler crons proceccis 

at a fas-tcr -lct. ,lrlen Iil to occtli, for th ! pus ss. Although pulse 

prodluction i:.) loa ~ Cnr';'o aew L 'tiis U ' 

major chnjsin prccl-,ctire tech-n':-)loJ are,2 ce if the rcLcic of 

these imcrtn f:cuois tc; >eoorpca itl-ithe off-farni muarkeOt 

de ia~n6. . r!;, or r: i o imcvnn~r''vLir dc'Ia ;i t 

of systc:.ls of nuls- :: 'c' iS clearly ncd cisi.! be, given high 

priori.ty. 

Maizriocot aliout G c:rrc,m'. of in(Hia s currcont food grain 

prodluc tion . i:ccu inP. i (i it 1.c-, r i.c a nd i n i:;ttc r or, r ani!-s whoet, 

constr-ror orelemancri. It hcs been reetdydr inonstvated( that hybrid3 
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maize is widely nan;:tc' tlxo~a;ynout 1MY~i and, VLCn QwuvV ro.l~cfuhLin 

technolojy is "red, is onn V trhc Dcost pc.'ckiva of thn careL2:ls on a 

pe r acro yr<Y monthh.O ~ ..:1().s:g-J-ic K. thlis. uro2 in ind:'a APa~d; 


als.o fnA\;cd.~C Wa~. 'i: V' On oiiLajr. in On Unju'' StatusL~ 
 K a JCCCCJC 

reso~i'y &.: havl. ly.J:.i p:"ai- 1 O;'O. Lin. crop iclEM 

dluced anrusan E:1..Ccv..w 2n"'no Us rolo NUMMiti -1 

riny y.2?C'o tin ~ ,anr o t'3 hqiIK
C.clu ylin w t and r:icca 

thn sorgh':... anz rn 33Twlno xit~ht*', W&CVO 1'00 w.K 

rice and ul' i i To0- Mac'-''-l a q:OL UL.'enti al*'iin ' 

as a ol ri L1'' on!. l Pr*nJ2 fr 1- 0. non-7n I' 7 Mif. 

tion 0 OhLn crop.on! FWW MY its ;YC'c jW to'V9.'.< brq. fraic. a<'e 

-art.>: My arRacrc n z~i: licni c:.c~'thK -a>ll V.n;I>M: for 

...Lj.Stato2C \'a9icti l.Y,':n' 5On to' 2 :ii.on-Jualy1 :.&C*9 Vr thcz.-: 

are s, vci n th por%=nco_**- 07wa con- i havn n'L ynt hnn-. 

exensival yl~j Wo MYC
*. at wuaj aML this cropc can ' 'a 

local cor7Kn M: as a pr'w Auc.e Q indust;rially' Ecor~czr'd 

Hibl oil and 1?'o. it ap' "a'" t' a the soy'2 r w'aill. adcc.L woll to 

a multipo-cropyi 2>':taw in ofhL '.12c.t poAucing aryps.muLLchi rC.in'-f&2 

The dcv :3oj'.n & CWy-.l-co. .in'h ivy va '0ic m'ra'y alsoof~r uinb3.e 

Mae fasib.le~ WJ. uso of ~ rirnj a&u zaid~ sonsonsr- AncL.;7n tno :cabi 
situaticn: '..h'cr itiwould fill a neWa in a 7.20 aron;2. m~l Liplo-cop~lng 

system. 

Lik"e 
hybrid mize, the Wore~' af the soy'Le&n in Mia is mior~e 

depecnd'nt onth W"ilme*' of a s'iitahl a rkct d3aranc tha~n on the 

develoym'e:'t of ''3pt produ'ction t'chnology. As a sour:ce of adible oil 

and protein, ' . " -' ' -' P cla:'c ca;'.'ncat'i'a elvazntagcj ovecr other 

a1 lern~aticve pu1n EW 1 'aac o ing ga.' irn Inia. it also ao th:! 

adantage'' of a. lafg WKtol SOV 9ccl'C>Jr'lif oF haic %nolvCCKCC ond 

praccH p:nneo 7..";! utilina:2L 'M ez on draw'."a. cKnw ME'i&~l to 

Soyhorns no c''O'va a gr'ca pca'nt~al as a sourca Qf edile oil3 andI 

protein, but also as ra.'w mater.ial for livestock Wro poultiry Eedcs and for 
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lj f 1 -7 	 lI 

f ul Or-,. C-) i!ia t~i c':~(F T .	 I c j~n iTA ~ l 

A-dn i;ontn 	 ' o it.:~ ji , V ni.. r 11 -,-.1.:Q~l(C 

factor 	 in it-, effr:-c( on I&):ltc ' na' vil'-, an oD~i -A:unit-AlVCi 

to raarle.r 'z i12crc:rof7 hit 9c9 pc. -a~ ar.'d -..:r Inc-c a Ct~t oh& 7f 121 

holdings. 
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Discuissc3C _nl tllh- Li'a 	 cLto ~ o~n;tn ni ' 

face as a -art of LW" ' " th rc~r.rin candr c(cnqu'1-;cicn of 

food an'd fie.Te£~ 'c 'c !K i-l I>jC' o7l-th­

farm u'iutc chin ' ,r'I .i :'ic c(-~j 2 an 

MarheI~t nn aadF;'ll f.-Tsj c ii. LL-n Lion is tbsp. Cl. Ledt~c 

tc'.,'ard teooln;ivle nth joia~ciictL~no g~cu.Lra 
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Tb. o:Lb> * to u.'goDl n all of tl:ucu~.India 1),? undler 

de':o.'ot b - 'cli~ the iL31!:uLosi hV jt' t:ars::-hon.n ,hc 

can ;-okto a doc-ree lhat: i t sconicz likly that food- pr7C'odoction can b2 increasedC 
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the- L-,foiCZ .:in c . a.. a., a .
 

2. The-i raco- ciccl aa.t:.n:innja:ih it ro:sible and. 

nece~~fceri2102 2122111 12.1'o chosn a.csn mcnyrce, currently 

miore nc-anl':v ialh.i: axecr nette-s alternatives is%-'nl C-. thanl 

the case i n t.-:-nsrzt.7 j;o. cu u . 

3. The 2a~> tr .~. o-.l 2 loc-ation of agricultural 

proC', C SiJnC Ch I.Ersl or riiao -0c ol1cg1c a2.,Lien, 'aa. oth1e thIian 

presms1'I t c. thtthey note -Ia eli-Eh'_-- in are highnly 

This jn .af l. Ja:taci o." lta,- .'ih~f Cfitt nonultuo. -l tiiun 

a.. t'.232 Z -tgii, urol wec.a I nc.re;.ser? no 'ill 

betwoc n a- 1 rc t"cr r 

-1 .1%,' 


S t ructurs: 0fl.n" lCa.2Ci o)f tur.- not majC.r 1,Ce
 

firl n.!,J . j-. ; t'ac su:i of thc,e c lho ces ',;ih defiines th.-e 
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Stable ovror tilrIc arnd involvc ciyrnis:!.ic c1 ,mT2S, CUU 'mlativco effeccLs, 

popula~tion ocpu'~n r.C1c cilt:Crs,tr13c: tln.';is 

aind thca lo(:ct x1-.; . C1 ' a.nxu ry, c"C 

4. An efificicnmt L~ i hcicav: :C>c 

fo:a I> C I-*-C 

*'- 2m ,L . 

fo):C0,4i: ~ 5i5 sus'-? 

etc. raW h 2 :: I'~ s A-' C:-~.c.''co''I C, aU S_-. isnde 

The choice- of-- c--'i: c 1:. osCosL e-: t'iJ.c- s U -. ilYjOl 

o srcl'' Ki le'1lU:rctof fcos12Ce:lc,.. nUof- tll Cor:tire 

soci -ty Ce:: -"' - I"- 'o , ds)s: Ui-', of opti-ial2 locational-. an - tau - _!,lIcction 

choices (ii.ov ij- ,il~-)for icltua acC''Ii n;2iowc in turn 

ecjrclthcirlpr~ntv ' ' ,.': o F.fc h 'UPn1ccsi of c! rv 

prodjuction? 

In temi-' ratr -.-;vvrnr;-clc in conrast to aijiculture in thoe tropics, 

rnacro-ecolo-2lical contli ti ni play a r 1,jo r ole in C -- n.ia;;hs:ethe-­

procluction olf cr cit4 rus-l, vsoaL, etc. ics locate.- Other varia'bles 

Such a:: m2cro-cc,3.ojical co1iio0,trn!otaio, Jrlti )7, etc. 

are also osriv.Th, utos r of the c-oi'nion-. that, in India thlo 

2" his is a cucE~tion of-- dscr-er altcriiativ: ly sttef locastin4 join~tS 

on a continnuu.rthe thran of an eiter-cir mnSwe;r. 
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tocnn',!o'9 '.' '"1±i:'1.v ',+ 1,.2.i. . iw:.u.I 1 ' : b '' + f, 12'r :v t 'on.. , ' ''- L],u: Ib 
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inac -cr*a C. ,LVC ::an vaj7, in.___ 
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ch: t 1 ~ g1.L1 1 a'c p C- L'-1O. 100 __ 

areno .,: (fo iL ' C)1)-~4 n.C j~c ~ ] 

in(DVhtah-: F-'jis t ;' I~ "'1t] tui co'-;r r~L '-ij,. 

ago for tlhn 'j.'- T-c~ it i - rt-L a c J.ion .rTc- L 22." 
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Wb ::icre-222. only a fe',.i of -...-c-1 
by which "].a<uo'" ::... " % . :(. (f 00 27 720 (2 C7It2t we i..;Lu 

invol-voe U>7C inrtni '.: = :. . -: fo]. c:i : CO>210227izU,_:iCi : rc~t.'.ro 

attt i c i IF i . . .... .....1 ... .. ... 0' 171 . 

of I'i r:-:: C27(C.II 
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. ,) CC1 <C0'>( V v.:YOf" 

or "conli'." ___,: "i.-, 5v ic;t-l bo)th noos-i Lively_,. th:,.i 02! r arK-cts 

and by t!- ,-, - -" . 

2...o--211 <; 1 C,.,. .. '. v... , U Ci F'r:~ " "musalUso oi(c . ....j , 

3. th" cl*<r< 1:., ;j- . ".-. , ii " :'~ -. t;B'' ; LrJP.Lcn lMh 1'(A ', ter', i', ', ,.,.,..c ts 

... c I , !<' L i(.'.L I' .... ... L.. ... . ... .. ..3.l .>. VIOrVc 

to ) -- .­ 1v 

cO1 , . C..7DI r: . . 
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con l*' .d .' ± 1 

acgi:xcu3. tx nr. .71:..1 cc" s,:': ;-...' .--14/' :U.-L ... J.n £ItuJC 

pro .C2 7(.27 C):-- _o2-C? l . O:- \;iu ' re: 1r.:,. ,odho 

o. Ll!c: :.: , r'' 'rn., J<;.t, u .. ..... :.,.." "> ,cu "LrrCts. of 
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l_4J 'h C,1v.i,0:: -. of .'i1 'C'ip!. c"f' ±:.:; ::,y "'-ll o.f-l ".,a.2.- toe ....... f:, 
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'Do ...... " - SV. 1' t, .. ..0 2,.. A" ,lc C--l 

0,-oi-.; 1-.,". 1' t : :i~ ;s ao..c. a f2t 1>"-,-, t- - ,U t;• :;< nctiy, 

agc u t ."7 2,.: " - ..-.... ~c f.. .>, *" 4 c re.~~ 

http:C27(C.II
http:rc~t.'.ro


31.
 

* 	 ~~p:.O-Osais arc t~~o .h.~Clic.c,. jicnl 

differont F5Cts o' i>-x3LJ- eoo :~c'h ~w.:::i"..K 	 ~cA 

C, 	 s -~ 

generatcrrs ~n2.LV.l Tr- 1... 0 ~i(j : ~c-Kc s..... vA 	 r ' 

il.~,Steps c:Si;n 	 ;c: ja~:W: ~c Wo5'' 

t--, e ~ n- z.h1I 	 U 

4, Sto p c c- to 	 . -'i'i.~hIC 
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th at the, Ict Or: trm] <I f fl.:" ,t c ,ci C,- 1 ., : lr~ j 1r La 

any ono att . .:ct 

0 A, Prcu'' 4 
0.of s_ :cifc ari.ou al~ inIa: 0t:K er pczluctt 
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Wn2.2L:C~nEl:'~:ac L .]c ~. t~ * .20P ar: I a Of- tll__ 

c on~r'nu 1: j~I 11 ~m F!:' Of 1:1j 

flC 0 -s 1* i ia * 

Lastly, Ll z- t'4 hl-v~. 

will tcnd to tS-:o OL j iiJl& " c.LXC'"u'a-h cees, 

at 1 - oZ4L inI c 1 c c Czo ct L )S s i2 

ttIi f~ am.- c , 1'1 C 1 1. aI ( to n c ;2 S zo 

agricl~u:a1 ' -'ac. Create i~ats cm sia1.7 at-LV in parL. 
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1. R' 2 j;0U yolatnfru2of c '1'i'ologia by the 

3, Rnrb; L onpa an sysi f)Cchn , buin 11css h~i Mains
 

a. swtyKLo 1h '' th 0-v=qAK CIcKly n 

C. Mi~:o-ro'i; n Lo-' Ej>n w:.cLor rest ofl econom~y22 ancd 

as c'y~or01n Kints Ln,
of farrys VS W.1 Ctt.' 07 t >,.luy of 

oxib 0:; 1T. -Q 'b'ton r' tho Pw b-ch:&Qgcy i; sto toci MA &MV 7 qV 

focus Af 1 fo-c'JAnL:oceLo w'ith '3>2 assuItaL:J Cu o. tocha:4'DjCJ hnvtho Wn 


s-;condbohy vN K ofnroa supl 1nYAPro-h - r-.-.;-,. W-. 

bothLP MY'S.?2l an M".. cozoul'' s Itan ENO'cun2..:; u~nop':-= 

r".:. "-. 1 ' w e'':1.a 1 0i V do not'~ FA'j 3rl J W 10. 'C2 that 

thei' M inn!c;~ st*:- 07:Ah"o 0 CIOt''Q M r
 

In1. tt . V- Ws' th9 no L-cisiu of MarsL0;oogn arc 

only tho chnn , whn (1 r hig rL~';:.:, or. o lteynaLi.vely s LatH,Izoib 

now iw cchning whch s los W iclnt t-n a M nn.
 

sh~oud MJ'y- b M30- ao a toclzogical ~'-c-i~ '~ it r:331 

h: rvwrhr" thL'-y, ;hnnint' j"-> All Ch~j t~ py~fita ''o! vari'2ous 

of Mat22 that1 ~ 0.l l 11 1 vrco 

±T1.2Q . tr o~~ti Shul M'. foodc suyj2ly'71,p~o afl )~11~C not irr272 st 

to hn LC'=* h.l~j .1''1'1 1 c'ar~f 3
 

Cho lit w2c woulC) 1O)ras itJ l'-3 y poLenL'ia.
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Tho~cT tyn-.-: may>Cv:(.2 

as rzit~ :c: fc ' -~ay~ 

jflti~n G-,Z t ''' -D 

that ~7, - : r:..:;. ~ *ori~ 

will. o-i.;c.: 1..c 'y ~a .c:S 0V ~ t:~ 

Ccltici:'a>~ , 1j~i a:, nr c:PiC r;. c~c~ cxc~f 7.2\L 

L --3l U1­

1Z - c' I:':J7 :: 1T: L7SC2 > ~~k Cr.r;outo 

ccj2j 

oIP. S L C 1. thU.-!v ~ ';L . -~~c1 i>'t a 

0. T .... .--.. : ( c 22 U.A f '' cv.r 

wni l fl to jth.: -C -I c ~ _ L >::.a-;a_' 1 

in tlhc r~:-. ~" 

a~2 -: - C bcr: Th': cffc ts 

OL 2.. ' ~in torp.-t, oL thc. 

~ ~ C ~ jj1a ~ 71. 

of thtc' jtrc,- C2 " ~~'L i'*-'- rcl&tion to 

firn ~ ~ V ~ ~ eoracbz!2-istiosc 

n 

C-I r a- C. . . ~rya nte O ist)ibutionc- rn: 
of~~-.j '&ha ir :: ~:::ca:iot nDs h '-04-S-:t o oc -t n 

f iu. i n toA7 l 7r~2.l c1~ Sa~~s 2: 

Tli :,2 tj>:y cC 1,.:n for foo-d an,' rcatv.Zl lo...3 i isba 

7!:)!.-.2 to -. 5. 

L9-/T! o t nvo 1 v, r onf z, - it th., -futur - - if they turn out bo.? io, 

bcwon, , :ccs~:cAon -,,, ill bci wrongj.n~ 2 
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*2 . The irco.. o2 . i.r2 L b r i c nt i ~ i o ::' c i' 7,Cic'cy cJ-m Q L 


los,; than T1.0(),C prn11 ~ L C
 

3. Thu, Ckc;-iir2- f>- f_ ­ . ' -..11 2j3hc01 in eye 1L a 2o~o 

ano. >pt:vr ~g~i.c. dcjr2 nc;c 196 11 whm li!kely I-,) ill 

th- 2 

5. nhc ii cLvj~:.u 0s'S,3 'sf in he fu r :iJ.. b 

Tfl2CC)..i',l. Lh- ;::~Cin (l Fi'uiL wil )DO 

7. T . . .'C, F* .: Lc) .. re 1,1. 3Jzr ly r ct 

far 'LO 

to_c. f7 ID e2. 1 6 *.:. C-1 f4 -O7C ''-fA j~o 

D, -* of t .* agrculur 

and',c a~'. tt ---nkirCo v tr;O t hoC>bI.;ncore (DL 

tre c r n t. -- D,, the 'Cio ien s o s-is.well ta Ic' u3~uc:a iec'c.2 

int,--,, - : ir2.>nnc12--za . z>v
 

araTh =i arc cC :.ce-I:. -";IJ:la
- u a ior e,. O teblic 9-:2thEs
 

byfa 1 Fec'.7..41 r pll2.ikecc, J.net S 
 rT c' to 7 - irchtis;:2.I iji 

t!o10ae a. zrf4 c to cc-Pa h l n,- f; c 5rthL-o a r n
 
on-cL )Liii; ~c ch Lc..-ai :: e,: i .'oi- s '1-ct- neitsf. c-) 
 nu j~ cn
 

in tto urc A __Iilt , un .0
 

trTi"or C")7.1: 11 
 Il aeno2cn ht '- ~na t 

ny:, 1n jc~'C, 1-- ix. 1,:u i 11 v-- c'rI uOrci.: -. 1r th '2 e­



In the cx'cnt all] jpo' s no;: uuyai intf gr (iI.lfuc ret; Lu so emp) mc:)S 

the 	cm-we£1:15 ct .loce.d"Lil 1 t uniurumt racv m wcill rcanin in 
7nyriculL..;: in W151 5, 20M ouax W RU0 iof ''Ut'' .eJuwl 1
 

W7cPM tan? in in'w use LcMAC fiba
l2Xtins whc ar W'v prolu' and wil­

ho relp't Y All only w' tujk:'2Cc2.~r r.cr00_w. 	 Thi'c~t no on. Lc 

W51 ti ola WK"?: U n' 	 l'''- c'h''- 'ow; Lh 	 "it! 1 nn' thc n2 ovh.: s: 

woculd; to!lh. c". i 111 Ort MA!c 1"a MsLt W.n j.ng - A.: .mcc:.; 

fNunt c : ngrPQV:: will) i-Acov..asC ... th" aimsMOML 	 Mh1. ,.;:752, wzho Use 

In WY cvce.L .C::::ns LTorM. .zroz.... <c.: LIOpI t unit AO input by vpxc'iinc 

m~r A) s7"h cc w ir' s A ciii. ccnwsdLis, farm iccacice or d~r 

1
a C >:.kuzs: y ' It' 

cSon: U~7~! is OF l ;c:w r:, U Coya '10 -'2 oo Lo'D.' r. 

wS .i t'1'C' Anal... :2:9 ana 	 at.iWas'lf 

1.!;, 

3,~ywpjycvoin kcsI' & 10- c l nut~ r.Y.. L..).....Iiv 

'N2 12.. 	 A : M
Or 	 - P - W tn"VY -M V !t& = 0 O 

ATW' ny in '~n 	 hoe ov)Uo ' v.rtha avant PYM, -h *'ca 	 o' 


* oerprfice Rc' Mo> ' , 1' ('V1 A'> 1WUn M'ATOID2027OVYi0j 

.''vthat ;:o'.1ii .>. ?n ' posiblo to inre:L: -... ovance h> rslai - p:.'riacC:t, 

had ntL c':.<7 a'. 

ic t>7: gro:ss ''>'.' of a Saccot' of Wi~ oncomy clacrcazunr WCL, 

supplyV '~"'' al A'~:ci will 7her Uc' yLarnrns Si tue Uon result ;j : rznn Lj;'i 

inczoc'..'c .7. hn inqnr fpc: Mt.hn Q=A rFa' Dw.innc.c fo;: it; ouput, the 

ony "ayY:UMI rou'Jns to Ju'...: cc'.' Wm ha.1 tin~>s.'. oricl nA 

&,
fur A -- MF ?iasnyltoohrun.Tesoi 	 Cunt nu
 

prcn 2rn , .il hn .ol Ih g- ort naotasn 	 r"l 

that OF rmm'' inin to Li -n J in27 ,lpl r", 0 11''" 

1n
1lC~. 	 22raa va'n1 1 r ij c.u y2binovni : t h% 

2. 	 Fa, "~'' voJ'' in '' ''''W- '''ct to over SO 'mecnU of the 

qgainrull ,vlso A K 



37.
 

3. 'Thr --,- of -L z-, . .'pL - in t -;rie il 1.t!! " lL s 

2
of th. c: ":u ' .. tc Ci12ot til,

to r. %(~~ 

r O C:,i onZ,:I
raO g inL:: A"L:, u t.. ,',iy r,"7::L I-, (,'.1... i cros 

I:. : .". . L 1 n4:'L .i..2 S Ln u .. -Uijt. ' 1 

Crc.*:7-c n) LVJ. : 

t r2 s : ", '.?.7d -p.;i ,i'n-u ': . 01... :- I I P..... a, 

walfinro 9Sg,i..ii u.].n...i i,,' c...,. .luals 

as cct rac. 

. .n~. .........r_ -,Iiin c .ivi 


0:m s :oZsi -:P', 

?r:, c:,-i.c :n.n­: Ic. 

A. or;.o
 

..... . .- . -n ' ..e C:+,.:I C. ' . , ­yx cf~r u_ <?: " g 

boly ,cL -. >~ '~~y ,:.c icic'ch ini tI.- c 

-Ic cE... a1 n -)-- .. . lj .. p.,c;R : ".hhidvi u l'v 

303 2.1a cO X"1rc:~tfi 1 

, t .- Szi
- Cn 


t13 CJ. L .' 1 .i:, t.e.2.iK,'z , 
11Ctt 1,:'' ''';.....s' lO '-- 1 41e 

or*-,.,i.t tC , i ) ]:,U Iy:,%o h i e: : ..1
Of (" t I IL c C-0 't1t 'C 

theac. .... V ".:" -. 'c . t: '..:. . - t-c L i tht JS ;:o:t 

and il ' : a- .G, r,r-C-;(- 'L.a i-seob c' ' o~' Ii - r 12 :c .'~ t I ar lil-cJloC "i '0 ....! ...... n ' 1... e2c1 -.-. inCC'' ' -'': '" ' ; 3 P:',e.-,by Cca:p-sia:o e[h :liu :,. 

hon; "' s ' "-. . :. c. u t , . .
 

t...._-
 d i L. y: . t. :. .,l.'- ....... " n" CiC04.:,I CM
 

of o t l : 'w o i t :A... i:o the r:sC rg, cbLc,' in a s 
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-' I C 
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ac~~v~2.:IiccG-:~~; 31 j -~L 2.t-~ - ~ U.0-

foLccl Iu I-9 ~ 1' , r Or, 

~~~~~~~~c'1~~~~~~~~c i.' ':: f . .. ~: ;i' Sri .2:.i- I Lby inL nn i'­

cU'i:j.- iCiipt . . - - :: r;.;ci iii;_,i o 

ic0:ts. Tc sn~i-'' f7 r i t-o -th- L.TOf L-- t i2 c c: -c:. 

inflv~inq thci r, . . n no o rain tcsc't . 

r'~' ~ i -J.11~ go. Yli' C') A . in.~ 

i n " . S !:, U F, .l~ t o t , '-: lj U c c c of c3 L - r d z . 

of t inv., 
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LI:c;'s~ca, nuniootion mn [ha ':cyio:' roe: :cch uni ts ;within India is 

im'::cti ve v-rl hIl~ UPW1q Ac~-bcn rulpic I'' to a thor its in various 'a;: L 

A sc:A' ecn :c remy strateg'y roir tc' to n- c.nm~ currch tiha totia:9 

x:jc -vh thloms to 11(1 rc':;Us cn bw p.: aL t'his yoi nt in ii o:'y.-Top
 

. 1 eat 3: tuchnolnc-'­pricrit- Ov";cm.:::.n e cn th:; (Cvelcw off knnwl&': n& 

VrPii~3 72j fK loo thrA:a 1v ILn cc:oiic:: to en-t' cap.itol utK. an 

b ;w 25'ui-4Cv'with i an' V. usto; Q~ nay 10' to ;iwt uiTU thnt cF-nn; W 

oh~n nQ Y z: ifan v :nos invws-,t.~ '<7r Mi "xivin ::a L'c 

user' a.. V.. YosQ-K:( w:'ill gonaraty 6-- rcB.ums. A-$1100 -tnr Lon 

yc':n Tr, nn: is virtuylyAl':s ny ita.:o r: u.: s; offuAs ; 

return 25 InT poor.~4' -4-;' Thin i'-s but ;---:.L;: crc;& v to 

to Petrin ang MicasW nnn 1julow-:LC Pro2.(r§;'; to rnpec::. 

Party:arIONT, in :-a- yersor ' , Cm~' r - a.0070 PSM'CIZ: 2: ' c.':c 

kn-;-,> La 2.......ic:cn~o3 will. WL ;V Ct-.:>:c of
!-h sth 0 thn Anuiividi,..'' 

of ja.pov-A pu.Cu5-Lon t'7C!:ualcq' feo: Lhx 12Qo tCo" crnn' Because of the5
 

great KVu'ULinn: tint c'ui. 'cc c7Ag1 ton: ;':uAous fcum of < c' LiHon 
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