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ACUTE GAMMA IRRADIATION OF QUERCUS SEED - ITS EFFECT ON

GERMINATION AND SEEDLING GROWTH

INTRODUCTION

.Dormant seeds are ideal material for studying the
effects of ionizing radiation on plants because it is
possible to modify the en&ironmeht of the seed to a degree
that would not be tolerated by other stages of the plant

life cycle. By such means numerous investigations have

.shown radiosensitivity to be influenced by variation in

geﬁetic and physiological conditions, as well as by differ-

ences'in the type and exposure rate of ionizing radiation

utilized,

The international syﬁpoéium concerning the effect#Aof
ionizing radiations on seeds held at Karlsruhe, in 1960,
aftesfed to recent advances and interest in.thislarea of
radiobotany. The proceedings of the meeting (Internatiﬁnal
Atomic Energy Agency, 1961) contains current discussion on
various aspecés of sged irrédiatidn. In additioﬁ to specific
reborts ol experimental work, this publication includes a-
comprehensive feview (Sparrow et al., 1961) of factors
affecting the responses of plants to chronic and acute
radiation exposure, - |

The bublication of papers presented at a symposium on-
mutations and plant breeding (National Acadehy of Science,
1961) indicated the scope of current wérk in the field of

induced mutations. In this symposium, Gaul (1961) reviewed



the~usg of induced mutations in seed prépagafed species;
while an article by Sparrow (1961) discﬁssed the cytogenetic
effects of ionizing radiation.

Information conFérning the effects of ioniiing radiation
. on forest trees has come principally from seed irradiation
experiments, and fhe majority of these studies have'dealt
with defining.radiosensitivity of conifer seed; only a few
reports are for deciduous species. The data reported show
cdn;iderable.variation between studies dependant upon species,
type of radiation, rate of exposure, and tofal exposure,

An exposure of 2000r x-radiation was lethal to Pinus

palustris and Pinus taeda (Snyder et al., 1961). Gustafsson
and Simak (1958) observed a reauction in germination by.92
percent in Picea after exposing dry seed to 1200r; seed of
high moisture content showed no germination reduction at

this dosage. May and Posey (1958).reportéd 90 percent

germination of Pinus elliottii seed after irradiation of
500r from a Co60'source, and 10 percent following 25000r.
Less than 30 percent germination of x-radiated Pinus

sylvestris seed was reported at.a level of 3600r (Suszka et

al., 1960). Vidakovic (1960) reported stimulation of
germination by gamma radiation at levels as high aS_hOOOr

for Picea abies, 3500 for-PinﬁsAnigra, and 2500 for Pinus

sylvestris., In addition to references mentioned above,

recent papers have illustrated other factors leading to

variation of radiation effects on forest tree seed.



Included among these are the efféct of water coﬁtentA(Ohaba,

1961), provenance differences within thé same species (Ohaba

and Simak, 1961), and seed weight (Simak et al.; 1961).
Heaslip (1959) reported a lethal level of 10000r for

seed of Quercus alba irradiated with 006o gamma rays. At

this same radiatibn level she reported 1.2 percent germination

of Quercus prinus and 16.8 percent'for Quercus velutina.

Report of Populus seed irradiation (Jovanovic and Tucoﬁic,
A:1960) has shown it to be relatively resistant to radiation.
These authors found 1ittie effect on germination with gamma
radiation exposures up to 50000r; above 50000r no suryiiing
Aseedlings weré obtained. Scholz (1957) has shown that thé
term LD5so may be misleading iﬁ seed irradiation studies'
unless survival values are included. In his study of
mutation induction in birch, survival values ofAéeedlings
from irradiated seed still showed radiation effects after
several years.

The wide variation obtained by different investigators
'indicates a need for exact definition of materials énd
methods used. In addition it would seem advisable to
qualify seed irradiation reports by observation of the
seedlings following the first flush of growth.

Expérimonts reported in~this study were conducted to
'evaluate radiosénsitivity of Quercus seed to acute gamma
radiation. The d#ta reported inclﬁdes information of some

cytological and morphological effects in seedling growth



following seed irrqdiafion. Investigation of varying seed
moisture contents and physiological state at- the time of
treatment is included as well as preliminary evidence of

induced mutations.

MATERI AL AND METHODS

General
The seed of two species representing two sub-genera
in the genus Quercus was selected for irradiation. The

"Lepidobalanus subgenus was represented'by Quercus alba Linn.,

while Quercus rubra Du Roi was selected for the Erxthro-

balanus group. Quercus alba seed was collected at the

Brookhaven National Laboratory site, Upton, New York; while

that'of Quercus rubra was obtained from trees in the‘Neﬁ
Haven, Connecticut area. In both séecies treatment was made
on maﬁure seed of the current years crop. Seed of Quercus
alba germinates readily at maturity, and may begin radicle
' emergence while still on the mother tree or shortly after
falling. For this reason it was necessary to reduce the
moisture content slightly prior to storage. Ungerminated
seed was selected for radiation treatment after appréxi-
mately 30 days of storage at 4°C.

Quercus rubra seed requireé no vernalization prior to
germinatibn and does not normally begin emergence until
placed in a warm, moistAenvironment. To attain maximum
germination the seed was aliowed to after-ripen at 4oC

for 45 days before irradiation.



Experiment I

Cvytological and Morphological Evaluatioﬁ of Radiosensitivity
Seed from each of the two sbecies were selected for
general uniformity of size, weighed to evaluate the possible
correlation between seed size and growth,‘and then randomly

divided into two groups. The moisture content at theée time

of irradiation was 45 percent for Quercus alba'and 27 per-

cent for Quercus rubra.

Group I was placed in 11 packets of 45 seed each for
treétment at the following levels: control, 0.5, 1, 2, 3,
L, s, 6, 7,'8, and 10kr. Radiation was delivered over a
16-hqur-period:from a co®0 sour?e. Within 6 hoﬁrs af ter
radiation the acorns were sown in a 3:1 mixture of sand
and peat moss and allowed to germinate under controlled
greenhbuse conditions (259C days, 19°C nights) with a day
length of 18 hours. Statistical design was randomized by
.tréatment rows within wooden flats. Germiﬁation was scored
at epicotyl appearance above the soil surface and height
measurements were made at 5;day=intervals; initlél shoot
elongation was completed some 20 days éfter germination.
The appearance and point of origin of sprout growth was
also recorded.

Group II seed was prepared as was seed of Gfoup I and
exposed_ to radiatién at the following leyelsf control, 0.5,
1, 2, 4, 6, 8, 10, ‘12, 16, 32kr. Since this group was |

intended for observation of root growth and histological



exam;natién of root and shoot development, the»gcofns were
Uplaced in flats filled with sphégnum moss. The flats were
then placed under environmental conditions similar to Group I
seed. At the time of germination, root and shoot tips: were
cut from 5 individuals at eachAle§e1 and fixed in F.A,A.

The material was embedded in tissue-@at and sectioned at 8
microns; sections were staiﬁed with safranin>and fast green.
The remaining seeds were evaluated for shoot emergence, and

for root growth at 5 and 10 days following inception.

Experiment IX

The Effects of Varying Moisture Content and Physiologicai’

State'dn Seed Sensitivity

Three pre~-irradiation conditions were established with
seed of Quercus rubra. Tolévaluate varying moisture conteﬁts
and different physiological states at the time of radiation,
the followiné conditions were established} (1)'seed stored
" at 4°C with a moisture content of 22 percént, (2) seed
placed in a saturated atmosphere at 4°C for 10 days with a
final moisture content of 44 percent, and (3) seed iﬁcubﬁted
at 29°C for 10 days with a moisture coﬁtent of L7 pefcent.
The latter treatment was designed to provide material in
an active metabolic state previous to actual cell»divisionf,
Seed was placed in plastic bags to maintain molisture
conditibns during the radiation exposure; 25 seeds weré
selected for each exposure level. A 16-hour gamma irradiation

60

treatment from a Co. sourée'provided-the following total



exposures: control, 1, 2, 4, 6, 8, 10, 12, 16, 32kr. The

seed was sown in sphagnum moss flats apbroximately 6 hours
after irradiation, and germination proceeded under controlled
greenhouse conditions. Root elongation was recdrded for 5

and 10-day periods, and shoot emergence was recorded for

each level.

EXPERIMENTAL RESULTS

Experiment 1

The time required for germination was similar for the
two species; in both the root began grpwth first, followed
by initiation of shoot growth ;n 5 to 10 days. Early groﬁth
of the root in'length was rapid; in the sphagnum moss flats
the controls elongated at a réte of approximatgly‘l.S cﬁ/?b
hours dufing an initial 10-day period. Develdpment of the
éhoot was also quite rapid, and the bulk of.height growth
was completed'after 20 days. The beginning of growth in the
apical meristem is contingent upon endogenous factors and
not upon ulfimaté root development. In support 6f this it
was observed that severing the root at emergence didAnot
. prevent growth of the shoot; la£era1 roots were formed at

the point of cutting and quickly regenerated a ramified

system of branch-roots. Quercus rubra grew to a larger

size more. quickly than Quercus alba. The correlation be-~
tween seed size and seedling height was not significant
either for the control or irradiated groups, but this may

be due to previous selection for uniform seed size.



The time required for germination varied bétween levels
but was not significantly related to rédiation exposure. In
some experiments the irradiated seed germinated more quickly
than the control; however, this trend was not consistant
enough to be interpreted as a definite stimulation effect.
Total germinatioh #iso vﬁried between the two species both

in the control and irradiated groups. In Quercus alba germ-

ination of the control group was 95 percentAand a linear

" decrease was obtained with inéreastng radiation levels., (see
Figure 1A). An LD5Q was obtained at Approximately 6kr and
tota; germinatioh at 10kr was lowered to 25 pe;cent. In.

Quercus rubra germination of the control group was 70 per=-

cent} however, the regression'of germination on radiatibn
level was not significant at the .05 level (Figure 1B).
There‘was a g:adual decrease in total germinatidn and a
significant difference was obtained in comparing the 10kr
level (20 percént germination).with‘the control,

The wider range of exposures in Group'II of Experiment
I included the lethal point for both species. No shﬁot
emergence was observed at 16kr for either species, dlthough
a_limited amount of root elongation took place at the 16
gnd<32kr levels, Germination at 12kr was sporadic and
.comprised less than ;0 percentlof the seed irradiated. Thus
the root grthh immediately following germination was less
inhibited at the higher radiation‘levels than was shoot growth,.

Survival values for both species were obtained at the



end of the first growing season. The calculated regressions
for survival indicate significance at the .01 level for

Quercus alba (Figure 1A) and non-significénce for Quercus

rubra (Figure lB) when plotted over radiation exposure.
The elevation of the regression lines for survival were
not significantly'differeﬁt from those for ggrminafion.
Thus the values obtained aré simple reflections of germin-
ation percentages.

| The total height growth obtained at différent treatment
levéls for both species in Group I is shown in Figure 2A
and 2B.‘Two general patterns of height growth were obserfed:
(1) shoot-growih. resulting froﬁ continuous growth of the
original apical meristem and.'(2) sprout growth, from either
axillafy or adventitious primérdia. The term adventitious
sprouting is herein used in the .broad sense:,anfldamage to
tﬁe original apical meristem resulting in reorganization
" and subsequent growth from such areas was considered
adﬁentifious sprouting.

Curvilinear regréSSionS of the second order polynomial

(y = a + bx + cx2) were calculated for sprout'and shoot
-growth separately. The relative frequency of individuals
represented by each point on the‘graph decreases'with
increasing exposure for shoot growth, anq increases at the
~ higher levels for sprout growth. The number of individuals

that sprouted in4re§ponse to radiation damage varied from

6 percent at 1lkr to 75 percent at 6kr for Quercus alba,
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and 5 percent to 93 percent for Quercus fubra, at similar

levels. Because of the wide variation between total heights
at differing levels and unequal survival at the'différent
levels, the overall fegression was not signifiéant (.05
level) for either species or f&r type of growth, Comparison
between species‘is complexed by inherent differencés of
growth pattern, and within species by physiological factors
concerned with type of shoot growth. Therefore, height
gfowth did not give a reiiablg indication of radiation
damage. Among individuals where radiation damage had induced
sprouting, thg height of shootigrowth prior to sprout
formation decreased with increasing levels. Exaﬁples of “the
types of sprouting observed afe shown in Figure 3A-C an&,
quaﬁtifiéd in Figure 4. The similar reaction by the tﬁo
species in response to radiation damage is shown by the
parallel regression lines in Figure 4. The significant
difference (1 percent level) in elevation betweéh the
regressions reflects variation in shoot grbwth inherent to
each species. ‘

The physiognomy 6f fully developed seedlings ih the
irradiated groups wasvmuch more variable than the controls.
In Figure 3D the range of variaéion in the irradiated
group is'shOWn in contrast to the control seedlings
(Figure 3E). The types of aberration observed were: changes
in leéf size, shape, and texture; contorted stem growth;

and reduction in overall growth, Dwarfing was common at
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thg higher levels of radiation and there were‘also changes
in chlorophyll content indicated by abnérmally dark or
pale leaves.,. Only one individual from the i}radiated
population was outstanding in total height growth compared to
the control group, although many were as large or slightly
larger than the controls. This seedling from a seed irradiated
at Skr underwent 3 Successive growth flpshes during the
first growing season prior to hardening off in the fall.
'TOtalAheight was 34 cm compared to a maximum of 20 cm for
the tallest in the cohtrol group. Secondary flushing is
common in oaks and several of the control and irradiated-
seedlings prodﬁced multiple fluéhes; however, ﬁone were as
vigorous as the single seedling mentioned. At the end of
one growing season some aberrant types appeared to be
mutant forms, but their ultimate evaluatioﬁ properly
awaits subsequent growing seasons. All oflthe seedlings
'from the irradiated seed have been outﬁlaﬁted in aAtest
nursery to allow future evaluation.

Histological exaﬁination‘of api¢al growth was made
from seedlings in Group II, Experiment I. Microtome sections
from material collected at germination and at intervals
through the elongation ﬁeriod indicafed that g;owth at’
higher levels (7kr and above) originated from sprouting
directly at the root collar, At these levels the embryonic
apical meristem was so damaged by radiation that normal

growth did not take place. Instead, reorganization of apical
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primordia occurred at several points within the multi-
celled meristem, resulting in the growtﬁ of one or more
adveptitious~sprouts. | |

Examples of the external appeafance of a.control'and
two irradiafed individuals are~sﬁown in,Figure 5A-C and
‘longitudinal sections'are-illustrated in 5D-F. At lower
radiation levels the shoot growth was less effected and
the sprouting that océurred came from axillary meristems.
Subsequent internal organization and establishment of
axillary primordia in the elongating sprout proceeded in
the usual manner. |

Root groﬁth of the two species was analysed in Group II,
Experiment I. A linear decreaée in elongation rafe was |
directly associated with increasing radiation exposures.
This response is shown for Quercus alba in Figuré 6A and

for Quercus rubra in Figure 6B$'In-the two graphs root

length is plotted as the dependant variable over the'
logarithm (baée 10) of radiation éxposure.‘ROotllength
after 10 days was similar for both gpecies, despite an
earlier difference between species at 5 days. This descre-
pency and the difference in intercept values coﬁparing
growth periods between species f;flects different‘inherént
growth rafes and is not a radiation effect per se.
Examination of histological sections of developing

root tips indicated that the limited growth observed at

32kr was due almost:entirely to cell elongation. At this
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'radiatidn level an initial sporadic wave of cell division
occurred during radicle emergence but n§ further mitﬁtic
activify was.obsérved. In the remainiﬁg levels there was a
pbsitive correlation between mitotic activity and root
length. However, Que to anlapparent difference inAendogenous
times of peak cell divisién among individuals, root length
was selected as the best esgimator of total mitotic activity.
In Figure 5G-I longitudinal section of root tips from a
control and two irradiated levels (8kr and 16kr) are shown.
Thége photo-micrographs illustrate a decrease in meristematic
area caused.b& radiation damage of embryonic pr;mordia.
Maturation of,individual cells occurred closer to fhé apical
meristematic regions of irradiéted roots than in the confrols.
However, the slower cell divisions of irradiated individuals
was thé physical factor for‘this phenomendn.and hot
accelerated cell development. Cross secéidn of ﬁatufe root
'segments showed a normal pattern of vascular differentiatioﬁ
except at 16 and 32kr; because there was no shoof emergence
and vnly slight root growth at these levels, it may be
assumed that they constituted lethal exposures.

Experiment II1

)

. Experiment II was conducted to‘evaluate the effect of
varying mdisture content and physiological factors‘upon'seed
rﬁdiosensitivity. Root length during the first 10-day-period
following gefmination had been.established as a reliable

indicator of radiation damage and this method was utilized
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to evaluate the three experimental conditions. The results
of Experiment II are plotted in Figure-7. Here the length
of root growth is plpttéd over the logarithm (base 10) of
exposure level in kr. In a prelihinary analysis. separate
regressions were calculated and an analysis of variance for
difference between the tﬁreg pre-treatments yas non-signi-
ficant at the 5 percent leve;. Therefore, single regfession
lines were calculated for root growth during each period.
Shoot emergence from the three groups followed the pattern
previously discussed in Experiment I. Only limited shoot
emergence (less than 10 percent) occurred at 12kr and néne
at 16 an& 32kf. Again the root development at 16 and 32kr
was mainly by cell maturation.;nd elongation with 1itt164
mitotic activity taking place. An analysis of variance for
regression lines obtained in'this experiment, compared

with those from Experiment I yielded no significanﬁ |

| difference (.61 level) for slope (b) or intercept (a). Thué
the assay method for radiation damage utilizing‘the initial
10-day root growth was consistent oﬁer replicated tr;als.

DISCUSSION

The 1etha1~eXpoSures were similar for both species and
were expected from a priori cons;deration of their similar
nuclear ﬁolumes (see Sparrow et al., 1961). However, the
different germination results within treatment levels, and

between species, is less easy to explain. The results are

complexed by physiological and genetical interaction in
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..response to radiation treatment, and direct sepération of
the two is difficult. |

The reporfs by Gray and Scholes (1951) and by Read (1959)
have shown the meristematic areas to be the siﬁe of plant
radiosensitivity., At the cellular level, the greater
importaﬁce.of nubiéar to cytoplasmic considefationé has
recently received review (Sparrow and Evans, 1961; Evans
and Sparrow, 1961). Within the nuclear hypothesis the
| sensitivity of DNA (see Lajtha, 1960; Setlow, 1961). RNA
(§ee‘review by Kelly, 1961) nuclear phosphorylation ‘
(Creasey and Stocken, 1959), and nuclear volume (Spa:roﬁ
and Miksche, 1961) are particularly important aspects.
Sparrow and Miksche (1961) shéwed that the radiosensitif;ty
of a IArge number of plant species is closely correlated
-with nuclear volume and DNA content. Although nﬁclear
radiosensitivity is a major factor, the sensitivity of
cytopiasmic‘enéyme'reactions need also to be considéred.
Gordon (1957) has pointed out the radiosensitivity~of
. indoleacetaldehyde conversion to indoleacetic acid, In
general protein synthesisAhas been reportéd to be less
affected by radiation (see Kelly, 1961) than the more
sensitive nuclear components.

Thé variation of germination betweén species may
reflect interaction of radiation with any of the above
systems. The data from individuals which grew by sprouting

also suggests such modification. The amount of shoot
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. growth prior to sprout origin showed a linear decrease with
an increase in radiation. This effect m#y be an expression
of altered physioiogy which is repaired during the cytological
séquepce 1eadihé to sprout growth. Although obfiouély a
complex relationship, the variation in germination values
and at least a mhjor compénent of the sprouting reaction
would seem to be a physiologically éonditioned.response.
Because the root'and shoot growth vélues are similar
in both species if would appear that genetic reaction of
the two species to radiation was also the same. Shoot growth
was complexed by sprouting in response to radigtion damaée
and thus was ﬁot a good indicator of radiation effect. Pinus
rigida seedlings exposed to gﬁmma rays showed a similarAré-
sponse, and sprouting was a common phenomenon in the plants
damagéd by radiation (Mergen, 1963). Root growth:showed a
linear decrease with increasing radiation exposure and
prﬁvided an approximation of genetic résponse.'drowth of
the root may bé less sensitive to physiological'environment
or at least less demanding in the need for endogenous
growth substance and genefal biological harﬁony thanAis
epicotyl growth.
The interpretation of Experiment II conéerning different
.moigture'contents and physiological condition at the time
of irradiation was alsdhbased on root elongafion. The root
length in this experiment showed little fluctuation in

response to pretreatment; a fact which lends support to
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its use as a macro-measure of genetic damage. It is quite
likely that similar results will be obtained in irradiation
of other hardwood species that have an inherent sprouting
ability. The use of early root growth may be Qséd as one
measure of radiétion responge in ;ucﬁ species.

The uniform'éurvival values obtained were depehdant
upon the recovery of apical meristems from radiation damage
by sprout growth. Such somatic selection among genetically
vdémgged cell populations has been called diplotonic
| selection by Gaul (1959, 1961). Axillary sprouting arising
from primordig laid down in the normal growth pattern waé
the most commoﬁ form of recovery at lower levels of.radiation.
ﬁesults at the higher levels (7kr) indicated an early
competitibﬁ among apical meristematic cells with subsequent
organization of adventitious sprouting, Actually.there was
no distinct threshold exposure at which one form of _
sprouting was exclusive to the other; diploténic selection
was no doubt a factor at all levels of treatmenf, with
increasing magnitude'as thé amount and severity of cell
damage increased. ’

Competition among cells indicates the chimeral nature
of the embryo following irradiaﬁion. Whether the induced
genetic vériability within seedlings will persist wi th
further growth depends on the number of cells involved in
primordial activity. In the case of multiple adventitious

sprouting it is quite likely. that they would be genetically
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dissimilar._Moh (1961) has suggested that the abicai.gr0wth
.of a coffee plant results from proliferétion of a single
embryonic cell. If the situation is siﬁilar in Quefcus then‘
any particular ;prout or shoot would be genetically-uniform.
The aberrant forms observed during the first growing season
included many plants with uniform changes in a;l the leaves;
although, in some a portion of the leaves wefe'aberrant
while others.oﬁ the same plant were normal. The lﬁttgr
"suggests a chimeral origin which may subsequently segregate
as growth‘progfesses.

The ranée of radiation exposure from 1 to 10kr is
recommended qu use in induced ﬁutatibn studie§ with oak
seéd. The moisture content normally found in oak seed is
high, and variation above 25 percent did not change the
radioéensitivify. In terms of the most consistapt macro-
estimatof of genetic damage (root growth) increased
" metabolic activity prior to gérmination was alsd ineffective
1n‘a1tering sensitivity. The similar genetic reaction by
both species iniestigatod relates to theif comparable
nuclear and chromosomal complements; any differences’
observed in this report can be explained in light of
physiological diversification. Results obtained may bé
applicable to a large number of woody angiosperms of
similar nuclear makeup, although variance due to inherent

physiological differences is anticipated.
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SUMMARY

Dormant seed of Quercus alba and Quercus rubra were

irradiated with gamma rays from Cob0 to determine the

effect on cytological and morphological expreséion in

the resulting seedlings. Investigations included varying
moisture content.aﬁd physiological state of the seed prior
to treatment, and preliminary evaluation of iﬁduced mutation,
The following observations were made.

1; The lethal radiation exposure was the same for both
spécies élthough there were differences in germination
between species within the treatment range of 1 to 10kr;

Quercus alba showed an LDgqo of 6kr with a significant

regression for radiation level. The regression of germin-
ation 6n'radiation level was not significant for seed of

Quercus rubra, but germination was suppressed at the

higher ievels. These species differences are thought to
be due more to physiological than genetic factors.

2. Height growth in the two species was compleied‘by
sprouting in reaction to radiation damage of the'ap@cél
primordia., Seedling height at'the'end of one yeér was not
a significant measure of radiation damage._The type of
sprouting obtained is discussed iﬁ relation to diplotonic
selection within the irradiated embryonic primordia,

3. Growth of the root at 10 days following inception was
established as a macro-meaSufe of genetic damage. Changes

in moisture content (above 25 percenf) or metabolic activity
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prior to germinatioﬁ did not significantly change the
response qf roof growth to radiation exposure. It is Suggested
that initial root growth is useful as a bioassay of radiation
effect on the seed of woody angiosperms where éprouting is
common.

4, The range of i to 10kr is recommended for use in oak

seed irradiation experiments for the induction of |
mutatiens. Preliminary evidence at thé end of the first
gfowing seqsontindicatesfthat most aberrations observed

are genefally deleterious to total growth. However{ many

of the irradiated seedlings were as large as the qontrois

and at least one irradiated seedling was outstanding in

total growth,
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FIGURE 1. Relation of germination and survival
to acute radiation exposure of dormant

seed in Quercus alba (A) and Quercus

rubra.(B).
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- FIGURE 2. Height growth of seedlings from
‘"irradiated seed, a distinction is

madeﬁbgtween shoot and sprout

growth for Quercus alba (A) and

Quercué rubra (B).
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FIGURE 5. Growth of seedlings:from irradiated
séed. (A to C) Sprouting at 1kr (A), |
hkr (B), and 7kr (C). The range of
variation in an-irradiated group (D)
is cbmparéd to the control (B). The

seedlings are in 4 inch pots.
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FIGURE 4. The mean height at which sprouting
occurred due to radiation damage of

embryonic primordia in the dormant

Seed .
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FIGURE 5. Morphology of early Ehoot and root growth
from irradiated'seed..Shoot segmehts excised
- at the root collar are shown for a control (A),
7kr (B), and 12kr (C). Longitudenal sections
from the same exposure levels are_shown
directly below (D to F). Sections of
roots exciséd at germination are indicated'
for control (G), 8kr (H), 16kr (I). The
arrows indicate the regibn of mitotic

. activity.
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FIGURE 5
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FIGURE 6. Relationship between radiation exposure
and root growth at two 5-day intervals
following germination. Quercus alba (A)

had a slower inherent growth rate than

guercus4:ubra (B).
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FIGURE 7. Relation between root growth and

radiation exposure of Quercus rubra

seed for the following pre-irradiation
conditions: Group 1, moisture content
22 percent stored at b°C;AGroup 2,
moisture content bu percent stored-at
4°C; and Group 3, moisture content 47

percent incubated 10 days at 29°cC.
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