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The applications of hi gh-en ergy 
rad iation to agri culture fall in to two 
main categories . III the first of these 
t he radiation is used to cau se changes 
in living material , su ch as in t he pre­
vent io n of sp routi ng in potatoes, the 
k ill in g of pe sts in sto re d grai n, and 
th e produ ct ion of ruuta tions in see ds; 
i ll the second, th e radiation fr om a 
radioacti ve su bsranee is used to trace 
the ruovemcn t o f something, suc h as 
ins ec ts in the gro u nd or fertili zer in 
a pl an t. What follows is a su m mary 
o f th e properties o f hi gh-en ergy ra­
di ations th at are of in teres t in ag r icu l­
tura l applications, and a brief men­
ti on of units an d methods of measure­
1I1cn t. 

Propert.ies of R adi at ions 
The principal h igh-energy radia­

t ions a nd thei r properties are listed in 
th e table. a - partic les are doubly 
cha rged helium nuclei emitted by 
certa in radioactive nuclei. They lose 
ene rgy gr ad ua lly by ionization an d 
exci ta t io n of the a to ms o f th e m at­
te r th rough which they p ass. Particles 

o f a definite initial ene rgy hav e a de­
fin it e range in matter, that is, they 
travel a definite di sta nce before th eir 
energies are completel y dissipated and 
th e stop , Generally a-particles have 
ra nges 111 ti ssu e o f less th an a tenth 
o f a millimete r. 

Prot ons are h yd rogen nuclei. Ene r­
geti c protons do not occ u re naturally, 
bu t t hey can be accelera ted to grea t 
energies in machines such as the cyclo­
tron. T hey Jose energy in the same 
way as a-particles, a nd while th eir 
ranges tend to be so me wh a t g re ater, 
th ey req u ire very gre a t energi es 
(a b ou t 100 Mev) to penetra te as 
mu ch as a few centimeters of tissue . 

I t is ev id en t th at a -p a r ticle s and 
pro tons will not be of much use in 
most agricu l tu ra l a p p lica tio ns simply 
be cause th ey cannot pen etrate beyond 
th e ou ter layers of th e sample. 

Electrons are n egatively charged 
and much less massive than prot ons. 
They ca n be acce le ra ted to high ener­
gies in a number of k inds of machines. 
includin g Van de G raaU generat ors, 

betatrons, and linear acce lera to rs. 
They are also emitted by m any natur­
ally occurring radioactive elements 
and art ific ia lly produced radioactive 
isotopes ; in this caose th ey a re referred 
to as s- pa rt ic les. As well as losin g 
ene rgy by io n iza tion, a fas t electron in 
a clos e collisio n with a nucleus can 
lose a port ion 01 its energy as electro­
magnetic radiation. (In fact, it is by 
this process that conventional x-ra ys 
are produccd.) An el ectron o f a par­
ticu lar ene rgy loses en ergy much less 
quickly th an a proton of th e same en­
ergy, and co nseq uen tly travels farther 
before stopping. The range of a 1­
Mev el ectron in tissue is about 0.4 ern, 
t ha t of a ;\O-?l 1ev electron a bou tiS cm. 
The ranges o f f3-rays mostl y lie be­
tween 0.2 and I cm . 

When a beam of high-energy elect­
rons strikes a solid or liquid mediuiu, 
the absorp tion of energy is greatest 
nea r the surface and falls o ff stead ily 
with in cr easing depth, reach ing zer;) 
at a depth equal to th e range_ How­
ever, by choosing an a p p ro p r ia te 
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e lect ro n energy, and ir rad ia ting the 
material from both sides, it is possible 
lO ac hi eve a reaso na b ly uniform a b­
so rp tion of energy over a considerable 
thi ckness. 

X -rays are hi gh- energy photons of 
c iecr romagnetic radiation, produced 
wh en fast electrons a re slowed d own 
sud de n Iv in matter. Radiations id ent i­
ca l in nature bu r 'em itted by rad io­
active nuclei are called g-rays. R ather 
th an losing energy g rad u a lly in small 
amounts, an x-ray loses all, or a large 
p a rt , of its ener gy to an atomic e lec t­

ron in a sing le chance enc ou n ter. 
Since su ch encounters occu r with a 
rather low probability, an x-ray tra vel s 
on th e av erage through severa l centi­
meters of t issue before being absorbed. 
A beam o f x-rays fall s o ff more or 
less exponentially in matter. In tis su e 
such a beam loses half it s energy in 
th e first 5 to 15 em , half of wh a t is left 
in the next 5 to 15 ern , an d so on. X­
rays can th erefore be used to irradiate 
substantial thicknesses of material, 
and ag a in improved uniformity can 
be achieved by irradiating from more 

tha n one direct ion. 
Neutrons are uncharged particles of 

about the same m ass as protons. T hey 
do not occur fr ee in na ture bu t th ey 
ca n be produced in certain n uclea r 
reactions. They leave energy in mat­
ter through occas io na l colli sions with 
nuclei mil ch as x-rays lose energy to 
elec tro ns . Neu trons are penerating 
but difficult to detect. 

For the irradi ation of material in 
bulk, penetration is usually of prime 
importance, and x-rays or g-rays a rc 
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From the a bo ve lis ting it is evide n t 
that the Pl an Service cov ers a com­
preh ensive ra nge of designs tor farm 
service buildings and associ ated eq ui p ­
ment. In ad d ition each ca talogue 
con tains a section dealing with man­
agement fac to rs tor the parti cul ar 
class of buildings in r ela tio n to fea­
tures of building de sign and selectio n 
01 eq u i pillen t . 

Dist ribution of Plan Service Material 

Some contusion ap pears to exis t 
ill respect to publi c distribution of 
catalogues and plans. This has b een 
due to a statem ent in the Iirst Lour 
ca ta logues pu b lished, th at is, Beef 
Callie, Dairy Cattl e, Sheep a nd Fruit 
and Vegetable Storage that ca ta logues 
ma y be had from Ex pe r ime nta l Farms 
or th e Canad a Department o f Ag r i­
cultu re, Ottawa. This statement has 
been ame nded in th e Swine a nd Poul­
tr y H ou sing ca ta log ues to read "cop­
ies of this catal ogue I1 Iay be had fro m 
Agricultural R epresentatives of P ro­
vin cial Departmen t of Agr iculture". 
The reason for thi s cha nge is th at 
each Provincial Department o f A gri­
cul tu re e ither inse rts a su pp lemen t or 
preferably sta Illps the ca ta log ue with 
a statement on how and where to 

ord er pl an s with in the particular pro­
vince. Any ca ta logues that are to be 
made available to the Publi c through 
Federal Agen cies shou ld be so 
st amped by the Provincial Depart­
men t of Agricul ture. 

R euision of Plan Se rv ice M aterial 

As indicated , a rra ngeme n ts have 
been m ad e fo r th e work of revi sion 
for the eight classes of plan ca ta log ues 
to be su pe rv ised by the on e remain ing 
d raftaing cen tre a t the Ontario Agri ­
cultural Coll ege. It is anti cip ated th at 
rev isions may proceed at the rate o f 
one or two ca ta log ues per year by 
inse rt ion o f add itiona l sheet s in th e 
catal ogues where thi s is practical or a 
rev ision of t he ca ta log ue when nec­
essary. T he drafting cen tre sta ff have, 
in rec en t weeks, met with represen­
tatives of Provincial a nd Fed eral De­
partrnen ts of Agri cu Iture to di scu ss 
various details of the pl an ser vice 
including th e demand for specific 
plans, add itio ns , del eti on s a nd revis­
ions. If th is work goes accord in g to 
plan the mat erial p resently ava il a ble 
sho u ld be broug h t up to da te every 
four to Ii ve yea rs . 

In concl us io n, th e development of 

th e Ca na diau Fa rm Building Piau 
Service has proceeded by four to five 
yea r stages . Early e fforts from 1944­
1949 to esta b lish th e serv ice Iai led to 
secure sufficient su p p ort to launch a 
co-ordintcd program of far m hou sin g 
period from 1951 to 1954·, a r ed irec­
tion of emp hasis on farm service 
buildings on ly wi th m ore complete 
coverage for the proposed plan ser­
vice gaine d widespread su p port due 
to th e improvements in th e proposed 
pl an an d possibl y that the times 
we re more rece p tive to th e id ea. ] n 
a ny event, offic ia l sanct ion and I'i­
u an cial su p port we re forthcom ing. 
In the peri od 1955-58 all e igh t pro­
posed pl an catl ogu es and plan sets 
hav e been prepared . Six of these have 
been published and it is ant icipa ted 
that the two remaining ca ta log ues will 
be ava ilable bv the end of 19!"j R or 
early 1959. ' 

T he ta ct that ava il able pl an service 
material has had reasonably wide­
sp rea d public di st r ibution has, in th e 
opi n ion of many, a m p ly ju stified th e 
est ab lishment of the serv ice and has 
gi ven cons idera b le gratifi cation to the 
Na tion al Com mit tee on Ag r icu ltura l 
Engi neering and a ll those associa ted 
wi t h t lie clcvc io p rneu t. 
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most su i ta b le. In trace r application s 
moderat e penetration and high detec­
tion ef fici ency arc ge nerally d esirable ; 
in th is case radioactive isotopes em it ­
tiug J3-rays a re o fte n used, 

U uits an d M easu re ments 

A beam of x- or g-ra d ia tio n is me a­
sured by its ab il ity to ionize air. The 
pro pert y mea sured is ca lled th e ex­
[iosu re d ose, a nd th e unit is the roen t­
gen . Cru dely spe aking, a rotengen of 
x-r.ulra t io n g ives ris e to one e lectro­
sta t ic unit of ionization in each cu b ic 
cen ti meter of a ir. R otengens are a 
meas ure or th e rad iati on it self, not 
wh at it d ocs in, say, ti ssu e. 

The biol ogical effe cts of radi ation 
a re assumed to be gov erned by , among 
o the r things, th e amount of energy 
ab sorbed per unit mass a t th e p lace of 
interest, i.e., uy the absorb ed dos e. 

One unit of absorbe d dose is the rep 
(ro te llge ll-eq u iva lent-physical ), defin­
ed as the am ount of ene rgy absorbed 
pe r gra lu of tissue ex po sed to one 
rot engen o f x-r adiat ion. Th is co rres ­
ponds accord ing to the most recen t 
values of certain constants, to abou t 
% e rgs/gill. Unfor tu na te ly different 
authors hav e used diflercnt va ria tions 
of th e a bove definition, and values of 

84 and 93 erg/gm a re com mon in li t­
eratu re. This con tusio n has been re­
so lved by ddiniug a new unit, th e 
rad , wh ich is unambig-uou sly eq ual to 
100 erg / gm . 

R ads (a nd reps) ca n be a p p lied to 
electrons and neu trons as well as to 
x- and g-r ays. 

Exposu re d ose in roentgen s is de­
terrn in ed eithe r by a free-a ir cham be r, 
in whi ch the ionization in a well de­
fin ed volume o f ai r is measured . o r 
fr om th e ionizati on in a sma ll a ir ­
filled cavi ty surrou nde d by walls re­
sem bling ai r in compositi on. A bsorb­
ed d ose ca n be det e rmined in a vari et y 
of way s. In p r inciple an a t tractive 
method is to me asu re the ri se in tem­
perature d ue to the ene rgy abso rbe d 
in a sm all, isolated volume of th e 
medium, but in practi ce th e dilficul­
tie s a rc ve ry g rea t. T he ion ization in 
a sma ll gas- fille d cav i ty at th e point 
of in terest ca n be interpreted in terms 
of a bsorbed dose. The exposure dose 
ou ts ide the medium ca n be measured 
and th e absorbed dose at a point 
with in dedu ced Irom the kn own be­
ha viour of th e radi at ion in the ma­
terial. Other method s depend on the 
blackening of film, che m ica l cha nges 
in a vial of sol u t ion, a nd th e change 
in co lo u r o r specia l kinds of g lass. 
These latte r methods depend on pre­
viou s ca li bra tio n against a devi ce cap­

'?,o 

able of ab solute measurement. 

T Le sh ielding o f ra d ia tio n so u rces 
'0 tha t th ey d o not harm th ose using 
th em a lwa ys requ ir es considerati on . 
G-l'ay so urces re q u ire the most shield­
ing, since the ra ys a rc pentrating a nd 
arc euii t tc d con tin uo usly in a ll di re r­
tions, ,B-rays ca n be sto p ped com plete­
ly LJ y a thi ckness of mat erial eq ua l to 
th e ra nge . Acce le rators present Icwcr 
pro blems, sinc e the rad iation is ge ll­
erall y emitted in a direct ed beam , 
a nd the mach ine ca n be turned o ff 
when not in usc. 

Finallv, a few words a bo ut th e 
a mou n ts' of ra d ia tio n invol ved ill typi ­
cal ap p fica t io ns m ay be helpful. l n 
tracer work it is o nly necessa ry to 
ha ve enoug h radiation to d et ect , and 
a few millionths of a roen tgen can he 
detect ed qui te readil y. Ou the othe r 
hand mos t irradiat ion effec ts req u ire 
somewhere bet ween a le w th ousand 
and sever a l m il lion roe n tgens. (Sprou ­
ting in pot a toes is most effectivel y 
prevented b y a n ex pos u re to twenty 
th ousand ro en tgens.) T h e d anger level 
to man Jics between th ese two ex ­
trernes: it is bel ieved that he ca ll be 
exposed to a te n th of a roentgen every 
week of hi s lile without noticeab le 
harm, hut 50() ro entgen s a t o ne ti me 
will k i II hi Ill . In this resp ect men an: 
evidently more sens itive th an pota­
toes . 


