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This study is part of the cooperative effort b^ihe-'-ftával Medical 

Research Section, Joint T î U. S. Department of 

Agriculture to investigatçp^biological efects of atomic bomb ionizing 

radiation. A large variety of biological material including animals, 

seeds, grain insects, bacteria, fungi, etc., were distributed on twenty- 

two target ships prior to the detonation of the Test ABLE bomb July 1st 

19^6. For additional information regarding the biological aspects of 

this test, the reader is referred to papers by Draeger and Warren (3) 

and Randolph, et al (4). 

Barley seeds were selected as one of the test objects because of 

their excellent fitness for determining the effects of irradiation on 

mutation frequency. Young and old seeds were included in order to study 

the effect of age on sensitivity to irradiation. Seeds of Durum (tetra- 

ploid), common wheat (hexaploid), and common oats (hexaploid) were 

included in the tests in order to have results from polyploid plants for 

comparison with information obtained from the non-polyploid barley. 

Experimental Design \ 

V T— 

2.1 (_Samples of 2 varieties of barley, 1-year-old seeds of Trebi, and 19- 

year-old seeds of Moister, were exposed to radiations from the first 

(aerial) atcmic bomb's explosion at Bikini, July 1, 1946. Samples of the 

seeds were kept as untreated controls and, in addition, some seeds (of 

Trebi, but not of Moister) were exposed to 3 dosages of X-rays (4,000r, 

8,000r, and l6,000r). Seeds of one variety of durum (Carieton) »nd one 

variety of common wheat (Pilot) were handled in the same manner as the 

seeds of Trebi barley. That is, some seeds were kept as a control; others 

were exposed to the bomb radiations; and some were X-rayed (4,000 r, 8,0C0r, 

and l6,000r). Limited observations were also made on the effects of the 
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bomb's radiations on one variety of oats (Vicland).l 

When the bomb-irradiated seeds (from several points or "stations" 

varying in distance from the point of explosion of the bomb) were returned 

to the United States, they were tested for germination in comparison with 

the control and X-rayed lots. It was observed that the seeds receiving the 

heaviest irradiation from either the bonib or X-rays were reduced only 

slightly in germination; therefore, only the more heavily irradiated seeds 

(bomb and X-rays) were continued through subsequent comparisons. Seeds 

given 8,000 r and 16,000 r units of X-rays were planted at Sacaton, but 

on the basis of preliminary observations, only plants from the l6,000r 

treatment were haivested^j 

V/ [The seeds (eontroli, hortb-irradiated, and X-rayed) were planted in 

early December at Sacaton, Arizona, where macroscopic and microscopic 

observations were made in the spring of 194? on the plants grown from 

them. When mature, 4 widely separated spikes from each plant were har¬ 

vested and shipped to the State College of Washington, where tests on 

mutation frequency were runT^ 

The mutation frequencies were determined in the usual manner, Stadler 

(7), by planting approximately 30 seeds of each of the 4 spikes from a 

plant in separate progeny rows. If a clear-cut seedling mutant character 

appeared in 1 Or 2 (rarely 2, and practically never in 3) of the head rows, 

it was counted as a mutant. If the character segregated in all of the 4 

rows, the mutation was considered to be of spontaneous origin, prior to 

the start of the experiment, and was not counted as an Induced mutation. 

Since, almost without exception, 4 spikes per plant were tested, the 

mutation frequencies can be expressed on a "per plant" basis by dividing 

the frequencies by 4. However, the 4 spikes tested would of course not 

reveal all the mutated sectors in a plant. So the total seeding mutation 

—I 

frequencies would be higher than those reported*^ 
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lA Jîome effort was made to find mature-plant mutants in X2 populations; 

and a number were found in the barley and durum, but not in common wheat. 

However, the observations were on a rather limited scale, and no attempt 

was made to dtermine the frequency of mutation for mature-plant characters. 

It did seem apparent that the frequency of mature-plant mutants was 

considerably lower than the frequency of seeding mutants, Stadler (îjT 

y [cytological observations were made on microspermogenesis using the 

aceto-carmine smear technic, Smith (6). Observations were limited to on» 

specimen (spike) per plant 

Results 

Effects on Barley from Bomb fie X-Radiations 

A. Germination and Seedling Growth. 

Comparisons of the germination of control, boot-irradiated and X- 

rayed seeds showed little effect of the radiations on germination, even 

of the most heavily exposed seeds. lower, it was noted that the mottling 

or "flecking" in the chlorophyll of the first seedling leaves was as heavy 

in the most severely bomb-irradiated as in the most heavily X-rayed 

material (l6,000r). Moreover, it was observed that the mottling seemed 

more uniform among seedlings from the bomb-irradiated than from the 

X-rayed seeds. 

B. Macroscopic Observations on Plants Grown from Irradiated Seeds. 

Plants grown from control, bomb-irradiated, and X-rayed seeds were 

gone over carefully about a week before the heading stage in search of 

evidence that the radiations from the 2 sources had produced similar or 

dissimilar effects. During this search 3 plants from bomb-irradiated seeds 

were found with distinct, and 1 with a faint chimera. Only 1 distinct 

chimera was found in plants from X-rayed seeds, and none was found in t.h» 

controls. The numbers of plants examined examined were approximately 2,500, 
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800, and 9OO respectively. 

C. Cytological Observations on Plants Grown from Irradiated Seeds. 

Cytological observations were limited because the comparison of 

frequencies of chromosomal aberrations from the 2 sources of radiation 

was being carried out with more favorable material -- Zea nwys, Anderson 

(l), Anderson et al (2), and Randolph et al (4). However, it seemed 

desirable to make such a comparison on a small scale with barley and 

wheat. The results of these observations are presented in Table 1, 

from which it is evident that the frequency of interchanges resulting 

from the bomb-irradiation was probably at least as high as the frequency 

resulting from the l6,000r of X-rays. Some of the different kinds of 

interchanges observed are illustrated in Figure 1. 

D. Comparison of Mutation Frequencies in Xp. 

Data on frequencies of mutation are presented in Table 2. In Trebi 

the bomb-irradiated material had a 15-fold increase in mutation frequency 

over the frequency in the control, as compared with a 10-fold increase 

in the X-rayed material. The difference would probably have been greater 

if the number of seedlings per spike (I9.3) tested from the bomb-irradiated 

had equalled the number of (25.6) from the X-rayed lots. This difference 

in populatior size per spike is considered to have resulted from soil 

variability rather than to a greater reduction in vigor of plants grown 

from seeds given the bomb as compared with X-ray treatment. It so happened 

that part of the bomb-irradiated material was planted on a distinctly 

poor spot" in the field. This "poor spot" was an eroded area near an 

irrigation ditch and a row of large trees. There was no distinct difference 

in the average number of seedlings in progenies of spikes with mutants as 

compared with progenies of spikes without.mutants, The spontaneous 

frequency of mutations in the 19-year-old seeds of Moister barley 
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(0.3 - O.lpyó) was quite comparable with the frequency in the 1-year-old 

seeds of Trebi (0.4 - 0.13;«). These values are based on (fairly) large 

numbers of head progenies, making the determinations reasonably accurate 

and reliable. 

As with Trebi, the bomb radiation produced in Moister a 15-fold 

increase in mutation frequency. Again the number of seedlings per spike 

was lower from the bomb-irradiated than from the untreated lot. In this 

case, however, there was no distinct difference in the soil in which 

the plants were growing. Thus, it seemed likely that the bomb-radiation 

reduced the number of progeny per spike in the treated lot. 

Effects on Durum and Common Wheat from Bomb and X-Radiations. 

A. Germination and Seedling Growth. 

As noted earlier with barley, the irradiation seemed fo have little 

effect on germination and seedling growth of the wheats. The wheat 

\ 

seedlings also were similar to those of barley in uhe presence and 

distribution of "flecks". 

B. Macroscopic Observations on Plants Grown from Irradiated Seeds. 

A surprisingly high frequency of chimers was observed among the 

plants from irradiated seeds of durum wheat, but none was found in the 

common wheat from either control or irradiated seeds. There were 11 plants 

from the bomb-irradiated seeds of durum that had distinct chimeras of 

"off color" tissue. There were 3 plants with such chimeras in the X-rayed 

material. None was observen in the control populations. The numbers of 

plants examined were approximately 1,200, 400, and 200, respectively. 

From the bomb-irradiated, X-rayed, and control common wheat, there were 

about 1,300, 400, and 200 plants, respectively. 

C. Cytological Observations on Plants Grown from Irradiated Seeds. 

Lack of time and other factors made it impossible and undesirable 

to examine more tjian a sma]j sample of plants for interchanges and 
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other chromosomal aberrations. The results Of these cytological observations, 

which were limited to specimens taken from durum, are included in Table 1. 

Prom the data it is apparent that there was a high frequency of inter¬ 

changes and chromosomal loss resulting from the irradiation — regardless 

of source. It is obvious, even from this limited number of observations, 

that the rate of interchange was considerably higher in the tetraploid 

wheat than in the diploid barley. There was a considerably higher 

frequency of interchanges from the X-rayed than from the bomb-irradiated 

material, but the number of specimens examined was too small for the 

difference to be worthy of emphasis. 

D. Comparison of Mutation Frequencies in X2. 

There were two remarkable results in connection with the mutation 

studies in the tetraploid and hexaploid wheats (Table 2). In the first 

place there were amazingly high (but not strikingly different) frequencies 

of seedling mutants in the bomb and X-irradiated durum. Relatively few 

observations have been made on mutation frequencies in polyploids, but 

the data of Stadler (8), and general experience, much of it unpublished, 

have indicabdd that the mutation rate in polyploids is very low compared 

with the mutation rate obtainable from irradiating similar, non-polyploid 

species. The reason for this, suggested by Stadler, probably lies in the 

duplication of genes in polyploids. 

In the second place there was a considerable frequency of mutants 

in the common wheat — which were, almost without exception, of a 

particular type, a "banded shrivel". Characteristically, "handed shrivel" 

seedlings develop (at the late first or second leaf stage) transverse 

zones of necrotic, brown tissue separated (at least in early stages) by 

bands of normal green tissue in the leaves. This type of mutant occurred 

in the barley and durum wheats, but constituted only a relatively small 
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fraction of the total number of mutants. Except for these "banded shrivel" 

mutants in common whea , the mutation frequency was quite low. Th» 

frequencies from the bomb-irradiated and X-rays were about the same, 0.8 

as conçared with 1.0$. 

Effects on Oats from Bomb Radiation 

As indicated earlier, the studies on oats were limited to macroscopic 

observations on germination and seedling growth at Beltsville, and to a 

search for chimeras at Sacaton. As was noted with the barley and wheat, 

there was no distinct reduction in germination as a result of the bomb 

radiation. Likewise, the mottling resulting from the irradiation was 

comparable to that observed in wheat and barley. No chimeras were observed 

among the approximately 400 plants grown from bomb-irradiated seeds at 

Sacaton. 

Discussion 

One of the most interesting possibilities in all attempts to modify 

heredity is that an agent will produce new or specific types of changes. 

For that reason an effort was made to determine whether the types of 

mutations produced by radiations from the atomic bomb and X-rays were 

similar. From Table 3 it is apparent that there were no striking differences 

in the kinds of mutants obtained from the 2 sources of radiation. 

It was thought to be of some interest to determine the ratio of 

normal to mutant seedlings in head progenies that were segregating 

mutants. From Table 1 it is evident that these ratios were all quite 

similar in barley(Ca 4:1) with the exception of the untreated Trebi (8.5:1). 

The ratios in the untreated lots were based on relatively few populations 

but may be suggestive in indicating the period in ontogeny when the 

mutations occurred. Since all of the radiation-induced mutations resulted 
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fron radiation of the dormant seeds, it is to he expected that the 

segregation ratios might he essentially the same, which they were, 

(on the average). On the other hand, spontaneous mutations can pre¬ 

sumably occur at any time in the life cycle. Thus, it could he inferred 

that the 8.5:1 ratio in the untreated Trebi indicated that a considerable 

proportion of the 11 mutations occurred sometime after germination 

started. From the same sort of reasoning (again admittedly based on 

much too small a number of mutants for acceptance as fact), it would 

seem that the similarity between the ratios of normal to mutant seedlings 

in untreated and irradiated Mòister indicates that most of the 5 spontaneous 

mutations may have occurred during the 19-year storage period of the 

dormant seeds. This problem would justify further study. 

It is evident from Table 1 that the ratios of normal to mutant 

seedlings in durum and common wheat (4.5 to 5*6:1) were about the same 

as in barley — but a little higher in every case. Why they were higher 

is not apparent, but the fact that they were so close indicates that the 

mutants in these polyploid species were monofactorial — as presumably 

they were in barley. (Incompleted progeny tests indicate that the 

mutants in barley, durum and common wheat are in most cases at least, 

monofactorialiy determined.) 

It might also be of interest to note that the frequencies of inter¬ 

changes in unselected (except for the fact that most of them came from 

later tillers) spikes in the barley and wheat plants were fairly 

comparable with the frequencies resulting from a dose of 52Qr units of 

X-rays applied to the mature pollen of diploid and tetraploid wheat, 

Smith (5). 

However, it should be apparent that in determining the frequencies 

of interchanges, only one floret of one spike of a plant was examined. 
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This o» floret did not necessarily reveal the chromosomal constitution 

of the entire spite nor of other spites on the plant. The number of spites 

on the plants of barley probably averaged 15 (about 10 for the durum and 

common -heats), so It Is highly pro»»»!* that the total frequency of inter¬ 

changes per plant -as several times that represented In Table 1. 

At the present time there Is no explanation for the unexpectedly 

high frequency of mutations In durum. It may be that the particular variety 

used has a very old genotype In -hlch evolution has resulted In genic 

differentiation to a point -her. the number of duplicate gene. 1. 

relatively lo» as compared -1th other tetraplold type, that have been 

tested. Since the ratio of norfflal:mutant seedlings In segregating head 

progenies -as about the ease as In barley (5 to 6:1), and be««« of the 

Improbability of simultaneous mutation, of duplicate genes, It 1. llbely 

that moat (or all) of the mutant. In both durum and co-on -beat -ere 

the result of single-factor changes. 

HOT 1. there «V reedy explanation for the high proportion of 

mutants In comaon -heat that -ere of the "banded shrivel" type. It 

...ms unlikely that these mut«:t. -ere .11 the result of Induced change, 

at a single locus. It also seem. Improbable that all or most of them -ere 

the result of the lo.s of a particular chromo.», or part thereof. It 

is planned that an effort shall be mad. to determine -bether these 

mutants seem to be genetically identical. 

Summary 

Comparisons -ere made on the biological effect, on dormant seed, of 

barley, durum and common -heat, of radiation, from «h .tcmlo bomb and 

fro. Xno-n dosage, of X-r.y.. Kor. or 1... Incld^tUly, .Mo, the relation 

of age of barley seed, to suK.ptlbllity to radiation effect. -• .tull«!. 



Limited macroscopie observations were also made on plants grown from 

seeds of oats that had been exposed to atomic bomb ionizing radiations. 

The results showed a marked similarity in the effects of radiation 

from the 2 sources. The effects studied included: 1) germincation, 

2) flecxing or mottling on the first leaves, 3) chimeras, and 4) inter¬ 

changes in Xi plants grown from the:i irradiated seeds; 5) seeding mutation 

frequencies in X2, and 6) types of mutants obtained in X2. Thus, it would 

appear that the seeds most heavily irradiated during Test ABLE received 

a dose of irradiation roughly equivalent to l6,000r of X-rays. 

There were no clear-cut differences in the types of seedling jutants 

obtained from the 2 sources of irradiation nor in the relative proportions 

of these types. 

The frequency of spontaneous mutants (0.3 - 0.15$) from 19-pear-ol* 

seeds of Moister barley was slightly lower than from 1-year-old seeds of 

Trebi (0.4 - 0.13$). The bomb-induced frequency in the Moister seeds was 

15 times as high as the spontaneous frequency — the same increase as the 

bomb produced in seeds of Trebi. 

Conclusion 

Thus, the results indicate that the atomic bomb-irradiated seeds 

received about as much radiation as those given l6,000r units of X-radiation. 

It has been estimated that the mean lethAl dose of total body irradiation 

in man is 450r and there is experimental evidence that 75Qr Is the comparable 

dose for the mouse. It is evident that the atomic bomb irradiated seeds 

received 20-30 times the lethal dose for man or mouse. 
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Fig. 1. 

One of the effects of irradiation from X-rays and from the atomic bomb 

was .chromosome breakage which permitted exchanges between non-homologous 

chromosomes. Such interchanges resulted in altered configurations at the 

first meiotic division. 

A. A normal metaphase, showing 7 pairs of chromosomes. 

B. Diakinesis, showing 5 pairs plus a ring of k chromosomes 

resulting from and interchange between 2 of the 7 pairs of 

chromosomes. 

C. First metaphase, showing 4 pairs plus a ring of 6 chromosomes 

resulting from interchanges involving 3 pairs of chromosomes. 

B. First metaphase, showing 3 pairs of chromosomes plus 2 separate 

rings of 4 chromosomes. 

• vij 

(NOTE: This page should face Fig. 1, in the final preparation of report.) 
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Table 1. 

Comparison of Frequencies of Interchanges in Plants Grown from Bomb- 

Irradiated and X-Rayed (l6,000r) Dormant Seeds of Barley and Durum Wheat. 

Stock Treatment 

Barley Bomb- 
(Trebi) irradiated 

X-rayed 

Spikes with indicated meiotic configurations 
Normal_/ Rjj. Rg Other Total Ring of 4 

No. No. No. No. per spike£/ 

18 3 23/ 100 0i24 

& 12^/ o 0 76 0.16 

Durum Bomb- i6 
(Carletón)irradiated 

11 1 25/ 30 0.57 

X-rayed 12 10 2 76/ 30 0.83 

J Normal in the sense that there were 7 (14 of durum) bivalents in the 
particular sector of the spike sampled by the pollen mother cells under 
examination. 

2J Calculated by considering a R6 as 2 rings of k, although a R6 can be 
derived from 3 breaks (one per chromosome pair) instead of 4—the 
minimum number of breaks required to account for 2 rings of 4. 

y These two plants has 2 univalents, one apparently smaller than the 
other in each case. 

One of these spikes had a R4., 4 bivalents, and 2 univalents, one of 
which was smaller than the other. 

5/ One spike had a Rg and a R4; another had a R4 and 3 univalents plus 
10 pairs, a total of 27 chromosomes, one less than the normal number (28). 

J Fpur of the 7 spikes had 2 R4, one of them having also a part of a 
chromosome missing. The other three had only 27 chromosomes, but each 
of the three had an interchange in addition to the loss of a chromosome. 
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Table 2. 

Conçarison of totatlon ^ 

and X-rayed (l6,00Qr) Seeds of Barley and Wheat. 

Stock 

Barley 
(Trebi, 
seeds 1 
year old) 

Barley 
(Moiater, 
seeds I9 
years old) 

iSMiP Par Sola. 
Total With Without rWith 

Mutants Mutants Mutants 

-ÎÎS:—Ave.No. Avg.wn. 
Control 2479 11 O.H .13 24.8 26.O 

Bomb- 

Irradiated 6783 503 7.4 .32 19.3 

X-rayed 2550 138 5.4 .45 & 

Control 

Bomb- 

^36 5 0.33 .15 28.5 

I9.9 

24.2 

28.2 

Irradiated 3143 173 5.5 M 22.9 23„ 

Durum 
(Car letón) 

Common 
Wheat 
(Pilot) 

Control 

Bomb- 

Irradiated 47Ó3 190 4.0 .28 26.8 

X-rayed IÓ92 46 2.7 .39 28.7 

25.3 

26.9 

Control 

Bomb- 

Irradieted 7324 58 0.8 .10 24.2 

X-rayed 2400 23 1.0 .20 24.7 

24.1 

25-3 

Ratio of Normal to 
Mutant Seedlings in 
Progenies Segregating 

Mutants 
Average 

8.46:1 

3-97:1 

4.25:1 

3-55:1 

4.02:1 

4.74:1 

5.18:1 

5.62:1 

4.52:1 
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