
TECHN~QUE AND lNTERPRETATlON 1N TREE S E E D  RADIOGRAPHY 

The study of internal seed structure by radio- 
graphy requires techniques which will git7e good 
definition. To establish the best proceciiures, we 
conducted a series of experiments nn wilicf~ k c  
manipulated the principal cox~trollable variables 
affecting the quality of X-radiographs: namely, 
focus-to-film distance, film speed i grain ), expostarc 
time, kilovoltage, and milliamperage. The results 
presented here will eliminate the need for repeti- 
tion by others interested in moving directly to re- 
search applications of X-radiography, ,"\r.few exarn- 
ples will illustrate t h ~  interpretation of detail and 
perhaps suggest how radiograplxs can contribute 
to an understanding of the biology of seed forma- 
tion. 

The physics of X-rays and fundamental princi- 
ples of radiography are  clearly described in illu- 
strated publications by Eastman Kodak ( 1957, 
1959, 1960) and General Electric 1 11957, 1963 1. 

Pictures obtained by this diagnostic method are, 
strictly speaking, radiographs and not "X-ray 
photographs", because light is not the type of 
radiant energy involved except in certain special 
methods. 

This exposure to radiation is for diagnostic pur- 
poses only. It will usually be applied at a very low 
dosage level, with so-called "soft" X-rays, rather 
than the "hard" X-rays used for inducing changes 
in somatic or reproductive cells. The X-ray ma- 
chine used should be designed for radiography and 
for operation at low kilovoltages. 

Studies of radiation sensitivity of tree seeds, 
especially of pines, have given some indication of 
minimum dosage levels of X-rays which will affect 
germinability or induce somatic changes in the 
plant. These studies have included investigation 
of certain seed properties and conditions influenc- 
ing radiosensitivity ( Baldwin 1936; Simak and Gus- 
tafsson 1953; Gustafsson and Simak 1958; Suszka 
et at. 1960; Simak et al. 1961; Ohba and Simak 
1961; Ohba 1961; Snyder et al. 1961; Yim 1963). 
Results obtained with various conditions of mois- 
ture content, seed ripeness, post-treatment storage 
time, and other factors indicate that in pines the 
100 to 600r range is the lowest at  which any de- 
pressing effect on germination rate or time can 
be observed. On the basis of present knowledge, 
the 1 to 3r dosage required for most coniferous 
seed radiography appears to present a very low 
risk of tissue damage or  induced mutations. 

lProf  essor of Forest Genetics and Acting C h a i ~ m a n ,  
Department of Forestry, Ohio Agricultural Research 
and Development Center, Wooster,  Ohio. 

Irarious ; i ~ p i ~ c t i  of  the appl~cstion of X-ray an 
aiysis to trt3e sef i i  li.stiii): have been discussed ir 
the i i te i 'aturc ' i 'ht \  technique is useful for evaluat 
ing seed rnaiiif.ily and quallty, insect infestation 
and mfci ianlcal  iiain;igc. i n  certain species the 
technicjiic has bccn rc.fineti for viability testing bJ 
tile use of orgaiiii. and incirganic s~ed-irnpregnati~~ 
contrast agdlrtls 'I'l-tcse al~pliuations have been dis 
crasscd by varxolas avorkcrs, ~rxcliading Muller-Olser 
and Slnmak 195-4: Slrrlak 4 955, 1957; Muller-Olser 
ct u i .  1956; C;~zstafsson ancl Sirnak 1956; Rohmedel 
1957: ISagncr ancl Sirnak 1958: Nekrasov and Smir 
nova 1961; Savflmiinatirian arid Kamra 1961; Simak 
aaici Kamra 1963; I.i;inzra 9963a, 1963b, 1964a 
1964b; Piaraser~ and Muelder 1963. Results of 2 
study by Klaehn and Jz'heeller ( 1961 1 indicatec 
that exar~~ination of rexrrrlants of the embryo anc 
the csllayscct fexxlale g a n ~ c t o p h ~ t e  in so-callec 
"enrpty" sccd may prc~vicie inforrnation on thc 
degree of lncornpatihi tity In species crosses anc 
selfings. 

X-ray units designed specif icaXly for seed radio 
graphy, in particular for checking stored grain 
for insect Infestation, were formerly available 
but their production laas been discontinued. The 
two principal typcs of xnachines now available f o ~  
radiography are the medical and industrial units 
Medical types are mainly designed for very rapid 
exposures with high c~ t r ren t  and are generally not 
as sultable for tree seed radiography as are some 
of the industrial units. 

The type used in these studies was a General 
Electric LC-90 Industrial X-Ray Unit with a CSI-25 
tube. This unit has a range of 0-40 kvp, 1-5 ma, 
has a nominal focal spot size of 2 mm. and 0.030 
beryllium filtration. We have enclosed it in a lead 
housing large enough to permit a maximum focus- 
film distance of 28 inches. 

Table 1 lists the characteristics of some X-ray 
films suitable for tree seed radiography. It is not 
intended to be a complete list of all brands or 
types available. Data are from publications of East- 
man Kodak Company and Picker X-Ray Corpop 
ation. Medium and coarser grain fast films are 
also available, but these types are less suitable for 
seed radiography. 

Experimental Procedure and Rest~lts 
Experiments with radiographic technique i". 

eluded the following variables: 



7 d b l e  I ,--Gral n ,  contrast, and s p e e d  of some x-ray f i l m s  ------- 
s~r i  t ab l e  for seed r ad iog raphy  ----- 

GROUP 

FAIRLY HIGH 

SLOW (20) KODAK R 
ANSCO SUPERAY HD 

SLOW (40) KODAK M 
ANSCO SUPERAY B 
DUPOMT 510 
ILFORD F 

MEDIUM (150) KODAK A A  
ANSCO SUPERAY A 
DUPONT 506 
ILFORO B AND C 

JJ NUMBERS ARE F O R  K O D A K  FILMS, A S  RATED B Y  EASTMAM KODAK FOR 

ALUMINUM AN6 O W E R  LIGHT A L L O Y S ,  N O  SCREENS, $0 K V .  

Type of film ( 5 types, groups 11, 111, TV 
Kilovoltage ( 10, 12%, 15, 17%, 20, 25, 30 ) 
Milliamperage ( 1, 3, 5 ) 
Focus-film distance 5M", 9", 12?hf', 19", 28") 
Time ( 15 to 360 seconds ) 

It was not necessary to isaclude every possible 
combination of factors. ~t soon became evident, for 
instance, that the higher range of kilovoltage could 
only be used at  the longest distance, with an ex- 
posure of very short duration. The number of 
Practical treatment combinations for any particular 
type of film is therefore rather limited. 

Under constant conditions of kilovoltage, mil- 
liamperage, and target-film distance, image inten- 
sfty varies in direct linear proportion to exposure 
time. This relationship can be measured by record- 
lng dosage in roentgens per unit of time. Figures 
1 and 2 illustrate results obtained at 3 ma uslng 
distances of 19.5 and 28 inches, and kilovolt peaks 
of 15, 17.5. and 20. Repetitive readings were taken 
W!th a Victoreen Model 570 Condenser Ft-Meter 
with an interchangeable ionization chamber. 

Radiation intensity varies inversely with the 
Square of the focus-film distance, if other factors 
are constant. Actual dosage curves obtained with 

P" - 
TARGET - FILM DISTANCE; 19.5 I N C H E S  

EXPOSURE TIME,  SECONDS 

FIGURE I. - The relationship of radiation intensity a t  
the film plane to exposure time and kvp, a t  3 ma 
and 19.5 inches target-film distance (GE CSI-25 
tube, 2 mm. focal spot, 0.030 beryllium filtration). 



-------------- 

EXPOSURE T I M E .  60  SECONDS 

EXPOSURE TIME, S E C O N D S  

FIGURE 2. - The relationship of radiation intensity a t  
the film plane to  exposure time and kvp, a t  :3 ma and 
28 inches target-film distance (GE CSI-25 tube. 
2 mm. focal spot, 0.030 beryllium filtr.ation), 

the meter are shown in figures 3 and 4, for com- 
binations of 3 and 5 ma with 15, 17.5 and 20 kvp 
for a 60-second exposure. 

Theoretically, the milliamperage required for 
a given exposure is inversely proportional to the 
exposure time. This means that the product of 
milliamperage and time always remains constant 
for a given radiographic result, if no other factors 
are changed ( Eastman Kodak Co. 1960 1. Under 
this rule an increase in milliamperage should in- 
crease exposure, other factors being equal. The 
rule holds true at the high kilovoltages normally 
used in industrial and medical radiography. How- 
ever, when the kilovoltage is less than 22 or 23, 
there is a reversal, at least with the General Elec- 
tric LC-90, CSI-25 unit. A greater intensity of 
radiation is obtained at  15 or 20 kvp with 3 ma 
than with 5 ma. This relationship can be seen in 
figures 3 and 4. Dosages are higher in each curve 
at any distance at 3 ma than at 5 ma, although as 
the kilovoltage increases, the difference decreases. 

There is noticeably less contrast in images 
made at 20 kvp than in those made at 15 kvp. High 
contrast seems to give the best definition for seed 
radiography, and for this reason and in order to 
minimize dosage, 15 kvp appears to be about the 
optimum level, at around 3 ma. Also for reasons 
of definition and dosage level, we consider our 
maximum obtainable distance of 28 inches to be 
most satisfactory for coniferous seed. 

We have, therefore, selected 15 kvp, 3 ma, and 
28 inches as constants for most of our pine seed 
radiography. The level of the other variable, time, 

T A R G E T - F I L M  D I S T A N C E ,  iNGHES 

FIG'I~RF 3. - The relationship o f  radiation intensity at 
tine film plane to target frIm ciistance and kvp, at 
:3 rna with a (XI-wcoritf exposure (GE CSI-25 tube, 
2 mnl. focal spot,  O.O::0 i ~ ~ r y i i i u r n  filtration). 

EXPOSURE T1ME: S O  S E C O N D S  

TARGET- FILM D I S T A N C E ,  INCHES 

FIGIJRE 4. -- The retat,ionship of r.acliation intensity at 
the film plane to target-film distance and kvp, a t5  
ma with a 60-second exposure ( G E  CSI-25 tube, 
2 mm. focal spot, 0,030 beryllium filtration).  

is determined by the type of film used. Optimum 
exposure times for films tested under these cop 
d i t i~ns  are presented in figure 5. These values are 
based on inspection of several hundred radiographs 
by 2 observers at  2% magnifications. 

Very little gain in definition of detail is obtain 
ed by using a "very fine" or "ultrafine" grain film 



INNER SCALE : T I  M E ,  SECONDS 

OUTER S C A L E +  D O S A G E ,  R O E N T G E N S  

FIGURE 5. - Optimunr exposure titmcs for  high defini- 
tion in white p inc  secci ratiir,gr.apk~s, gvith dosage 
levels, using various fiirns at 15 kvp,  3 rna and 28 
inches focus-film distance ( G E  CSI-25 I~lbc, 2 mm. 
focal spot, 0.030 beryllium filtration). 

in place of a "fine" grain film f table 1 1. Sharpness 
of image detail is less dependent on film grain than 
it is upon the distance between subject and film 
plane. If the seeds are placed directly on top of 
the shielded film, nothing can be done to reduce 
this distance. With large seeds, the undesirable 
effect of greater subject-to-film distance is offset 
by the large size of the sced image. Film grain is 
a relatively unimportant consideration under these 
conditions. Radiographs of very small seeds, on 
the other hand, may require inspection at 5 to 10 
or more magnifications. In this case there may be 
an advantage in the use of the finer grain films, 
with longer exposure time and higher radiation 
dosage. Of course, if the seed is not to be carried 
through germination, dosage level is of no im- 
portance, 

Examples of Interpretation 
of Seed Radiopphs 

Figure 6A is typical of detail obtainable in ra- 
diographs of white pine seeds under conditions 
Just described. This is seed from an intraspeclflc 
cross. All filled seeds are normal and fully devel- 
oped. 

3n o u r  crossdrag program, sound seed from sell- 
ing of P L ~ U S  S ~ T O ~ ~ ; U S  look just the same as the 
secii i n  fngure 6A. The enlire sced lot, of course, 
has a ur~laul~ higher proportion of empty seed than 
would bc obtalvled f rom outcrossing, but defective 
ox. poorly developed seeds have seldon~ been found 
after selfing white pine. The filled seeds have the 
same h ~ g h  germination capacity as cross-pollinated 
seecis, they germinak pramptfy, and exhibit slight 
inbreeding dcpressson in the seedling stage. Ap- 
parently the irlcorripatiblZity reaction is lethal a t  
a n  early stage. These results could be quite differ- 
ent from those obtained in other breeding pro- 
grams and could be expected to vary with the 
species or species group and the degree of in- 
breeding already present in the selfed tree. 

The quality of whrte pine hybrid seed, as 
judged from radiographs, has frequently been bet- 
ter than the quality of seed from crosses within 
the species Pinus strobus. As in P. strobus selfs, 
in hybrids we commonly find an "all or none" 
response: well-developed seed, o r  empty seed. Fig- 
ure 6B is an example. This is filled seed of a cross 
of P ,  strobus x monticola. All embryos are well- 
developed, although one seed has an imperfect 
endosperm. Germinative capacity was very high 
in this case, although in some hybrid seed lots 
germinative capacity is low in seed that looks 
nasrnal and well-developed. 

Figure 6C illustrates an unusual condition in 
an intraspecific Pinus strobus cross. The embryos 
were developing normally, but in most seeds the  
endosperm degenerated. In other seed lots from 
the same mother tree but different fathers, this 
condition did not exist. However most of these 
other seed lots did have some seed with incom- 
pletely developed endosperm. One cross with this 
mother tree produced very small seed. 

Seed from trees growing in a severe climate, as  
found at high altitude near timberline or at  ex- 
treme northern limits of the species range, may 
be immature at the end of the growing season. The 
seed of Pinus aristata shown in figure 6D is a n  
illustration. Not a single embryo is fully devel- 
oped, and nearly all seeds have multiple embryos. 
Yet the seeds germinated rapidly and had a high 
degree of germinability after 90 days of stratifica- 
tion. Evidently embryo development continued 
during stratification. Simak and Gustaffson ( 1959 ) 
reported similar results from stratification of im- 
mature seed of Pinus sylvestris. 

As a last example, we can compare two 10-year- 
old seed samples of Pinus lambertiana from two 
different trees, each of a different provenance. The 
seed in figure 6E was collected from a tree at an  
elevation of 6,000 feet in Eldorado County, Calif., 
and the seed in figure 6F from a tree at  an un- 
known elevation in the Sequoia National Forest. 





The seeds in figurt' 6F '4Cbi.i* b i g i l l f i ~ : r n t l \  ilp;ivier 
than the seeds in f i g [ ~ r ~  ~ i ~ ~ ! l t ~ ~ l < k l  t h ~  ra(jl{j- 
graph shows that  l ' l laii~ i f f  tilclli a rc  jioi?rnii,i.);onK 
Some have grayish rii i ibi '~ t i i  ilicit sre probahJly 

The radlogr;ii~!~i i i i ~ ~ f * ~ !  that it ml,pht i jc 
advisable to  X-ray sct{i 5;i:liljii.i f i i i i l :  inouiltalnous 
regions before incliidlil:: t i ie i i l  111 provenance t f$c t s  
Comparisons of h'ccls jii'Oa ii fi-onr 1% o .;iicii dissimi.. 
lar seed lots may  be )u:ltii'!ibti, h u t  at li:asl 1$ uould 
be desirable to  knr'it " iat  surli ;In ir:tcrnni ccjfi- 
dition exists. 
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FIGURE 6. - ExampIes of  pine serii radiographs. A, 

f'. s f ~ h l l ~  x si~,,[tlrs j l s i : i ,  687 ?i 12E;1); f'. 
S ~ ~ O ~ U S  x W L O ~ ~ ~ ~ C O [ ~ ~  ( I jzj;, 1278 8 (625) ; 6 ,  F'. str'ob- 
zc,S x sfrohrls ( l Z Q 9 ,  (;R;r x 1281) ; 11, 1'. ar.l~tatc6 
(1550, Fioosic1. f"ass, colc t . )  ; EF:, f'. lrrmhertinnu 
(1455, Eldoradtr Co,, Cali f , ) ;  F, P. l ~ m h c r ~ i ~ ~ ~ l ~ ~  
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