m from that of coal.
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Pr. H_H. Rusdy, the author of the fol-
lowingreport, herepublished in partfor
the first time, has been officially reo-
oonized by the Bwrecau of Chemisiry
of Washington as the greatest living
ouwthority on the indentification of
plonts. DV, Rusby is the Dean of the
Colembia Twniversity College of Phar-
macy and s Federal Phormacognosist
at the Port of New York. He was for
a time the centre of the storm that
raged in the Department of Agricul-
ture two years ago and which nearly
resulied im the overthrow of Chief
Chemist Hovrvey W. Wiley. Dr.
Rusdy’s prompt exposure of the plot
sgpainat Dr. Wiley saved the situation.

By H. H. Rusby, M. D.

P to the time of the
of radium

discovery
anthracite coals rep-
resepted  2bout the highest
known degree of stored en-
Radium is now belisved to em-
360,000 tlmes the enengy
thracite coal,
ie, howaver,

ergEy.
hody of an-
The energy of radium
of a totally different kind
The energy of coal
and other ordinary substances
erted by the atoms of which they are
vamposed; that of radium, by the
geparation of these atoms into smaller
bodie= and the liberation of the energy
of these particles,

As a result of this great difference,
radium "cun perform work only of a
totally different from that
performed by ordinary substances. 1t
s the dream of the plysicist to dis-
caver & metliod by which the energy
of radlum can be exerted without this
digsolution of its atomgs, the effect of
which would be revolutionary In the
mechanical world.

It has been claimed by some French
investigators that they have already
snlved this problem, and that they
have found several ways of applying
radilum in the performance of me-
chianlcal work, but the clalm appears
fmprobable. 8o far as the scientific
world mnow knows, the effecis of
radium are wholly exeried by the
separation of its atoms inte incoon-
reivably minute bodies of three kinds,
which dart off with extreme wvelocity,
penetrating and passing through al-
most all substances and producing
thelr effects as they go.

In October, 1913, 1 arranged
the BHStandard Chemical company of
Pittsburg Pa., to make preliminary
trials on an extensive scale. In view
of the cost of radium and its prepa-
rations, the reader may wonder how
such an experiment could be under-
taken. It requires about 400 tons of
radium ore of standard quality to
yield a gram, about 15% grains, of
radium, which amount could easlly be
carried on & man's thumb nall. The
regular market price is $10,000 a
grain, or $120,000 a gram, equal to
$70,000,000 o pound. This problem
was solved by making use of the fine-
Iy powdered residue vemaining after
all the radium possibje has been ex-
tracted, but leaving some two or three
milligramse to the ton, worth some
3300, yet a by product unless a spe-
ctil use for it could be discovered.

Is ex-

character

with

Big Increase in Production.

That the appHeation of such mate-
rial to the soil is a profitable pro-
cedure for the gardener or farmer
may be understood when it is seen
that such increases in production re-
sulted as 29 per cent in lettuce, 17
per cent in lima beans, 35 per cent In
cucumbers, 356 per cent to 41 per cent
in different varieties of =squash, 80
per cent In Rocky Ford muskmelons,
24 per cent in carrots, 50 per cent in
sweel corn, and 70 per cent in rad-
ishes, and that nearly all vegetables
are wonderfully improved in their
table qualitles, Lawns are benefited
to an equal extent, and the size and
brilllancy of garden and hot house
flowers |8 remarkably increased.

My experiments and observations in-
cluded the winter culture of radishes
in a market gardener's greenhouse,
some scedlings in window boxes in my
own home; field crops covering more
than 160 acres at Northfleld, Ohio.
under the dlrection of W. W. Darling;
an experimental garden at Pittsburg,
and the plnn(utinn of an acre and a
half at Nutley, N. J, of which 1 have
bad lmmediatf_ personal charge
throughout the seasan,

The greenhouse radishes were al-
ready about an inch high when the
radivm was applied. A furrow was
scratched midway between the rows,
which were four inches apart, and the
powder sowed therein at the rate of
16 grains to the square foot, which is
equal to about 60 pounds to the acre.
A square yard was thus treated and
was compared with an exactly similar
square yard upon the s=ame bench,
about 10 feet distant. The rtadium

Tests Show That

‘the Yield of Many

Vegetables Is
Much Increased
by Its Use and
That the Quality
Is Improved.
Flowers and
Lawns Benefited

PLOTIBB
100 LBS.RAE,

ToracrES

Planfofj PortionTof; Natley
- Favyrn.

radishes soon appeared much inferior
to the others, and continued to do so
to the end of the experiment, the tops
being smaller, as though stunted, but
on harvesting and weighing the green
tops and the roots separately, the tops
were found to weigh 17 per cent less
from the radium plot than from the
other, while the Tadishes weighed
about 20 per cent more.

* Huge Economy.

The season of growth had beén very
bad, February being very stormy, with
little sunshine, and that little largely
excluded by snow lying upon the glass
roof. This obzervation is of much Iim-
portance, indicating that it required
less green leaf surface under deficient
sunlight for the plant to manufacture
a larger amouht of food for deposit in
its root. It will later be seen that
various other experiments indicate and
clucidate this principle.

For the grower of winter market
produce under glass, who suffers from
insufficient sunlight and is obliged to
maintain a great amount of leaf-tissus
in order to secure a moderate- produc-
tion of snutriment, the use of such a
stimulating matérial will mean a huge
economy,

Both of my window boxes were
filled from the same plle of soil, sim-
flarly treated in every way except
that in one the .bhove mentioned
amount of radium earth was mixed
through the soil. All operations were
conducted for both boxes at the same
time, Their positions in the window
were exchanged from time to time,
50 as to preserve absolute equality of
conditions., In the boxes I sowed eab-
hages and tomato seed in alternate
rows, The seeds germinated one or
two days earlier in the radium box
and the plants were already well de-
veloped when those in the other box
broke through the ground, The dif-
ference was more marked with the
cabbages than with the tomatoes. The
original lead of the radium plants
continued to increase throughout the
experiment, and after some two
months, when the experiment was
brought to a close, a given number of
plantg in the radium box would have
welghed from six to 10 times as much
as from the other.

In Mr, Flannery's garden I partic-
ularly noted the great gain of tur-
nips and beets under the radium in-
fluence over those without it, Rad-
ishes, which I did not myself see,
were sald to have yielded more than
100 per cent Increase under the ra-
dium treatment. The quality of the
radium grown vegetables was a mat-
ter of special comment by all who
tried them, and this has proved true
of all vegetables ralsed, elsewhere
under this treatment,

Operations at the Northfield farm
were greatly handicapped by the
heavy ralng of March, April, and May,
which delayed planting Tfor more than
a month beyond the proper time, and
which later drowned portions of the
crops in low places, Later severe
drought caused further Injury. Many
of these results are, therefore, not
yet avallable, but the growing  crops,
which I have observed with great
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cars on various occasions, have shown
results in all respects similar to those
recorded at my Nutley plantation,
which I shall now describe,

Successful Experiments.

The powdered radium ore tailings
were applled to the land in the pro-
portion of about 25, &0, 100, and 200
pounds, respectively, to the acre.
This meant, on plots of 5 by 20 feet,

only one, two. four and eight ounces.
amounts inconvenlently smail for
uniform distribution. Therefcre, ta
each such portion eight ounces ofsior.
dinary fertilizer was added and very
thoroughly mixed by* steam wer,
This mixture made of the tailirgs, a
sort of radio-zetive fertilizer, for
which the symbol R A F will here
be used, although the figures stated
will actually represent the amount of
the tailings contained therein,

A field having an area of 2ne and
one-half acres was secured and sur-
rounded by a high fence to prevent
possible interference. Half of the
ground formed a gentle slope to the
east, the remainder occupylng the
level above, The ground was a light,
cecomposed sgand-shale and was mod-
erately stony. Through this plot,
from east to west, was laid a road
six feet in width. On one szlde the
strip was 114 feet wide, on the other
78 feat. The whole was divided into
34 sets, each set consisting of five
plots:

One plot, AA, was trealed with R
A F at the rate of 200 pounds to
the acre; . another, BB, with 100
pounds, a third, CC, with 50 pounds;
DD, with 25 pounds, and X, with
none, Each set of plots was 19 fect
wide, and the plots composing the
sets were, respectively, five, thirteen,
nine or 20 feet by 19 feet, according
to the nature of the crop. XEach plot
was separated from those on ifs four
sides by paths three feet wide, ex-
vept for the central road, which was
elx feet wide, As will be seen frem
what follows, thls three feet was too
narrow a separation to prevent the
rays of the radium from reaching

and without(lafl) R.A.

every plot on the tract and modifying
ts vield.

Each plot of a series -ecelved ex-
actly the same amount of the same
kind of fertilizer applied at the same
time and in the same way, Every

operation of seeding, hoeing, cultl-

_ Vating, etc., was performed across all

five plots at once. Thus, if rain or
other g¢ondition caused Interruption,
no plot would have any advantage
or disadvantage as to time over
any other, In ehort, absoluiely no
differences existed in the conditions
affecting the growth of plants in the
five plotg of a series, except as to
the amount of R A ¥ that was ap-
plied.

In all but one case, the R A F was
sowed equally over the surface and
then dug in. In this one case part
of it was put in the rows In order that
a4 comparison of results might be ob-
tained. When some of the early crops
wgre harvested, the ground was again
dug, and other crops planted. More
fertllizer was then applied, but in no
cdse was any more R A F added. The
R A F in the soil was, however, much
more thoroughly distributed Ly this
second digging.

Effect on Turnips.

That tie three foot path was not
sufficient to prevent the emanations
from crossing and affecting the ad-
jaining plets is Tully proved by the
observations which follow. A § by 19
foot plot of turnips, not treated with
radium, Iying just north of one treat-
ed with 25 pounds R A F to the acre
and having the rows running north
and south, shows the plants at the
southern end of each row, and, there-
fore, separated by only the three foot
path from the 25 pound plot, twice as
large and strong as those at the north-
ern ends. The graduation in size from
the large to the small plants, in all 10

rows,

produced mechanically. There

is wlmost as regular as though
is an

exactly similar difference among the

turnips in the 25 pound plot,

those at

the southern ends of the rows, sepa-
rated by three feet from the 50 pound

plot,

being twice as large as those at

the northern end, with the same regu-

lar gradation.

Between the 50 pound

and the 100 pound plots there is little

difference, showing that

G0 pounds

produces phout the maximum effect on

turnips,

Conclusive Results.
Between the 100 and the
plots, however, there
reversed relation.

200 pound
Is a sintilar
The turnips In the

but

200 pound'plot are stunted by an ex-

cesfs of radium,
that occupied the
early spring. Now,
100 pound plot,

same plot
the piants

just as was the spinach
in the
in tho
lving across the path

from tha 200 pound plot, are similarly

stupted, while thelr size
regularly from that side to the
side, where they are

us in the adjoining fifty

Increases
north
as large and fine

pound plot

In the series of plots next to the west,

the celery plants

show exiactly

the

gume series of differences as do the

turnips,
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Some Important Experiments.

The results of
turnips
perhaps
any other secured.
planted,

duce
rot

experiments
are of greater
of grealer [importance
one the
& a long slender
and the

other the white

interést

with
and
than

Two varieties were
cowhorn, which -pro-
root like a

Cill -
elobe,
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producing a ghort rounded root, half
or more of it borne above the surfage
of the ground. These varieties wers
selected In order to ascertaln wl:nlhﬁ'
the longer variety would show if
greater effect from the action of tp'g:
radium, as I had previously fouhd
true of long radishes as compargsl
with small round ones, in which  cas} -
the latter showed only 2 or 3 per
cent increase over the control plei,
while the former showed 70 per cefil
in merchantable radishes and 40 &t
cent In total. !

In the case of the globe turnips |
collected 11 pounds from the uanu-t-i_
plot and 15 from the BR plot, a gal |
for the latter of about 36 per cent.
the case of the long turnips, 1 har}
vested 14 pounds from the contrel-
plot and 32 from BH, a gain of abou,
129 per cent. These two Instances g)
far toward Indicating that the largs!
the amount of root burled in the so,l
and thus exposed to the action qf tl}
emanations, the greater will be th)
gain in that crop. This result agree )
with theoretical considerations. o .
hns been established that the enti) .
plant, and wmmore especially the rm_d‘;
becomes radio-active and that thi¥
activity resides In the ‘containg]
water, which would naturally impal(d
that one with_y
larger root surface buried in the sob)
wheré it can absorb the radio-activp
water, this water continuously stimg:
lating all the cells with which it Is i‘;.
contact. 1

Other Interesting Data.

There are other interesting consige
erations in this case. The season gY
turnip growth, from late August [
middle October, was this year marke)
by an almost total absence of rain, 8)
that the crop was practically fallurfe!
At the time of collection, October 1k
the follage on the control plots wq;‘
completely dead and dry. The BE pict
of cowhorn turnips was almost as bDs,
while the other three, especlally )
AA plot, were successively less dan’-
aged, having more or less green foll e
and being =Btill In a growing st
Therefore, had the time been extend
the percentage of galn over X wo
have been still greater than that muw
recorded. On the other hand, the rig-
ditions and the resullis are now -
normal, and we probably gould pét
expect such large differences unfigr
ordinary conditions, = ? E

Some little light "has been lhrrL{in
upon the effects of radium upon plkit
digseases. The early part of the Hei-
son was very wel, and the tendepsiy
to blight in cucumbers, squashes aiid
muskmelons, to smut in sweet -"d‘l‘,ll.
and to fruit rot in eggplants and 13-
matoers was rather marked.  The da)a-
age In the radlum-treated plots W)s
not the same In the different eor
Cucumbers and squashes appearead
suffer most where there was uupl
radium, the melons where there Was
none. Early corn (Golden Bantgm)
suffered anbout twlee as much f
smut where there was most radiung as
where there was none, while late Gn.
(Country Gentleman) showed = [fijla
difference in the different plots :

Tomatoes and eggplants sufféensd
yery lttle from rot on the heavgy
treated plots, but severely where th{re=~
was little or no radium. In the case of
egegplants the ratio of damage on The
different plots ran almost exactly €he
same, but inversely, with the amount
of radium applled. -

In conclusion, it may be stated €1 nl
the yield of mest crops can be !
the addition of sp c.
amount of R A F, the amount diffg:r-
ing with different crops. The benedi-
cia] effects continue over  succesylve
crops, probably for many years. ‘The
largest amount required by any €gbp
would cost less than the increaied
market value of such erop uf the f_-l‘nt
Year.

The moxt satisfactory rumltu nmk
in greenhouwses, in winter crops rad
in the south, In the kitchen and flg
gardens, and on the lawn. The q’ual-
ity of wvegetables is improved -even
more than the yield. Thé gain wiil
be largely increased where lgigal}:cm
is possible.

Radium {8 not a.‘phanl food, ?gma
recessity for fertilizer is but Httle -
creased by 1its use, The fertiiityof
unused ground will spantaneously F:F
creuse at a much greater rate win
trcated by radiom, ‘




