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Abstract (summary). The sexual reproductive a b i l i t y  of a fo re s t  exposed 

t o  low l e v e l  ionizing radiat ion i s  dependent on the s ens i t i v i t y  of p r l -  

mordfal d i f fe ren t ia t ion ,  meiotic processes leading t o  the  formation of 

gametes, fusion of the  gametes, a n d ' s u b ~ e ~ u e n t  growth of t he  sporophytic 

generations. 

I n  t h i s  report  it was shown t h a t  t he  i n i t i a t i o n  of reproductive 

primordia i n  Pinus - r igida,  Quercus i l i c i f o l i a ,  Quercus -9 alba and Quercus 

coccinea i s  not unusually sensi t ive  t o  i r rad ia t ion .  Trees which had been 

severely damaged by chronic low l e v e l  ionizing radiat ion ( 4  t o  12 r/20 

h r  day) were able t o  d i f f e r en t i a t e  f l o r a l  s t ructures  and produce viable ' 
. 

seed. However, flower phenology was retarded, and pronounced morphologi- 

c a l  aberrations were present. It i s  suggested t h a t  t h i s  delay may be the 

r e s u l t  of a reduction of endogenous growth 'substances. 

During the  meiotic processes i n  both pines and oaks, v i sua l  cyto- 

logical evidence of chrmosamal aberrations was obtained. Bridging and 

fragmentation of the chromosomes were observed a t  Anaphase I and Anaphase 

Pollen abortion i n  both genera showed a s ign i f ican t  increase with 

an increase i n  i r r ad i a t ion  level ;  however, t h i s  damage was not a s  great  i n  

the  oaks and occurred a t  a higher l eve l  of radiation.  A decrease i n  pollen 

germination was observed i n  the pines, but the  pollen tube lengths i n  both 

genera did not show a decrease. 

The progeny from i r rad ia ted  pine t r e e s  was more variable i n  

height than t h e  controls a f t e r  one growing season. The seedlings a l so  

showed the following abnomali t ies :  shorter  and longer needles, twisted . 
I 



needles, an i rregular  growth pattern, and lack of prlmordia on the leaders. 

Introduction 

A natural pitch pine-oak forest  surrounds the  gamma f i e l d  a t  the 

Brookhaven National Laboratory. These t rees 'have been exposed t o  varying 

amounts of low level  chronic gemma radiation fo r  several years and show 

diverse responses. These responses range from le tha l i ty  t o  minute mor- 

phological changes, depending upon dose ra te  and species. There have 

been varied opinions on the ef fec t  of low' levei  chronic ionizing condi- 

t ions on plants, and one early opinion was t h a t  1.f no response was ob- 

tained within a few months, no serious damage would occur i f  the plants 

kept on growing. under t h i s  low level  of radiation (~uncke l ,  Sparrow, Morrow, 

and Christensen, 1953). However, the l a t e r  observations by spar& have 

revealed that' t h i s  i s  not the case for  the fores t  t rees surrounding the 

Brookhaven Gamma Field. The first published reports of these effects  on 

Pinus r igida appeared i n  the 1959 Annual Report of the Brookhaven National .: - 
Laboratory. An i l lus t ra t ion  was given of a large, dead pine t r ee  tha t  had 

been ki l led a f t e r  an exposure of f ive years a t  the ra te  of not more than 

8 r/day during 8 months of each year. Further observations on .the ef fec t  

on these forests  yere given by Mergen and s t a i r s .  (1962), by Mericle, 

Mericle, and Sparrow (1962), and Sparrow and Woodwell (1962). Mergen and 

Sta i rs  (1962) reported on seed germination i n  Pinus rigida, and on embryo 

development, seed germination, and survival of seedlings i n  Quercus. 

For pine there was a decrease i n  cone length and seed germina- 

t ion, tha t  was associated with an increase i n  the exposure t o  gamma radiation; 



i n  addit ion the i r rad ia ted  seedlings had shorter  hypocotyls. This radia- 

t i on  damage was re la ted  t o  the  t o t a l  dose accumulated by the  individual 

t r ee s  pr ior  t o ,  and during, seed' formation, ra ther  than to ,  the  t o t a l  

dose accumulated i n  t h e  seed. For Quercus - alba,  Quercus coccinea and 

Quercus i l i c i f o l i a  there  were in t e rna l  abnormalities i n  the  acorn mor- 

phology tha t  were associated with radiat ion.  ~ h e s e '  abnormalities were 

v i s ib l e  down t o  a l eve l  of 4 r/day. Sparrow and Woodwell (1962) reported 

detectable e f f ec t s  on the growth of mature Plnus - r i g l d a . t r e e s  a t  'average 

dose r a t e s  a s  low as. 2 r/day during an exposure period of 9 years. 

Mericle, -- e t  a l .  (1962) described the radiat ion damage t o  Quercus , , 

velutina and Quercus - alba t r ee s  growing i n  t h i s  same fores t ,  and e f f e c t s  

included among others were: sparseness of fol iage,  d i s tor ted  leaves,  lack 

of meristematic t i s sue  i n  the buds, and a reduction i n  vegetative and 
. . 

flower primordia. However, no l e t h a l i t y  of e n t i r e  oak t r e e s  had occurred 

a t  an average dose r a t e  of 7 r/day. 

I n . t h 1 ~  report  a re  discussed the cumulative e f f ec t s  of low l eve l  

chronic gemma radiat ion on male and female flowers, pollen production 

and pollen germination on - Plnus r ig ida  M i l l .  and Quercus spp., a s  well  

a s  the  r e su l t s  from a progeny t e s t  of Pinus r ig ida  seedlings from i r r a -  ' 

diated mother t rees .  

- 
Materials and Methods 

The pine and oak t r ee s  studied were growing i n  a natural  fo re s t  

a t  the  edge of t h e  Gamma Field ( ~ i g u r e  1). These t r ee s  had been subjected 

t o  low l eve l  i n t e n s i t i e s  of gamma radiat ion since the f i e l d  went i n t o  



operatl'on i n  1951. For fur ther  d e t a i l s  of the  design, operation, and 

radiat ion dosages of t h i s  f i e l d ,  t he  reader i s  referred t o  the  descrip- 

t i o n  by Sparrow (1960). The pine t r e e s  t h a t  were studied were growing 

i n  an area t h a t  was exposed up t o  5.5 r/20 h r  day, and the  oak t r e e s  were 

exposed t o  1 t o  15 r/20 h r  day. A l l  references t o  exposure leve ls  of 

the  pine and oak t r ee s  i n  t h i s  report  a r e  f o r  t h e  1960-61, and 1962 sea- 

sons. The Cobalt 60 source was maintained a t  approximately the  same l eve l  

during t h i s  period. Cumulative dosages, a s  well  a s  other per t inent  de- 

tails of t he  radiat ion a t  a representative l eve l  (13.18 r/20 h r  day during 

1960) have been canpiled by Mericle , e t  a 1  . (1962 : Table 1 ) .  - - 
Observations on flower phenology and morphology were done on 

fresh material  during the spring of 1960, 1961, and 1962. Detai ls  of the  

mlcrosporangia were obtained from microtame sections s ta ined with hematoxy- 

l i n  and safranin.  Pr ior  t o  sectioning, the mater ia l  was f ixed i n  Craf 111, 

and Imbedded i n  Tissuemat. Cytological observations on mlcrosporogenesis 

were done on mater ia l  s ta ined with propionic carmine. Scoring of frag- 

mentation and bridging was done a t  Anaphase I. 

For the pines, pollen'was allowea t o  dehisce under natural  con- 

di t ions  and was stored i n  a desiccator I n  a re f r igera tor  u n t i l  used. Ab- 

or t ion  was scored a f t e r  suspending the grains i n  Van Tieghem ce l l s ;  e s t i -  

mates of pollen viability were made by incubation of pollen grains f o r  

f i ve  days i n  a 5$ aqueous sucrose solution a t  24' C, and by counting the  

number of grains t ha t  had g e d n a t e d  i n  a 200 grain sample. Pollen tube 

length was measured af'ter f i ve  days wlth an ocular mlccxneter a t  a magnifi- 

cat ion of 150 X. 



Oak pollen was col lected and stored i n  a s imilar  manner t o  t h a t  

of the  pines. However, t o  evaluate abortion, catkins were fixed i n  Newcam- 

be r ' s  eolution a t  the  time of dehiscence and the number of aborted grains 

*re counted a f t e r  s ta ining with propionic carmine. A t  each l eve l  a 

t o t a l  of 500 was scored on each of four s l ides ;  thus, the values given 

a re  based on 2000 grains. After several  t r i a l  germination t e s t s , i t  was 

decided t o  use an aqueous medium for the germination t e s t .  This medium 

consisted of double d i s t i l l e d  water containing 20 ppm of boron. Incuba- 

t i o n  was i n  Van Tieghem c e l l s  a t  a temperature of 30" C f o r  24 hours. 

After  t h i s  period, germination and tube length were evaluated i n  a s imilar  
3, 

method t o  t h a t  given fo r  pine. 

The progeny t e s t  consisted of col lect ing cones and acorns froan the j 

indicated t r ee s ,  and f o r  the pines, the cones were kept separate by t r e e  

and per year of formation. Progeny from seed fonned during 1958, 1959, 

1960, and 1961, but where t h e  seed had remained i n  the  cones on the t r ee s  

u n t i l  1961, was available f o r  the  t e s t .  Germination and survival t e s t s  

were done i n  t h e  greenzhouse; the d e t a i l s  and r e su l t s  of these t e s t s  w e r e  

given i n  a previous paper  e erg en and S t a i r s ,  1962). After t h e i r  i n i t i a l  

growth the seedlings were moved t o  a niwsery where the oaks were f i e l d -  

planted, and the pines were planted i n t o  individual pots and plunged i n t o  

peat moss t o  minimize transplanting damages. Height measurements of the  

pines were made during l a t e  summer a f t e r  height growth had ceased and the 

plants had formed terminal buds. Because th,e oak seedlings had 'completed 

t h e i r  f i r s t  f lush of growth before they were outplanted, f i e l d  evaluation 

could not be made f o r  t h i s  report .  



Results 

Flower Phenology and Morphology 

Throughout l a t e  winter and ear ly  spring the r a t e  of deve lopent  

of tbe  male catkins of the i r rad ia ted  t r ee s  lagged behind t h a t  of the  

t r ee s  i n  the control '  fo res t .  With the exception of the  s t r o b i l i  on one 

t r e e  (#61, 3.9 r/ZO h r  day) the  i r rad ia ted  ones were considerably shorter  

(6.5 mm vs. - 12.0 xu). A representative c lu s t e r  frm an i r r ad i a t ed  t r e e  

t h a t  had received 5.2 r/20 h r  day i s  cmpared with a control  i n  Figure 2. 

Because of t h e i r  shorter  length, these s t o b i l i  had a squatty appearance. 

Longitudinal sections through the s t o b i l i  showed a smaller number of 

grains  per microsporangium, and the terminal scales  were considerably 

larger .  During the 1962 pol l inat ing season, pollen dehisced natural ly  

i n  the control  fo re s t  on May 21, while i n  the i r r ad i a t ed  t r ee s  pollen 

s t a r t ed  t o  shed only on May 29. This 8-day delay was f a i r l y  uniform i n  

.. . the  s i x  t r e e s  studied; s imilar  ,delays in -  pollen shedding were observed ' . ':! . . 

during two prevlous seasons. 

Phenological observations on the three species of oaks showed 

a marked delay i n  the  i r rad ia ted  t r ee s .  To i l l u s t r a t e  t he  stages of deve- 

lopment, composite photographs were prepared f o r  two dates f o r  Quercus 

alba Linn., and one each f o r  Quercus i l i c i f o l i a  Wang. and Quercus coccinea - 
Muench,. Figure 3-1 i l l u s t r a t e s  the  condition i n  Quercus -) alba f i v e  days 

before pollen s t a r t ed  t o  dehisce natural ly  i n  the controls .  The delay 

of the male flowers of the t r e e s  ex-posed t o  8 t o  12  r/20 h r  day i s  qui te  

pronounced. A t  t he  t i m e  of pollen shedding, on May 26 ( ~ i g u r e  3-2), the 



delay was not as great, but pollen shedding was delayed by approximately 

one week. Although the irradiated catkins shed pollen, they were much 

shorter and did not.appear t o  reach fill vegetative maturity. 

Natural pollen shedding i n  Quercus coccinea and Quercus i l i c i f o l i a  

preceded that of Quercus alba - by approximately 14 days. There was a simi- 

lar delay i n  the irradiated trees, and th i s  delay was also paralleled by 

shorter catkins a t  the time of dehiscence ( ~ t g u r e  3-3; 3-4). 

One pine tree (#61) that had been exposed t o  3.9 r/20 h r  day 

during 1960-61 had a large number of hermaphroditic microsporangiate 
. .  . 

s t robi l l  ( ~ i g u r e  4-1). . Although hermaphroditic, s t robi l i  were also observed . .  
, . 

i n  the control trees, the abundance i n  the' i rradiated. tree was much greater 

than that observed i n  any of the contro1,material. No s t a t i s t i c a l  evalua- 

tion could 'be made because of relatively small sample. Besides the herma- 

phroditic s t robi l i ,  there were many instances where the apical sporophylls 

did not contain microsporangia but were simple vegetative leaves ( ~ i g u r e  

4-3). Deviations i n the sexual expression of the oaks were also present. 

While hermaphroditism was not observed, there were, however, fusions of 

acorn stalks which resulted i n  fan-shaped structures. There was i n  addi- 

tion a greater variability i n  the length of the acorn-bearing stalks 

( ~ i g u r e  4-2). Internal structures were quite variable i n  many of the 

acorns that were examined ( ~ i g u r e  4-4). 

For both pine and oak the phenology and size of the female flowers 

paralleled the conditions i n  the male flowers, and w i l l  thus not be des- 

cribed in  detai l .  



Pollen 

The cytological  examination during meiosis i n  t he  pine revealed 

chroanosomal aberrations,  such as fragmentation and b r i d g i w  a t  a l e v e l  

of 4.7 r/20 h r  day (figure 5-1; 5-2). O f  the  c e l l s  examined a t  t h i s  

l eve l  during Anaphase I, 2% showed fragmentation with a frequency of 

approximately one fragment per c e l l .  This value may be contrasted with 

an abortion r a t e  of 79.5% fo r  pollen from the same t r e e .  I n  addit ion t o  

the fragmentation t h a t  was observed a t  Anaphase I, there  were bridges a t  

Anaphase I and Anaphase I1 ( ~ i g u r e  5-3). These might account i n  par t  f o r  

the  high abortion r a t e d  the pollen. However, besides these v i sua l  aberra- 

t ions  there  a r e  genetic a s  w e l l  a s  physiological disturbances. Micronuclei 

were present not only i n  th$sporogenous t i s sue  and microspores, but a l so  

i n  t he  vegetative c e l l s  of the  surrounding layer  ( ~ i g u r e  5-4). These 

mlcronuclei probably a re  the  r e s u l t  of lagging chrmosanes o r  chrawatic 

fragments excluded from the nuclei during reformation following division.  

Similar observations were made i n  the oaks a t  somewhat higher 

leve ls  (12 r/day), but these aberrations were not a s  frequent and not a s  

well defined. A campariscn of t he  s i ze  of the  chramosomes of pine ( ~ i g u r e  

5-5) and oak ( ~ i g u r e  5-6) shows tha t  the  oak chroanosomes a r e  considerably 

smaller, although both genera have a somatic nunber of 2n = 24. Due t o  

the smaller s i ze  of the chromosomes i n  the oaks, a l a rge r  sample than was 

available woulO be necessary t o  obtain def in i t ive  s t a t i s t i c s  of these ab- 

normal conditions . 
When pollen from i r rad ia ted  t r ee s  was compared with t h a t  f r m  



the  control  t rees ,  there  was a highly s ign i f ican t  increase i n  the percent 

of aborted pollen grains ,  The percent abortion increased x i t h  an increase 

of the  exposure of the paren t , t rees .  For the  regression analysis  the  

percentage values were subjected t o  an a rcs in  transformation t o  s t a b i l i z e  

the  variance, and a l so  p a r t i a l l y  t o  improve the f i t .  The slope f o r  the  

regression was highly s ign i f ican t  and i s  i l l u s t r a t e d  i n  Figure 6 ~ .  

Percent germination of the  control  pollen was a l s o  greater  than 

i n  t he  i r rad ia ted  pollen. The data were a l so  transformed t o  a rcs in  f o r  

the  regression analysis  (l?igure 6 ~ ) ,  and the value fo r  the slope "bw 

approached significance a t  the  5 percent l eve l  (F = 5.96 - vs. 5.99). The 

germination percentage was expressed on t h e  bas i s  of f i l l e d  grains present . 

i n  a s l i de ,  ra ther  than on t h e  tota1,number of grains  t h a t  were present. 

If aborted grains had been included i n  the count, and the germination 

capacity had been expressed on the bas i s  of t o t a l  number of grains present, 

a stronger re la t ionship would have been obtained. This indicates  t h a t  

a s  a r e su l t  of cumulative gamma radiat ion,  not only are  fewer apparently 

normal pollen grains produced, but t h a t  those grains t h a t  appear t o  be 

normal under a microscope a l s o  have a lower germination capacity. One 

in te res t ing  observation, however, was t h e  f a c t  t h a t  those grains t h a t  did 

germinate produced normal pollen tubes with no reduction i n  tube length 

(Mgure 6C). Nevertheless, the tube s izes  from the  i r rad ia ted  pollen were 

more variable,  and one t r e e  produced considerably longer tubes. 

Pollen abortion i n  the  oaks showed a s imilar  response t o  curmu- 

l a t i v e  radiat ion a s  was described f o r  the pine t rees ;  however, the  over-all  

damage was l e s s  and occurred a t  a higher exposure. h e  data f o r  the  th ree  



species were kept separate for  the analysis, and tests '  of significance 

between the regression l ines  of the transformed data (arcsin) ahowed 

that  there was no s%gnificant difference between the three species i n  

ei ther  the "Y" intercept ( a ) ,  or i n  the slope (b).  Therefore, a camon 

slope was calculated fo r  the three species, and t h i s  regression i s  i l l u s -  

t rated i n  Ngure 6D. Different symbols are used i n  the graph t o  dis t in-  

guish each species. For t h i s  regression the  values for  the controls, 

although they ,are indicated on the  ordinate .of the graph, were not used 

t o  calculate the regression. Most of the values were close t o  the calcu-. 

la ted regression d t h  the exception of the pollen from one white oak t ree.  

This t r ee  was exposed t o  approximately 9 r/20 h r  day and had a consider- . 

ably higher percentage of aborted grains. This particular t r ee  a lso  shows 

greater morphological aberrations and i s  i n  general i n  poorer physiologi- 

c a l  condition. 

Pollen germination techniques are not too sat isfactory an e s t i -  

mate of pollen v iab i l i ty  i n  the oaks and considerable normal variations 

are present. For the i rradiated l o t s ,  the variation between t r ees  was 

more variable than i n  the controls, and there was also considerable varia- 

t ion i n  pollen tube length, Similar t o  the pines the pollen tubes produced 

from the i rradiated oak appeared normal and i n  some instances the tubes 

were longer than the controls. . . 

Progeny Tests 

Although radiation damage has been observed i n  the various stages 

of sexuel reproduction, pine cones with viable seed have been obtained 



from severely damaged trees;. including some t rees  that  were dying or are 

dead. 

The length of the hypocotyl i n  the pine seedlings from the i r ra -  

diated trees was significantly shorter when canpared t o  the controls ca erg en 

and Stairs ,  1962). A s  was pointed out i n  that  report, the length of the 

hypocotyl reflects  the vigor of the female parent, and the i n i t i a l  height 

growth of a pine seedllng i s  the result  of c e l l  elongation, rather than of 

c e l l  division. This reduced i n i t i a l  height may be a somatic radiation 

response rather than a .permanent genetic effect.  However, subsequent 

growth of the seedlings, and thei r  ontogeny, are caused by mitotic c e l l  ?.. . .. 

divisions, and a t  th is  time genetic mutations can.becane apparent. 

' In  Figure 7 the height measurements ,a t  the end of one growing 

season are i l lus t ra ted fo r  the various progeny groups where the means ' 

' 

( 2  one standard error) are given for  each 'group. From th i s  graph it can 

be seen that the progeny from the irradiated trees i s  much more variable 

both within, and between, groups.. For 'three of the years (1958, 1959, 

and 1960) the seedlings were t a l l e r  a f te r  one growing season, while for 

the 1961 collection thdre we& sane l o t s  that were shorter and some had 

particularly t a l l  seedllngs. Besides the radiation effects,  the effect  

of the age of the seed was s t i l l  apparent a f t e r  one growing season. 

Within the irradiated group there was a greater number of 

"abnormal" seedllngs. The range of variabil i ty within the control seed- 

lings, and ' w i t ~ n  the irradiated seedlings i s  i l lus t ra ted i n  Figure 8. 

These abnormalities included shorter and longer needles, an irregular 

apical growth pattern, lack of primordia on the leader, and twisted 

needles , 



Even under natural conditions oaks as a group are quite variable 

in  morphology during the juvenile stage. Although scane abnormal behaviors 

were present i n  the progeny t e s t  wi th  the irradiated acorns, their  evalua- 

tion w i l l  need t o  be delayed un t i l  the seedlings have passed the juvenile 

stage. 

Discussion 

The curmlative radiation effects on the sexual reproduction of 

pine and oak that were described are probably a combination of somatic 

effect and permanent genetic changes. The delay i n  the over-all phenology 

i n  the reproductive structures was well pronounced for  both species and t  

was a c l lnal  response to  the altered environment. This suggestsa reduction * .  

i n  endogenous growth substances, either -- i n  s i t u  a t  the meristematic areas, 

or i n  the i r  synthesis a t  the molecular level. Cordon (1956) pointed out . . 

the relative sensi t ivi ty of auxin metabolism t o  radiation effects,  and 

he found drastic reduction i n  auxin level i n  irradiated plants a t  dosages ,.. : ,. 

of less  than 100 r. The application of TIBA t o  Nicotiana hybrids by 

Sparrow and Schairer (1958) resulted i n  effects similar t o  those of radia- 

tion treatments. It i s  planned t o  collect scions from the irradiated 

trees, and these shoots will be grafted on normal stock plants outside the 

exposure area of the gamma field,  t o  separate the genetic effects from the 

samatic ones. 

However, the evidence given on aberratiozns during meiosis, and 

post meiotic divisions, i s  proof that genetic damage i n  the nature of 

visual and chromosomal changes i s  taking place a t  as low a level as 4.7 



r/20 h r  day i n  the Pinus rigida. With t h i s  high incidence of v i s ib l e  - 
aberrations during meiosis, It can be assuhed tha t  t he  number o f  submicro- 

scopic changes must be very hi& also.  Micronuclei have been observed i n  

mature pollen grains of i r r ad i a t ed  pitch pine t r ee s ,  and t h i s  would ind i -  

cate  t h a t  the  abortion of pollen does not present an e f fec t ive  block against 

the  perpetuation of these genetic changes, Controlled pol l inat ions  with 

pollen from the i r rad ia ted  t r e e s  all be made, including selfings of the  

. i r rad ia ted  t rees ,  t o  obtain s t a t i s t i c a l  information~on the mutations t h a t  

have occurred. 

The greater  var ia t ion i n  the  progeny from the  i r r ad i a t ed  t r ee s  -ji 

suggests t h a t  there  are considerable mutations a s  a r e s u l t  of cumulative 

low l eve l  chronic radiation.  These phenotypic expressions u n t i l  now a re  

Umtted t o  t h e i r  juvenile ontogeny, and a s  these seedlings develop, addi- 

t i o n a l  abnormalities Kill probably occur i n  both t h e i r  mature vegetative 

and sexual expressions. 

It i s  of i n t e r e s t  t o  note t h a t  whi le ' the  var ia t ions  as  a r e su l t  

of cumulative chronic g m a  radiat ion tha t  were observed ranged frm' near 

normal t o  l e t h a l  conditions, no complete block t o  sexual reproduction i n  

the l iv ing  t r e e  was interposed by the gamma i r rad ia t ion .  Basically the 

e f f ec t  of low l eve l  radiat ion a s  herein investigated a c t s  t o '  diminish 

s tead i ly  the meristematic base which will i n i t i a t e  the annual t r e e  growth. 
, . 

The exact nature of d i f fe ren t ia t ion  of t h i s  meristematic base i n  the  

t r ee s  i n t o  somatic and reproductive components i s  today a la rge ly  un- 

solved problem i n  Forest Biology. Results of t h i s  and previous s tudies  

i n  the  area under invest igat ion indicate  t ha t  the  processes involved i n  



formation of sexual primordia i n  pine and oak do n i t  present any unusual 

s ens i t i v i t y  to, cumulative gamma radiation.  Their f'urther development, 

however, i s  g rea t ly  influenced. Despite t he -g ree t e r  s ens i t i v i t y  of meiosis 

the capacity f o r  sexual reproduction i n  both genera pa ra l l e l s  t h a t  f o r  

vegetative survival under these low l e v e l  conditions. 
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Figure 2. 

Figure 3. 

Figure 4 .  

Captions f o r  I l l u s t r a t i o n s  

oblique a e r i a l  view of Co6' Gamma Field a t  the Brookhaven 

National Laboratory. Pine.and oak t r e e s  ins ide  marked area 

were used fo r  t h i s  study. The photograph was taken during the 

dormant season, a f t e r  t h e  oak t r e e s  had l o s t  t h e i r  leaves. 

Comparison be),ween outward morpholoey,and anatomy of micro- 

sporangiate s t r o b i l i  f r o m  a control  and i r rad ia ted  Pinus - r igida.  

Scale f o r  macrophotographs i s  i n  mm. The terminal scale  i n  the  

cross-section of the i r r ad i a t ed  microsporophyll (4 )  is i n  evi - 
dence . 

' ~ f f e c t  of rediat ion on ;henology of male flowers i n  Quercus. 

(1)- Quercus - alba collected on May 21, 1962; A = Control, B = 

Quercus - alba collected on May 26, 1962; A = Control, B = 3.4 r, 

Quercus i l i c i f o l i a .  A = Control, B = 9.0 r ,  C = 13.5 r .  ( 4 )  

Quercus coccinea. A = Control, B = 7.4 r, C = 11.5 r .  Scale 

Effect  of radiat ion on female reproductive s t ructures .  (1) Her- 

maphroditic s t r o b i l i  of Pinus rigida, some with .well defined 
. . 

ovulate sporophylls a t  the  apex. Short dark t i p s  on s t r o b i l i  

are  vegetative i n  character and bear s t e r i l e  sporophylls. A 

cross-section through t h i s  type of s t ruc tum i s  given i n  (3) 

where the t r ans i t i on  from sporophylls, f i l l e d  with pollen 



grains,  t o  non-reproducti ve leaves i s  well i l l u s t r a t ed .  (2) 

Aberrant acornbear ing s t ruc ture  of Quercus alba showing fusion - 
of acorn s t a lk s  on l e f t ,  'and excessive elongation of s t a lk s  on 

r igh t .  (4) Cross-section through acorn during ea r ly  development. 

Carpellate s t ruc ture  i s  i r regular ,  and shows a greater  number of 

carpels (7) than i n  the controls (6). Scale i n  macrophotographs 

i s  i n  mm. 

Figure 5. (1-3) Chromosomal aberrations during ml.crosporoge~esis of Pinus 

r igida.  (1)  Bridge formed a t  Anaphase I. (2)  Micronuclei. form- 

ing fram fragments of chromosomes a t  Telophase I. (3) Bridge . 

and micronucleus a t  Telophase 11. (4)  Mlcronucleus i n  vegetative 

c e l l .  (5) Comparison of s i z e  of chromosomes i n  Pinus r ig ida  and 

(6) Quercus alba. (5  and 6 a re  a t  the same' magnification). - 
Figure 6. Effect  of' radiat ion on the behavior of pollen. Pinus r ig ida  A.  - 

.Percent abortion; B. Percent germination; C . Tube length. Quercus 

sp.; D. Percent abortion. 

Mgure 7. Average height measurements ( 5  one standard e r ro r )  o r .  i r rad ia ted  

Pinus r igida seedlings a f t e r  one growing season. The seedlings - 
a re  kept separate by year during which seed formed. A l l  seed was 

col lected during the f a l l  of 1961. 

F igwe 8. Extent of var ia t ion i n  control  and irradiated seedlings of Pinus 

r igida a t  the end of one.growing season. All seedlings a r e  i n  

4" pots. 
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