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SELECTED ARTICLES

Some Biological Discoveries of Practical Importance®
' By Dr. C. H. WADDINGTON

There sre two main spheres in which biology is of practical importance to
_society. One is medicine in the widest sense, which it would perhaps be more
accurate to eall human biology. and the other is food production or agriculture,
also in the widest sense.

I'do not propose to discuss the first of these fields in any detail, althouzh
new discoveries and new spplications of old discoveries are always being made.
Among recent new discoveries one may perhops mention the bacteriocidal and
bacteriostatic substances which nre now being obtained from lower organisms.
Penicillin, extracted from a mould related to the ordinary bread mould, is being
investignted ot Oxford and elsewhere and seems likely to prove one of the most
powerful aids in dealing with infected wounds, o matter of the greatest import-
ance at the present time. It may, however, be rivalled by gramicidin, a sub-
stance prepared by American workers from certain types of bacteria which grow
in soil; but perhaps the more optimistic view will prove justified snd the two
substances be found to attack rather different kinds of germs and thus to supple-
ment each othef. Asan example of a new technique of utilizing old biological
knowledge, one may mention the trestment of various diseases, chiefly cancer in
some of its forms, by radio-active substances ortificelly prepared with the aid of
new physieal apparatvs such as the cyclotron. Radio-phosphorus and rodio-
iodine are differentiully nbsorbed by different tirsues in the body; their radio-
activity causes the destruction of the tissues in which they become located and
the surgeon can in this way bring sbout a localized inhibition of particular
tissues which are proliferating too rapidly. ’

But the great tasks of medicine in the immediote future are concerned with
the application of knowledoe which we already possess. These tasks ean be

-* Substance of a lecture delivered at the Royel Institution on Feb. 12, 1942.
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summarized under three hends; first, the attasinment in. practice of optimal
atandards of nulrition, of housing, of industrial hygiene, and so °.’i ; Secondly.
the conquest of tropical diseases and the improvement of the health of tropical
populations until they have an equal chance with the peoples.of the temperate
zones to play their part in world civilization, and thirdly, a task ia:which social
biology must colloborate with political and otbher agencied, is. the ‘reversing of
the general fall in the reproductive rate in industrial countries, Néw.di_sl:qw:ries.
mnoy, nnd very probably will, be made which will nssist in the earrying out of
these tosks, but the main problems are certainly the administrative and political
ones of applying existing knowledge.

When we turn to the feld of food production we find o great body of existing
knowledge which is in process of being put into practice. Such ‘developments of
farming practice as the system of ley farming and the increased use of silage are
examples, But there are ulso a number of biological discoveries which may have
very revolutionary effects on the whole of our food production:system, and it is
primarily a summary of these more fur-reaching possibilities that | propose to
discuss.

We may mention first some new uses for old crops. .Siraw is bound to be
produced in large quantities along with any ceresal crop. buft, except [or some
oat straws, it is itself of little value for feeding animals. It has recently becn
shown that a treatment with caustic alkali bresks down the hard tissves of the
straw sufficiently to allow of its being digested by cattle, and a very considerable
new source of feeding stuffs has thus been placed at the former's disposal, A
more striking innovation would be the direct use of grass protein for human
consumption. Grassis much our biggest erop: we produce about 60 million tons
a year. It is too full of indigestible ibre to be eaten by mean in the raw state,
nnd the methods by which we use it are still those which were invented in the
Stone Age; we feed it to cattle and sheep and ourselves est the beef. mutton,
milk, ete., which they produce. They can, it is true, digest the fibres with which
the human intestines cannot deal, but they are relatively inefficient in making
use of the proteins. Now it is comparatively eassy 1o grind up the grass and
squeeze out some 30 per cent of the protein for our direct use. The remainder
of the protein remains with the fibres, the whole mass still representing a better
cattle food than ordinary bey, The technicul problem of muking the grass
protein into a really attractive and palatable. product should not ‘long remain
beyond the capacities of our biochemists, When it is pointed out that the total
quantity of grass protein grown in Great. Britain is something like ten times our
normal protein requirements, the potentinl importance of the direct utilization
of even o small fruction of it requires no further emphosis; but the vconomic

and ogricultural problems of employing the process on a Jarge scale require
[urther study,

Let us consider now some new technical possibilities in the cultivation
of our crops. Much publicity has been given recently to tsnk culture or
hydroponics. By this is meant the cultivation of plants in culture solutions the
concentration and composition of which can be accurately controlled. Such
methods are, of course, by no means innovations in the lnhurntorj'-: it is only
their utilization on a large scale for commercinlly grown greenhouse crops which
?wuu'ld be 4 new departure. It does not, however, seem by any means certain that
tpis technique has any great advantages, nt least in the climate of Great Britaino,
over the method of seil sterilization which was introduced some years ago and i+
now becoming very widespread,

Annthur_t?c_:hnicnl innovation from which m' ch can be expected is the use of
the recently discovered plant hormones, Knowledge in this field is still f.!roﬁring
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rapidly but we already understand something of the part played in the growth of
a plant by very small guantities of certain essential substances, some of which
are in fact identical with the vitamins which we hear so much about in our own
diet. Some.of the hormones are already quite widely employed to encourage
the rooting of cuttinegs + but there are many more possibilities emerging in the
laboratories of the world—for example, the growing of long-fibred stems in
textile plants such as flax and hemp. the production of seedless fruits [rom
unpollinated flowers treated with suvitable hormones, the controlling of the
opening of lower buds until the danger of severe {rost is past, and so on. More-
over, new hormones are still being discovered, some, such as a new pollen extract
recently described by the United States Department of Agriculture, controlling
growth, while others are concerned with various other phases of a plant's
development,

These studies have not vet been brought into relation, although they soon
must be, with another very important development which has arisen in practical
crop manugement, Russian bilogists in particular have devoted great attention
to the investigation of the time of ripening of plants, with the view of developing
types which can either survive their rigorous winter or which can crop in a
single year after planting in the spring. They have developed a rather elaborate

theory ol the succession of various phases in a plant’s development. which they
distinguish sharply from its growth, In geperal a plant first passes through a
temperature phase, in which it requires a certain length of exposure to particular -
low or high temperatures; this, they claim, is succeeded by a light phase,- in
which the plant must be subjected to particolar conditions of long or short daily
periods of illumination. The practical application and indeed the practical
basis of this theory is the technigue known as vernalization, in which the
germinated seeds are srtificislly given the treatment needed to complete the
first phase of develapment b/ fore being sown. Thus a winter veriety of wheant,
which is normally sown in autamn and lies io the ground over winter, starting
to grow in the following =spiin . may be artificially cooled for the required time
and then planted in the sprin; to crop in the same year. Such methods would
be of sore wvalue even in En land and may be of very great importance in
countries with the severe cli:atic conditions of Soviet Russia, where many
million acres have been sown v ith vernalized seeds. Workers in other countries
ure not so convinced of the pre :tical value of the method, end the details of both
theory and proctice are still under discuzsion, Butl there seems little doubt that
the basic phenomena are quite real and that our understending of the matter will
rapidly become much more profound. It has alrendy been shown that, in certain
plants substances coapable of diffusing from a stock into a grafted scion are
concerned in controlling whether flowering takes place in the first or second
vear, that is, with or without subjection to cold and short daylight, and it
therefore seems most probsble that the whole vernalization gquestion will in
timme be brought into relation with the discovery of plant bhormones already

mentioned.

Some Soviet nuthors hove claimed that a single vernalization treatment is
sufficient to alter the hereditary constitution of the plants, so that its effects ore
permanent, Most biologists are likely to doubt the possibility of such o direct
nciion, but it may well be that the Soviet workers have actually discovered o
phenomenon of grest importance. Since the development of a plant, na we have
seen, is profoundly influenced by the eoarly treatment of the seed, a single arti-
fcial treatment which ceuses the plant to mature at an abpnormal scnson may
huve some eéffect on future generations owing to the altered conditions under
which the seed will be formed. Similarly, another phenomenon on which the
Russian scientific workers have luid grent stress is-the effect of a host plant on
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the hereditary constitution of u graft ; ngain, the effect may “.dt‘.h&ﬁ,.‘-hr_e-fff?q.e
on the hereditury elements as normally understood, buat it Sy '.'.b;“: _gl:r_eal
phenumenon bused on the transmission of something in the nuture of a virus;

"T'his brings us to the subject of plant breeding. one of the 1ialr_]$l'i;n ?‘-’hi-‘fh ‘the
most spectacular ndvances are likely in the near {utore, Thu‘-hr’cﬁd;jﬁgff?:f:dm;a_use
resistant varieties, which, for example, trebled the yield ol sugar ca tlj:ll_-il?_]...‘._t_'l.t_'ﬁ'_:luﬂu
between 1926 and 1929, will probuably score some new successes hut it cannot 'bg'
considered n new technical advance. On the other hand, the p‘f_:-lctl_i{‘_.&lf e-r.t'apllc_ry-l
ment of hybrid vigour is a development of the lust few ye::rs_:rii'l_lmu_izia-'g_rﬂwing_-
At the present time something like twenty-five million ficres _are sown. with
hybrid corn in America. and incresses in yie'd aversge about 20 per cent.
FProbubly there are similar beneflits to be oblanined in other crops. The John
Innes Horticultural Institution, for example, has prepared hybrid tomeato seed
with very considerably enhanced productivity.

The most importont vdvances, however, are likely to come. i’_rpin_ two fields
which are still being intensively investignted. The first is the 'study of the
wealth of forms aevailable in Nuture for our use, Until recently the range of
types employed by the plant breeder has been getting progressively narrower as
he concentrated on the improvement of ever more specinlized varieties. Buot it
hns been realized thut much moy be gained by the introduction of new hereditary
material and it has comeas something of a shock to discover ‘how rich is the
stock of forms available. Not only ure there very numerous locil varieties of
cultivated plants, each probably with many defects by modern standards although
with one or two points of advantage, but there is alsoa hitherto- unexpected
variety of wild forms reloted to the cultivated species. For example, ail the
cultivated patatoes of the Old World derive from a single species and probably
from n very few individuals. We know now at lesst thirty species, forming a
polyploid series, all of which were thought worthy of cultivation by some tribe
in South America and there arealso reluted wild species. ‘They include frost-
resistant ond short-day forms and varieties resistant to various disenses. It is
not too much to hope that we shall fairly soon be uble to develop potatoes suit-
able for the Arctic and for the tropics, The prolound results of such a spread of
the potato belt do not need to be emphasized.

The second mejor source of new varieties may be found in the very recent
technique of artificially doubling the number of chromosomesin hybrids, thus
rendering them fertile and comparatively stable in bereditary constitution.
Nearly nll our most” important cvop plants have orisen by a chance occurrence
nfus_imiinr process in Nature. Now that we have discovercd substances the
~most important of which is the drug colehicine., which allows us to double
chromosome pumbers with fair regularity, it is nlmost inconceéivable that we
shall'not be able to manufacture completely new types of plants of the grestest
imporiance. it istoo early ns yet to name any examples with complete con-

fidence. but the hybrids of whest and rye and of wheunt and couch grass may be
mentioned as instances of promising beginpings.

An ndvance of another kind is the recent success in hybridizing veast.
Lintil recently it was thought that if a single veast cell was jsolated it must give
rise to a pure colony. But single venst cells may be either hﬁptnid with one of
each kind of chromosome or diploid with two. In the latter case haploid cells
will be formed during the growth of the colony and the segregation of different
types will occur, so that the final colony is mixed. Winge, in Denmark, has suc-
ceeded, by a fine technique of ‘micro-manipulation, tis e bap

 fin r in isolating “single haploid
cells, hybridizing them and finally isolating the segregants from the bybrids.
This is the first application of mod '

ern breeding methods to some of man's oldest
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‘plant collaborators, his ussistants in the manufacture of such staples as bread
and beer,

~ If we turn now to the animal field, many of the methods which seem to
promise best among plants do not uppear very feasible. Thus there are great
‘technical difficulties in moaking such a full use of hybrid vigour although some
promisiog results have been obtuined with fowls. Again, only the very first
steps, in #_v‘h ich.I have mysell shared, have bsen tuken towards doubling the
chromosome number in animals, and the dificulties to be surmounted before we
can produce fertile hybrids in this way are rather overpowering in prospect.

Perhaps the most important new technigue which is just passing from the
laboratory into generul practice is that of artificial insemination. I the sperm
of a selected male is artificially introduoced into the female, the greater degree
of eontrol over the process makes it possible to employ much smaller quintities
than MNature provides and the number of offspring which can be obtained from a
single male moy therefore be multiplied some hundreds of times. This makes it
possible to ensure that only the very best animals nre used as fathers and the
constitution of pour stock may thus be quoite rapidly improved. The method
has already been tested out on quite a wide scale and it has been found possible
to send the sperm of desirable males for very considerable distances by air,
The method has a very great part to play in the immediate post-war world when
we are confronted with the problem of restoring the scorched earth of eastern
Europe. - '

A development of the technique of artificiul insemination which seems
likely in the next ten or twenty yvears is the artificial determination of sex by
the separation-of male and female determining sperm. Such a possibility is, of
course, a favourite theme of all kinds of charlatanry -and psuedo-science. But
some recent work particularly in the U. 5. 8. R., indicates a serious possibility
that the problem will be solved by the method of electrophoresis, that is to say
the passage of an electric current through a suspension of sperm, causing an

‘peeumulation of the female determining sperm at the anode and of male deter-
mining at the cathode. There are still many technical details to be worked out,
such as the most favourable salt solutions, temperature, etc,, bot it would be a
bold man who denied the possibility of fairly early solution of the problem,
‘The importance of such a method for the dairy and pounltry industries would be
profound, but its application to human affairs obviously presents aspects of
great difficulty.

It would be in the highest degree desirable to bring about a similar increase
in the reproductive capacities of the females of domestic animals. This may be
too difficult a task but some increase can already be envisaged. The administra-
tion of suitable hormone preparations, for example, can bring o female into the
breeding condition at a time of year when she would normally not be ready to
receive the male. Some success hus already been achieved in obtaining in tbhis
wav two crops of lambs a year instend of one. Aguin, when a female is ready to
breed the number of ova produced, and thus the number of young born is rather
restricted in many of our domestic animals, and trestments are being worked
put which should make it possible to cause the formation of more ova. This
will, in the first instance, enable us to cause a regular production of twins by
our beasts. For parficular purposes of breeding from exceptionally faveourable
females it may prove possible, by & technigque which has already been used in
rabbits, to increase the number of ova many times and to transplont some of
them to uteri of other females, which wou'ld then oet as {oster mothers {fom the
very earliest stages of the animol's development,

The control over developmental processes given us by the use of hormones
may play a part in several other ways. Weare beginping Lo hnve some under-
standing of the role of such substances in lactation, We know there are hormones



116 The Madras Agricultlural Journa, VOl XXX%1; No.4

which contral the initinl development af the mamn iry s;ln!ms “as ;}'I.f(.&.]l_;:.gl:n_l mf_.
intensity of their secretion, ond again it hus pru:red pnr._s;.b!g_=.tq;;n_j.ﬁ__|m:|,g.g._.m
a significant degree the confent of milk in several Jmportant constitutents.” Al
these investipgntions, still essentiolly Inboratory mmn-_-rs,-n_rg_.m_;:,;F_;_'_ﬂlﬂ.s...mpn
to rench the point where we can begin to apply ihem in practice, ‘when "h_'eY
may open up great possibilities of control over our milk supply, particolarly in
the difficolt winter months,

A somewhat more speculotive possibility is the employment of hormones
for the control of size. In some animuls at least, fur exemple, the rat, it has
been possible to obtain considerably increased growth by suitable hormone
injections. Further, the embryo of @« mammal is in a somewhat similur position
as regurds its mother as the plant grafts mentioned earlier; nn_effetl::.t'exe:rtut‘i
primurily on-the mother muy, by influencing the early -t.]m_*.el_r‘.l_pment of the
foctus, produce an alteration which will affect the development of the next
generation of young and thus be transmitted potentially for ever. . That such an
influence of the mother on bher offspring of the first gencration isa-possibility is
known [rom crosses belween lorge and small breeds of horse, in which  the size
. of the mother hus a great effect on the size of the fosl. An effect in more remote

gepncruations bas been suggested by some workers using extracts of the thymus
gland on rats, The matter is still very uncertain, but if it can be put on o firm
basis very important results might be obtained. A further and still mdre specu-
lative possibility may perhaps be worth mentioning; it has been clnimed that
the very early administration of growth-prometing extracts hos o differential
efféct on those organs which develop most rapidly at eurly stapes, particularly
the brain. It is not clear whether the swollen-headed ruts so produced wereuny
cleverer than usual, but the possibility. of such an effect may be worth consider-
_jng, if only as a day-dream to solace the despair to which mest educuators ave
from time to time reduced. Let us hope, however,” that man isalready -intellig-
ent enough to use, for his benefit and not only for his destruction, the gifts
which science offers, without waiting for a hormonally induced enlargement-of
his brain. (Naturs No. 3800, Angnst 29, 1942.)

What's doing in All India— Madras
BY C. VIJAYARAGHAVAN,
Millet Specialist, Agricultural’ Research Institute, Coimbatore

Madras is conducting a vigornus campaign to incrense the production of
food crops. To stimulate produclion, the Government granted o number ‘of con-
cessions to the cullivators and the Agricultural Depurtnient is doing intensive
propaganda for growing crops by improved methods. In addition’ to meeting
the farmers personally, agricultural officers arranged nearly 3,000 exhibitions
and meetings. Propaganda is directed mainly towards (i) bringing new arens
under food crops, (ii) adopting intensive methods of coltivation, and (iii) rédae-

ing the ocreage under commercial crops and using the aress so ssved for the
growing of food, _ P ;

Incrensing nrea under food erops In Tanjore, the premier rice growing
district, the Government provided irrigation water from rivers and ‘channels by
nbout three weeks earlier to enable the cultivator to begin paddy cultivation
zarly and teke two crops of paddy from single crop paddy land. The Govern-
ment also removed the minimum of Rs. 5 charged ss water rate for the second
:rop land and levied only balf the single crop assessment, Landowners, taking
wdvantage of these concessions, put 20,000 acres of the single crop area in Tanjore
listrict upder double cropping. lo addition to. this, the early supply of water



