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IN FRaMING the Atomic Energy Act
of 1946, Congress recognized that
continued T. S. leadership in atomic
energy depends upon a broadly con-
ceived and forward looking program of
fundamental research guided by the
initiative and insight of scientists them-
selves. To this end funds have been
available for nearly a decade to qualified
investigators to engage in a broad pro-
gram of fundamental research involving
many fields of science, including agricul-
ture and related areas, To provide tools
for such research AEC’s Division of
Radio-Isotopes was created in Oak Ridge,
Tenn., to supply a great variety of radio-
isotopes and radiation sources at prices
easily within reach of the average inves-
tigator. A variety of radiation detection
instrumentation that will meet practically
any research application using radio iso-
topes has also been commercially de-
veloped. In addition scientists them-
selves have developed to a fine art such
new research tools as radio-autography
and paper chromatography, both of
which are invaluable aids to the art of
radiochemistry.

It should be recognized that use of
radioactive materials in the field of agri-
culture is not a new development—in
fact it dates back some 50 vears. How-
ever, the major accomplishments in
radiobiology and radiochemistry have
been made in this decade. The main
objectives of the Division of Biology and
Medicine of the Atomic Energy Com-
mission have been the protection of hu-
man life and health in connection with
AEC activities and for the extension of
fundamental knowledge of the effects of
radiation on living things of all kinds.
The studies on the mechanisms of radia-
tion injury to plant cells lead inevitably
to fundamental questions of plant nutri-
tion and the science of the inheritance of
plant characteristics, from one genera-
tion to another.

With the impetus thus given to agricul-
tural research an extensive and fruitful
program has resulted. The work ac-
complished can be divided into two
major fields, namely direct use of ioniz-
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Work already accomplished with radioisotopes
points to exciting possibilities for the future
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slowing the mechanism involved in the
biochemical turnover of carbon or per-
haps by blocking certain metabolic sys-
tems to cause an abnormal pathway of
synthesis with carbon. Treated plants
when compared to untreated show a re-
versal of activity in both oxalo succinic
acid and citric acid. This might suggest
that 2,4.D blocks the transformation of
citric and oxalo succinic acid.

The mechanism of action of selective
herbicides such as the phenoxvacetic
acid type, carbamate type, and urea
type might also be explained by postulat-
ing a biochemical difference between
plants which are susceptible or resistant
to such herbicides. Figure 3 shows that
CMU [N(p-chlorophenyl)-N;  N'-di-
methyl urea] translocates very readily in
the bean plant the tagged CMU having
been placed in the nutrient solution for
the radioautograph. Some doubt had
previously existed that this urea com-
pound, which is toxic to both dicotyle-
donous and monocotyledonous plants,
was capable of moving through a plant
system,

Table II lists a more practical use of
tagged 2,4-D in plant work by comparing
the absorption of 2,4-D under various
concentrations of added wetting-agent.
The table shows a marked increase in
absorption efficiency when the 2,4-D
solution contains 0.19; wetting agent,
In the field, this knowledge would result
in savings either by reducing the amount
of 2,4-D or by obtaining sufficient weed
control in one application through addi-
tion of this concentration of wetting agent
to the spray mixture, Other experiments
of a practical nature have demonstrated
that optimum absorption of 2,4-D into a
plant occurs when the spray solution
concentration is approximately 1 part
2,4-D to 1000 parts water. Exceeding
this concentration does not increase ab-
sorption into the plant.

The work reported here only covers
some small proportion of the vast amount

being accomplished with the aid of ioniz-
ing radiation either as such or in minute
quantities for tracer studies. Some
other larger research projects involve
nutritional studies with animals by both
the USDA and the University of Mary-
land where work has shown that the ele-
ment molybdenum is essential to ani-
mals, that the true digestibility of phos-
phorus in alfalfa hay for lambs is 919
against 279, as previously believed, and
that oral administration of cobalt to
animals relieves a vitamin B deficiency
in the most effective manner. Also dis-
covered was the synthesis in the chicken
of the amino acid cystine from inorganic
sulfate. Therefore, cheap inorganic sul-
fate can be considered an important nu-
tritional mineral.

Light on Photosynthesis

At the University of California, under
Melvin Calvin, a rather extensive project
to determine the fundamental processes
involved in photosynthesis has been
under way for several years. At first the
role of water in this process was investi-
gated using the heavier nonradioactive
isotope of oxygen in water for the tracer.
The oxygen evolved during the process of
photosynthesis was enriched in oxygen-18
proving that the plant oxygen is derived
from water rather than carbon dioxide.
This also proved that hydrogen for carbo-
hydrate synthesis arises from the plant
water. The next step was to discover the
specific process that goes on in the chemi-
cal reactions of carbon dioxide after the
hydrogen is transferred into the system.
In this process radioactive carbon (car-
bon-14) has enabled the drawing of a
complete map of carbohydrate produc-
tion. Essentially this process might be
represented by the following equation
CO: + (H) — (CH;O)x. The number
(represented by x) of carbons in the
molecule (CH:O) has been found to be
three in the first product isolated, then
six, a split of the six-carbon sugar to

four and two, combination of a four and
three to form a seven-carbon sugar, and
finally a loss of two carbons from the
seven carbon sugar leaving one five, and
forming another five by combining the
two just split with another three. The
rate of compound formation proceeds
very rapidly, the first predominant ma-
terial, phosphoglyceric acid appearing
in less than 10 seconds.

To reduce one molecule of CO; in the
photosynthetic carbon-reduction cycle
there is required four equivalents of (H)
and three molecules of adenine triphos-
phate. There is postulated the possibil-
ity that this energy requirement may be
met to some extent by plant respiration
which could supply some of the adenine
triphosphate.

Further work under Prof. Calvin has
also implicated thioctic acid in the funda-
mental process of photochemistry which
has led to a new concept of the nature
of the photochemical act as it occurs in
the lamina of the subchloroplast struc-
tural units (grana). The possibility
exists that the absorption of light creates,
within the chlorophyll-containing layer,
conduction electrons, one per quantum,
which are separated from the remaining
“holes” because of the structure of the
lamina. The holes are trapped by dona-
tion of electrons from water molecules,
while the electrons are accepted by the
sulfur atoms of a thioctic acid compound
to produce a dithiol which, in turn, can
pass its hvdrogen on to other carriers,
ultimately to phosphoglyceric acid.

Future Potentialities

In considering the accomplishments
in the field of agriculture made possible
through the use of atomic energy, one can
easily assume that the future holds many
potentialities. The work in radiation
genetics offers the possibility of new
strains of plants resistant to disease
coupled with increased vield. The

TABLE |I.

GREEN PLANTS

DAYS HARVESTED AFTER TREATMENT

RATE OF ABSORPTION AND TRANS-
LOCATION OF CARBON-14-LABELED 2,4-D IN

TABLE II.

1 3
Plants (%) (%)
Bean 40.7 51
Pea 14.8 10.4
Tomato 17.7 28.9
Corn 10.8 10.0
Wheat A 3.1
Qat 3.5

EFFECT OF TWEEN-20 ON THE AD-
SORPTION AND TRANSLOCATION OF RADIO-
ACTIVE 2,4-D IN BEAN PLANTS

Specific

Amountof  Activity of Total Absorption

7 14 Tween-20  Stem Tissve Activity of and

(%) (%) Added (Counts/min./ Stem Tissue Transloca-
(%) mg.) (counts/min.) tion (%)

49.1 53.6

3.5 . None 289 89,460 8.0
51.3 0.1 1,486 445,700 36.4
13.3 0.5 1,307 458,940 37.5

47 1.0 1,591 466,050 38.0

2.0 .. 2.5 2,003 614,450 50.0

Note: Fach group consist of 15 plants: each plant received 50 micrograms radio-

ment,

active 2,4-D, 7.5 X 105 counts/min.;

all plants were harvested 124 hours after treat-
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fundamental studies on element uptake
and mobility in plants offer a means for
development of more effective techniques
of fertilizer application and cultivation.
Fundamental studies on agricultural
chemicals offer not only more effective
use of herbicides, insecticides, and fungi-
cides but the real opportunity of de-
veloping tailor-made materials which are
much more effective than present prod-
ucts,

The future potentialities concerned
with a complete understanding of photo-
synthesis stagger the imagination. Di-
rectly, there is evidence that photo-
synthesis does not proceed through all the
hours of sunlight, the plant apparently
going into a rest phase at times through
the day, and then proceeding again with
its synthesis. If the limiting factors were
understood, there is the possibility of
creating shorter growing periods with re-
sulting vyield efficiencies. The most
interesting possibility of a complete
understanding of photosynthesis would
be the direct use of chlorophyll and solar
radiation for production of specific ma-
terials or as an energy source for a
process.

Industry in general has now accepted
the use of radioisotopes to further re-
search programs. However, the ten-
dency of industrial laboratories to use the
practical or applied approach to a re-
search problem or to the use of atomic
energy is quite prevalent. In the de-
velopment of new agricultural chemicals,
as an example, the approach is usually
one of screening every shelf and ran-
domly synthesized chemical conceivable
with the hope of a lucky find. This
“find”’ is then further varied synthet-
ically in every manner possible, hoping
to increase its efficiency. While such
screening programs have been effective

to some degree, they are in reality only a
“hit or miss” type of program and un-
certain asto results.

In scanning the fundamental research
now being accomplished, particularly in
our universities and colleges, it appears
that considerable essential knowledge of
life processes has now been accumulated,
at least insofar as applicable to the de-
velopment of new agricultural chemicals
is concerned. By this is meant the make-
up and specific function of enzyme sys-
tems in fungi, bacteria, insects, and
plants; the essential element require-
ments of biclogical forms; functioning
of various plant auxins; and in general,
the purpose and function of the many
components of biological systems.

Tailor Made Agricultural Chemicals?

With this storehouse of new knowledge
it is now perhaps conceivable to develop
or tailor-make a chemical for a specific
purpose. To develop an insecticide,
fungicide, or similar material the offend-
ing organism should be carefully investi-
gated and the weakest point in its life
cycle selected for chemical attack. This
point would vary, but for example it
might involve an element on which the
organism is critically dependent, the re-
productive cycle in lower forms, or a
specific metabolic pattern allowing no
change. In any plan chosen the various
steps from determining critical areas in
the living form to the final finished agri-
cultural chemical can be greatly aided
and understood by the use of radioiso-
topes in the form of tagged materials.

Asan example there is now overwhelm-
ing accumulations of evidence that the
element iron is most essential in funda-
mental components making up the meta-
bolic scheme in living organisms. E. J.

Artificial cow used for study of milk formation by use of radicactive isotopes

WE KXEW THAY...
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Ordal of the University of Washington
has observed that the enzyme hydro-
genase, which is involved in the evolu-
tion, as well as the utilization of hydrogen
by microorganisms is an iron-containing
molybdoflavo protein. The fermentation
of hypoxanthine and the decomposition
of formate in anaerobic systems such as
micrococcus lactilyticus are both in-
hibited by relatively low concentrations
of metal complexing agents, and these
inhibitions are relieved by ferrous ions.
It is also found that when cells of E. col:
are grown aerobically under conditions
in which iron is the limiting factor, the
enzyme hydrogenase is absent and iron
is apparently present in cytochromes,
catalase, etc., which function in aerobic
growth.

This work along with that reported in
the literature establishes iron as a very
critical material in biological systems,
which may partially explain the fungi-
static and bacteriostatic action of many
of the common laboratory metal-com-
plexing agents. It is conceivable, then,
that a material specifically synthesized as
an iron-complexing agent, that will enter
the environment of the offending organ-
ism under optimum conditions, might be
an excellent fungistatic or bacteriostatic
agent. This approach, offered purely as
an example, could be aided with radio-
isotopes by adding radioactive iron
(iron-59) to a culture of cells under such
conditions that iron is a limiting factor.

Under these conditions it would be
expected that the radioactive iron would
go primarily into systems where it is
vitally required and functional. The
active components would thereby be
labeled and could be separated and
identified, and a specific metal-complex-
ing agent synthesized to remove them
from the organism or its environment.

Also easily accomplished is the deter-
mination of the metal complexing effi-
ciency of the chemical under test.
Separation of the active components
would be accomplished with a known
metal-complexing agent and this separa-
tion efficiency compared with experi-
mental metal-complexing agents. By
suitable separation of cell extract, cellu-
lar material, and external media the
fractions of radioiron remaining in each
can easily be determined using common
laboratory counting equipment.

Much Information from One Experiment

The foregoing represents mainly a
theoretical possibility but does convey
the multitude of information to be
gathered from the use of a single isotope
in one experiment. Other applications
in agricultural chemical research seem
apparent. The inability of a potentially
able fungicide or bactericide to gain
entry to its intended site of action can
often dismiss the compound as a useful
material. This may be due to a lack of



sufficlent solubility in water to reach
lethal concentrations in the liquid en-
vironment of the microorganism, or the
material may be incompatible with the
organism’s environmental medium and
precipitate or otherwise be rendered in-
effective. If the site of action is within
the cell the material might not be able
to penetrate the cell membrane. Tag-
ging the experimental material would
provide data concerning all the above by
simple separation techniques and count-
ing of fractions wherefrom percentage
incorporations can be calculated. An
analog or homolog of the material could
then be chosen that possessed either a
greater degree of water solubility or
characteristics that will permit a more
intimate association of the material with
the cell.

Defoliant Action Needs Study

In the field of herbicides much already
has been covered concerning the selective
hormone type of materials. It appears
that little if any fundamental work us-
ing radioisotopes has been accomplished
in the field of defoliant-type chemicals.
Such materials are presumed to accel-
erate the formation of an abscission
layer between the leaf and stem of a
plant, causing the leaf to break away
from the plant earlier than it would
naturally. This layer is a formation of
cells, quite brittle in character and may
be formed through the action of a plant
auxin. A number of chemicals including
the xanthates and cyanamides will hasten
formation of this layer either by an action
of their own on the plant or by the stimu-
lation of plant auxins. Either of the
above chernicals could easily be tagged
by using radioactive sulfur or radioactive
calcium, respectively, in their synthesis.
The material might be expected to move
into the leaf and concentrate in the ab-
scission layer causing the formation of
the easily fractured cell layer.

Such movement readily could be as-
certained by sectioning the stem longi-
tudinally and exposing the layer to film.
One might presume that the defoliating
effect was primarily due to the chemical
itself if no evidence of movement into
the stem was observed. If movement
into the stem without localization was
observed, one might presume that the
plant auxins caused the formation of an
abscission layer to prevent the further
entry of toxic material into the plant.
Along with such data one would also
determine in the same experiment much
practical data on absorption under vary-
ing conditions of relative humidity, soil
moisture, and other environmental
factors.

In retrospect, one realizes that a not-
able and extremely useful tool has been
added to the laboratory. The work al-
ready accomplished with radioisotopes
assures an era ahead that is almost
unlimited.
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