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Introduction

Ionizing radiation is useful to plant breeders in obtaining mu-
tations beneficial from an economic point of view. This report, however,
" concerns our basic knowledge of radiation: attention is here directed to

some effects of low level radiation on the R, progeny. Approximetely one

1
third of the land area of the United States is covered by forest; thus,
forest trees form an important component of our natural wealth. It is

therefore our obligation to know how these forests will react to low level
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ionizing radiation. Although this type of radiation might accompany atomic
explosions, its effects may not be evident for a number of years.
The following remarks describe‘the results of an investigation

of a forest of Pinus rigida Mill. and Juercus sp. surrounding the'Cobaltso

radiation field at the Brookhaven National Laboratory.  The pine trees used
weré growing in a belt receiving betweeh.approxiﬁately 2 énd 4.5 r/20 hr
day duriné 1960-61. fhe oak trees used were growing in a region that re-
ceived daily ampunts of radietion ranging from a high of 6 tb a low of 3
r/20 hr day during 1960-61.‘(Fiéure‘l). The trees had been subjected to
varying dosaées since 1951; for a detailed échedule of the gamma radiatién

in this field the reader may refer to the article by Sparrow (1960).

Methods

Cones were collected from the pines during the fall of 1961 and
were kept separately éccording to tree and to year. Comnes that had matured“
during 1958, 1959, 1960, and 1961 were available from some trees. The
fact that pitch pine cones are senotinous permitted the collection of
seed formed several years ago which had remained on the trees for periods
of up to four years. The seeds were extracted and stratified before being
sown in fhe greenhouse for progeny testing.'

Acorns were available only from Quercus alba Linn. formed dgring

1961, and these were sown right after collection in flats filled with a

germination medium consisting of peat moss and sand.
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It is of interest to note that pines take approximately 26
months to pass from flower initiation to seed maturity, while white oaks
take only about 12 months. This extended period in the pine allows radia-

tion to accumulate for a considerably longer interval in the gametic cells

or in their immediate progenitors.

Results and Dlscussion

There was a significant decrease in the germination percehtage
of the seed from the pine trees exposed to gamma radiation. The results

from the test, expressed as a percentage of the controls, are illustrated

“in Figure 2. In this graph the results are separated by tree and by year. -9};( X
Also, the tot;l radiation accumulated by the trees, that accumulated by a o H#
seed lot, and the average exposure for each year are given. An important .
conclusion of this progeny test with pine seed is that the decrease in thé
germination of the irradiated seed was not assoclated with the total radiz- | .ug;
tion accumulated by e seed lot, but with the total dose to which individual "
female parent trees had been exposed prior to, and during seed formation.

As an example, one seed lot had been exposed’'. to approximately 2590 roent-
gens Qithout any reduction in germinstion. |

Although there:was considerable variation in germination between

the seed lots of Quercus alba this variation did not parallel the amount

of radiation to which the trees had been exposed. Thus the variation must
have reflected other factors, perhaps genetic, physiologicél, or environ-
mental. However, when the survival of seedlings is compared with the ex-

posure to radiation‘of the mother trees, there was a significant decrease
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in survival that was associated Qith radiation. This relationship is
illustrated in Figure 3. The radiation values in the graph are for daily
exposures during 1960-61, and also for the total exposures since the gamma
fieid went into operation in 1951. | .

The height of the irradiated pine seedlings at fhe cotyledonary
stage was compared with that of the control seedlings of the same age.
There ﬁas a significant reduction in the total height of the irradiated
seedlings; this relationship is preéented by means of a bar graph in
Figure 4. From this diegram it is apparent that seedlings from the seed
stored in the cones for four years are considerably shorter than those
stored for a shorter time, and that the irradiated seedlings are much
shorter than the controls. .

It should be noted that the height values used are in effect the -
length of the hypocotyl and these cells were formed at a time when the
embryos were exposed to ionizing radiation. The first growth in the pine
seedlings was thus a result of the maturation and elongation of hypocotyli
cells subjected to radiation during formation and includes physicological
effects during seed formation. Thus the reduced height growth that was
observed may be a somatic radiation effect rather than permsnent genetic
change. |

In general the height growth of the oak seedlings was normal, but
the seedlings from acorns of the irradiated trees grew more slowly than the
controls. The progeny for trees receiving 6 roemtgens per day during 1960-61

were significantly shorter than the controls (Figure 5).
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.Both-the oak and pine seedlings have been 6utplanted in a pro-
geny test in our experimental nursery, and their morfhology is being studied
closely to detect any mutations. The pine seedlings showed considereably
more variation than the oak. Within the oaké the amount of abnormalitiés
present during the juvenile stage in the irradiated group was no greater
thaen that obtained under normal conditions.

A éomparison of the pines with the oaks shows that the pines are
in general much more sensitive than the oaké. As a matter of fact, some
of the pine seed was collected from trees that were dying or dead. Some
of the acorns were collected from trees showing few mofphological abnormal-
ities, while some of the oaks showed sparse crowns as well as.morphological
abnormalities in the floral structures. Scientists at tﬁe Brookhaven..
National Luboratory (Sparrow and Miksche, 1961) have shown a corrélation.
betweén irradiation damage in plants and nuclearAvolume.during interphase
in meristematic cells. The pines have large nuclei, which are five to
ten times larger than the interphase nuclei in the oaks. The differential :
damages observed between the two species in this study agree with their
conclusion. |

Both pine and osks are wind pollinated, and the trees under study
vere surrounded by forests receiving relatively little outside radiation.
Hence, it was possible for non-irradiated pollen to be borne by the wind
into this forest and to pollinate the trees under observation. This could
have masked some of the actual damage.

From this progeny test it appears that under certain circumstances
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a pitch pine forest severely damaged or killed by low-level chronic radia-
tion could regenerate itself once radiation had ceased from seed stored
in serotinous cones. Qsask regeneration from seed would be dependent upon

the timing of exposure in relation to the current flower and seed crop.
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Captions for Illustrations

Schematic illustration of the dosimetry conditions in the
Pine-Oak forest surrounding the Geamms field at the Brookhaven
National Laboratory.

Relation between germination of pitch pihe seed and exfosure
to radiation. The t&tal exposure of a tree, a éeed(lét, as
well as deily dose-rétes during 1961 are indicated.

® = average values for 1959, 1960, and 1961. .

Relation between survival of Juercus alba seedl;ngs andléxpo-_"
sure to radiation. The daily dose rateS‘dufingvl96l,‘gs welf
as the total exposures of the trees are'giveﬁ. The vaiues‘iq
the regression equation afe for dally rates.

Comparison of height of control and irradiated Pinus rigida -

difference between means

seedlings from four collections. N.S.

not significant at 5 percent level; *¥ = difference significént

at 1 percent level.

Height of ZJuercus zlba seedlings, five, ten, and twenty days
after germination in relation to daily dose and total radiation

exposure of the oak trees.
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