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ABSTRACT O F  THESIS 

ORNITHOGALUM VIRENS AS A PLANT ASSAY FOR 

BETA AND GAMMA R A D I A T I O N  EFFECTS 

With t h e  i n c r e a s i n g  t h r e a t  o f  n u c l e a r  p o l l u t i o n ,  b io-  

l o g i c a l  a s s a y s  t o  monitor and c h a r a c t e r i z e  t h e  e f f e c t s  

o f  r a d i a t i o n  a r e  needed. The purpose o f , t h i s  s tudy  was 

t o  determine i f  t h e  monocotyledonous angiosperm, Ornitho- 

galurn v i r e n s  ( Q u i n t a n i l h a  and Cabra l ,  1 9 4 7 ) ,  cou ld  be  

used i n  such a ' b i o l o g i c a l  a s s a y  system. 

The n u c l e a r  and i n f e r p h a s e  chromosome volumes o f  

p o l l e n  g r a i n s  and r o o t  t i p  c e l l s  of  0.  v i r e n s  w e r e  

.determined and found t o  be r e l i a b l e  i n d i c a t o r s  of  

r a d i o s e n s i  l i v i  ty .  

A f t e r  exposing 0. v i r e n s  p l a n t s  t o  a c u t e  ( 6 0 ~ o )  and 

ch ron ic  ( lZ7cs)  gamma r a d i a t i o n  and i n t e r n a l  b e t a  r a d i -  

a t i o n  ( 3 2 ~ ) ,  l e t h a l i t y  (LDS0 , LDIOO ) ,  growth i n h i b i t i o n ,  

and chromosome a b e r r a t i o n s  were i n v e s t i g a t e d .  To d e t e r -  

mine t h e  LDS0 and L D I O O  f o r  0. v i r e n s ,  a procedure  i n  

which t h e  i r r a d i a t e d  bu lbs  were f i rs t  d r i e d  and then  

g iven  t h a  o p p o r t u n i t y  t o  s p r o u t  w a s  found t o  be  more 

p r a c t i c a l  t h a n  t h e  c l a s s i c a l  method of  w a i t i n g  f o r  d e a t h  

o f .  i r r a d i a t e d  p l a n t s .  Also,  r o o t  growth w a s  found t o  be 

a  b e t t e r  mea'sure of  m o r t a l i t y  t h a n  l e a f  growth because 

l e a f  growth i~ v a r i a b l e  even f o r  n ,on i r r ad i a t ed  0. z)i.ren.s 

iii 
I .  



p l a n t s .  Using t h i s  method,' t h e  LDS0 and LDIOO f o r  a c u t e  

gamma r a d i a t i o n  were e s t ima ted  t o  be  between 0.91 t o  

1.8 krad and l e s s  t han  3 . 6  krad ,  r e s p e c t i v e l y .  1 n  t h i s  

r ega rd ,  0. virens was-found t o  be more r a d i a t i o n  s e n s i -  

t i v e  than t h e  m a j o r i t y  o f '  t h e  herbaceous p l a n t  s p e c i e s  

examined by Sparrow and Schwemrner (1974) . 
Though growth i n h i b i t i o n  and abnormal growth were 

observed i n  t h e  a c u t e  and ch ron ic  gamma r a d i a t i o n  s t u d i e s ,  

t h e  changes i n  t h e  growth of  t h e  p l a n t s  w e r e  s o  v a r i a b l e  

t h a t  t h e s e  parameters  were found t o  be u n r e l i a b l e  measures 

of  r a d i a t i o n  e f f e c t s .  On t h e  o t h e r  hand, chromosome' 

a b e r r a t i o n s  w e r e  a  more r e l i a b l e  measure o f  r a d i a t i o n  

damage because l i n e a r  r e l a . t i o n s h i p s  between t o t a i  abe r r a -  

t i o n s  and dose w e r e  found f o r  bo th  gamma and b e t a  r a d i a -  

t i o n .  The t y p e s  of a b e r r a t i o n s  t h a t  a r e  t h e  l e a s t  and 

most s e n s i t i v e  i n d i c a t o r s  of  r a d i a t i o n  aamage appeared 

t o  be pu lve r i zed  chromosomes and f ragments ,  r e s p e c t i v e l y .  

I n  conc lus ion ,  OrnithogaZum virens appears  t o  be a  

u s e f u l  b i o l o g i c a l  a s s a y  system f o r  t h e  e f f e c t s  of b e t a  and 

gamma r a d i a t i o n  on chromosomes and m o r t a l i t y  w i t h i n  t h e  

dose  range o f  t h i s  s tudy .  
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Department of Botany and 
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CHAPTER ONE INTRODUCTION 

With the recent growth of the nuclear industry, 

studies of the biological effects of potentially harmful 

low level radiation (Eisenbud, 1973) are ~eeded because 

of the widespread threat and occasional reality of pollu- 

tion. To monitor radioactive pollution and to character- 

ize the associated biological effects, biological assays 

have been used with varying success in the past (Mericle 

and Mericle, 1965; Nayar et al., 1970). An ideal assay 

system must minimize or eliminate a variety of short- 

comings that have to some extent plagued earlier inves- 

tigations. For instance, one of the problems in inves- 

tigating the effects of low level radiation is that for 

many organisms the damage may occur in so few cases that 

it is statistically immeasurable. Thus, a very radio- 

sensitive assay system should be used. A second poten- 

tial problem is that, since biological damage may aocu- 

mulate over time (Sparrow et al., 1961), the organism 

must remain in the irradiated area for an extended period. 

Thus, an organism which is both stationary and long-lived 

should be used. A third problem involves obtaining an 

adequate measure of radiation effects. Rate of growth, 

changes in physiology and induction of somatic mutations 

have been studied in the past (Van't Hof and Sparrow, 



1965; Beatty and Beatty, 1955; Nishiyama et al., 1964). 

However, besides not representing transmissible genetic 

damage, these effects are not easily quantified and often 

are difficult to compare between species. In contrast, 

chromosome aberrations are genetically transmi,ssible and 

can be used as a quantitative measure of radiation damage 

(Wolff, 1959) for direct comparison between species. 

Therefore, a stationary, long-lived organism that is 

very radiosensitive and suitable for chromosome studies 

should be ideal.as an assay system. 

In searching for a suitable assay system for low 

level.radiation, Orni thogalum v i r e n s  was selected because 

as a perennial plant, 0. v i r e n s  is both stationary and 

long-lived. Also, previous work (Sparrow, 1962) has ' 

indicated that plants with a few large telocentric 

chromosomes are very sensitive to radiation, and 0. v i r e n s  

has a diploid,number.of six large telo-acrocentric 

chromosomes (Godin and Stack, 1976). Additional favor- 

able characteristics of 0 .  v i r e n s  include its hardy, fast 

.growth and resistance to disease. As a member bf the 

lily family, 0. v i r e n s  forms a bulb that can be dried 

and stored. Propagation is readily accomplished either 

sexually by forming seeds or vegetatively by forming 

bulbils (small bulbs off of the main bulb). One detracting . 

aspect of 0 .  v i r e n s  is that it is susceptible to freezing.' 



The fo l lowing  i s  a  summary o f  t h e  o b j e c t i v e s  of  

t h i s  s tudy  t o  de te rmine  whether 0 .  v i r e n s  could be used 

a s , a  b i o l o g i c a l  a s say  f o r  t h e  e f f e c t s  of r a d i a t i o n :  

I To de te rmine  t h e  r a d i a t i o n  s e n s i t i v i t y  of OrnithogaZum 

v i r e n s .  This  , included: 

A.  F ind ing  t h e  nuc l ea r  volume and i n t e r p h a s e  

chromosome volume a s  t h e  most g e n e r a l l y  accep ted  

i n d i c a t o r s  of r a d i a t i o n  s e n s i t i v i t y  (Sparrow, 

B. Finding t h e  LD50 f o r  0 .  v i r e n s  us ing  a c u t e  

gamma r a d i a t i o n  t60co ) .  

C .  Fin,ding t h e  LD50 f o r  0 .  v i r e n s  us ing  ch ron ic  

gamma r a d i a t i o n  (13'cs) . 

I1 To de te rmine  which chromosome a b e r r a t i o n s  a r e  t h e  

most and l e a s t  s e n s i t i v e  i n d i c a t o r s  o f  r a d i a t i o n  

damaae by s c o r i n g  t h e  number a n d . t y p e s  of  chromo- 

some a b e r r a t i o n s  u s ing  a c u t e  gamma r a d i a t i o n ,  

ch ron ic  gamma r a d i a t i o n  and i n t e r n a l  b e t a  r a d i a t i o n .  

I11 To determine t h e  e f f e c t s  of a c u t e  and ch ron ic  gamma 

r a d i a t i o n  on t h e  growth of  0. v i r c n ~ .  



CHAPTER TWO LITERATURE REVIEW 

I n t r o d u c t i o n  

Before i n v e s t i g a t i n g  t h e  b i o l o g i c a l  e f f e c t s  of gamma 

and b e t a  r a d i a t i o n  on Ornithogaturn v i r e n s ,  it was neces- 

s a r y  t o  review prev ious  r a d i a t i o n  s t u d i e s  on h ighe r  

p l a n t s .  Included i n  t h e  r e v i e w a r e  s t u d i e s  on r a d i a t i o n  

induced chromosome~aber ra t ions ,  growth i n h i b i t i o n  and 

m o r t a l i t y  ( L D 5 0 ) .  S ince  t h e  p r e s e n t  s tudy  inc luded  a ,  

f i e l d  exper iment ,  p a s t  work on t h e  e f f e c t s  o f  i r r a d i a t i n g  

p l a n t s  i n  t h e  f i e l d  i s  d i scussed .  Also inc luded  a r e  

s t u d i e s  on t h e  u s e  of t h e  n u c l e a r  and i n t e r p h a s e  chromo- 

some volumes t o  p r e d i c t  r a d i a t i o n  s e n s i t i v i t y  of  h i g h e r  

p l a n t s .  

Chromosome Aber ra t ions  

The s tudy  of  r a d i a t i o n  g e n e t i c s  began i n  1927 (Crow 

a n d  Absahamson, 1965) when Muller  discovered t h a t  X-rays 

produced muta t ions  i n  Drosophi ta .  I n  1928, S t a d l e r ,  w i t h  

h i s  work on co rn ,  confirmed ~ u l l e r ' s  d i s cove ry .  The t y p e s  

of  chromosome a b e r r a t i o n s  induced by r a d i a t i o n  w e r e  inves-  

t i g a t e d  by Mather (1934) who found t h a t  X-rays produced 

chromosome fragrnentat.ion. Ca tches ide  e t  a l .  (1946) no ted  



t h a t  t h e  t i m e  of o b s e r v a t i o n  a f t e r  i r r a d i a t i o n  determined 

whether chromosome o r  chromat id  a b e r r a t i o n s  would be seen .  

I n  1940, Sax desc r ibed  t h e  t y p e s  of a b e r r a t i o n s  produced 

by X-rays. H e  concluded t h a t  a b e r r a t i o n s  r e q u i r i n g  a 

s i n g l e  h i t  i nc reased  l i n e a r l y  w i t h .  dose  and a b e r r a t i o n s  

r e q u i r i n g  two h i t s  i n c r e a s e d  a s  a f u n c t i o n  of  dose  

squared.  Ca ldeco t t  and Smith (1952) found anaphase 

br. idges i n  b a r l e y  i n c r e a s e d  l i n e a r l y  w i th  dose .  However, 

Wolff (1954) ,  ana lyz ing  metaphase d i c e n t r i c  chromosomes 

and r i n g s ,  found a dose  squared r e l a t i o n s h i p .  I n  1957, 

Wolff and Luippold showed t h a t  metaph'ase exchanges gave 

a dose  squared r e l a , t i o n s h i p  and t h e  anaphase b r i d g e s  

gave a l i n e a r  r e l a t i o n s h i p .  I n  a l a t e r  s tudy ,  Conger 

(1965) agreed  wi th  Wolff and Lu ippo ld ' s  f i n d i n g s  and '  

s t a t e d  t h a t  anaphase b r i d g e s  underes t imate  t h e  amount 

of  damage. I n  1966, Revel1 found chromat id  i n t e r changes  

i nc reased  wi th  t h e  square  o f  t h e  dose  i f  gaps were ex- 

c luded from t h e  a n a l y s i s .  I n  a r e c e n t  s tudy ,  Yamaguchi 

(1974) concluded r e p a i r  of  chromo'some a b e r r a t i o n s  and 

recombinat ion have a common b a s i s .  

LD and Growth S t u d i e s  -5 0 

One of  t h e  most common measurements of r a d i a t i o n  

e f f e c t s  i s  growth i n h i b i t i o n  (Sparrow, 1962) .  I n  1961, 

Sparrow e t -  a l .  r e p o r t e d  s tudy ing  growth i n h i b i t i o n  i n  

I 



many p l a n t  s p e c i e s .  They found a . c o r r e l a t i o n  between 
I 

t h e  a c u t e  dose  r e q u i r e d  t o  s t o p  growth and t h e  ch ron ic  

dose neces sa ry  f o r  growth i n h i b i t i o n . .  S t e i n  and Sparrow 

(1963) desc r ibed  t h e  e f f e c t s  of  ch ron ic  i r r a d i a t = o n  on 

t h e  growth o f  KaZanchoe. They r e p o r t e d  abnormal growth 

o f  bo th  l e a v e s  and stems. I n  1965, Van ' t  Hof and Sparrow 

s t u d i e d  t h e  changes i n  t h e  growth r a t e  o f  r o o t s  i r r a d i -  

a t e d  when a c t i v e l y  growing o r  dormant. '  They found 

act ively  y r v w i r l y  ruuLs are more r a d i s s e n s i $ i v c i  I n  a 

l a t e r  s t u d y ,  Bass e t  a l .  (1975) 'examined i n h i b i t i o n  o f  

growth and t h e  damage t o  l e a v e s  of  tobacco . p l a n t s  when 

1 4  1 4  exposed t o  i r r a d i a t i o n  from C i nco rpo ra t ed  as C02. 

They found abnormal l e a f  growth, e s p e c i a l l y  i n  younger 

l e a v e s .  I n  1966, Yamakawa and Sparrow found t h e  expo- 

s u r e  neces sa ry  t o  produce 50% p o l l e n  a b o r t i o n  v a r i e d  

from 10.4 t o  16.50 R/d f o r  s e v e r a l  p l a n t  s p e c i e s .  P o l l e n  

a b o r t i o n  a l s o  was used by Underbrink e t  a l .  (1973) t o  

examine the.  d i f f e r e n c e s  between 15  s p e c i e s  w i th  vary ing  

p lo idy .  They found p o l l e n  a b o r t i o n  w a s  n o t  c o r r e l a t e d  

t o  n u c l e a r  volume ( s e e  be low) .  I n  1974, Sparrow and 

Schwemmer determined t h a t  GR50 v a l u e s  (dose  of r a d i a t i o n  

r e q u i r e d  t o  reduce t h e  w e t  o r  d r y  weight of  aboveground 

p l a n t  m a t e r i a l  t o  50% o f  t h a t  of  t h e  c o n t r o l  p l a n t s )  

v a r i e d  frcm 6 . 4  t o  2 3  kR f o r  3 2  herbaceous p l a n t  s p e c i e s .  

Two y e a r s  l a t e r ,  t h e  D50 (dose  r e q u i r e d  t o  reduce seed- 

l i n g  growth t o  50% of  t h a t  of  t h e  c o n t r . 0 1 ~ )  was d e t e r -  

mined by Conger ( 1 9 7 6 )  t o  be 35 t o  40 krad  101- maize. 



I n  o t h e r  exper iments ,  bo th  growth i n h i b i t i o n  and'or 

LD50 (dose r e q u i r e d  f o r  50% l e t h a l i t y )  were s t u d i e d .  In 

1962, Bowen e t  a l .  found r e d u c t i o n  i n  growth of s e v e r a l  

p l a n t  s p e c i e s  when h igh  doses  of gamma r a d i a t i o n  w e r e  

g iven .  For t h e s e  s p e c i e s ,  t hey  a l s o  r e p o r t e d  t h e  L D  ' s  
50 

v a r i e d  from 0.75 t o  100 krad .  Ichikawa and Sparrow 

(1966) s t u d i e d  growth i n h i b i t i o n  and determined t h e  

L D 5 0 1 ~  o f  s e v e r a l  p o l y p l o i d s  of  Rumex. L a t e r ,  Sparrow 

and Schwemmer (1974) determined bo th  LD50 and LDIO v a l u e s  

f o r  32 herbaceous p l a n t  s p e c i e s .  They found a c o r r e l a -  

t i o n  between growth i n h i b i t i o n  and t h e  L D 1 0  I n  1973, 

Spci.~row e t  a l .  concluded t h a t  t o  determine t h e  LD50 f o r  

some s p e c i e s ,  ve ry  1ong .obse rva t ion  t i m e s  ( s e v e r a l  months) 

w e r e  needed. A yea r  l a t e r ,  Sparrow and Schwemmer (1974) 

determine6 t h a t  t h e  average  e n e r g y a b s o r b e d  p e r  chromo- 

SOirii:; at t h e  LDSO ' s  of s e v e r a l  herbaceous s p e c i e s  was 

4.9 MeV. The L D S O t s  f o r  s e v e r a l  woody s p e c i e s  were found 

, by Sparrow e t  a l .  (1968) t o  range from 473 t o  17,500 R. 

' They found a c o r r e l a t i o n  between t h e  LD50 and t h e  i n t e r -  

phase chronosome volume ( I V C ,  see below) and used it t o  

p r e d i c t  t h e  L D S O 1 s  f o r  many o t h e r  woody s p e c i e s .  Baetcke 

e t  a l .  (1967) found bo th  t h e  I C V  and t h e  DNA c o n t e n t  p e r  

chromosome were i n v e r s e l y  p r o p o r t i o n a l  t o  t h e  LD50. They 

concluded t h e r e  was a good c o r r e l a t i o n  between rad iosen-  

s i t i v i t y ,  a s  measured by LD50, and nuc lea r  parameters .  



Studies of Nuclear Volume. ,(NV) and 

Interwhase Chromosome Volume (ICVI 

The question of why some p1,ant species are more sen- 

sitive to radiation than other plant species has been 

the subject of many studies. Early work indicated that 

species with large chromosomes are more radiosensitive 

(see Sparrow, 1962 for review). In 1961, Sparrow et al. 

concluded the 1arger.the interphase nuclear volume the 

more sensitive the nucleus and ultimately the whole plant. 

For higher plants, Sparrow and Miksche (1961) concluded 

there was a positive relationship between nuclear volume, 
= 

nuclear DNA content and rad.iosensitivity. In a comparison 

between active and dormant roots of Tradescantia, Van't Hof 

and Sparrow (1965) determined the active root had larger 

nuclear volumes and were more sensitive to X-rays. They 

believed the difference in the volumes explained part of 

the differences in the radiosensitivities. In later 

studies, Sparrow et al. (1973) found the mean survival 

time of irradiated plants was negatively correlated to 

the nuclear yolumes of the plants. On the other hand, 

Conger (1976) concluded there was not a consistent rela- 

tionship between the effect of gamma radiation and fission 

neutrons on maize seeds and the nuclear volume. 

In 1962, Sparrow suggested there was another nuclear 

parameter which can be used to measure radiosensitivity. 

This parameter was the interphase chromosome volume 



(interphase nuclear volume divided by the number of 

chromosomes, subsequently referred to as ICV). Sparrow 

et al.' (1963) found that dormant white pines had smaller 

ICV's and were more radioresistant than actively growing 

pines. Alvarez and Sparrow (1965) compared the ICV's. 

for Tradescantia stamen hair cells and root meristem 

cells. They found the values were not significantly 

different and concluded the contact between cells (as 

in roots) did not affect significantly radioresistance. 

In 1966, Ichikawa and Sparrow determined the ICV's for 

several species of Rumex with various ploidies. They 

found the ICV to be smaller in the more resistant poly- 

ploids and concluded the resistance was due to smaller 

ICV's rather than genetic redundancy. Later, Ichikawa 

(1970) qualified this conclusion by saying that genetic 

redundancy did act as a modifier. Underbrink et al. 

(1973) also found polyploids more resistant, but they 

concluded that it was a function of the ICV and not of 

ploidy . 
In several studies, the relationships between ICV 

and parameters of radiosensitivity were investigated. 

Yamakawa and Sparrow (1966) found ICV to be inversely 

proportional to the exposure necessary to produce 50% 

pollen abortion. ~chikawa and Sparrow (1967a, b) found 

the.D3g values (the dose required to reduce the popula- 

kion of plants to 37% survival) for several Tradescantia 

species were inversely proportional.to their ECV's. That 



same year, Baetcke et al. (1967) determined that ICV 

was inversely proportional to LD for several plant 50 

species. Miller and Colaiace (1971) pointed out that 

the survival of a meristem should be compared with the 

ICV of that meristem because the ICV's may be different 

for different meristems. However, Baetcke et al. (1967) 

found the volumes of the shoot and root meristems were 

not different for most species. In 1971, Nayer et al. 

found a sositive correlation between meiotic abnormali- 

ties and ICV values for several plant species growing 

in a naturally radioactive area. Sparrow and Schwemmer 

(1974) reported a correlation between D37 values for 
, . 

whole plants and ICV values. In several studies (Taylor,. 

1966; Sparrow et al., 1968), the ICV's were used to pre- 

dict radiation sensitivities of plant species although 

.the predictions were not tested experimentally. 

Field Studi.es 

Most studies of plants irradiated in the field have 

been on communities irradiated by sealed artificialsources. 

However, a few studies on communities affected by nuclear 

detonations and accidents have,been reported. Richard 

and. Shields (1963) studied. a plant community three years 

. after a detonation at Yucca.Flat, Nevada. Their results 

indicated that annual plants were dominant and that early 



recolonization stages were similar to the ones expected 

from conventional burning or blading. In another post- 

detonation study, Beatley (1966) observed the winter 

annual vegetation. During the second year a large and 

vigorous population was found, which Beatley concluded 

was due to the "stimulatory" effect of radiation. A 

desert shrub community'was studied by Ragsdale and Rhoads 

(1974) four years after an accidental venting.of radio- 

active material from Project Pinstripe. They observed 

mortality, zrown death and regrowth or lack of regrowth 

of the plants. 

A widely known study using a sealed a,rtificial source 

(137~s) to irradiate a plant community was conducted at 

Brookhaven National Laboratory. ,In 1963, Woodwell des- 

cribed the design of this study on an oak-pine forest 

community. . He commented that the plants were more sen- 

sitive than had been predicted. In that same year, 

woodwell. and' Sparrow (196 3) described shoot growth and 

tree mortality in the community. Theyconcluded that 

growth retardation was due not only to radiati~n'dama~e 

but to nataral stresses inherent in the community. In 

1966, Wagner studied the herbaceous plants of the com- 

munity. He found that at exposures higher than 45 R/d 

most higher plants were dead and perennial species were 

favored over annuals. In a later study, Flaccus et al. 

(1974) fcund that at lower exposures the herbaceous 

community had increased eight-fold in density. Sparrow 



(1966) reviewed the uses of theBrookhaven radiation 
\ 

facilities and described some of the studies conducted 

there. 

Studies in the western United States included one in 

the Mojave Desert and one on the shortgrass plains. In 

1971, Kaaz et al. reported the installation of a 137~s 

solxce in the Mojave Desert. They investigated the 

early effects on the shrubs of the area and-found only 

Ephedra had failed to grow vegetatively and to produce 

flowers. They concluded Ephedra was more sensitive 

because it had a larger ICV. In a later study, ~ollmer 

and Bamberg (1975) observed the shrub KramerZa. They 

found a decrease.in density and cover and concluded that 

eqcilibrium in response to the radiation had not yet 

137cs been. established. . Fraley and Whicker used a 

source to irradiate, both chronically (1973a) and sea- 

'sonally (1973b), a shortgrass plains community. In the 

seasonal .experiment, they found the commun.ity was most 

sensitive in the late fall. Recovery from the 30 d 

irradiation was similar to secondary succession except 

for the role played by regenerating perennials. They 

concludsd from the chronic experiment that the short- 

grass vegetation as a whole was very resistant. They 

also found the parameters, diversity, and coefficient 

of community (comparison of irradiated species to con- 
! 

trol species), were not sensitive enough adequately to 

measure the changes and stability'of the community. 



Other f i e l d  s t u d i e s  i n c l u d e  t h e  i r r a d i a t i o n  by 

McCormick (1963) o f  a  herbaceous " i s l a n d  community" 

growing on a  g r a n i t e  ou tc rop .  H e  found bo th  growth 

s t i m u l a t i o n  and i n h i b i t i o n  and' s e l e c t i o n  f o r  r e s i s t a n t  

, s p e c i e s .  I n  t h a t  same y e a r ,  Kawara (1963) desc r ibed  a 

gamma f i e l d  i n  Japan used f o r  b reed ing  a g r i c u l t u r a l  

p l a n t s .  Woodwell and Oost ing (1965) ,  a f t e r  c h r o n i c a l l y  

i r r a d i a t i n g  a n ' o l d  f i e l d ,  observed a  dec rease  i n  d e n s i t y  

and p l a n t  cover .  Monk (1966) found a  dec rease  i n  stem 

e l o n g a t i o n ,  r o o t  biomass, and d i v e r s i t y  when he chroni -  

c a l l y  i 1 . r a d i a t e d . a  f i e l d  o f  f i v e  yea r  o l d  long  l e a f  

p ine .  I n  1972, F a b r i e s  e t  a l .  r e p o r t e d  on t h e  c h r o n i c  

i r r a d i a t i o n  of Mediterranean type  v e g e t a t i o n  and found 

t h e  herbaceous s p e c i e s  t o  be more r e s i s t a n t  t han  t h e  

woody s p e c i e s .  I n  t h e  same y e a r ,  Hol t  and B o t t i n o  
2 # (1972) i r r a d i a t e d  a  w i n t e r  rye-weed community. The i r  

f i n d i n g s  i n d i c a t e d  t h e  weeds were more r e s i s t a n t  t han  

t h e  rye .    he r e s p i r a t i o n  r a t e s  of i r r a d i a t e d  r e d  p i n e s  

was t h e  s u b j e c t  o f  a  s tudy  i n  1974. Jordan  found t h e  

r e s p i r a t i o n  r a t e  i n c r e a s e d  a t  r a d i a t i o n  l e v e l s  of  4 

t o  6  rad/d  and ~ o r d a n  b e l i e v e d  t h e  i n c r e a s e  was an 

i n d i c a t i o n  o f  r e p a i r .  

The s t u d i e s  t h a t  measured t h e  e f f e c t s  o f  i o n i z i n g  

r a d i a t i o n  o n , . t e r r e s t r i a l  p l a n t  communities have been 

reviewed by Whicker and F r a l e y  (1974) .  



CHAPTER THREE .MATERIALS AND METHODS 

Introduction 

Three basic studies were conducted on plants of the 

monocotyledonous angiosperm, OrnithogaZum ,virens (Liliaceae) 

(Quintanilha and ~abral, 1947). In the first study, the 

plants received acute doses of gamma radiation from a 

60 Co source. In the second study, plants were exposed 

137cs in the field to chronic gamma radiation from a 

source. The last study involved plants heing irradiated 

by beta particles from 32P as an internal emitter. 

Determination of Nuclear Volume and 

Interphase Chromosome Volume 

To predict the radiation sensitivity of,OrnithogaZum 

uirens, the nuclear volumes and the interphase chromosome 

volumes of the pollen grains and the root tip meristematic 

cells were determined from sectioned material. These two 

measurements have been used as indicators of radiation 

sensitivity nf p1.ants (Sparrow, 1962). 

Both pollen grains (microspores) and root tips were 

killed and fixed in Navashin's fluid (,Johansen, 1940) . 
The tissues were put through the dehydration-infiltration 



sequence using tertiary butyl alcohol described by Conn 

' et al. (1960). The tissues were embedded in rubber Paro- 

wax and sectioned at 12 um. The sections were mounted 

on slides using Haupt's adhesive and'stained with iro'n 

hematoxylin (Johansen, 1940). 

In longitudinal sections of root tips, nuclei were 

measured that lie between mitotically dividing cells in 

the same column. This should insure that the mea,sured 

nuoloi woro €till diploid and oapablc of divioion. 

Using an ocular micrometer and an oil immersion objec- 

tive (100 X) , the diameters of the nuclei, were measured 
F 

perpendicular and parallel to the column of cells. For 

each nucleus, the average of these two diametric measure- 

ments was calculated and the nuclear volume (NV) was 

found by using'the equation, 

where D equals the average diameter (Sparrow et al., 

1968). Using this volume, the interphase chromosome 

volume (ICV) was determined by using the equation, 

w ICV = - 6 

(Sparrow and Schwemmer, 1974). The interphase chromosome 

volume is one sixth of the nuclear volume because the 

cells of the root tip,are diploid (2n = 6). 



Using an ocular micrometer and a 100 X oil immersion 

objective, the diameter of the nucle? of the pollen 

grains were measured. Two measurements were taken at 

right angles to each other except where nuclei were not', 

spherical. Then, major and minor axes were measured. 

The average diameter was found and the nuclear volume 

calculated using the same equation as for the root tip 

cells. The interphase chromosome volume was found by 

dividing the nuclear volume by three because the pollen 
. - 

grain cells are haploid (n = 3) . 

Acute Gamma Radiation Study 

Summary - 
' In the two experiments comprising this study, mature 

0 .  virens bulbs were grown and irradiated in wax-coated 

paper cups (15 cm high and 9 cm wide at the top) con- 

taining vermiculite. These containers and this growth 

medium insured minim& absorptzon of the gamma radiation 

from the 6 0 ~ o  source by material surrounding the roots 

and bulbs. In the first experiment, the dose ranged 

from 0 to 32 krad. The second experiment included con- 

trol plants and plants exposed to 32 to 96 krad. 



F i r s t  E x ~ e r i m e n t  . 

Flowering p l a n t s  w e r e  exposed by p l a c i n g  them a t  

vary ing  d i s t a n c e s  from t h e  source .  There were t h r e e  

p a l n t s  a t  each dose l e v e l  (Table  1) .  

Table 1. Length of  i r r a d i a t i o n  and t h e  doses  r ece ived  
by p l a n t  t o p s  and bu lbs  a t  each l e v e l  f o r  t h e  
f i r s t  exper iment  o f  t h e  a c u t e  gamma r a d i a t i o n  
s tudy  ( s e e  Appendix A f o r  de t e rmina t ion  o f  
bu lb  d o s e s ) .  

Level I r r a d i a t i o n  P l a n t  Top Bulb Dose 
Number ' Length ( h )  Dose (k rad )  (k rad )  

A f t e r  i r r a d i a t i o n ,  t h e  p l a n t s  we're,grown i n  t h e  green- 

house f o r  16 weeks. During t h i s  t i m e ,  t hey  were watered 

wi th  a  n u t r i e n t  s o l u t i o n  (Appendix B ) .  P o l l e n  was c o l -  

l e c t e d  from t h e  p l a n t s t w o ,  s i x  and, e i g h t  days  a f t e r  i r r a -  

d i a t i o n  and o b s e r v a t i o n s  on growth and t h e  g e n e r a l  condi-  

t i o n s  of t h e  p l a n t s  were recorded .  The measurements 

inc luded  t h e  l e n g t h  o f  t h e  f lower  s t a l k  and of  t h e  raceme, 

number of open f lower s ,  and t h e  c o n d i t i o n s  o f  t h e  l e a v e s ,  

buds, f l ower s ,  and polleri  . 



A f t e r  t h e  pe r iod  i n  t h e  greenhouse,  t h e  p l a n t s  w e r e  

removed from t h e  cups .  The l e a v e s  and r o o t s  were c u t  

and then t h e  bu lbs  were d r i e d  on benches i n  t h e  labora-  

t o r y  f o r  t h r e e  weeks. The bu lbs  w e r e  r e p l a n t e d  i n  ver -  

m i c u l i t e  i n  10 by 10 cm p l a s t i c  p o t s .  Over seven months, 

t h e  regrowth o f  t h e  r o o t s ,  l e a v e s ,  and f lower  s t a l k s  was 

observed.  The number and l e n g t h  of  t h e  r o o t s ,  t h e  t i m e  

u n t i l  t h e  shoot  appeared and t h e  number and l e n g t h  of t h e  

lea.ves were recorded.  .Other measure'ments i nc luded  t h e  

l e n g t h  of  t h e  f lower  s t a l k ,  t h e  t i m e  u n t i l  f l ower ing ,  

t h e  l e n g t h  o f  t h e , f l o w e r i n g  raceme a n d . t h e  number of 

f lowers .  
. . 

Second Experiment 

The same g e n e r a l  procedure  f o r  i r r a d i a t i o n  was used.  

Again, t h e r e  were t h r e e  p l a n t s  p e r  dose  l e v e l ,  b u t  t h e s e  

p l a n t s  were n o t  f lower ing  (Table  2 ) .  

Table  2 .  Length of  i r r a d i a t i o n  and t h e  doses  r ece ived  
by p l a n t  t o p s  and bu lbs  a t  each l e v e l  f o r  
t h e  second experiment of  t h e  a c u t e  gamma 
r a d i a t i o n  s tudy  (see Appendix A f o r  d e t e r -  
mina t ion  of  bu lb  d o s e s ) .  

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

Level I r r a d i a t i o n  P l a n t  Top Bulb Dose 
Number Length ( A )  Dose (k rad )  (k rad )  



A f t e r  i r r a d i a t i o n ,  . the  p l a n t s  w e r e  grown i n  t h e  

greenhouse and watered wi th  the '  same n u t r i e n t  s o l u t i o n  

a s  used i n  t h e  f i r s t  experiment.    or n i n e  weeks, d a t a  

on ly  were c o l l e c t e d  on t h e  number, l e n g t h  and c o n d i t i o n  

of t h e  l e a v e s  because none o f  t h e  p l a n t s  were f lower ing  

a t  t h e  t ime of i r r a d i a t i o n .  Then t h e  p l a n t s  were re- 

moved from t h e  cups and t h e  l e a v e s  and r o o t s  c u t .  The 

bu lbs  were d r i e d  f o r  one month and then  r e p l a n t e d  i n  

v e r m i c u l i t e  i n  10 by 10 cm p l a s t i c  p o t s .  Growth measure- 

ments were t aken  ove r  f o u r  months. They were t h e  same 

a s  t h e  ones  t aken  i n  t h e  f i r s t  exper iment ,  excep t  t h a t  

t h e r e  were no o b s e r v a t i o n s  on t h e  i n f l o r e s c e n c e s  because 

t h e  p l a n t s  d i d  n o t  r each  f lowering,  s t a g e .  

Chronic Gamma ~ a d i a t i k n  F i e l d  Study 

Summary 

P l a n t s  w e r e  grown i n  t h e  f i e l d  a t  va ry ing  d i s t a n c e s  

from a 137 C s  source .  They r ece ived  a ch ron ic  dose  over  

a pe r iod  o f  30 days .  A f t e r  i r r a d i a t i o n ,  t h e y  were grown 

i n  t h e  greenhouse f o r  1 4  weeks. During t h i s  time, roo t  

t o p s  and ~ o l l e n  were c o l l e c t e d  and o b s e r v a t i o n s  on t h e  

growth o f  t h e  p l a n t s  made. 



Study Area 

The 1 3 7 ~ s  source  i s  l o c a t e d  on t h e  C e n t r a l  P l a i n s  

Experimental  Range ( a d m i n i s t r a t e d  by t h e  A g r i c u l t u r a l  

Research S e r v i c e ,  USDA), approximately  55 km n o r t h e a s t  

of F o r t  C o l l i n s ,  Colorado. A d e t a i l e d  d e s c r i p t i o n  of  

t h e  s i t e  was g iven  by F r a l e y  '(1971) and F r a l e y  and 

Whicker (1973a) .  The s i t e  was a c i r c u l a r  a r e a  which 

was d iv ided  i n t o  s i x  s e c t o r s  w i th  t h e  source  i n  t h e  

c e n t e r .  The p l a n t s  were grown c l o s e  t o  t h e  'source i n  

s e c t o r  two which had been i r r a d i a t e d  con t inuous ly  s i n c e  . 

A p r i l  1969. c o n t r o l  p l a n t s  were grown i n  an a r e a  be- 

tween s e c t o r s  which w a s  s h i e l d e d  f r o m ' t h e  sou rce  

(F igu re  1).  

Experimental  Design 

P l a n t s  were f i r s t . g r o w n  i n  t h e  greenhouse u n t i l  t hey  

were mature w i th  bu lbs  a t  l e a s t  3  cm i n  d iameter .  Then 

t h e  p l a n t s  were t r a n s p l a n t e d  i n t o  greenhouse s o i l  (Appen- 

d i x  C )  i n  1 8  c m  c l a y  p n t s .  T h e  c e n t e r s  of t h e  bu lbs  

were approximately  8 cm below t h e  r i m s  o f  t h e  p o t s  wh i l e  

t h e  s u r f a c e  o f  t h e  s o i l  was l e v e l  w i t h  t h e  r i m s .  There 

were f i v e  p l a n t s  p e r  l e v e l  of r a d i a t i o n  and t e n  c o n t r o l .  

p l a n t s .  Each l e v e l  had two f lower ing  p l a n t s ,  two p l a n t s  

w i th  f lower  s t a l k s  and one p l a n t  w i t h  no f lower  s t a l k ,  

except  . the c o n t r o l  l e v e l  where p l a n t  numbers were 

doubled.  



F i g u r e  1. S e c t o r s  one  and two of  t h e  s t u d y  a r e a  o f  t h e  c h r o n i c  gamma r a d i a t i o n  s t u d y ,  
showing t h e  p o s i t i o n  o f  t h e  conbrol  p l a n t s  ( l e v e l  6 )  i n  t h e  s h i e l d e d  a r e a  
between s e c t o r s  ( i n s i d e  numbers r e f e r  t o  mac rop lo t s ,  o u t s i d e  numbers r e f e r  
t o  d i s t a n c e  from s o u r c e , .  a r e a s  a r e  n o t  drawn t o  s c a l e ) .  



On 26 May 1978 t h e  p l a n t s  ( i n c l u d i n g  p o t s )  w e r e  

p l aced  i n  t h e  ground of  t h e  s t u d y  a r e a .  For  each  l e v e l  

o f  f i v e  p l a n t s ,  a t r e n c h  was dug a t  t h e  back edge o f  t h e  

macrop lo t ,  1 5  c m  from t h e  s i d e  edge o f  t h e  s e c t o r  and 

t a n g e n t i a l  t o  t h e  sou rce  ( F i g u r e  2 ) .  The p o t s  w e r e  

p l aced  i n  a l i n e  i n  t h e  t r e n c h  w i t h  r i m s  touch ing .  The 

t r e n c h  was f i l l e d  s o  t h a t  t h e  o r i g i n a l  s o i l  o f  t h e  s t u d y  

a r e a  surrounded t h e  p o t s  and w a s  l e v e l  w i t h  t h e  r i m s .  

~ h c  o o n t r o l  plants (level six) w e r e  p l aced  c l o s e  

t o  s e c t o r  one i n  t h e  s h i e l d e d  a r e a  between s e c t o r s  one 

and two. S e c t o r  one i s  t h e  c o n t r o l  a r e a  t h a t  h a s  n o t  

been i r r a d i a t e d  e x c e p t  f o r  s c a t t e r e d  r a d i a t i o n .  The 

p l a n t s  w e r e  p l aced  i n  t h e  ground i n . t w o  l i n e s  w i t h  t h e  

r i m s  o f  t h e  two groups- o f  p o t s  t ouch ing .  

Dose r a t e s  w e r e  c a l c u l a t e d  from p r e v i o u s l y  determined 

rates by c o r r e c t i n g  f o r  decay of t h e  s o u r c e  ( F r a l e y ,  

1 9 7 1 ) .  The rates  w e r e  n o t  t h e  same a s  t h e  v a l u e s  f o r  

t h e  back edge o f  t h e  mac rop lo t s  found i n  F i g u r e  2 because  

t h e  p l a n t s  w e r e  approx imate ly  9 c m  c l o s e r  t o  t h e  s o u r c e  

t h a n  t h e  back edge.  The t o t a l  dose  r e c e i v e d , b y  t h e  t o p s  

o f  t h e  p l a n t s  and t h e  b u l b s  (Tab le  3 )  were de te rmined  by 

u s i n g  t h e  dose  r a t e  and a - t i m e  o f  30 days  (down t i m e  o f  

sou rce  r,6t i nc luded  L u L  was min imal ) .  

8 



Figure  2 .  S e c t o r  two of  t h e  s tudy  a r e a  o f  t h e  c h r o n i c  
gamma r a d i a t i o n  s t u d y ,  showing t h e  p o s i t i o n s  
( c i r c l e d  numbers) o f  t h e  l e v e l s  of  t h e  i r r a -  
d i a t e d  p l a n t s  (dose  r a t e s  f o r  p l a n t s  d i f f e r e d  
from r a t e s  shown - see t e x t  f o r  e x p l a n a t i o n ) .  



  able 3. The macroplot number, the dose rate, and total 
dose for the tops of the plants and bulbs 
for each level in the chronic gamma radiation 
study (see Appendix D for determination of bulb 
dose). 

Level Macraplot 
Dose Rate .(krad/d) Total Dose (krad) 

Number Number plant TOP. ~ u l b  Plant TOP Bulb 

Several procedures were followed to insure that the 

major stres's put on the plants was' from. the radiation 

source. The plants were left in their pots so that' 

transplanting 'shock did'not occur. Also, they were not 

transplant2d into the sandy silt soil of'the study area, 

but were left in their original soil.' The plants were 

hand watered at the .rate of eleven liters per five plants 

every two days. 

Observations 

During the irradiation, the inflorescences of the 

plants were examined periodically in reference to the 

lengths of the flower stalks and flowering racemes and 
1 

the condition of the leaves, ,flower stalks, and flowers. 

Leaf characteristics such as the length and number were 

n o t  measured because of some leaf damage by rabbits; 



Greenhouse Study 

When the 30-day period was over, the potted plants 

were dug up and placed in the greenhouse. Root tips 

were collected from two of the five plants of each 

level and then the plants were repotted in the same pots . 

and soil. The observations described above were. con- 

tinued. In addition, observations on the condition of 

the anthers and pollen and the appearance of new leaves 

were recorded, and pollen was collected periodically. 

After 14 weeks in the greenhouse, the plants were 

removed from the pots. The leaves and roots were cut 

and root tips again were collected. The bulbs were 

dried for three weeks. 

After drying, the bulbs were planted in vermiculite 

in 10 cm round plastic pots. Growth in the greenhouse 

continued.for seven months. observations on the plants 

included the number and length of the roots, the number 

and length of the leaves, the appearance and length of 

the flower stalks, the length of the flowering raceme 

and.the number and condition of the flowers. 
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I n t e r n a l  B e t a  Radia t ion  Study 

Summary 

Mature p l a n t s  w e r e  p laced  i n  a s o l u t i o n  of 3 2 ~  and 

al lowed t o  absorb  it. A f t e r  2 4  hours  (enough t ime f o r  

t h e  m i t o t i c  c y c l e  t o  occur  - pe r sona l  communication from 

David Brown) they  were removed from t h e  s o l u t i o n .  The 

p l a n t s  were s a c r i f i c e d  ove r  t ime and t h e  r o o t s  and p o l l e n  

w e r e  c o l l e c t e d  for squashing and s t a i n i n g  w i t h  ace to-  

o r c e i n .  

32 
To determine t h e  amount of P p r e s e n t ,  samples of 

t h e  r o o t  t i p s ,  buds, a n t h e r s ,  and p o l l e n  w e r e  c o l l e c t e d .  

The s a m ~ l e s  were counted by t h e  Cerenkov method i n  a 

l i q u i d  s c i n t i l l a t i o n  coun te r  (Ross and Rasmussen, 1974) .  

3 2 ~  S o l u t i o n  

The o r i g i n a l  5 m C i  s o l u t i o n  was o rde red  from New 

England .Nuclear Corpora t ion .  The s o l u t i o n  was l . m l  

o r thophosphor ic  a c i d  i n  0.02 M hyd roch lo r i c  a c i d .  

According t o  t h e  manufacturer ,  it w a s  c a r r i e r  f r e e  and 

had g r e a t e r  t h a n  99% r a d i o n u c l i d i c  p u r i t y .  To h e l p  

a l l e v i a t e  t h e  problem o f  p l a t i n g  ( i o n s  of t h e  s o l u t i o n  

a t t a c h i n g  t o  t h e  w a l l s ' o f  t h e  c o n t a i n e r ) ,  t e n  t i m e s  a s  

much nonrad ioac t ive  phosphoric  ac id  was added t o  t h e  

s o l u t i o n  as a c a r r i e r .  Using secondary s t a n d a r d i z a t i o n  

(Overman and C la rk ,  1960) ,  t h e  approximate a c t i v i t y  of  

t h e  s o l u t i o n  w a s  determined.  P'or u s e  w i t h  t h e  plai-its, 



t h i s  s o l u t i o n  was d i l u t e d  t o  an a c t i v i t y  c o n c e n t r a t i o n  

~ x p e r i m e n t a l  Design 

32 For  t h e  P exper iment ,  mature f l ower ing  0. v i r e n s  

p l a n t s ,  grown i n  v e r m i c u l i t e  i n  15  by 9 c m  waxed paper  

cups ,  w e r e  used.  Ten p l a n t s  w e r e  used a s  c o n t r o l s  and 

twenty  p l a n t s  . w e r e  i r r a d i a t e d .  For  t h e  c o n t r o l s ,  250 m l  

o f  a  n o n r a d i o a c t i v e  phosphor ic  a c i d  s o l u t i o n  o f  t h e  same 

c o n c e n t r a t i o n  a s  t h e  s o l u t i o n  used f o r  i n c o r p o r a t i o n  o f  

32 P w a s  p u t  i n  each of  t e n  400 m l  b eake r s  ( subsequen t ly  

c a l l e d  c o n t r o l  b e a k e r s ) .  Two .hundred f i f t y  m i l l i l i t e r s  , 

of  t h e  0.2 p ~ i / m l  s o l u t i o n  was p u t  i n t o ' e a c h  o f  twenty  

400 m l  b eake r s  f p r  up t ake  by p l a n t s  ( subsequen t ly  c a l l e d  

up take  b e a k e r s ) .  ' The same s o l u t i o n  w a s  p u t  i n . t h r e e  

400 m l  beake r s  used t o  moni to r  p l a t i n g  ( subsequen t ly  

c a l l e d  p l a t i n g  b e a k e r s ) .  A l i q u o t s  (1.0 , m l )  from one 

c o n t r o l  beaker ,  two up take  beake r s ,  and t h e  t h r e e  p l a t i n g  

beake r s  were t aken  and p u t  i n  s tar idard  20 m l  l i q u i d  

s c i n t i l l a t i o n  ' v i a l s .  Sampling o f  t h e  c o n t r o l  beaker ,  

t h e  two up take  beake r s  and t h e  t h r e e  p l a t i n g  beake r s  

was done t o  moni to r  background, up take  and p l a t i n g ,  and 

p l a t i n g  a l o n e ,  r e s p e c t i v e l y .  

The p l a n t s  w e r e  removed from t h e  paper  cups ,  and 

t h e  v e r m i c u l i t e  was r i n s e d  from t h e  r o o t s .  One p l a n t  

each  was p l aced  i n  t h e  c o n t r o l  and up take  beake r s  s o  

t h a t  t h e  b u l b s ,  and r o o t s  w e r e  immersed i n  t h e  s o l u t i o n ,  



b u t t h e  l e a v e s  w e r e  above t h e  s u r f a c e  o f  t h e  , l i q u i d .  

The p l a n t s  w e r e  l e f t  i n  t h e  beake r s  i n  t h e  l i g h t e d  

and v e n t i l a t e d  hood a t  22OC. 

A f t e r  24shours ,  t h e  p l a n t s  were removed from t h e  

beake r s .  - The r o o t s  w e r e  r i n s e d  i n  400 m l  of  d i s t i l l e d  

water i n  600 m l  b eake r s  ( f i v e  p l a n t s  .pe r  beaker')  . Sub- 

s e q u e n t l y ,  t h e  p l a n t s  w e r e  r e p o t t e d  i n  ve rmicu ' l i t e  and 

paper  cups .  Then t h e  p l a n t s  w e r e  grown i n  t h e  l a b o r a -  

t o r y  under  40 w a t t  f l u o r e s c e n t  l i g h t s  (Sy lvan i a  Gro-Lux). 

To de te rmine  t h e  amount o f  3*P r i n s e d f r o m  t h e  r o o t s ,  

1.0 m l  a l l q u o t s  were t aken  from each-  r i n s e  beaker .  Also ,  

two p l a n t  beake r s  and t h e  t h r e e . . p l a t i n g  beake r s  w e r e  

sampled. A l l  a:i.iquots w e r e  p l aced  i n  l i q u i d  s c i n t i l l a -  

t i o n  v i a l s .  

P l a n t  S ' a c r i f i c e  . ' 

On t h e  f o u r t h  day a f t e r  removing t h e  p l a n t s  from 

t h e  3 2 ~  s o l u t i o n ,  p o l l e n  was c o l l e c t e d  from s e v e r a l  p l a n t s .  

On t h e  f i f t h  day and e v e r y  day a f t e r  t h a ' t  f o r  t e n  d a y s ,  

32 two P p l a n t s  and one c o n t r o l  p l a n t  w e r e  s a c r i f i c e d ,  

e a c h . i n  t.he same way. F i r s t ,  t h e  raceme was c u t  and 

saved.  Then t h e  p l a n t  w a s  removed from t h e  cup and t h e  

r o o t s  r i n s e d  i n  600 m l  o f  d i s t i l l e d  w a t e r  i n  a  1000 m l  

beaker  (one beaker  p e r  two 3 2 ~  p l a n t s ) ' .  The r o o t s  ' w e r e  

c u t  and saved and t h e  rest  of  t h e  p l a n t  w a s  d i s c a r d e d .  

TO de t e rmine  t h e  amount o f  3 2 ~  r i n s e d  from t h e  r o o t s ,  t h e  

ririse s o l u t i o n w a s  sampled on t h e  e i g h t h  and t h i r t e e n t h  days .  



The tips of half the roots were collected for 

squashing while the rest of the roots were used for 

Cerenkov counting. In reference to counting, the apical 

one to two millimeters of 'half the roots from each plant 

were cut off and placed in'a preweighed liquid scintilla- 

tion vial, i.e., one vial per plant. Then the vials were 

reweighed and prepared for counting. 

Every day the pollen from the saved racemes was 

collected for squashes.. Also, to insure a large enough 

sample, pollen was collected .from nonsacrificed plants. 

On the seventh and twelfth day after removing the 

plants from the 3 2 ~  solution, anthers and pollen were 

collected for Cerenkov counting. .For each of five . 

flowers, the anthers were removed and put in one pre- 

weighed vial. - For five additional flowers, the pollen 

was put in one preweighed vial and the vials reweighed. 

On the fifth, ninth, and fourteenth day, buds were 

collected from one of the radioactive racemes. On these 

three days, individual buds from the raceme, starting 

with the largest bud, were removed and placed in pre- 

weighed vials until the buds were too small to handle. 

Then, the rest of the raceme (the tip) was placed in a 

preweighed vial. Each vial, containing one bud or the 

tip, was reweighed and preparcd for counting. 



P r e ~ a r a t i o n  o f  t h e  S a m ~ l e s  f o r  Cerenkov Countina 

The v i a l s  c o n t a i n i n g  t i s s u e  w e r e  t r e a t e d  t o  d i s s o l v e  

t h e  t i s s u e  ( F r i c  and Palovcikova,  1975) .  To t h e  v i a l s  

c o n t a i n i n g  r o o t  t i p s ,  p o l l e n  o r  a n t h e r s ,  0.5 m l  concen- 

t r a t e d  H2S04 was added. To t h e  v i a l s  c o n t a i n i n g  t h e  

buds,  1 . 0  m l  was added. Then t h e  v i a l s  w e r e  p laced  i n  

a  60°C water  b a t h  f o r  two t o  t h r e e  hours .  A f t e r  c o o l i n g ,  

0.5 m l  o f  30% H20 was added t o  each v i a l  t o  deco lo r i ze ,  

t h e  s o l u t i o n .  A f t e r  l e t t i n g  them s t a n d  a t  room tempera- 

t u r e  f o r  one t o  two days ( u n t i l  c l e a r ) ,  10 m l  o f  d i s -  

t i l l e d  wate r  was added t o  each  v i a l .  Thesamples t h a t  

con ta ined  a l i q u o t s  and no t i s s u e  d i d  n o t  need a d d i t i o n a l  

t r e a t m e n t  (Ross, 1976) and 10 m l  of  d i s t i l l e d  w a t e r  was 

added t o  them. A l l  samples w e r e  countea  by t h e  Cerenkov 

method of  coun t ing  3 2 ~ .  

Cerenkov Countina of  3 2 ~  

I n  t h i s  s tudy ,  t h e  Cerenkov method o f  count ing  t h e  

amount o f  b e t a  r a d i t i o n  ( 3 2 ~ )  i n  samples was used.  

Cerenkov r a d i a t i o n ,  a s  photons ,  i s  produced when b e t a  

p a r t i c l e s  ( e l e c t r o n s )  are e m i t t e d  and move f a s t e r  t h a n  

t h e  speed o f  l i g h t  through t h e  aqueous sample (Gelsema 

e t  a l . ,  1975) .  The photons a r e  d e t e c t e d  by t h e  photo- 

mul-t ipl ies  ' tube o f  t h e  c o ~ ~ n t e r  (Wang e t  a 1  . ,, 1975) . 
One of  t h e  advantages  o f  t h i s  method i s  t h a t  it can be 

used w i t h  a s t a n d a r d  l i q u i d  s c i n t i l l a t i o n  coun te r  (Ross 

and Rasmussen, 1974; Ashc ro f t ,  i969): 



Using the Cerenkov method, samples were counted in 

a Mark I1 Liquid Scintillation Counter (Model 6847). 

To reduce the background noise level (Wang et al., 1975), 

the samples were cooled and countedat 3OC. The optimum 

spectrum of 3 2 ~  for the channels ratio method (Fric 

and Palovcikova, 1975) was greatest when the least 

amount of attenuation (maximum gain) and range were 

used .(Figure 3). Though the samples were decolorized, 

the channels ratio method indicated some color quenching 

was present. 

To correct for the color quenching, a standard 

quench curve was prepared. First, sample's containing 

a known activity of 3 2 ~  and water were counted. The 

.settings necessary for the channels ratio method of 

correcting for quench we.re determined using these 

unquenched, samples. Then, samples of root. tips and buds 

were prepared in the'same manner as the samples from the 

3 2 ~  experiment. These samples were spiked with a known 

3Zp amount of . An initial' count was made using the 

settings previously determined.  hen', increasing amounts 

of a quenching agent, made from dissolyed plant material, 

were added to each sample. After each addition, the 

samples were counted. The count yield and the channels 

ratio were determined and a standard,curve developed 

(Figure 4) . 
To find the amount of quench for the samples of the 

32 
P experiment, the channels ratio of each sample was 



1)-- Low attenuation (high gain) 
0-0 Medium attenuation (medium gain) 

High attenuation (low gain) 

DISCRIMINATOR (XI 

Figure 3. The counting spectrum of 3 2 ~  a t  three levels 
of attenuation (gain). 



F i g u r e  4 .  The s t a n d a r d  quench cu rve  used t o  p r e d i c t  
t h e  coun t  y i e l d  o f  t h e  samples from t h e  
i n t e r n a l  b e t a  r a d i a t i o n  s t u d y  based on t h e  
amount o f  quench found by t h e  channels. 
r a t i o  method. 
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calculated. Then, using the standard curve, the count 

yield was determined. By using the count yield (Y) 

and the count rate (R) in the equation, 

the activities (A) of the samples were determined 

(Appendix E) . 

Pollen and Root ~ i p  Collection and Squashes 

~ o l ~ & n  was collected by removing theanthers from 

each flower. To avoid mixing 'the pollen from different 

flowers, the'tweezers were flamed between flowers. The 

anthers were placed in 1.5 ml plastic tubes with caps 

(all anthers ,of one flower per tube). The tubes had 

been filled with 1.0 ml of a pollen growth medium 

(Brewbaker and Kwack, 1964; see Appendix F for formula). 

After centrifuging at 700 .G for seven minutes to separate 

the pollen.from the anthers, the tubes were left at room 

temperature for 0.5 to 1 hour for the germination and 

growth of the pollen. . The medium and the antherswere 

removed and 1.0 ml of 3: 1 acetic ethanol was added as a 

fixative (Darlington and La Cour, 1976) . The tubes were 

refrigerated until the squashes were made. 

. . To make the pollen squashes, the tubes containing 

the pollen were centrifuged at 700 G three 



t o  f o u r  minutes  t o  form a  p e l l e t  of  t h e  p o l l e n  a t  t h e  

bottom of t h e  tube .  The f i x a t i v e  was removed and t h e  

p o l l e n  was p laced  i n  3  ~1 of  45% a c e t i c  a c i d  on a  c l e a n  

s l i d e .  Using d i s s e c t i n g  need le s ,  t h e  p o l l e n  was sp read  

on  t h e  s l i d e  a s  evenly as p o s s i b l e  be fo re  cover ing  t h e  

c e l l s  w i t h  a  s i l i c o n i z e d  cover  s l i p .  The s l i d e  w a s  

hea ted  g e n t l y  ove r  an a l c o h o l  lamp. The c e l l s  w e r e  

thumb squashed,  t h e  s l i d e  f r o z e n  on d r y  i c e  (Conger and 

~ a i r c h ~ l d ,  1953) .  A r a z o r  b l ade  w a s . u s e d . ' t o  p ry  o f f  t h e  

cover  s l i p  and t h e  s l i d e  w a s  a i r  d r i e d .  One drop of  2 %  

ace to -o rce imwas  p laced  on t h e  c e l l s  t o  s t a i n  t h e  chro- 

monosomes (Gal igher  and Kozlof f ,  1971) .  A f t e r  p l a c i n g  

ano the r  cover  s l i p  over  t h e  c e l l s ,  t h e  s l i d e  aga iwwas  
I 

hea ted  g e n t l y  over  an a l c o h o l  lamp b e f o r e  r i n s i n g  t h e  

cover  s l i p  from t h e  s l i d e  w i t h  100% e t h a n o l .  A f t e r . a i r  

d ry ing ,  a cover  s l i p  was mounted ove r  t h e  squashes  wi th  

Permount. The s l i d e s  w e r e  observed wi th  a L e i t z  Ortho- 

p l an  microscope us ing  an  o i l  immersion o b j e c t i v e ,  and 

t h e  chromosome a b e r r a t i o n s  w e r e  t a b u l a t e d .  

The r o o t  t i p s  w e r e  c o l l e c t e d  by c u t t i n g  o f f  t h e  

a p i c a l  1 t o  2 cm of t h e  r o o t .  The r o o t  t i p s  .from each 

p l a n t  w e r e  t hen  p laced  i n  1 .5  m l  of  3 : l  a c e t i c  e t h a n p l  

i n  a  4 m l  g l a s s  v i a l  w i t h  cap .  The v i a l s  w e r e  r e f r i -  

g e r a t e d  u n t i l  t h e  s q u a ~ h e s  were made. To make t h e  

squashes ,  each t i p  was p l aced  i n  a  d rop  o f  45% a c e t i c  

a c i d  on a  c l e a n  s l i d e .  The r o o t  c a p  and t h e  nonmeris- 

t emic  c e l l s  were d i s s e c t e d  o u t  and removed from t h e  



s l i d e  b e f o r e  cover ing  wi th  a & l i c o n i z e d  cover  s l i p .  

Subsequent t r ea tmen t  and o b s e r v a t i o n  was performed a s  

d e s c r i b e d  above f o r  t h e  p o l l e n .  



CHAPTER FOUR RESULTS AND DISCUSSION 

Introduction 

Three biological effects. of acute and chronic gamma 

radiation and.interna1 beta radiation on~0rnithogaZurn 

virens were studied. The first of these effects was 

lethality, measured by de terminiay' .the dose ,at wliich 

50% of the plants died (LD50) and the lowest dose at 

which 100% of the plants died (LDIOO). The second effect 

involved changes in the growth of the roots, leaves, 

and inflorescences. The third ef.fect was chromosome 

damage observed in pollen tubes and root tips. All 

three effects were investigated in the acute and chronic 

gamma radiation studies, but only chromosome aberrations 

were examined in the internal beta radiation study. In 

addition, nuclear and interphase chromosome volumes were 

determined for 0. virens pollen and root tips to predict 

radiation sensitivity. 

Nuclear Volume and Interphase Chromosome Volume 

The nuclear (NV) and the interphase chromosome volume 

(ICV) have been used as indicators of radiosensitivity in 

many studies (Van't Hof and Sparrow, 1965; Ichikawa and 

Sparrow, 1966). These volumes have been found to be 



correlated with LD 50 growth inhibition, and other mea- 

sures of radiation damage (Yamakawa and Sparrow, 1966; 

Baetcke et al., 1967). In this study, the NV and ICV 

,oE 0 .  uirens cells were determined to predict its radia- 

tion sensitivity. 

NV and ICV values were determined for the root tip 

cells and the pollen grains (microspores). The NV1s of 

the root cells and pollen were calculated to be 120 + ' - 
3 3 43 pm (one standard dcvialfoii) dlld 78 + 17 ~ 1 1 1  , respec- - 

tively, based on nuclear diameters (see Materials and 

3 Methods). The.ICV1s were 20 + 7.2 pm (roots) and - 
3 26 + - 5.7 pm .(pollen). Since the ICV for the pollen is 

not significantly larger than the ICV for'roots, the two 

should have approximately the same radiation sensitivity. 

In comparison with the ICV1s for other herbaceous species, 

0 .  virens was predicted to be more radiosensitive than 

the majority of the herbaceous plants so far investigated 

(Sparrow and Schwemmer, 1974). 

The nuclear volume can be'used to predict the daily 

exposure necessary to produce severe growth inhibition. 

Using a nu'clear volume of 120 pm3 in the equation, 

log y = 4.07 - 0.73 log x where y equals NV and x equals 
daily exposure (Sparrow, 19621, the predicted exposure 

rate necessary for severe growth inhibition of.0. virens 

would be 533 R/d. This exposure rate was compared to 

the dose rate used in the chronic gamma radiation study 

because 1 R is approximately equal to 1 rad for gamma 



7 
radiation (Hall, 1973). Though the bulb dose rates in 

this stuzy varied] from 7.1 to 420 rad/d, severe.growth 

inhibition was not observed (see section on growth 

observations). However, irradiation only lasted 30 days, 

and severe growth inhibition may have been seen if the 

irradiation period was longer. 

The ICV can be used to predict the LD50 and the 

acute exposure that would be lethal. Using the ICV of 

3 20 um in the equation loglO y = 1.69422 - (0.93025) 
loglO x where y equals acute lethal exposure and x equals 

ICV '(Sparrow et al., 1963) , the LDIOO was predicted to 

be 3.0 kR. In this study, the acute lethal dose was 

found to be less than 3.6 krad (see next section). .Thus, 

there is agreement between the results of the acute 

gamma radiation experiment and the predicted result. 

3 Again, if an ICV of 20 pm is used, the LDS0 was pre- 

dicted'to be approximately 4 kR based on Figure 2 of 

Sparrow and Schwemmer (1974) and presumably is higher 

than the LDIOO found because of a refinement in the 

prediction relationships. This value was roughly in 

agreement with the estimated LD5d of 0.91 to 1.8 krad 

found in this study.(sea next section). 



LD Studies -5 0 

In general, LD50 studies are performed by exposing 

organisms to different doses of radiation, tabulating 

the deaths at each' dose and determining at.which dose 

50% of the organisms were killed (Hall, 1973). This 

procedure was used in attempts to determine the LDSOBs 

of 0 .  v i r e n s  for acute and chronic'gamrna radiation. 

Acute Gamma Radiation Study 

In the first acute gamma radiation experiment, three 

plants at each of eight dose levels were irradiated. 

After four months, the tops of only five plants, each 

at differe3t dose levels, had died. Because of these 

ambiguous results, a second experiment using higher doses 

was conducted, but again, the results were inconclusive. 

In this case, the tops of a few plants died within two 

months, but again at no one dose level did the tops of 

all three plants die. 

To remedy the problem, a different approach was 

attempted. The irradiated bulbs from both previous 

experiments were dried and replanted. The results from 

this method were more interpretable. Table 4 shows 

the conditisn of the plants from the first experiment 

seven months after replanting and the condition of the 

plants £ram the second experiment four months after 

replanting. The dried bulbs exposed to 7.3 krad or 

more did not sprout. Afte'r seven months, the three 



Table 4 .  The condition of the plants in the first and 
second experiments of the acute gamma radiation 
study, seven months and four rt~onths after 
replanting, respectively (see Appendix A for 
determination of bulb doses). 

Bulb Dose Experiment 
(krad) Number Condition 

Variable leaf and flower 
stalk growth and abundant 
root growth 

Variabie leaf growth and 
abundant root growth 

Variable leaf growth and 
abundant root growth 

Variable leaf and flower 
stalk growth and moderate 
root growth 

Inhibited and isodiametric 
leaf growth and modest 
root growth 

Bulbs partially rotted, 
little" root growth 

Bulbs rotted 

~ulbs rotted 

29 1 Bulbs rotted 

29 2 .  Bulbs rotted 

34 2 Bulbs rotted 

Bulbs rotted 

Bulbs rotted 

87 2 Bulbs rotted 



d r i e d  bu lbs  exposed t o  3.6 krad  produced a t o t a l  o f  o n l y  

f o u r  r o o t s .  I t  was h i g h l y  u n l i k e l y  t h a t  t h e s e  p l a n t s  

would have surv ived .  Two of  t h e  bu lbs  exposed t o  1.8 

krad produced an  average o f  17 r o o t s .  Also a t  t h i s  

l e v e l ,  though no new l e a v e s  were produced, t h e r e  was 

some growth o f  t h e  l eaves  t h a t  were c u t  when t h e  bu lbs  

were d r i e d  ( s e e  sec . t ion on growth o b s e r v a t i o n s ) .  Even 
- 

wi th  t h i s  amount of growth, t h e s e  p l a n t s  probably would 

no t  have surv ived .  The c o n t r o l  bu lbs  and t h e  bu lbs  

exposed t o  0.46 and 0.91 krad  produced r o o t s ,  l e a v e s ,  

and f lower  s t a l k s .  Based on t h i s  growth in format ion  it 

would appear  t h a t  t h e  LDS0 f o r  0. v i r e n s  was between 0.91 

and 1.8 krad and t h e  LDlO0 w a s  less t h a n . 3 . 6  krad .  These 

LDSO and LDIOO v a l u e s  i n d i c a t e d  t h a t  0 .  v i r e n s  was more 

r a d i o s e n s i t i v e  t han  t h e  major o f  t h e  herbaceous p l a n t  . . 

s p e c i e s  s o  f a r  i n v e s t i g a t e d  (Sparrow and Schwernmer, 1974) .  

Though s o m e , r e s e a r c h e r s  have s t r e s s e d  t h a t  long  

o b s e r v a t i o n  t i m e s  may be neces sa ry  t o  f i n d  t h e  LDSO 

o f  some p l a n t  s p e c i e s  (Sparrow e t  a l . ,  1973) ,  t h e  

d ry ing  prccedure  used h e r e  appea r s  t o  be  a b e t t e r  

approach f o r  0. v i r e n s  and p o s s i b l y  any p l a n t  w i th  a 

bu lb .  I n  t h i s  r e g a r d ,  some o f  t h e  p l a n t s  whose l e a v e s  

d i e d  a f t e r  i r r a d i a t i o n  were a c t u a l l y  s t i l l  a l i v e  wh i l e  

t h e  tops of some n o n i r r a d i a t c d  0. u i ~ t g n s  planLs died 

p e r i o d i c a l l y  ( n o t  n e c e s s a r i l y  i n  response  t o  season)  

on ly  t o  regrow l a t e r .  However, i f  a f t e r  i r r a d i a t i o n  

and d ry ing ,  roots and l e a v e s  a r e  produced, t h i s  i n d i -  

c a t e s  t h e  meristems a r e  s t i l l  a l i v e  and t h e  c e l l s  capab le  



of  s u c c e s s f u l  d i v i s i o n .  I n  a d d i t i o n ,  because l e a f  

growth i s  somewhat v a r i a b l e  f o r  0. v i r e n s  pl .an ts ,  r o o t  

growth may be t h e  more adequate  measure o f  s u r v i v a l  

because it i s  more r e g u l a r .  

Chronic Gamma Radia t ion  ' F i e l d  Study 

I n  t h i s  s tudy ,  t h i r t y - f i v e  p l a n t s  were exposed t o  

vary ing  doses  of  chronic,gamma r a d i a t i o n .  A f t e r  30 days  

o f  i r r a d i a t i o n  i n  t h e  f i e l d ;  none of t h e s e  p l a n t s  had 

d i e d .  Therefore ,  t h e  p l a n t s  w e r e  grown i n  t h e  green- 

house f o r  t h e  subsequent  1 4  weeks, b u t  s t i l l  a f t e r  t h i s  

t i m e  a l l  t he !p l an t s  were l i v i n g .  A t  - t h i s  p o i n t ,  t h e  

bu lbs  w e r e  d r i e d  f o r  t h r e e  weeks. Seven months a f t e r  

r ep l an ' t i ng  t h e  d r i e d  bu lbs ,  bu lbs  a t  a l l  dose  l e v e l s  

had produced r o o t s ,  l e a v e s ,  and f lower s .  Presumably, 

t h e  ' s o i l  i n  'and around the  buried p o t s  had s h i e l d e d .  t h e  

bu lbs  s u f f i c i e n t l y  t o  p reven t  l e t h a l  i r r a d i a t i o n  (Appen- 

d i x  D ) .  Because of  t h i s  t h e  LD50 could n o t  be d e t e r -  

mined. 

Growth Observa t ions  

Acute Gamma Rad ia t ion  Study 

I n  bo th  exper iments  o f  t h i s  s tudy ,  growth i n h i b i t i o n  

o f  i r r a d i a t e d  p l a n t s  was observed be fo re  and a f t e r  d ry ing  

t h e  bu lbs .  During t h e  o b s e r v a t i o n  pe r iod  between 



irradiation and drying, the plants of the first experi- 

ment were measured for leaf and inflorescence growth. 

However., for this same period, the plants of the second 

experiment were not flowering and only leaf growth was 

measured. 

In the first experiment, the number of leaves was 

used as an indicator of the changes in growth due to 

radiation damage. Other researchers (Gomez-Campo and 

Delgado, 1964) have used this measurement in the past. 

However, -in the present study, the variation in the 

number of leaves of the plants at each dose level was 

so large that the different levels could not be compared. 

The data on the changes .in the growth of the flower 

stalks and the inflorescences also was inconclusive 

except for the. changes in the lengths of. the racemes. 

0 .  . v ' i r e n s  plants have indeterminate racemes, which means 

new buds are produced at the top ofthe.inflorescence as 

the raceme grows. However, if the apical meristem dies 

the length of the raceme.that.consists of unopened flower 

buds becomes shorter over time as the buds open. The 

racemes of all irradiated plants were killed while those 

of the control plants continued to grow. Additionally, 

at higher doses it appeared that the diameters of the 

flowers were smaller and the only flowers with pollen 

were on plants that had received 4 krad or less. Eight 

weeks after irradiation, only plants that had received 

less than 8 krad had inflorescences. Similar observations 



have been made in- the past for other plants (Brittingham, 

1931). Although these observations indicated growth 

inhibition of the acutely irradiated plants, the obser- 

vations were difficult to quantify. 

The plants of the second experiment also showed 
* 

variable leaf growth. During the two month observatio'n 

period, the number of leaves decreased on plants at all 

dose levels and the controls. The control plants did 

show an increase in t h e  l e n g t h  sf the  leave^ f o i  tho 

first five weeks after .the irradiation. Ii'owever, after 

the fifth'week, the total length of the leaves decreased. 

All levels of irradiated plants showed decreases in the 

total length of the leaves over the two-month period 

due to death of cells at the distal ends with some com- 

pensating growth proximally. However, after two months 

the reduckion in the length of leaves for the control 

plants was. less than the reduction in the length of 

leaves for the irradiated plants. ~ l t h o u ~ h  not statisti- 

cally significant, the reduction perhaps indicated growth 

inhibition of the irradiated .plants. 

After drying and replanting, the bulbs of both 

. , experiments were observed for root, leaf, and flower 

stalk growth. 'I'he bulbs that received a dose of 7.8 

krad or more did not growth roots or leaves. After 

seven months, the bulbs exposed to 3.6 krad produced 

normal numbers of roots,. As seen in Table 4, the con- 

trol bulbs of the firs$ and second experiments had. 



produced abundant r o o t s  a t  t h e  end o f  seven and f o u r  

months o f  growth, r e s p e c t i v e l y .    he bu lbs  r e c e i v i n g  

doses  o f  0.46 and 0.91 krad  a l s o  produced abundant r o o t s  

a f t e r  seven months. Two of  t h e  bu lbs  a t  t h e  1.8 krad '  

l e v e l  produced r o o t s ,  b u t  t h e  t h i r d  d i d  n o t ,  and t h i s  

may have i n d i c a t e d  growth i n h i b i t i o n  o r  even m o r t a l i t y .  

Normal l e a v e s  were produced on ly  by bu lbs  a t  dose  

l e v e l s  less t h a n  1 .8  krad .  However, a t  1 .8  krad  t h e r e  

w a s  some growth of  t h e  l e a v e s  t h a t  w e r e  c u t  b e f o r e  

d ry ing .  ~ h e s e  l e a v e s  never  exceeded 1 .5  cm i n  l e n g t h ,  

b u t ' g r e w  t o  be 1 .0  cm t h i c k ,  whereas normal l e a v e s  a r e  

approximately  1 t o  2 mrn t h i c k .  Th i s  phenomenon occu r red  

i n  a l l  t h r e e  p l a n t s  a t  t h e  1 . 8 . k r a d  dose  l e v e l  and w a s  

. p r o b a b l y  o n l y  due t o  abnormal ( i s o d i a m e t r i c )  c e l l  en l a rge -  

ment w i t h c u t  c e l l  d i v i s i o n  (probable  d e a t h  o f  t h e  m e r i -  

s t em) .  A s i m i l a r  phenomenon was observed by S t e i n  and 

Sparrow (1963) i n  KaZanchoe. 

I n  t h e  second exper iment ,  on ly  one of  t h e  c o n t r o l  

p l a n t s  had produced l e a v e s  w i t h i n  f o u r  months a f t e r  

r e p l a n t i n g  t h e  d r i e d  bu lbs .  However, t h i s  was cons i s -  

t e n t  w i th  t h e  c o n t r o l  p l a n t s  of t h e  f i r s t  experiment.  

I n  t h a t  exper iment ,  f o r  two o f  t h e  c o n t r o l  p l a n t s ,  l e a v e s  

were n o t  observed u n t i l  seventeen  weeks a f t e r  r e p l a n t i n g .  

None of  t h e  c o n t r o l  p l a n t s  o f  t h e  second experiment pro- 

' . d u c e d  f lower  s t a l k s  w i t h i n  t h e  f o u r  months. Again, t h i s  

was c o n s i s t e n t  w i t h  t h e  f i r s t  experiment because f lower  

s t a l k s  were n o t  observed u n t i l  s i x  and a h a l f  months 

a f t e r  r e p l a n t i n g .  



The three control bulbs and two of the bulbs that 

had been exposed to. 0.91 krad in the first experiment 

grew inflorescences. One plant from each of these two 

groups had begun anthesis by the end of zeven months. 

Abnormalities such as fused flower parts and abnormal 

pollen were not observed in these two plants. However, 

the inflorescence of the other irradiated plant was 

abnormal because there were two racemes on one stalk. 

In the two experiments of the acute gamma radiation 

study, death, growth inhibition and abnormal growth 

were observed. 'The changes in the inflorescences seemed 

to be a inore adequate measure of radiation damage than 

the changes in the leaves. 

Chronic Gamma Radiation Field Study 

.Observations on the growth of inflorescences and 

leaves were made during the irradiation period in the 

field, d~ring the postirradiation period in the green- 

house, and during the regrowth period in the greenhouse 

after drying the bulbs. Root growth from the repotted 

draied bulbs also was investigated. 

The conditions in the field had some effects on 

the growth of the plants, especially grazing by rabbits 

in the study area. Though the rabbits damaged both 

leaves and inflorescences, they did not appear seriously 

to harm the plants. After removal to the greenhouse, 

the plants at all dvse  levels produced new leavcs and 



flower stalks. Figure 5 shows the total number of leaves 

produced 6, 12, and 19 weeks after irradiation began. 

Though the differences in leaf growth are not statis- 

tically significant, there appears to be some evidence 

of growth inhibition of the plants receiving higher 

doses. 

Although abnormalities such as too few or too many 

petals, st.amens or anthers and the fusion of petals, 

stamens and anthers were 0bserved.i.n the flowers of 

some irradiated and control plants from the time of 

irradiation until the bulbs were dried, there was no 

interpretable pattern in the occurrence of the abnormal . 

flowers. 'However, one possible indicaticn 'of growth 

inhibition was that by the nin-eteenth week after the , 

start of irradiation, the only two growing racemes were 

on control plants. 

'~fter drying and replanting the bulbs, observations 

on the growth of the roots, leaves, and flower stalks 

were made. Root production on a11 bulbs occurred within' 

two weeks after replanting with no indication of inhi- 
- 

bition. After seven months, all plants had produced 

abundant roots. The plants at all dose levels produced 

leaves with no indication of growth inhibition. Four 

of the control plants and one plant from the 7.0 krad 

dose level had flower stalks within six months after 

replanting. However, three weeks later, there was an 

approximate average of one flower stalk per plant for 



TOTAL DOSE (KRAQ) 

Fiqure  5 .  The t o t a l  number o f  l e a v e s  produced by t h e  
p l a n t s  a t  each dose  l e v e l  of t h e  cl~rcrrnic 
gamma r a d i a t i o n  s tudy ,  s i x ,  twelve,  and 
n ine t een  weeks a f t e r  t h e  i n i t i a t i o n , o f  
i r r a d i a t i o n .  



all dose levels. The abnormal flowers seen before drying 

were not observed afterwards. The flower and pollen of 

the plants from all dose levels appeared normal. Even 

so, the retardation of inflorescence growth may indicate 

some inhibition due to irradiation. 

Chromosome Aberrations in Pollen and Root Tips 

Types of Chromosome Aberrations 

In a.11 three'studies, chromosome aberrations were 

exami.ned at all stages of mitosis. The types of 

aberrations scored were the same for both root tip 

and pollen cells and included gaps, rough surfaces, 

bridges, fragments,,abnormal connectives and pulverized 
. . 

chromosomes (extreme fragmentation). In addition to 

these types of aberrations, the chromosomes observed in 

some cells were too clumped to distinguish whether they 

were damaged or not. 

The haploid cells of pollen tubes and diploid 

cells of root tips have three and six chromosomes, 

respectively. ~igure 6a shows an example of.the non- 

irradiated chromosomes of a pollen cell and Figure 6b 

shows an example of the eonirradiated chromosomes of a 

root tip cell. 

In some irradiated cells, gaps were observed 

(Figure 6c j . Gaps have been defined by Revel1 (1966) 

asshort achromatic regions that do not yield fragments. 



Figure 6. Photographs of the types of chromosome 
aberrations observed in these studies 
(magnified approximately 2000 X) . 

a. Nonirradiated chromosomes of a pollen cell (internal 
beta radiation study, control level). 

b. Nonirradiated chromosomes of a root tip cell (chronic 
gamma radiation study, control level). 

c. Chromosomes with gaps (acute gamma radiation study, 
1.0 krad) . 

d. Chromosomes with rough surfaces (chronic gamma 
radiation study, 4.0 krad) . 

e. Chr'omosome bridge (acute gamma radiation .study, 
1.0. krad) . ' 

f . Chromosome fragment (acute gamma radiation study , 
0.5 krad) . 

g. Pulverized chromosomes (acute gamma radiation study, 
32 krad) . , 

h. Chromatin connective (arrow) between nonirradiated . 
chromosomes (acute gamma radiation study, control 
level) . 

i. Abnormal chromatin connectives between irradiated 
chromosomes (chronic qamma radiation study, 70 krad). 





Brewen (1964) called them achromatic lesions. Sax 

(1940) believed they are due to partial breakage or 

imperfect reunion of a fragment. 

In rare cases, chromosomes with rough surfaces were 

observed (Figure 6d). Although these chromosomes tended 

to occur in cells exposed to higher doses of radiation, 

the nature of the damage is unclear. 

Historically, bridges frequently have been scored 

as a type of chromosome aberration (Sax and Brumfield, 

1943; Wolff and Luippold, 1957). After a dicentric 

chromosome is formed following the breakage and reunion 

of chromatids, a bridge occurs when the chromatids 

separate at anaphase (Figure 6e). These bridges can 

occur with or without fragments (see below) . Sax (1973) 

found that more than half the bridges did not have 

fragments. In 19'65, Conger found anaphase bridges 

underestimate radiation damage. However, in the present 

study,.since bridges e r e  scored along with other aber- 

rations, i t  i . s  believed that most of the damage was 

assessed. 

Another type of aberration was fragments. These 

are acentric pieces which have been produced by breaks 

in the chromosomes. Although most cells with fragments 

had either one or two (Figure 6f), in some cases the 

number of fragments was very large (Figure 69). These 

cells were scored as having pulverized chromosomes, 

ind'icating more damage than a few fragments. 



In nonirradiated 0 .  v i r e n s  plants, chromatin connec- 

tions between chromosomes can be observed in some cells. 

The frequency of connectives in the pollen grains of the 

control plants was 6.9% - + 2.3% (one standard deviation). 

This frequency agrees closely with the value of 7.1% 

found by Godin and Stack (1976) for mitotic cells of 

0 .  v i r e n n  plants. Usually, when connectives are observed, 

there are only one or two per cell (Figure 6h). However, 

in some cells from irradiated plants, ten t-imes this 

number'were seen (Figure 6i). .Such cells were scored as , 

having abnormal connectives. 

Because the number of cells with clumped chromosomes 

increased with the dose of acute gamma radiation (Figure 

7), it seems likely clumped chromosomes represent a 

final' class of radiation damage. 

Acute Gamma Radiation Study 

In the first experiment of the acute gamma radiation 

study, all of the previously described chromosome aber- 

rations were observed in dividing generative cells in 

pollen tubes. .Though a poor/relationship between the 

percent of pollen grains with any form of aberration 

(total aberrations) and dose was found for pollen col- 

lected six days after irradiation, a linear relationship 

was found for pollen collected eight days after irradiation 

(Figure 8). The relationship was 



~ i ~ u r e  7. The percent of pollen grains with clumped 
chromosomes from plants at different dose 
levels in the acute gamma radiation study 
six days after irradiation (for data see 
Appendix G )  . 



Figure  8 .  The l i n e a r  r e l a t i o n s h i p  between t h e  dose  and 
t h e  p e r c e n t  o f  p o l l e n  g r a i n s  w i t h  any form 
o f  chromosome a b e r r a t i o n  from p l a n t s  o f  t h e  
a c u t e  gamma r a d i a t i o n  s tudy  (see Appendix G 
f o r  d a t a ,  c o n t r o l s  s u b t r a c t e d  from each dose 
l e v e l ) .  



where 10.9 was t h e  i n t e r c e p t  o f  t h e  y  a x i s  ( p e r c e n t  

t o t a l  a b e r r a t i o n s )  and 1.54 was t h e  s l o p e  of  t h e  l i n e .  

The p l u s  and minus v a l u e s  are one s t anda rd  d e v i a t i o n  

of  t h e  c o e f f i c i e n t s .  T h i s  l i n e a r  r e l a t i o n s h i p  was 

on ly  determined f o r  doses  of  0.5 t o  3 2  krad  and had a  

2 
c o e f f i c i e n t  of  de t e rmina t ion  ( r  ) of  0.916. Based on 

t h i s  l i n e a r  r e l a t i o n s h i p , '  chromosome , a b e r r a t i o n s  i n  

g e n e r a t i v e  cel ls  appear  t o  be  a  u s e f u l  measure of 

t h e  e f f e c t s  of  a c u t e  gamma r a d i a t i o n  and c o n s t i t u e d  a 

more.  r e l i a b l e  i n d i c a t o r  of  r a d i a t i o n  e f f e c t s  t han  growth 

o b s e r v a t i o n s .  

Chronic Gamma Radia t ion  F i e l d  Studv 

I n  t h i s  s tudy ,  t h e  p o l l e n  and r o o t  t i p  c e l l s  were 

scored  f o r  t h e  same a b e r r a t i o n s  desc r ibed  e a r l i e r .  A l l  

t y p e s  of  abe r . r a t i ons  w e r e  s een  i n , t h e  p o l l e n  g r a i n s .  

However, t h e  chromosomes of  t h e  r o o t  ' t i p s  c o l l e c t e d  

when t h e  p l a n t s ' w e r e  Brought i n  fru11~ tlie f i e l d  and when 

t h e  bu lbs  were d r i e d  showed o n l y  some clumped chromosomes. 

The lack  of  a b e r r a t i o n s  probably was due t o  t h e  lower dose  

r ece ived  by t h e  r o o t s  as a  r e s u l t  o f  s h i e l d i n g  by t h e  

p o t s  and s o i l .  

I n  t h e  p o l l e n  g r a i n s  ( g e n e r a t i v e  c e l l s ) ,  t h e r e  was 

a t r e n d  f o r  i n c r e a s i n g  chromosome a b e r r a t i o n s  w i t h  t o t a l  

accumulated dose.  F igu re  9  i s  a l i n e a r  p l o t  of  t h e  r e l a -  

t i o n s h i p  between pe rcen t  t o t a l  a b e r r a t i o n s  and dose .  



TOTAL DOSE (KRAD) 

Figure  9 .    he l i n e a r  r e l a t i o n s h i p  between t h e  t o t a l  
accumulated dose and t h e  p e r c e n t  of  p o l l e n  
g r a i n s  w i t h  any form of chromosome a b e r r a t i o n  
from p l a n t s  of  t h e  ch ron ic  gamma r a d i a t i o n  
s tudy  (see Appendix G f o r  d a t a ,  c o n t r o l s  sub- 
t r a c t e d  from each dose l e v e l ) .  



The coefficient of determination was 0.873 and the 

.relationship was 

where 6.77 was the intercept of the y axis (percent total 

aberrations) and 0 .207  was the slope of the line. This 

linear relationship was only determined for doses of 

4.2 to 7 0  krad. Again, in this study, chromosome 

aberrations in the pollen were a more reliable indicator 
. . 

of radiation dimage than growth observations of the plants. 

Internal Beta Radiation Study 

Chromosome aberrations in both pollen and root 'tips 

were the only effect of radiation investigated in this 

study. Although'the same types of aberrations were 

observed here as in the two gamma studies, the doses 

received by the plants of this study using internal beta 

radiation were much lower than the doses received by the 

plants in the gamma studies (see Appendix E for approxi- 

mate doses). 

, 
. While 'divisions were frequent in germinating pollen 

grains, almost no cells in the root tips were in division 

and, for this reason,.'almost no data were available for 

analysis of- aberrations in root tips. Th.i,s apparent 

inhibition o'f division may have been due to radiation 

eff'ects since it has been reported as an effect of 



internal beta irradiafion by incorporated tritrated 

thymidine (Pollack et al., 1979) . 
In pollen grains, the number of total aberrations 

increased as the dose accumulated over time. The linear 

relationship between total aberrations and dose is shown 

in Figure 10. The regression equation was 

where -3.63 was the intercept of the y axis (percent 

total aberrations) and 1.23 was the slope of the line. 

The coefficient of determination was 0.840 and the rela- 

tionship was only determined for 3 . 7  to 13 rad. Since 

here the y intercept was less than zero while in the 

chronic gamma radiation study it was more than zero, 

there may or may not be a threshold value necessary to 

produce chromosome damage. Also in this study, there . 

appeared to be a disproportional increase in the percent 

of pollen with aberrations at higher doses. This may 

have indicated that the relationship was only approxi- 

mately linear, or that the radiation increased the 

length of mitotic cycles resulting in an increase in 

dose to the chromosomes in any one pollen grain. However, 

in spite of some deviation of the linear relationship at 

the higher doses, chromosome aberrations appear to be a 

useful measure of radiation damage at doses between 3.7 

and 13 rad. 



ACCUMULATED DOSE (RAW 

Figure 10. The linear relationship between the accumulated 
dose and the percent of pollen grains with any 
form of chromosome ,aberration from plants of 
the internal beta radiation study (see Appendix 
'G for. data, controls subtracted from each dose 
level) . . . 



Comparison t o  P a s t  S t u d i e s  

The l i n e a r  r e l a t i o n s h i p s  betwen t b t a l  a b e r r a t i o n s  and 

dose  found i n  t h e  p r e s e n t  s tudy  appear  t o  be i n  c o n f l i c t  

w i t h  t h e  dose  squared r e l a t i o n s h i p  r e p o r t e d  by Sax (1940) 

and o t h e r s  (see L i t e r a t u r e  Review). Other  r e s e a r c h e r s  

(Wolff and Luippold,  1957) h a v e ~ r e p o r t e d  l i n e a r  r e l a t i o n -  

s h i p s  f o r  s p e c i f i c  a b e r r a t i o n s  such a s  anaphase b r i d g e s ,  

b u t  no p a s t  s t u d i e s  have i n v e s t i g a t e d  a l l  t h e  t y p e s  of  

a b e r r a t i o n s  examined he re .  There a r e  a t  least  two poss i -  

b l e  e x p l a n a t i o n s  f o r  t h i s  c o n f l i c t .  One i s  t h a t  t h e  

l i n e a r  r e l a t i o n s h i p s  found h e r e  may have be.en due t o  a  

convers ion  a t  h ighe r  doses  of  some t y p e s  of  a b e r r a t i o n s  

i n t o  o t h e r  t y p e s  ( f ragments  i n t o  p u l v e r i z e d  chromosomes, 

see F igu re  11 and 1 2 ) :  The dose  squared r e l a t i o n s h i p s  . 

f o r  s p e c i f i c  a b e r r a t i o n s  may f a i l  a t  h i g h e r  doses  because 

o f  t h i s  convers ion ,  and t h e  r e s u l t  may be a l i n e a r  rela- 

t i o n  f o r  a l l  obse rva t ions .  r not her p o s s i b l e  e x p l a n a t i o n  

i s  t h a t m e t h o d s  o f  r e p o r t i n g  a b e r r a t i o n s  a r e  ' d i f f e r e n t  

and the reby  r e s u l t  i n  changing t h e  appa ren t  r e l a t i o n s h i p s  

between a b e r r a t i o n s  and dose.  For i n s t a n c e ,  a b e r r a t i o n s  

have been r e p o r t e d  a s  a b e r r a t i o n s  p e r  chromosom'e (Sax,  

1940) o r  a b e r r a t i o n s  p e r  c e l l  ,(Wolff and Luippold,  1957) 

o r  more r e c e n t l y ,  a b e r r a t i o n s  as a  p e r c e n t  o f  t o t a l  

abnormal c e l l s  (Ojomo and Chheda, 1971) o r  p e r c e n t  o f  

c e l l s  w i t h ' a b e r r a t i o n s  (Lindgren e t  a l . ,  1976) .  I n  agree-  

ment w i th  t h e  p r e s e n t  s tudy ,  Lindgren e t  a l .  (1976) found 

l i n e a r  r e l a t i o n s h i p s ~ b e t w e e n  p e r c e n t  o f  ce l ls  w i t h  a 
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ACCUMULATED DOSE (RAD) 

Figure  11. The p e r c e n t s  of  p o l l e n  g r a i n s  w i t h  gaps ,  f r ag -  
ments, bridges. ,  and rough s u r f a c e s  from p l a n t s  
o f  t h e .  i n t e r n a l  b e t a  r a d i a t i o n  s t u d y a s  a 
f u n c t i o n  o f  accumulated dose  (see Appendix G 
for d a t a ) .  



- Pulverized chromosomes 
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ACCUMULATED DOSE (RAD) 

Figure 1'2. The percents of pollen grains with abnormal 
connectives and pulverized chromosomes from 
plants of the internal beta radiation study 
as a function of accumulated dose (see 
Appendix G for data) .. 



, 
variety cf different chromosome aberrations and dose of 

@ 

mutagenic chemicals. 

Least and Most Sensitive Indicators 

One of the objectives of these radiation studies was 

to determine the types of chromosome aberrations that 

are the least and most sensitive indicators of radiation 

damage. The least sensitive indicator is the ty,pe of 

aberration that occurs at the highest level of damage 

while the most sensitive, indicator is the type that 

occurs at the.lowest level of damage. 

,The doses received by the plants of the acute gamma 

.radiation study were higher than those in.the other two 

studies. Ak the highest dose (32 krad), most of the 

damage was expressed as pulverized chromosomes. Figure 

13 shows the increase in pulverized chromosomes with 

increasing dose. . It appeared that pulverized chromosomes 

were the least sensitive indicator of'.radiation damage. 

The most sensitive aberration(s) should be the most 

frequently observed aberration(s) in cells minimally 

exposed to radiation. In this regard, since fragments, 

bridges, gaps, and rough surfaces were the only aberra- 

tions observed in the control plants of all three studies, 

it seems these aberrations can occur even at minimal 

levels of radiation. Of the three studies, the lowest 

doses of controlled radiation were received by the 

in the internal betaradiation study (~ppendix E ) .  In 



DOSE (KRAD) 

Figure  13.  The p e r c e n t  of  p o l l e n  g r a i n s  w i t h  pu lve r i zed  
chromosomes from p l a n t s , o f  t h e  a c u t e  gamma 
r a d i a t i o n  s t u d y  eight. days  a f t e r  i r r a d i a t i o n  
(see Appendix G f o r  d a . t a ) .  



the first few days after removing the plants from the 

3 2 ~  solution, i. e. , after minimal cumulative radiation 

dose, most of the damage was in the form of fragments, 

bridges, gaps, and rough surfaces as might have'been 

predicted (Figure 11). Only a few cells with abnormal 

connectives and pulverized chromosomes were observed 

until the late days of the experiment (Figure 12). If 

the frequencies of gaps, fragments, bridges, and rough 

surfaces are compared to each other, it can be seen 

that the majority of the damage.at lower doses was 

expressed.as fragments (Figure 11). The same distribu- 

tion of aberration frequencies based on dose was observed 

to some extent in the acute and chronic gamma radiation 

studies. From these observations, it seemed likely 

that fragments were the most sensitive indicator of low 

level radiation damage. In .support of this conclusion, 

other researchers have found that fragments were the 

most frequent aberration (Riley, 1936) and that the 

occurrence of fragments was frequent enough to study in 

natural populations (Whitaker, 1936) . 

Biological Assay 

The purpose of this study was to determine if 

OrnithogaZum v i r e n s  can be used as a biological assay 

for the effects of radiation. The linear relationships 



, . . 

between p e r c e n t  p o l l e n  g r a i n s  w i t h  chromsome a b e r r a t i o n s  

.and dose  i n d i c a t e d  t h a t  0 .  v i r e n s  i s ' u s e f u l  a s  a b i o l o -  

g i c a l  a s s a y  f o r  b e t a  and gamma r a d i a t i o n  e f f e c t s  w i t h i n  

t h e  dose  r ange  o f  t h i s  s t u d y .  



CHAPTER FIVE SUMMARY AND CONCLUSIONS 

OrnithogaZurn v i r e n s  p l a n t s  were exposed t o  two t y p e s  

, of  r a d i a t i o n :  acu te  ( 6 0 ~ o )  and ch ron ic  (137~s)  gamina 

r a d i a t i o n  and i n t e r n a l  ' b e t a  r a d i a t i o n  (321?) . L e t h a l i t y  

( L D 5 0 ,  L D l O 0 ) ,  growth i n h i b i t i o n  and chromosome aber-, 

r a t i o n s  w e r e  i n v e s t i g a t e d  a f t e r  i r r a d i a t i o n .  To p r e d i c t  

t h e  r a d i a t i o n  s e n s i t i v i t y  o f  0 .  v i r e n s ,  t h e  n u c l e a r  and 

i n t e r p h a s e  chromosome volumes w e r e  determined f o r  p o l l e n  

and r o o t  tip cells .  . ' 

I n  t h e  two gamma r a d i a t i o n  s t u d i e s ,  l e t h a l i t y  o f ' t h e  

p l a n t s  was i n v e s t i g a t e d .  Ifi t h e  a c u t e  gamma r a d i a t i o n  

s tudy  a n  e s t ima ted  LD50 o f  0.91 t o  1.8 krad  was . found .  

I n  de te rmin icg  t h e  LD50, a  procedure  i n  which t h e  i r r a -  

d i a t e d  bu lbs  w e r e  f i r s t  d r i e d  and then  g iven  t h e  oppor- 

t u n i t y  t o  s p r o u t  w a s  found t o  be  more p r a c t i c a l  t han  
* 

t h e  c l a s s i c a l  method o f  w a i t i n g  f o r  d e a t h  of  i r r a d i a t e d  

p lan ts . .  I n  connec t ion  w i t h  t h i s  procedure ,  s i n c e  l e a f  

growth i s  v a i i a b l e  even f o r  n o n i r r a d i a t e d  0 .  v i r e n s  

p l a n t s ,  r o o t  growth w a s  found t o  be t h e  b e t t e r  measure 

of  m o r t a l i t y .  The LDIOO w a s  e s t ima ted  t o  be less t h a n  

3.6 krad  based on t h e  d ry ing  and s p r o u t i n g  procedure .  

There was .gene ra1  agreement between t h e  p r e d i c t e d  v a l u e s  

found by t h e  u s e  of t h e  i n t e r p h a s e  chromosome volume i n  

r e l a t i o n s h i p s  e s t a b l i s h e d  by o t h e r  r e s e a r c h e r s  and t h e  



r e s u l t s  found i n  t h i s  s tudy .  Based on t h e  s t u d y  of  

Sparrow and Schwemmer (1974) 0. virens was found t o  

be  more r a d i a t i o n  s e n s i t i v e  than  t h e  m a j o r i t y  o f  t h e  

herbaceous p l a n t  s p e c i e s  examined. I n  t h e  s tudy  i n  

which p l a n t s  were exposed t o  ch ron ic  gamma r a d i a t i o n  

i n  t h e  f i e l d  f o r  30 days ,  t h e  LD50 could n o t  be d e t e r -  

mined because o f  t h e  l a c k  of m o r t a l i t y  presumably due 

t o  t h e  low doses  r ece ived  by t h e  r o o t s  and bu lbs .  

~ h o u ~ h  growth i n h i b i t i o n  and abnormal growth w e r e  
\ 

, observed i n  t h e  two gamma r a d i a t i o n  s t u d i e s ,  t h e  

changes i n  t h e  growth o f  t h e  p l a n t s  were found t o  be 

s o  v a r i a b l e  t h a t  t h e s e  parameters  w,ere cons ide red  

u n r e l i a b l e  measures o f  r a d i a t i o n  damage. 

Chromosome a b e r r a t i o n s  were examined i n  a l l  t h r e e  

r a d i a t i o n  s t u d i e s .  I n  t h e  ch ron ic  gamma r a d i a t i o n  s tudy  

chror,osome a b e r r a t i o n s  w e r e  n o t  observed i n  t h e  r o o t  

t i p s  a g a i n  a p p a r e n t l y  becaus,e of  t h e  low doses  r ece ived  

by t h e  bu lbs  and/or r o o t s .  Also,  t h e  a b e r r a t i o n s  i n  t h e  

r o o t  t i p s  of  t h e  p l a n t s  o f  t h e  i n t e r n a l  b e t a  r a d i a t i o n  

s tudy  could n o t  be analyzed because of  few cel ls  i n  

d iv i s ion ' .  However, s t r o n g  p o s i t i v e  c o r r e l a t i o n s  between 

t h e  f requency o f  t o t a l  a b e r r a t i o n s  i n  t h e  p o l l e n ' a n d  t h e  

dose  were found i n  t h e  gamma ( a c u t e  and c h r o n i c )  and 

' i n t e r n a l  b e t a  r a d i a t i o n  s t u d i e s .  S ince  l i n e a r  r e l a t i o n -  

s h i p s  between t h e  dose and t o t a l  a b e r r a t i o n s  w e r e  found,  

t o t a l  a b e r r a t i o n s  can be used a s  a  r e l i a b l e  i n d i c a t o r  

of  r a d i a t i o n  damage. I n  an a n a l y s i s  of  t h e  t y p e s  o f  



aberrations in the pollen, pulverized chromosomes 

(extreme fragmentation) and fragments seemed to be 

the least and most sensitive indicators of radiation 

damage, respectively. 

In conclusion, OrnithogaZurn virens appears to be 

a useful biological assay system for the effects of 

beta and gamina radiation within the dose range used 

'in this study. 
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APPENDIX A 

APPROXIMATE DOSES TO BULBS OF ACUTE GAMMA 

R A D I A T I O N  STUDY 

I n  t h e  a c u t e  gamma r a d i a t i o n  s t udy ,  t h e  b u l b s  o f  t h e  

p l a n t s  w e r e  p a r t i a l l y  s h i e l d e d  by t h e  v e r m i c u l i t e  and 

paper  cups .  To de t e rmine  t h e  approximate  dose s  t o  t h e  

b u l b s ,  t h e  fo l l owing  e q u a t i o n  was used,  

' ( R a d i o l o g i c a l  Hea l t h  Handbook, 1970 ) .  I n  t h i s  e q u a t i o n ,  

I i s  t h e  o r i g i n a l  r a d i a t i o n  exposure  r a t e ,  I i s  t h e  
0 

a t t e n u a t e d  r a d i a t i o n  exposure  r a t e ,  e i s  t h e  ba se  of  t h e  

n a t u r a l  l oga r i t hm,  i s  t h e  mass a b s o r p t i o n  c o e f f i c i e n t  

2 (approx imate ly  0.06 c m  /g f o r  w e t  v e r m i c u l i t e ) ,  P i s  t h e  

abso rbe r  d e n s i t y  (approx imate ly  0,3R r~ /n rn~ f o r  w e t  vermi- 

c u l i t e )  and x  i s  t h e  a b s o r b e r  t h i c k n e s s  ( 4  c m  from t h e  

edge o f  t h e  cup t o  t h e  c e n t e r  o f  t h e  b u l b ) .  The dose  

t o  t h e  b u i b s  i s  approx imate ly  91% o f  t h e  dose  d e l i v e r e d  

t o  t h e  t o p s  o f  t h e  p l a n t s .  



APPENDIX B 

FORMULAS FOR NUTRIENT SOLUTI3N 

The following two formulas were used alternately 

about every two months to water the plants grown in 

,vermiculite in the greenhouse. 

Formula One 

'. The following .were dissolved in 9.5 1 water and 

diluted at the rate of 100:l - 12.4 kg KN03, 12.4 kg 
C~(NO;)~, 2.5 kg NH4N03, 110 g Na2B407-10 N20, 15 g 

ZnS04 and a trace of chelated iron. The Na2B407*10H20 

and ZnS04 were dissolved in boiling water. 

Formula Two 

The following were dissolved in 9.5 1 water and 

diluted at the rate of 100:l - 12.4 kg KN03, 5.9 kg 
MgS04, 2.5 kg NH4N03, 400 ml H3PO4, 110 g Na2B407-10H20 

15 g ZnS04 and a trace of chelated iron. The Na2B407* 

10H20 and ZnSO were dissolved in boiling water. 
4 



- 
\ A P P E N D I X  C 

DESCRIPTION OF GREENHOUSE SOIL 

The fo l l owing  i s  a  d e s c r i p t i o n  o f  t h e  greenhouse  

s o i l  used i n  t h e  c h r o n i c  gamma r a d i a t i o n  s t udy .  

S o i l  Mixture  

4 p a r t s  t o p  s o i l  

2 p a r t s  sand  

1 p a r t  p e r l i t e  

1 p a r t  p e a t  moss 

TOP S o i l  

70% sandy loam 

- 2 5 %  o r g a n i c  m a t t e r  

. 5% sewage s ludge  



APPENDIX D 

APPROXIMATE DOSES TO BULBS OF CHRONIC GAMMA 

RADIATION STUDY 

I n  t h e  ch ron ic  gamma r a d i a t i o n  s tudy ,  t h e  bu lbs  of 

t h e  p l a n t s  were p laced  approximately  8 cm below t h e  su r -  

f a c e  o f  t h e  s o i l ;  Due t o  s h i e l d i n g  by t h e  s o i l ,  t h e  

doses  r ece ived  by t h e  bu lbs  w e r e  lower t han  t h e . d o s e s  

r ece ived  by t h e  t o p s  of t h e  p l a n t s .  The approximate 

doses  t o  t h e  bu lbs  w e r e  c a l c u l a t e d  by us ing  p r e v i o u s l y  

determined dose r a t e s  f o r  8 cm below t h e  s u r f a c e  of  t h e  

s o i l  ( F r a l e y ,  1971) and 30 days  of  i r r a d i a t i o n .  



APPENDIX E 

DOSE CALCULATIONS FOR INTERNAL BETA 

RADIATION S T U D Y  

I n  t h e  i n t e r a l  b e t a  r a d i a t i o n  s t u d y ,  up take  of t h e  

3 2 ~  by t h e  p l a n t s  was 71%. P l a t i n g  w a s  n o t  a  p rob lem 

and 4 %  o f  t h e  3 2 ~  was r i n s e d  from t h e  r o o t s  when t h e  

p l a n t s  w e r e  removed from t h e  3 2 ~  s o l u t i o n .  Based on 

t h e  Cerenkov c o u n t i n g  o f  3 2 ~ ,  t h e  ave rage  a c t i v i t y  con- 

c e n t r a t i o n s  (AC) o f  t h e  r o o t  t i p s  and buds w e r e  found 

t o  be 1.99 nCi/mg and 3.57 x n ~ i / m g ,  r e s p e c t i v e l y .  

The dose  r a t e s  w e r e  c a l c u l a t e d  u s ing  t h e  e q u a t i o n  

1 .6  x 10 -13 
( J, (f) ( 1 r a d  ) 

MeV 0 .01 J kg-l 

( p e r s o n a l  communication w i t h  L e s l i e  F r a l e y ) .  . I n  t h e  equa- 

t i o n ,  AC i n  t h e  average  a c t i v i t y  c o n c e n t r a t i o n  and f  i s  

t h e  f r a c t i o n  o f  t h e  b e t a  p a r t i c l e s  absorbed by t h e  r o o t  

t i p s  (0 .2 )  and t h e  buds (0.72) de te rmined  from F i g u r e  1 

of  Parmley e t  a l .  (1962) .  The c a l c u l a t e d  dose  rates f o r  

t h e  r o o t  t i p s '  and buds were 0.59 rad /h  and 3.8 x 10 -2 

rad /h ,  r e s p e c t i v e l y .  The accumulated dose s  were ca l cu -  

l a t e d  by u s ing  t h e  dose  r a t e s  and t h e  t i m e  a f t e r  removal 



of the plants from the 3 2 ~  solution. The actual doses 

received by any one root tip cell or pollen grain could 

not be determined because the beta particle from the 

3 2 ~  can travel through several cells and because the 

chromosomes of the cell are the product of several cell 

cycles. 



APPENDIX F 

FORMULA FOR POLLEN GROWTH MEDIUM 

T h e  f o l l o w i n g  w e r e  d issolved i n  1 0 0  m l  d i s t i l l e d  

w a t e r  a n d  u s e d  t o  g e r m i n a t e  t h e  p o l l e n  before s q u a s h e s  

of t h e  ' p o l l e n  w e r e  made .  

1 0 . 0 0  g s u c r o s e  

0 . 0 1  g bor ic  acid 

0 . 0 3  g c ~ ( N O ~ ) ~  

0 . 0 2  g MgS04 

0 . 0 1  g KN03 



APPENDIX G 

RAW DATA TABLES OF CHROMOSOME ABERRATIONS 

IN POLLEN GRAINS 

> 

The following tables contain the raw data on pollen 

grain chromos6me aberrations for the acute and chronic 

gamma and beta radiation studies. In all cases, pollen 

grains that contained more than one type of chromosome 

aberration were counted in the totals of each type of 

aberration. 



Table 5a. The number of pollen,grains with diff.erent types. of chromosome aberrations 
from the plants of the acute gamma .radiation'study, six days after 

' irradiation. 

1 Number of Pollen Grains 

Dose ~hroiosome Aberration Type 
(krad) . Clumped Undamaged . . Grand - 

Chromosomes . Chromosomes Pulverized Abnormal Total Total Gaps Bridges Fragments 
Surface Chromosorrres Connectives Aberrations 



Ta5le  5b. The number of  poPlen g r a i n s  w i th  d i f f e r e n t  t y p e s  of chromosome a b e r r a t i o n s  
from t h e  p l a n t s  of  t h e  a c u t e  gamma r a d i a t i o n  s tudy ,  e i g h t  days  a f t e r  
i r r a d i a t i o n .  

Number of Pollen Grains 

Dose Clumped Undamaged Grand 
Chromosome Aberration Type 

(kzad) . Chromosomes ~hrornosomes 
Pulverizsd Abnormal Total 

Total 
Gaps Bridges Fragments 

Surfaces Chromosomes Connectives Aberrations 



Table 6. The number of pollen grains with different types of chromosome aberrations 
from the plants of the chronic gamma radiation study. 

Number of Pollen Grains 

Clumped 
Chromosome Aberration Type 

Undamaged Grand 
D o s e  

Chromosomes Chr~mosomes. - 
Rough Pulverized Abnormal Total 

Total 
(krad) 

Gaps Surfaces 
Bridges Fragments 

Chromosorm Connectives Aberrations 



Table 7 .  The 'number o f  p o l l e n  g r a i n s  w i t h  d i - f f e r e n t  t y p e s  of chromosome a b e r r a t i o n s  
f r o n  t h e  p l a n t s . o f  t h e  i n t e r n a l ,  b e t a  r a d i a t i o n  study. 

. . . . 
Number of Poilen Grains 

Accm. 
Clumped Undamaged . . Grand 

Chromosome Aberration Type 
Dose 
.(rad) - , 

Chromosomes ~hrombsome s 
Pulverized Abnormal Total Total 

Rough ' Eiridges Fragments 
Gaps surfaces Chromosomes Connectives Aberrations 




