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As a natural scientist, I take it as a great compliment to be invited to 
contribute to the International Congress of Agricultural Economists. 
I must confess that the invitation not only pleased but also surprised me 
greatly, because I had not previously thought that economists were par
ticularly interested in what those engaged in experimental work were 
doing or thinking. That I was wrong delights me, and can be taken as 
evidence of my ignorance both of economics and economists. To show 
how total is my ignorance and to be deliberately provocative, I will begin 
by saying that, if I were asked to define my idea of agricultural economics, 
I should have to reply that too often they seem either to prevent the 
results of experimental work being applied or make the consequence of 
applying them other than the experimenter would have wished. 

I will try to expand what I mean, and show how I get this no doubt 
wrong idea, by saying a little about what has happened to the cocoa crop 
since I first encountered it in 1945. A virus disease, swollen shoot, was then 
killing vast numbers of the trees in West Africa, especially in the Gold 
Coast. Its effects were such that the future of the crop there seemed 
threatened and measures were taken to check the spread of the disease by 
seeking and felling all infected trees. It was in connection with these 
necessary and costly measures that I paid my visits to West Africa. 
Although much impressed by the devastation caused by swollen shoot, I 
was even more so by the unthriftiness of the whole crop, which seemed 
simply to be growing wild, uncared for, unmanured, and unprotected 
against the many pests and diseases that found it a happy hunting-ground. 
My suggestions that the crop might benefit from being sprayed and given 
some fertilizer were usually received courteously, but I was left in no doubt 
that most people thought I was more than slightly mad to make them. 
Not only was I told that such measures could not possibly pay with a 
peasant crop, but even that fertilizers were likely to be harmful rather than 
beneficial. One grower, who was more appreciative of the possibilities than 
some of the officials, did not deny my contention that yields could be 
increased at least threefold, but gave me an elementary lesson in what I 
take to be economics. We met at a time when cocoa prices were rocketing, 
mainly because of unjustified fears of buyers that because of swollen 
shoot cocoa would become increasingly scarce. Our conversation went 
something like this: He asked: 'Would this mean much work?' I replied: 

_J 
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'It would certainly mean more than the very little now done to the crop.' 
He then asked: 'What would happen to the price of cocoa?' To which I 
replied: 'I don't know. I am a pathologist not an economist.' At this he 
laughed and laughed, and then added: 'I see. We do three times as much 
work. We get three times as much cocoa and one-third as much money. 
No, no, no.' Sadly, his forecast proved nearly right, for when later 
the trees were sprayed and yields were increased, instead of the feared 
shortage of cocoa, production exceeded demand and prices plummeted. 

Since then the considerable experimental work done on the crop has 
proved my suggestion, that yields could be trebled, to be a gross under
estimate. By combining such measures as doing away with shade trees, 
which traditionally were essential for the survival of the crop, by giving 
fertilizers and by spraying against the major pests and diseases, yields of 
dry cocoa in experiments have reached thousands of pounds per acre 
instead of the hundreds from the untreated plots. Such experiments 
demonstrate what needs to be done, and perhaps ought to be done, to 
increase yields, but they cannot show what is economically or politically 
possible. However, there is no doubt that were these practices rapidly 
applied to the whole of the existing acreage, cocoa production would 
greatly exceed demand. 

Cocoa is by no means exceptional either in fluctuating widely in price 
or in having the potential to yield very much more than is currently 
usually harvested. To quote only one other example of possible yield 
increase: workers studying the control of cotton pests in Central Africa 
have recently shown that yields of seed cotton there can also be in thou
sands of pounds per acre instead of the customary hundreds. As food 
crops in many tropical countries get even less care and attention than cash 
crops, and mostly go unfed and unprotected against the ravages of pests 
and diseases, the scope for increasing their yields is obviously also immense. 

The job of the natural scientist 

It is the role of the experimental scientist to identify the factors that are 
limiting yields and find how to overcome them. He must do this without 
being too trammelled by considerations of the possible economic con
sequences of his work. Although he may well be able to estimate the cost 
of applying practices that will increase yields, he is in no position to fore
cast with any certainty their profitability. He can only work on the assump
tion that knowledge of how to improve the health and productivity of 
crops and stock is a desirable thing and that, if not immediately then 
ultimately, it will be to the general benefit to increase yields. After he has 
succeeded in his task of identifying and removing a limiting factor, he can 
demonstrate what could be done, but whether it will be done depends on 
factors not only beyond his control but also that he cannot study experi
mentally. In other words, whether the results of his work get applied 
depends on such social and economic factors as whether growers have 
enough skill and capital to apply them, and whether there will be a com
mensurate financial benefit from doing so. 



F. C. Bawden 

The theme of our conference is 'The Economist and Farm People in a 
Rapidly Changing World'. The world is changing rapidly because scienti
fic and technological discoveries are being applied. The fact that con
ditions change faster in some countries than in others, and faster in some 
industries or activities than in others, simply reflects the differential rates 
at which the discoveries are being applied. That in some countries human 
populations are increasing faster than food production does not mean 
that more is known about how to improve the health of people than of 
crops or farm animals, but that discoveries in medicine are being applied 
before discoveries in agriculture. There are various reasons for this, of 
which perhaps the two most important are that governments are more 
prone to support public-health measures than agricultural changes, and 
that to apply medical discoveries usually requires only a few people with 
specialized knowledge, whereas to apply agricultural discoveries requires 
many. However, this disparity must not continue for too long, because 
although it is understandable that man should be more concerned with 
his own health than with the health of crops or stock, there is little point 
in protecting people from infectious diseases if they are to die from hunger. 
If, as is widely predicted, human populations do soon outstrip food 
production, this will not be because agricultural research workers have 
failed to find out enough about how to produce food, but because know
ledge has not been fully used. 

The changes with which we shall be mainly concerned, I assume, are 
those in agriculture itself, but the point must at least be made that changes 
in conditions outside agriculture are no less important in affecting the 
lives of 'Farm People', a phrase embracing people who differ so much in 
wealth, ways of life, technical knowledge, and in almost every respect, 
that their only common feature is that they are engaged in raising crops or 
cattle. Our purpose is presumably to consider how to improve the lot of 
all 'Farm People', but methods of doing this must obviously differ greatly 
when these people range from those who are operating large businesses 
entailing much capital investment and employing every technological aid 
to those who without any capital eke a bare subsistence from shifting 
cultivations done with primitive hand tools. The effects of developments 
in other industries and activities show most vividly in the generalization 
that agricultural methods are most advanced, and those engaged in agri
culture most prosperous, in countries where the proportion of the popu
lation engaged in agriculture is the smallest. Indeed, it is difficult to avoid 
asking whether the development of other industries is not a necessary 
preliminary to a country improving its agriculture. Can a country com
bine a largely agrarian population with efficient agriculture? Perhaps, if 
the agriculture is based on some commodity such as rubber or cotton 
destined for use in other prospering industries, but can it otherwise? 

Changes in British agriculture 

As a natural scientist concerned with establishing the scientific prin
ciples underlying the production of healthy crops, I am fortunate in not 
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being called on to answer such questions and I shall not pursue them 
further. Rather, with the knowledge that such principles when established 
will apply equally to countries where yields are small and food is scarce 
as to those where their application sometimes produces embarrassing 
surpluses, I shall turn to discuss some of the changes in British agriculture. 
I shall mainly confine myself to crops because I am not qualified to talk 
about animals. However, as dairy products, fat-stock, poultry and eggs 
account for two-thirds of our farm sales, I must at least stress that this 
side of farming is also changing rapidly, with production per animal and 
per person employed increasing greatly. Although Great Britain is not 
generally regarded as an agricultural country, agriculture is one of its 
largest industries and I am told the value of its agricultural products 
exceeds that of Australia and Canada combined. During the last roo years 
the proportion of the working population directly engaged in agriculture 
has greatly decreased, from more than one in four then to fewer than one 
in twenty-five now. The rate workers move to other industries has 
accelerated and since 1955 the number of farm workers has diminished by 
more than a third while production has increased by more than a third. 
Change at this speed almost justifies the word revolution and its achieve
ment has entailed not only great capital investment in machines and 
buildings, but the adoption of many novel methods and techniques 
developed by research workers. 

Let us look a little more closely at the changes with some of the arable 
crops. The most striking is the great increase in acreage of cereals, par
ticularly of barley for cattle feed. The acreage of wheat changes little and 
of oats steadily diminishes. The total replacement of farm horses by trac
tors accounts for the diminishing oat crop and has released for other 
purposes at least r million acres that before the Second World War 
produced fodder for horses. Cereal-growing has become an intensive and 
specialist activity, with barley crops being taken with a frequency that 
shocks those brought up in the traditions of the Norfolk Four-Course 
Rotation or of the ley-farming school. 

Many reasons contribute to this emphasis on growing cereals. First, 
investment in equipment as costly as combine-harvesters and grain driers 
calls for using it to its maximum capacity. Secondly, with labour dear and 
scarce, a large acreage can be cropped with few workers. In this context it 
is worth commenting that many changes in farm practices that have 
increased production have been adopted less because farmers actively 
wanted to change than because they were forced to because of the cost or 
shortage of labour. Thirdly, the control of broad-leaved weeds by spraying 
with herbicides, which has made it possible to grow cereals without the 
need for 'cleaning crops' to be interposed as often as when the cereal crops 
yielded less but added much colour to the countryside with the blue, 
yellow, and red flowers of their traditional weeds. Fourthly, the use of 
fertilizers, especially of nitrogen, has allowed yields to be maintained 
without recourse to traditional practices for restoring fertility. How 
slowly some experimental results get applied is strikingly shown by the 
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fact that Lawes and Gilbert were giving wheat at Rothamsted 6 cwt of 
sulphate of ammonia per acre in 1843 and the benefits from doing so have 
been evident on Broadbalk field every year since, but such dressings have 
only recently become practice in England and very much less is given in 
most other countries. Many factors have contributed to this increased use 
of nitrogenous fertilizers, such as short-strawed varieties less liable than 
the older ones to lodge when fed generously, a greater awareness of the 
response to fertilizers, and a price ratio of grain to fertilizer larger than 
ever before. Fifthly, new varieties have been bred that not only lodge less 
but yield more than the older ones. Sixthly, the losses from some pests and 
diseases have been diminished, either by growing resistant varieties or by 
using insecticides or fungicides, mainly applied to the seed. 

Official figures for average wheat yields changed little in the fifty years 
before the First World War, but since have nearly doubled. However, the 
averages stated are little more than half the three tons of grain per acre 
we often harvest at Rothamsted, which there is no reason to consider 
approaches the maximum possible, so there is obviously still great scope for 
further increase. Yields are now limited less by inadequate manuring than 
by pests and diseases, particularly soil-borne ones that are encouraged by 
the frequent growing of wheat and barley, and by the grassy weeds that 
are not readily controlled by herbicides. Soil-borne pests and diseases 
not only pose the largest threats to intensive cereal growing, but partly 
explain the great increase in barley acreage instead of wheat, because 
winter-sown wheat suffers more than spring-sown barley from such 
fungus diseases as take-all and eyespot, and on land where several barley 
crops can be taken in succession profitably, several wheat crops cannot. 

The experimenter can readily demonstrate the effects of soil-borne 
pests and diseases by showing how greatly yields are increased when land 
is disinfested with a pesticide, or after their incidence is diminished by a 
period while cereals are not grown, but it would be vain to pretend that he 
has yet solved the problem for the specialist cereal grower. There is no 
practical method of soil fumigation that can be recommended for use on 
a field scale with crops such as cereals, and to recommend a suitable 
rotation of crops is useful only to those engaged in mixed farming. Beans 
(Vicia faba) are a 'break crop' suited to the equipment and skills of the 
specialist cereal grower; they are useful not only because they decrease the 
incidence of soil-borne cereal diseases but also because they leave a 
residue of fixed nitrogen, so that the succeeding cereal crop needs less 
fertilizer than it otherwise would. Although an increase in bean growing 
could also add usefully to protein production, the crop remains unpopular, 
perhaps partly because of uncertainties about the profitability but also 
partly because of what should be out-moded ideas about difficulties in 
dealing with weeds and remembrances of past failures from aphid attacks. 
The crop need no longer be dirty or call for much labour to keep clean, 
because weeds can be controlled simply by herbicides, and aphid attack 
can be prevented easily by one timely spray with a systemic insecticide. 

The two reasons underlying the traditional practices of mixed farming, 
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with its long rotations of crops or leys interspersed between arable crops, 
were to conserve nutrients and control soil-borne pests and diseases. An 
adequate supply of nutrients can now be better assured by fertilizers, but 
until there are practical methods for disinfesting soil, monoculture will 
remain a risky practice and crops can be expected to yield much less than 
their full potential. Glasshouse crops such as tomatoes vividly illustrate 
the point; they can be grown year after year and yield bountifully provided 
the soil is frequently disinfested by steaming or by appropriate chemicals, 
but not otherwise. However, these practices are too costly to apply 
profitably to field soils growing cereals, and what is urgently needed to 
safeguard the future of intensive cereal growing are either cheap and 
effective methods of partial soil-sterilization or systemic pesticides that 
could be sprayed over the crops and kill pests that feed below ground. 
These would also be of great value for other purposes, because cereals are 
far from being the only crops that suffer from soil-borne pests and diseases; 
also, even traditional crop rotations do not prevent losses from all soil
borne pests and diseases, some of which have wide host ranges and can 
attack many kinds of both crops and weeds. 

The yields of other arable crops have increased in recent years no less 
than cereals. Whereas before 1939 yields of potatoes at Rothamsted 
averaged about seven tons per acre, they are now usually at least twice 
this and, in 1965, the average yield for the country exceeded ten tons. A 
main feature in this increase has been the improvement in the vigour of the 
crop by ensuring supplies of seed tubers free from the viruses that used to 
be prevalent and restrict yields. The general health of many horticultural 
crops that are also propagated vegetatively has similarly been increased 
by the introduction of health-certification schemes, such as that first 
operated for potatoes, whereby growers can obtain planting material free 
from debilitating viruses. Other features that have led to the larger 
potato yields are increased use of fertilizers, sprouting of seed before 
planting, better cultivations and weed control, fewer losses from blight, and 
irrigation. The urgent need with this crop now seems less to increase 
actual yields than to safeguard the tubers that are produced. Losses of 
tubers from damage during harvest, or when roughly treated afterwards, 
probably exceeds any yield increases that can be expected in the near 
future from other changes in practice, and a mechanical harvester that 
does not bruise the tubers would be the greatest boon to potato growers. 

Sugar-beet, a crop originally introduced into British agriculture mainly 
for strategic or political reasons, is now fully competitive with sugar-cane. 
During the last twenty years average yields of roots have increased from 
nine to fifteen tons an acre, and the manner of dealing with the crop has so 
greatly changed that this much greater yield is produced by many fewer 
workers. From all being harvested by hand, nearly all is now harvested by 
machines, and increasingly the hand labour previously needed to thin the 
crop and hoe out weeds is being replaced by mechanical thinners and 
spraying with herbicides. Fertilizer use has greatly increased, nitrogen 
by five times and potash by four, the crop is sown earlier than previously, 
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which means more leaves to photosynthesize in the long days of May and 
June, and many crops are irrigated during dry weather. Yield increases 
have also come by diminishing the losses caused by various pests, seed
borne fungi, and the aphid-borne beet yellow virus. In years when aphids 
were abundant, this virus was a major factor limiting yields, but many 
measures have recently been instituted to check its prevalence, including 
a scheme whereby growers are warned that aphids are active and that their 
crops should be treated with a systemic insecticide. However, the control of 
this disease is still imperfect, and crops on light land also suffer losses from 
some other pests and diseases that as yet cannot be prevented. Although 
yields have increased already so greatly, there are obviously still ample 
opportunities for them to increase much further. 

The crop that has changed least is the one that occupies by far the 
largest area in Britain, grass. This is not for lack of knowledge, for the 
increased yields produced by use of fertilizers, selective herbicides and 
irrigation have not only been fully demonstrated in experiments but are 
obtained by some dairy farmers growing leys for silage. Grass responds 
more than any other crop to nitrogen fertilizers and uses them more com
pletely, yet much of the 12 million acres of permanent pasture gets little 
or none. It is to this area of Great Britain that we must look for any great 
increases in production by increased use of fertilizers, because the average 
amounts now used on arable crops are almost those indicated as the opti
mum by experiments. Indeed, with arable crops the current need is less for 
more total fertilizer than for more discrimination in its use. Farmers tend 
to give a standard dressing, which saves thought and ensures against crop 
failure but does not necessarily produce the best results and often entails 
using fertilizers wastefully. Fertilizer requirement is not a fixed amount 
per acre for a given type of crop, but differs greatly according to circum
stances and depends on previous cropping and manuring and the extent 
to which nutrients have been leached by winter rains. Unless allowances 
are made for these variable factors, fertilizers are likely to be wasted or 
less rewarding than they might be, with some fields getting more than they 
need to yield full crops and others getting less. Each year more of our 
pasture does get nitrogen in addition to the traditional lime and phosphate, 
but pasturalists tend to be more conservative than arable farmers and 
great changes are unlikely until they have greater confidence than at 
present that fertilizers can be used as profitably with pastures as with 
arable crops and until methods of conserving grass are greatly improved 
and cheapened. The limitations in development lie not in lack of know
ledge about how to produce more grass, but in how to use it fully and 
profitably when it has been produced. 

The need for local research 

In most other industries a discovery made anywhere is likely to apply 
everywhere, but this is far from so in agriculture. The soils, climates, and 
crops differ so greatly in different countries, and in different parts of some 
countries, that it is by no means certain that a practice proved beneficial 
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in one place will be beneficial in another. Indeed, it may not only be 
useless but harmful. The basic principles of growing bountiful crops, of 
course, apply generally and can be simply stated as freedom from hunger 
and freedom from pestilence, but assuring these freedoms entails different 
practices in different places. To grow, plants need to be supplied with water, 
radiant energy, carbon dioxide, and various elements, of which they need 
much more of some, such as nitrogen, potassium, and phosphorus, than 
of others, such as manganese or boron, which indeed in large amounts are 
toxic to plants. To be fertile, soils need to contain all these elements in 
forms obtainable by plants, but none in harmful amounts, and not to be 
too acid or alkaline. Different plants differ in their ability to tolerate 
drought or acidity, in the amounts of the individual elements they need, 
and in the range of temperature in which they can grow or survive. Such 
differences determine the different natural floras that develop in different 
places, with each species occurring not necessarily where conditions most 
favour it but where it can do better than other competing species. In 
natural conditions, the essential elements come from the weathering of 
rocks and they are continually recycled, returning to the soil when leaves 
fall or plants die, where micro-organisms change them back into forms 
again usable by plants. In these conditions, nutrient elements brought up 
by roots deep in the ground tend to accumulate in and enrich the top soil, 
so that although virgin land rarely contains nutrients in the amounts 
agricultural crops need to yield fully, when first cleared it is usually 
moderately fertile. However, its store of nutrients can soon be exhausted, 
often less by what is removed in the crops that are grown than by leaching 
or erosion when the top soil is exposed to heavy rain, processes that 
accelerate with continued cultivation as successive crops become thinner 
because the soil becomes increasingly impoverished. Hence the systems of 
shifting cultivation, exploiting and destroying natural fertility, that have 
in so many places justified the foresters' complaint that subsistence 
agriculture means cutting down wealth to sow poverty. The waste and 
inefficiency of exploitive agriculture were unavoidable until the principles 
of plant nutrition and of the conservation of fertility were discovered, but 
still continue long after these discoveries and the development of the ferti
lizer industry have made it possible, not only to maintain, but to increase 
intrinsic fertility. Fertilizers free agriculture from the limitations imposed 
by the natural compositions of soils, for they allow deficiencies of specific 
elements to be made good and elements to be given as required by the 
particular crop and soil. To do this, though, requires knowledge not only 
of general principles but of local conditions, which demands local experi
mentation to discover the requirements of individual crops and what 
nutrients or other factors are limiting yields. 

Many of the soils in tropical countries are old, greatly weathered and 
deficient in plant nutrients, so responses to fertilizers can be expected to 
be even greater than in temperate countries. That they can be large has 
often been abundantly demonstrated, but there are also many reports of 
failures to increase yields by fertilizers. However, these reports usually 
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come from experiments that made no attempt to identify the primary 
factors limiting yield, and were empirical tests of simple practices found 
beneficial elsewhere. The failure to improve a poor crop by giving a 
major nutrient such as nitrogen is usually no evidence that the crop did 
not need the nitrogen, but rather that some other factor-for example, 
greater lack of some other essential element-drought, acidity, or some 
pest or disease-was preventing the crop from using the nitrogen. Such 
failures have no significance in deciding the nutritional requirements of a 
bountiful crop, but there is a significant conclusion to be drawn from them. 
It is that, although any general practice of fertilizing tropical crops will 
increase total yields, it will also lead to waste because the fertilizer will be 
applied in many places where conditions prevent it from giving a response. 

But local experiments are needed for other purposes than to determine 
correct fertilizer use. The best varieties, the best sowing dates, and the best 
spacings, these and many other things must be determined locally. So, too, 
must the methods of controlling pests and diseases, because a practice 
that is effective in one environment may not be in another. In different 
parts of such a small country as the United Kingdom, for example, 
different spray regimes are needed to protect potato crops from blight; 
also, whereas removing virus-infected plants as soon as they can be 
identified can maintain and improve the health of potato stocks in the 
north and west, it is a useless practice in the south-east, where the aphids 
that transmit the common viruses are active before the infected plants 
show symptoms and virus spread can be checked only by killing the 
aphids with insecticides. 

Many more experiments will be needed in most tropical countries 
before confident recommendations can be made about the precise prac
tices likely to be most rewarding in improving the lot of those people now 
engaged in subsistence farming. Obviously, however, this can happen only 
as it has elsewhere, by increasing yields per unit area of land, if for no 
other reasons than that the amount of cultivable land is limited and only a 
small area can be cultivated with simple tools. In generalities, though not 
in detail, the needs are evident. Where drought is the limiting factor, 
irrigation is clearly the first requirement. However, it is only the first 
requirement, for plants do not live by water alone, and to install irrigation 
schemes without also taking other measures to increase yields is to reap 
only a small part of the benefit that could derive from the water. As there 
is little benefit from irrigating a crop that will largely be eaten by pests, so 
there is none from giving fertilizers to one destined to die from drought. 
Practices that increase yields need to be combined, when the reward from 
each is likely to be much greater than when each is used alone. 

Where drought is not a limiting factor, productivity of the subsistence 
farmer could probably first be increased by measures that entail neither 
extra skill nor work by him, such as providing him with seed of better 
varieties than his traditional ones and treated with chemicals to protect 
against seed-borne fungi and soil-borne pests. The next needs, more costly 
and calling for new skills, and already argued amply, are for appropriate 
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fertilizers and for pesticides to safeguard the growing crop. The only 
further point worth making on these two requirements is that, in coun
tries where fertilizers and pesticides are scarce, they should be used 
intensively, on the most productive land, for if spread widely and thinly 
they will be largely wasted. A change in type of crops, too, might be 
valuable. With current scarcity of food and especially of protein, a move 
from cereals to pulses could be dietetically desirable and, by supplying seed 
inoculated with nitrogen-fixing bacteria, might help to enrich some 
impoverished soils. Increasing yields, however, will not greatly improve 
the lot of the subsistence farmer unless he can safeguard the larger harvest 
he reaps. Indeed, if there is any single measure that on its own could 
alleviate current food shortages, it is likely to be the better storage of what 
is already harvested, to save for the grower the vast amounts now eaten by 
vermin or spoiled by pests and diseases. 

Future prospects 

The fears of Malthus that human populations would outstrip food 
production have so far gone unrealized. Indeed, although the world is 
never free from hunger and famine, it is probable that a smaller propor
tion of today's very much larger population goes hungry than did in his 
time. They have not been realized for two main reasons: first, vast new 
areas of land have been brought under cultivation; secondly, productivity 
in some areas has been greatly increased, largely because of advances in 
chemistry, of which the most outstanding single contribution is the 
fixation of atmospheric nitrogen in forms usable by crops. Whether his 
fears will continue to go unrealized will depend on the wisdom of people 
and governments in deciding whether to apply the knowledge provided by 
science and technology. Obviously, with no new continents to exploit, 
population growth continued unrestricted must lead to widespread 
famine at some point, but modern methods of contraception allow the 
growth to be checked before it need reach this point, provided modern 
methods of farming are also introduced, which means radical changes in 
practice in some countries and the slaughter of many sacred cows. 

Except for some cataclysm, demographers forecast that the population 
will double by the end of the century, which means doubling food produc
tion simply to maintain current nutritional standards and increasing it 
still further if everyone then is to get a properly balanced diet. If we 
restrict our considerations to the rest of this century, and hope by then 
population growth will slow, there seems no technical reason why this 
should not be done. During the last thirty years yields have been more than 
doubled in some countries by methods that have yet to be applied at all 
extensively in countries where hunger most threatens. Thus, doubling 
production where it is most needed, calls less for any entirely new dis
coveries or any great extension in the areas of land given over to farming, 
than for adapting to local conditions and applying methods already well 
established elsewhere. Although doing it has its scientific and techno
logical problems, the greater ones are sociological and economic. 
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But the increased production need not be looked for only in regions 
where agriculture is still primitive, because even the largest current yields 
from modern methods still fall far short of the calculated potential 
possible from the amount of radiation intercepted by crops. This potential 
sets the limit to productivity and until it is achieved increases are still 
obtainable. The application of science to agriculture is a recent happening 
and although it has achieved much it would be vain to think that there are 
not many major discoveries yet to be made. Pesticides and weed-killers 
have been studied extensively only during the last twenty-five years, and 
there can be little doubt that much better ones than those now in use will 
be discovered. Also, although plant breeding has already amply proved its 
value, it is still only in its infancy and can confidently be expected to 
produce new varieties that are not only better than current ones in resisting 
attack by pests and diseases, but also make better use of incident radiation 
and turn a larger part of the total dry matter they produce into forms 
suitable as food for people or stock. Increasing knowledge about plant 
physiology, too, is likely to show what determines the distribution of dry 
matter between different plant parts and may indicate methods whereby 
it will be possible to increase the ratio of grain to straw in cereals, or 
tuber to haulm in such crops as the potato. But methods will also be 
found of making use of plant parts that are now largely wasted, such as 
turning barley straw, by adding simple nitrogenous compounds, into a 
valuable feed for ruminants instead of simply a stomach filler. Protein 
supplements suitable for feeding people or non-ruminants could also be 
produced from leaves or by the culture of micro-organisms on various 
wastes and other media. 

The amount of food needed by the year 2000 could almost certainly be 
met by applying methods already understood to the area of land now 
used to raise crops or stock, and greatly to the benefit of those now 
cultivating this land. There seems little need for such projects as putting 
large areas of cold countries under heated glasshouses or irrigating 
deserts with desalted sea-water, which may be technically possible but 
entail such large amounts of energy that their practicality is questionable. 
With energy coming from fossil fuels, obviously they could have no 
permanence and with energy derived from atomic power, the amount of 
radioactive wastes to be disposed of would be formidable. In this context 
of agriculture consuming energy, it is worth stressing that modern methods 
of intensive farming already entail living on capital reserves built up over 
the remote past. Science can do much, but it cannot work miracles; it 
cannot produce something from nothing and cannot take out of a system 
more than is put into it. For centuries, agricultural communities were self
sufficient systems, each living within its income of incident radiation 
transformed locally by the photosynthesis of existing plants into food and 
fuel for both people and animals. Modern methods have changed this: 
they make better use of the incoming radiation, but developments such as 
replacing draught animals and hand labour by machines, the use of 
fertilizers and pesticides, crop-drying, and irrigation except where it is by 
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gravity from stored rain-water, all entail introducing extra energy mostly 
derived from fossil fuels, the products of past photosynthesis. The capital 
reserves of fossil fuels are great and the amount used directly for agricul
ture is trivial compared to what is used for other purposes, but although 
ample to allow modern farming methods to meet the world's food needs 
in the near future, they are not inexhaustible and ultimately the world will 
again have to adjust itself to living within its energy income. 

Meanwhile, their use for whatever direct purpose is likely to affect 
agriculture indirectly in two ways, one harmful, the other beneficial. The 
harm will probably be local, where the use of the fuels pollutes the air with 
substances toxic to plants. The benefit will be general by increasing the 
concentration of carbon dioxide in the air. During periods of bright light 
the factor now limiting photosynthesis is the amount of carbon dioxide, 
and increases in light intensity increase transpiration without a compen
sating benefit by increasing the amount of dry matter produced. By the 
end of this century things promise to be different and the extra carbon 
dioxide there will then be in the air may allow healthy and well-fed plants 
to produce a fifth more dry matter than they do today. 

G.BUBLOT 

Points of technical character as well as their application at a humani
tarian level, which Sir Frederick Bawden has brought to our attention, 
offers a large scope for discussion by the economists. 

The spectacular transformations which took place during the economic 
development of the industrialized countries were essentially due to the 
massive application of new techniques to production processes, and to the 
change in the social attitudes and structures indissolubly bound up with it. 

The basis for the contribution to economic growth in the agricultural 
field was its adoption of technical advancements: these set free the re
sources which were required by other sectors of economic life, and pro
vided people who were leaving agriculture with the necessary food. 

The part played by scientific and technical research before the actual 
technical progress took place was of the utmost importance. Extensive use 
of fertilizers would have been inconceivable without von Liebig's discov
eries in the field of mineral nutrition of plants. Plant selection and, later, 
animal selection as well have followed on the path opened by Mendel and 
his school. Nearer to us, the fight against plant and animal diseases, as 
well as the progress in genetics and animal nutrition and mechanical 
innovations, have continuously increased the efficiency of the resources 
used by agriculture. 

We owe a great debt to research workers and technicians who, with 
other factors, through a redistribution of human population, have opened 
the way to a new specialized field, the field of economics. This specializa
tion is by no means an obstacle to the application of experimental results; 
agriculturalists and farmers are greatly helped by extension work which 
speeds up the adoption of specialized results, and opens up for them 
perspectives of ever-increasing profits. 
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However, the solution of certain problems by the technicians create new 
problems for the economist. For instance, the problem of rational choice, 
which, first of all, must be solved within the enterprise itself, since pro
gress leads to new productions, new combinations of the factors of pro
duction, and the different proportions in which the various factors must 
be employed. Secondly, the economist has to face the task of finding an 
outlet for production, the organization of markets, and planning of the 
economic systems at all their levels. 

Progress in the field of production techniques becomes faster and faster. 
I was recently startled while reading a paper on the agricultural structure 
of a small Belgian village in the sixteenth century. At that time the yield 
of cereal products was in the region of 8 to 9·5 cwt. per acre. It took three 
centuries, until about 1850, for the yield to reach twice that figure. But it 
took only one more century for it to be doubled again; in 1950 it was 32 
to 38 cwt. per acre. Ifwe consider all the new developments (shortening of 
straw, soil disinfection, windshelters, irrigation . . .) and calculate the 
present rate of increase, it is likely that an even shorter period will see the 
next doubling of yield. People have hardly yet realized the enormous 
possibilities resulting from scientific research and from the cumulative 
effect of modern production techniques; one progressive development 
opens the way to others; and these can only be applied at a higher level of 
technical efficiency. 

The increase of yield per unit of land is the direct result of biological 
developments. But an even more accelerated rate of progress can be 
recorded in the field of mechanical innovations. Some products such as 
pigs, broilers, eggs, are already 'automated'; in other sectors (milk-cows, 
cereals, sugar-beet) working time has been considerably reduced. The 
quickened rate of progress is, at least in West European countries, a 
characteristic of these two past decades; the increase in productivity in 
agriculture has overtaken by far the decrease in active agricultural popu
lation. 

In many developed countries, agricultural production increases at a 
higher rate than the consumption of the food products. This development 
affects prices, reduces agricultural revenue, forces the State to intervene 
and support agricultural prices. Apart from this, new departures in the 
field of biology are easily accessible to all farmers. They can easily acquire 
selected seeds and high-yield foodstuffs, take advantage of animal selec
tion ... , employ pesticides and other means for countering plant and 
animal diseases. The situation is different in regard to mechanical pro
gress, because here investments are necessary, which only big firms can 
afford. It is in fact the different size of firms that explains the coexistence 
of very different techniques. Consequently, production costs are extremely 
variable according to the size of the farms and agricultural units; there is 
also an increasing 'dispersion' in terms of time, consequent on the pressure 
of new discoveries. If this is the positive aspect of progress in agriculture, 
resistance against change, and the persistence of traditional production 
methods are the negative aspects: evidence of this is provided by the 
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existence in almost every country of low-income farms and of precarious 
social conditions. 

Among the other tasks with which the spreading of advanced, sophisti
cated techniques presents the economist, are the adjustment problems. 
We have just to mention the problem of market organization, commer
cialization of products, agricultural policy, price aid, regional development. 
These problems result from the fact that the place which used to be taken 
by 'subsistence' agriculture has been taken by commercial, and finally by 
industrial agriculture. 

The progressive widening of economic relations deriving from the 
changes we have mentioned, makes some human factors appear as 
bottle-necks strangling technical progress. The different forms of co
operation (utilization of agricultural machinery, commercialization of 
products, purchase of raw materials, etc.), the strengthening of negotiating 
powers for agriculture, the regrouping of marginal farmers, mobility of 
labour, opening out of the agriculturist in society, all these are expressions 
of group activities; and from these springs the opportunity for everybody 
to take part in dialogues and elaborate plans for common action. 

Sir Frederick's humanitarian worries concern, of course, the very serious 
problem offeeding human populations, especially in those countries where 
this is least satisfactory. The extremely advanced level of production 
techniques in certain countries, and the possibility of exporting and 
adapting these technical innovations in developing countries, are in 
striking contrast with the very primitive methods of these countries. No 
doubt, in such a special field as that of agriculture, it is indispensable to 
apply methods for adapting these techniques to local conditions (soil, 
climate, ... ) ; but adaptation ought to be a less difficult problem than the 
fundamental discoveries achieved in other fields after many years of work 
and long inevitable groping in the darkness. The main obstacle is pre
sented by human factors of underdevelopment: illiteracy, social pressures, 
religious taboos, etc. 

In fact, it would seem that it is easier for scientists and technicians to 
snatch from nature its secrets, than for the organizers of the consequences 
of these results to find a way to lead men in the proper direction and trans
form their minds and outlooks. 

o. H. FRANKEL, Commonwealth Scientific and Industrial Research Organiza
tion, Canberra, Australia 

I was asked to take part in the discussion of Sir Frederick Bawden's 
paper on account of my experience in the administration of agricultural 
research in Australia. As a former administrator, what appeals to me most 
in Sir Frederick's stimulating paper was the emphasis on integration in 
agricultural systems; the surmounting of thresholds of different kinds in a 
multi-dimensional system. This approach constitutes the natural scien
tists's refutation of the law of diminishing returns; as one parameter turns 
towards the asymptotic value, we turn to another where thresholds as yet 
are not in sight. 
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One part of the system Sir Frederick took for granted. It is the one which, 
to the administrator, is of paramount interest-the people; the farming 
people, and those who serve them, the research people, advisers, consul
tants. Just as the various plant nutrients must be attuned, so all these 
people, their minds, their organizations, their communications, must be 
attuned to make the system work. If any one component lags, then the 
whole functions below the level it could potentially attain. 

We in Australia are very conscious of this need for balance between 
research, education, advisory services, and farming practice. As in all 
natural systems this balance is never quite achieved; but we have good 
reasons for trying. Australia, as everybody knows, is a difficult country; 
it presents a challenge to ingenuity as much as to tenacity. Most of the 
continent experiences a dry period regularly; and severe droughts periodi
cally cripple vast areas. Australia is the classical land of mineral defi
ciencies. So Australian agriculture had to acquire know-how that did not 
exist before. It even had to discover, or invent, most of the plants by which 
we now live, unlike Great Britain which can profit from research all over 
Europe and a large part of North America; and even unlike New Zealand 
where the early settlers could successfully re-establish their familiar plants 
and animals. Our subterranean clover and its tropical equivalent, Towns
ville lucerne, on which our pasture production and soil fertility are built, 
are insignificant wild plants in their native habitats. Our wheats had to be 
tailor made, not from ancient adapted stocks, but by the recombination of 
introductions, themselves ill-adjusted to our conditions, brought from 
various parts of the globe. In all this ingenious farmers played a part, 
increasingly supported by the growing Departments of Agriculture in the 
States. But, clearly, ingenuity was not enough. Soon organized research 
was needed for the solution of the many problems the development of 
Australian agriculture presented. The State Departments of Agriculture 
were joined in the middle twenties by the newly-fledged Commonwealth 
Scientific and Industrial Research Organization (C.S.I.R.O.), and the 
universities began to play a role not only in research but, as it turned out, 
an extraordinarily important role in producing a new kind of agricultural 
scientist. 

There have been periods in the last few decades when the system as a 
whole was somewhat outbalanced. The growing C.S.I.R.O., under single 
control, with federal support, built up a research structure in many fields of 
agricultural and biological research which somewhat left behind the other 
essential components-university research, education, and advisory services. 

Today, what can be regarded as a more effective balance has been or is 
being established. The universities are more adequately supplied and each 
has an extensive research programme which serves as a focus for growing 
graduate schools. Regional research by the States is expanding in quantity 
and quality with the aid of a new financial deal. I sincerely hope that 
multi-disciplinary regional research centres will spread through the com
monwealth in which all specialist technical services, farm economics, 
and advisory services will be closely linked. 
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Advisory services depend on the output of regional research and on the 
training and experience-apart from numbers-of the personnel. In all 
this, recent years have seen great advances. In several States departmental 
officers are now joined by farmers' clubs and private consultants. 

Last, but by no means least, the farming people themselves are in
creasingly attuning themselves to the changes which have come with 
dramatic research developments and the many economic changes of the 
last half-century, However, the weakest link today is perhaps our edu
cation system for farming itself. Our agricultural colleges, which served 
well in days gone by, are not any longer adequate for the training of 
practitioners of scientific agriculture, nor of farmers. I have discussed this 
problem on several occasions and now merely want to say that the farmer 
of today requires a similar intellectual level of training to the scientific 
practitioner, though perhaps of a different content and bias. 

And now let me discuss one aspect of research organization in Australia 
which is peculiar to us, if not in kind then in scope. I am referring here to 
the 'industry research funds' of various primary industries, which have 
grown up to substantial proportions since the end of the last war; sub
stantial in the funds of which they dispose and, indeed, in the multiplicity 
of funds. The pattern is for an industry to request the Government to 
enact legislation for the impost of a levy for research purposes which 
usually is matched by the Government. Industry funds exist now for the 
wool, wheat, meat, dairy, barley, tobacco, and other industries. The 
administration of these funds is conducted by committees most of which 
have a majority of farmer members. In at least two instances the respective 
marketing boards, the Australian Wool Board and the Australian Meat 
Board, actually have full executive responsibility, subject to approval by 
the Federal Minister of Primary Industry. 

These industry funds have facilitated substantial increases in research 
and advisory activities in C.S.l.R.O., the universities, and the Departments 
of Agriculture. The largest and oldest of these funds, serving wool re
search, made possible a notable expansion not only of research on wool 
production, but an at least equally significant development of Australian 
textile research, including chemistry, physics, engineering, and process 
research. 

There is little doubt that, without the establishment of these funds, such 
developments would either not have come about or would have been 
delayed-probably mainly for social and political reasons; and that sub
stantial research achievements now stand to their credit. 

Yet one may wonder whether this form of research organization is in 
fact the most apt way of funding-the greater portion of the funds comes, 
directly or indirectly, from the public purse-and of administering 
research activities. This question is worth asking not so much for its 
relevance in Australia where the system, for better or for worse, is so 
firmly established that it is unlikely to be changed, at least in the short 
term; but for its application to other countries where the research structure 
is as yet fluid, and especially in the developing countries. Scientists with an 
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acute awareness of the insufficiency of the funds at their disposal may well 
be attracted by our example-I know that at least some Indian scientists 
are. 

Considering the integration of agricultural systems one may question 
the wisdom of numerous authorities independently controlling research 
funds serving closely inter-related industries. 1 This in itself is a valid 
question, but the real problem lies more deeply. Industry research com
mittees, with a large component of non-technical members, rarely, if ever, 
acquire the necessary expertise to frame research policies, to form judge
ment of the often highly complex and technical proposals placed before 
them, or to appreciate the relevance and potential value of the resulting 
research. 

To frame a policy which will give the appropriate balance to all com
ponents of the system I have been discussing, is a task calling for an 
understanding of science and broad experience of its application. In the 
research field this question of balance often resolves itself into one between 
'basic' and 'applied' research. Even if they were distinct entities, how 
could one prosper without the other?2 This is of particular relevance in the 
developing countries where, in some instances, 'basic' teaching and 
research has outrun the more applied research which directly serves 
agricultural development. 

But does one advance the latter by weakening the former? All too 
often advocacy of technology carries an implication that there is over
development of science. Is not science the lasting fountain-head of tech
nology? Is it not the task of an education system to train not only the 
practitioners of today but the intellectual leaders and teachers of to
morrow? So I believe that, rather than weaken universities and alI that 
they stand for, every endeavour should be made to strengthen them, but, 
at the same time, to build up in the developing countries a recognition of 
the implications and needs of the various technologies by which their 
economies will develop. 

M. SHAFI NIAZ, Pakistan 

In this comprehensive yet concise paper Sir Frederick Bawden has 
exposed us to the full range of instruments employed by the natural 
scientist in his approach to agricultural productivity. We are indebted to 
him for his reminder of the complexities of procuring the ever-growing 
volumes of food for a burgeoning world population. To advances under 
the headings of improved seed, more fertilizer, water-supply, and disease 
and insect control he has added proper storage facilities-the lack of 
which can cause a loss of as much as 20 per cent, or even more, in a 
country's effective food output. 

1 These comments apply more particularly to the agricultural activities, with which 
this Conference is concerned, rather than the manufacturing ones. 

2 My views differ widely from those expressed by L.A. Gunn (Minerva, vol. v (1967), 
pp. 167-97) who advocates administrative separation of basic and applied research. 
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The famous groundnut scheme in East Africa failed because it was 
started at the wrong place, without proper scrutiny by agriculturists and 
economists, and perhaps at the wrong time. Some years ago the coffee crop 
of Brazil suffered from over-production and had to be buried. It is in 
cases like this that the agricultural economist can come into the picture, 
make projections of estimated demand and advise the growers accordingly 
to help save them from financial losses. There are many who hold that the 
end-purposes of the social sciences are prediction and control. Prediction, 
yes; control, however, is a political issue. Determining the final outcome 
might be left to authority outside our field, or it might not. We could 
charge into the arena of decision-making; it is entirely possible that we 
would be mauled in the process, but would it not be satisfying thus to 
protest our faith in economics? The answer probably lies in following 
some indistinct middle road in which the agricultural economist offers 
alternative solutions, but in a manner so evidently slanted as to leave little 
doubt regarding the course of action for the policy makers. 

Everywhere man has been reluctant to tackle the hard work of applying 
the results of research. The lag between research findings and their effec
tive dissemination will probably always exist and always trouble us. This 
task is one that is shared by physical, biological, and social scientists, a 
fact that seems clearly understood by those who organized this pro
gramme. Sir Frederick has referred to the developments that have taken 
place in British agriculture and has tried to indicate the extent to which the 
gap between research results and their adoption by the farmers has been 
bridged. The position is likely to be different in developing countries like 
mine-viz. Pakistan. Pakistan is richer in history than in resources, and 
lack of physical and financial resources make the task of reducing the gap 
difficult. The results of research of agricultural scientists in the field of soil 
management, fertilizer use, plant pathology, entomology, and others, are 
available in abundance and when applied can yield wonderful results. 
The farmer has, however, not got the resources to apply these results to 
reap the desired benefits. Such a situation is not peculiar to Pakistan but 
holds over most of the Asian, African, and Latin American countries. The 
accumulated scientific knowledge of agricultural problems in the world is 
quite enough and, if judiciously applied, could solve the current problems 
facing these countries. The important question that faces us is: why is the 
knowledge not being applied? 

Sir Frederick asks the question: 'Can a country combine a largely 
agrarian population with efficient agriculture?' My answer, emphatically, 
is yes. In their earlier histories, Western Europe and North America did 
it. More recently, Japan, Malaysia, Taiwan, Pakistan, and Korea-in that 
order-have done it. Political and social structures have delayed the pro
cess in Latin America, Africa, and large parts of Asia. Centrally planned 
countries have a special set of problems on which it is not for me to dwell 
at this session. 

The point, I believe, is that to neglect agricultural development in 
agricultural countries is patently the road to ruin. Certainly, promotion of 
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secondary and tertiary industries is inescapable. Most assuredly, the 
yearning of farm populations to escape the grinding poverty associated 
with sub-marginal farm units must be accommodated but, to the extent 
that this means retreat from one form of distress in the countryside to 
another in the city, rural-urban migration is a dubious solution. 

Overnight industrialization demonstrably is not the panacea that its 
exponents in the realm of economic planning once assured us it was. Some 
type of rational growth-balance among the various sectors appears to be 
the only safe route, anywhere, to economic viability. Perhaps this argu
ment begs the question of the inherent disadvantages of primary production 
in the market-place. I submit, however, that the agricultural economist is 
eminently well qualified to propose and to monitor the policies of govern
ments and of private interests, to the end that disaster strikes only sparingly 
-and even then with its force reduced by the genius of our craft. 

Only two more themes in Sir Frederick's paper command attention in 
this brief commentary. One is that of Malthus and his inexorable forces of 
population pressure; the other has to do with emphasis on protein food 
requirements as opposed to carbohydrates-always with minerals and the 
trace elements present in the background. 

Sir Frederick seems to be sceptical about Malthusian theory. True, the 
dark prognosis by Malthus has not yet overtaken the world, but demo
graphers seem to be of one mind that world population is rapidly overtak
ing the increase in food production and the United Nations Organization 
seems to agree with this view. We have also no reason to dismiss this topic 
lightly in the hope that, in the words of our speaker 'if we restrict our 
considerations to the rest of this century, and hope that by then popu
lation growth will slow down, there seems no technical reason why this 
should not be done'. I think this is rather too optimistic a view. It took 
England with her highly sophisticated and educated population, about 
sixty years to reduce significantly the family size. The illiterate, custom
ridden, and poor population of Asia and Africa will not take kindly to 
birth control. I am afraid the Malthusian dilemma is overtaking the world. 
The time is passing when we can practice ex-post population adjustments 
through war and other such forms of attrition. Nor is real reliance to be 
placed on droughts, famine, and pestilence so often accepted by the 
natural scientists. 

Poverty in the form of inadequate capital formation in developing 
countries is at the root of all evils. Unfortunately poverty only begets more 
poverty and no amount of incoming radiation or increase in the carbon 
dioxide content of the atmosphere is going to solve the problem. Much 
more visible and comprehensive means will have to be applied to increase 
yields, viz. better tillage implements, more fertilizer, better plant-protection 
measures, more use of better-yielding varieties of crops, etc. 

In his approach to the protein business it is surprising that Sir Frederick 
does not refer to the sea and its vast, untapped resources. Marine ex
ploration proceeds apace. Moreover, it becomes increasingly clear that 
we are harvesting only a fraction of the protein values that are lying there. 
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A. B. LEWIS, U.S.A. 

I wish to suggest, after having listened to four distinguished contribu
tions to the subject before us, that when we consider agriculture we should 
consider what it really is. All too often not only the physical and natural 
scientists, but also economists, are inclined to consider agriculture as a 
sheet of crops covering the landscape. Many errors of policy and practice 
have been made on the basis of this assumption. Actually, agriculture is a 
vast number of individual families struggling to make a living for them
selves out of and on the land. Two tasks present themselves to every 
farmer: one is to modify the environment so that he can live and produce 
in it; the other is to utilize the modified environment as capital in pro
ducing what he requires to support himself and his family through the 
year. 

Now when we consider this we can see where the link lies between the 
social scientist's contribution and that of the natural scientists. The 
question is how well equipped is the farmer in a particular country, or in a 
particular situation in a given country, to apply the new ideas and new 
methods which the scientist puts forward for him. 

This leads me back to my brief remark in regard to mainland China. 
China is not at present a country in which we can make scientific investi
gations. The whole situation is kept secret there, and some people outside 
are assuming that the situation is one in which agricultural production is 
increasing and in which population is increasing also. But it you consider 
the situation in which the individual family finds itself in China, this does 
not seem to be an entirely reasonable assumption. In respect of China we 
have to seize upon the scraps of relevant information which do come out. 
We can place these observations in relation to what we have learnt in 
detailed and careful studies elsewhere-or in China previously-about 
the factors affecting production and population increase. 

In England and similar countries we have a body of farm families quite 
capable of using the flow of findings of scientists to increase, sometimes not 
so much the total production, as the production per man on the land. We 
are concerned here with adjustment. But in many countries the scientists 
are no more knowledgeable about agriculture than the farmers are; this 
is one of the problems. And in many such countries, even where the know
ledge is there, the farmers are ill equipped by agricultural or any other 
form of education to put it into effect-at least immediately. They can 
proceed only by slow steps towards their goal, as their personal and 
family capacities to take advantage of these new ideas and methods are 
improved. One cannot jump from one century or one civilization to 
another; one must grow from one to another. 

F. c. BAWDEN, in reply 

I agree heartily with what has been said in the discussion particularly 
on the needs for an integrated effort between scientists, economists, and
most important because they are the most numerous-the farm people. 
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Dr. Lewis's point is of profound importance. I have, in fact, remarked in 
my paper that the disparity between farm people is such that it is ex
tremely difficult to talk about farm people in toto; some are running 
immense enterprises with the latest machinery and technology and large 
capital, others are still working at the subsistence level with exploitive 
agriculture. It is impossible to expect that the latest scientific discoveries 
that could increase yield will be used in the near future by the second type. 
However, there is something that can be done without waiting for them to 
be educated and socially aware. First is the issue of better-yielding varieties, 
preferably as seed treated against pests and diseases, and second to provide 
simple instruction on how to protect the crops after they have been pro
duced. 

To get these things across to farmers we need scientists, educationists, 
economists, and sociologists and we need them all working together. But 
there is, of course, one simple incentive in many systems that would 
achieve results, namely, attractive prices. Anything that is made economi
cally worth while to the farmer, he soon takes up to such an extent that the 
surplus becomes embarrassing. I am always surprised why we should have 
to subsidize a man to turn a penny into a shilling-as in fact, has happened 
in the U.K.-by using nitrogen fertilizers, but it ultimately pays off. We 
have given most attention to education but we should probably give more 
thought to profits. 

I 
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