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Lesson Fifty-four

Nuclear Physics and Agriculture

World agriculture today presents a strange picture.
The world population it has to feed is increasing at an
alarming rate, and more than half its present numbers
are under-nourished. In the countries of high productiv-
ity and relatively low population density, there are
embarrassing surpluses. In those with low productivity
and high population densities, there is acute shortage,
and by and large these countries do not have the funds
to buy what is in excess elsewhere. They can get part
of what they need only as generous gifts of surpluses.
Clearly, the first task is to try to raise the standard of
farming in these hungry countries. by applying the
techniques which have already been proven elsewhere.
But, while this might meet the needs of the world popu-
lation today, in the years it will take to achieve such
an end the number of mouths to be fed will have jump-
ed still further ahead. Until the growth in population
can be checked, agriculture will always be chasing a
receding objective.

It will be necessary to bear on this problem all the
knowledge and every technique available to the scientist.
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The last great leap forward in productivity, based on '
the scientific advances of the first half of the twentieth

century, has now reached a plateau beyond which the

best farmers can go little further.

Before agriculture can become more productive, it
must awéit the applications of the findings of a new
field of science which will open up entirely new approach-
es to the old problems which have so far proved in-
soluble. Nuclear physics and its many applications in
chemistry and biology provides just such an opening. It
is too early yet to do more than to speculate on the
ultimate effect on food production of investigations in
which radioactive substances are employed, but some ex-
amples will illustrate the great potential influence of this
work.

Ore of the unsolved prdblems of fertilizer practice
is the behaviour of phosphates in the soil. When phos-
phatic fertilizers are added to soil, they react with other
soil constituents and in part are rendered unavailable to
the plant. [Each year the farmer adds fresh fertilizer
so that it is available for his crop, and each year part
of this disappears into the soil complexs but it is not
entirely lost to the plant. When a sufficient reserve of
unavailable phosphate has been built up, the process can
be reversed, if the level of available phosphate falls.
Thus, Dutch farmers found during the war, when no
phosphatic fertilizers were available, that they had
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sufficient resetve in the soil from past application to
meet the requirements of their crops without any drop
in yield. It is obviously of great importance to the
farmer to know more about the behaviour of phosphates
in the soil, if this means that he can omit their usec in
some years.

The study of this problem has been limited in the
past by the scientist’s inability to follow the fate of
added phosphorus. The use of the radioactive isotope P32
has opened up new lines of investigation. Not only is
it possible to follow experimentally the fate of added
phosphate in contact with different soils but also, by
feeding radioactive phosphate to soil and following its
absorption by the plant, the relative proportions of the
total phosphate uptake coming from the added material
and from the fixed phosphate in the soil can be deter-
mined.

Another problem of great importance to the farmer
is the crop density which gives him the maximum yield.
If the spacings are too close, the plants interfere with
each other and growth is hindered; if they are too far
apart, land and fertilizer are wasted. Scientists have
been studying root development for many years, but
with limited success. Any experiments involved either
digging up the plants in order to examine the roots or
artificial conditions such as boxes with glass sides through
which a section of the roots of the plant could be
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seen,

A simple selution to this problem is agaln provided
by the use of P°*. A solution of phosphaie containing
P32 is placed in the soil at different distances from the
plant and at different depths below it. As soon as a
root meets this radicactive material, it can be detected
in the growing tips of the plant. By placing the radio-
active material in different positions for successive plants,
it is possible to form a good picture of the root develop-
ment.

The solution of many problems complementary to
those of plant nutrition, namely those connected with
plant protection, can be found in the use of radioactive
tracers.

It is often difficult to follow the movements of
small winged insects and to study their feeding habits.
Where these insects are the vectors carrying disease, it
is of the greatest importance to know how far and in
what way they travel. If they are allowed to feed on a
plant which has been labelled with P32, it is compara-
tively casy to follow without the use of radioactive
tracers, but a few microcuries of & gamma-emittint isotope
attached to the body of a wire-worm will enable its
movements to be traced easily and plans can then be
laid for its destruction.

Radioactive sources, too, have their place in plant
breedirg, although here the early promise has not been



entirely fulfilled. When seeds oy growing buds are ex-
posed to nuclear radiations, mutations occur. Many of
these mutants have been so changed that they will not
survive, but among those that do there may be found
desirable characteristics which can be introduced by
breeding into commercial varieties. Mass irradiation was
tried by the use of a powerful cobalt-60 source in a
field where the various crops could be grown at suitable
distances. However, this method requires eléborate equip-
ment and organization and is apt to produce, when the
seeds are grown on, an embarrassing number of muta-
tions, which present enormous problems to the plant
breeder. It is very rare that a mutant retains the good
qualities of the parent strain with an added desirable
character. Almost always the desirable character is associ-
ated with undesirable variations, and hence a long breed-
ing programme is involved in fixing the new character
in a variety which also has all the good qualities of
the old. Most plant breeders are content to use irradia-
tion at relatively low levels and on a small scale. Seeds
or pollen grains are exposed to a modest source of a few
curies in a rotating container. Such a technique yields

no more mutants than can be easily handled.

New Words and Expressions

undernourished (‘ands “narift) adj. ERXARD
productivity ( prodak‘tiviti) n. Ko



embarrassing (im’beerassip) adj.
acute (@’kjwit) adj.
shortage [(‘fo:tidz) n.

by and large

excess (ik“ses) n.

generous [(‘dzenoarss) adj.
recede [ri‘si:d) wvi.
objective (ob’dgzektiv) n.
insoluble (in’soljubly) adj.
speculate (’spekjuleit) vi,
radioactive adj.

illustrate (’ilastreit) wv.
potential (po‘tenfsl) adj.
phosphate (‘fosfeit] n.
react vi. 7
constituent (koan’stitjusnt) n.
render Vvt.

reverse  vi.

requirement {ri’kwaiomant) n.
phosphorus (‘fasfaras) n.
isotope (‘aissutoup) n.
absorption n.

relative C'relotiv) adj.
proportion n.

total ("toutl) mn.

spacing n.

interfere [(,into’fis) vi.
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hinder vt

section n.

solution (sa’lu:fon) n.

detect

nutrition
tracer n.
vector

(di‘tekty vt.
complementary ( kompli‘'mentori] adj.

n.

(‘vekta) n.

distance n.

burrow (“barsu) vi.

nematode
wire-worm
destruction
breed vi.

radiation ( reidi‘eifon) n.

irradiation
elaborate
equipment

apt adj.

(“nematoud) n.
n.

n.

(i,reidi’eifoan)

(i’leborit) adj.

n.

(i’kwipmsnt) n.

retain (ri’tein) vt.

parent strain

associate

variation (,veori‘eifan] n.

(a’saufieit) vt.

hence adv.

content

Ckon’tent) adj.

pollen (’pslin) n.

rotate [(ro

wteit)  vi.
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container (kon’teina) n. A%

1.

2.

3‘

4.

Notes to the Text

embarrassing surpluses — People in these countries
have so much food that they are even uncertain
what to do with it, while there are shortages in
many other countries. This gives them a feeling
of discomfort.

reached a plateau — Agricultural productivity has
now come to a period characterized by relative
absence of progress.

the process can be reversed — When the farmer
doesn’t add fresh fertilizer, the level of available
phosphate falls, Then the reserve of phosphate in
the soil from past application will become available
to the plant,

radioactive isotope (4t fir3) — Isotope ([R{iL
#) means two or more forms of chemical elements
which have the same properties (pE§E) but have
different numbers of neutrons (F1§) in the nucleus.
microcurie — a very small unit in measuring radioac-
tivity. Curie is named after the discoverers of
radium.

a gamma-emitting isotope — an isotope which gives
off gamma rays, one of the three kinds of rays sent
out by radioactive substances.

mutation (%848, fp) — a sudden (not gradual)
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limit

1.

2.

variation in some inheritable characteristics of an
animal or plant.

mutant (ZEAHk) — an animal or plant with
inheritable characteristics which are different from
those of the parents.

cobalt (4£4) —a hard, steel-grey metallic chemical
element.

cobalt-60 — the radioactive isotope of cobalt.

Word Study

v. — to restrict

We must limit our spending as much as possible.

They decided to limit the discussion to one hour and
a half,

n. — the furthest extent or amount

It is said people going abroad to study are chosen
within the age limit of 35.

There was no limit to the number of students at
our night school.

My best wishes for you and your family have no
time limit.

ady. limited

His experience is very much limited.

The membership of the club, limited to 30 at present,

will increase to 100 next year.
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present

1. v. — to show: to offer; to give as a gift
As soon as they entered the small, dark church, a
sad picture was presented to their sight.
Language study presents no difficulty to little
children.
A group of young girls came up to present them
with flowers.
2, adj. — being in the places cccurring or existing at
this time
How many people were present at yesterday’s meet-
ing? ’
At the present time, very few people would care to
read a novel like this.
3. n, — this times a gift
My parents are at present in Canada.
The camera was given to him as a birthday present.
The studenys exchanged presents at the New Year
party.
check
1. v. — to stops to hold back; to examine
The natural growth of population in China has been
successfully checked in the past few years,
Check your papers before you hand them in to the
teacher.
2. v. — to place something somewhere to be looked
after
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The train will leave in 30 minutes. Have you
checked your baggage?
They checked their coats and hats before they went
into the hall.
3. n. = cheque — an order for claiming money from
a bank
It is not necessary to pay us in cash., You can pay
by check.
My mother sent me a check for 30 dollars.
provide v. — to supply something needed
The trees along the road provide shade in summer.
That small restaurant provides good meals.
They promised to provide these young people wih
work and wages.

The foreign guests were provided with a special
plane.

Sidney Harvey ha; to work hard to provide food
and clothes for his sick wife and children.

The five orphans have been very well provided for
under the care of the People’s Government.

expose V. — to uncovers to make known

We are determined to expose those criminals at the
next meeting.

To make progress, you should expose your mistakes
of the past and correct them.

She is afraid that her secret will be exposed sooner
or later.
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1.

1)
2)

3)

4)

5)

6)

D

8)

9)

It is better to keep the medicine in the dark. It

mustn’t be exposed to the sunlight.
Exercises

Tell which of the following statements is true and
which is false according to the text:

Not more than half the world population is underfed.
Countries with high population densities tend to
have food surpluses.

Raising the standard of farming in these hungry
countries by applying new techniques will solve
their food problems.

Agriculture today has reached a stage in which prod-
uctivity increase is very slow.

It is now possible to make agriculture much more
productive.

Phosphatic fertilizer which is not used up by the
crop and remains in the soil is lost for future
Crops.

Farmers could omit the use of phosphatic fertilizers
in some years if they understood how these fertiliz-
ers behave.

The P32 isotope is used to trace root development
by placing the solution of phosphate in various
parts of the roots.

If insects feed on a plant which contains P32, it

is easy to follow their movements.



