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1. Introduction 

The aim of t h i s  chapter is to  present a compilation of 
available data on the sens i t iv i ty  of plants to ionizing radiation, 
and t o  provide basic information on methods of dete.miniag such 
sens i t iv i t i e s ,  or  of estimating radiosensi t ivi t ies  by calculation 
of the nuclear factors upon which they depend. The scope of the 
data presented here is necessarily limited to the most generally 
useful radiobiological end points and t o  the most conauonly-used 
types of rsd ia t im.  "Hany of the factors which influence 
radioaensitivity,  part icular ly nuclear factora, w i l l  be diacusstd. 

&nphaais w i l l  be upon whole-plant studies done a t  Brookhaven 
Nations1 Labotatory by A. Ha Sparrow and hie asrociatss,  rince 
throe studies are the oource of mat  of the available 
radiosensi t ivi ty data and of a l l  the sens i t iv i ty  ptedictioos 
l i s t e d  here. &re detailed infomation on whole-plant i r radiat ion 
method., data ia terpra ta t ian  and predictiaa c r i t e r i a  may be found 
i n  earlier review by Sparrow, SchvcolPar & Bottincr (19711, Sparrow 
& Schwmmr (1974) and Underbrink & Pond (1976). Seed i r radia t ion  
data us given for several and paints ; additional data an med 
i r radia t ion  have been compiled by Oabornr & Lundan (1961) a d  
Osbor~cl & Constantin (1966). 

Data presented here include s m r i e s  of expazimtntally- 
determined radiosensi t ivi t ies  a t  various and points for both 
hesbaceoue and wwdy higher planta, and for a few species of ferns 
and lower plants. The algae and fungi have not beon considered 
here due t o  space lioritatious. Rowover, radiosensitiviaiea have 
been determined for  23 species of blue-green algae (Kraus 19691, 
47 species of lichens (Woodwell & 60.Mute 19671, and the green 
algae Chlorella and Chlantydor~ouas (Posnar & Sparrow 1964). 

In the major tables  appeuded bere, data on nuclear characters 
are l iefed for wsr a thousand species of higher plants, together 
with derived estimatioaa of radiorens i t ia i t ies  a d  of E D N A  
content. The sens i t iv i ty  estimates amy be considered to ba f a i r l y  
seZiabls (within r factor of two, over a range of nearly 
300-fold), since the relationship of nuclear cl~usac tero  ta 
radiosensi t ivi ty hes been wellaatabl ished (Sparrow & Schweumter 
1974; Underbrink & Pond 1976). A similar relationship exists 
between nuclear charactera and DNA content, and between DNA 
content aad radiosensi t ivi ty (Baetcka, Sparrow, b u m a n  d Schwemmer 
1967). Direct determination of DNA content by Feulgan 
microspectrophotcwaetry or by chemical extraction is obviously 
preferable t o  estimation of DHA content based upon nuclear volume; 
however, a plot of nuclear volumes against spestrophotametrically- 
or chemically-determined 3C - DNA for  over 100 species shows an 



e x c e l l e n t  c o r r e l a t i o n  ( ~ i g .  1). Fur the r ,  the  e n t i r e  body of 
estimated-DNA d a t a  l i s t e d  he re  i s  c o n s i s t e n t ,  having issued from a  
s i n g l e  l abo ra to ry  using s tandard ized  techniques. Therefore,  
es t imated  3C DNA contents  a r e  included i n  t hese  t a b l e s ,  i n  t he  
expectat ion-that  they  may se rve  a s  a  u se fu l  supplement t o  nore 
prec ise '  DNA va lues  presented  elsewhere i n  t h i s  volume. The 
primary purpose of the  t a b l e s ,  however, is t o  p re sen t  a  
comprehensive summary of d a t a  on p l a n t  r a d i o s e n s i t i v i t y  and on 
r e l a t e d  nuc lea r  f a c t o r s ,  which should prove t o  be a va luab le  
source  of in format ion  f o r  t he  r a d i o b i o l o g i s t ,  c y t o l o g i s t ,  
cytotaxonomist ,  o r  t h e  e c o l o g i s t  r e q u i r i n g  an e s t ima t ion  of 
probable e f f e c t s  of  r a d i a t i o n  upon p l a n t  popula t ions .  

2. H i s t o r i c a l  no te s  

P r i o r  t o  t he  a v a i l a b i l i t y  of l a r g e  and r e l a t i v e l y  inexpensive 
sources  of i o n i z i n g  r a d i a t i o n ,  plalrt  r a d i o s e n s i t i v i t y  s t u d i e s  were 
few and l imi t ed .  .The f i r s t  major f a c i l i t y  f o r  p l a n t  i r r a d i a t i o n  
was the  6 0 ~ o  gamma f i e l d  i n s t a l l e d  a t  Brookhaven Nat iona l  
Laboratory i n  1948. S imi l a r  f a c i l i t i e s  were l a t e r  cons t ruc t ed  a t  
o t h e r  i n s t i t u t i o n s  throughout t h e  world (Sparrow 1960). A 1  though 
some use was made of t h e  Brookhaven gamma f i e l d  f o r  the product ion  
of  u s e f u l  mutat ions i n  c rop  and ornamental p l a n t s  (Sparrow & 
Konzak 1958),  i t s  primary use  was as a  r a d i o b i o l o g i c a l  r e sea rch  
too l .  The a b i l i t y  t o  i r r a d i a t e  many d i f f e r e n t  s p e c i e s  under the  
same environmental cond i t i ons ,  and at a  wide range of exposures 
and exposure r a t e s ,  made it p o s s i b l e  t o  s tudy  the  n a t u r e  and 
e x t e n t  of t he  l a r g e  d i f f e r e n c e s  i n  r a d i o s e n s i t i v i t y  which exist 
among p l a n t  spec ies .  The subsequent development of more v e r s a t i l e  
and s o p h i s t i c a t e d  means of i r r a d i a t i o n ,  such a s  a  f a l l o u t  decay 
s imu la to r  and a  controlled-environment i r r a d i a t i o n  f a c i l i t y  
(Sparrow 19661, f u r t h e r  enhanced experimental  c a p a b i l i t y .  I n  
a d d i t i o n ,  a  gamma source placed i n  a  f o r e s t  community a t  
Brookhaven permi t ted  obse rva t ion  of long-term r a d i a t i o n  e f f e c t s  on 
a  n a t u r a l  ecosystem (Woodwell & Sparrow 1965; Woodwell & Rebuck 
1967; Woodwell & Whittaker 1968). 

A major p a r t  of both p ioneer ing  and l a t e r  work i n  comparative 
p l a n t  r a d i o s e n s i t i v i t y  was done a t  Brookhaven by Sparrow and h i s  
co l leagues .  Ea r ly  i n  t h e i r  work they observed a  wide range i n  
s e n s i t i v i t y  among s p e c i e s ,  and noted t h a t  increased  s e n s i t i v i t y  
appeared t o  be c o r r e l a t e d  wi th  such nuc lea r  f a c t o r s  a s  increased  
chromosome s i z e  (Sparrow & Chris tensen  1953; Sparrow C Gunckel 
1956) and increased  nuc lea r  volume and nuc lea r  DNA con ten t  
(sparrow & Miksche 1961; Sparrow, Cuany, Miksche & S c h a i r e r  1961). 
Fu r the r  exper imenta t ion  and q u a n t i f i c a t i o n  demonstrated 

convincingly t h a t  t he  major determining nuc lea r  f a c t o r  i n  p l a n t  
r a d i o s e n s i t i v i t y  was the  s i z e  of an average in t e rphase  chromosome, 
whether expressed a s  chromosome volume (Sparrow 1965b; Sparrow, 
Sparrow, Thompson & Scha i r e r  1965) o r  a s  DNA c o n t e n t  per 



chromosone (Baetcke, Sparrow, Nauman & Schwemer 1967). Later  
s t u d i e s  gave s t i l l  f u r t h e r  confirmation of the  c o r r e l a t i o n  between 
var ious  sens i t iv ' i ty  'endpoints and chromosome s i z e  (sparrow, Rogers 
& Schwemer 1968; sparrow, Schwemer & Bott ino 1971; Sparrow & 
Schwemmer 1974). Thus it became poss ib le ,  on the  b a s i s  of 
in terphase  chromosome volume (ICV), t o  p r e d i c t  the  s e n s i t i v i t y  of 
a  previous ly-untes ted  p lan t  spec ies ,  o r  even, a s  shown by Sparrow 
b Schwemmer (19741, t o  cons t ruc t  a predic ted  s u r v i v a l  curve. 

A b ib l iography of e a r l y  p lan t  r ad iob i6 log ica l  work was 
compiled by Sparrow, Binnington 6 Pond (19581, and more recent  
s t u d i e s  i n  comparative p lan t  r a d i o s e n s i t i v i t y  have been summarized 
i n  a  comprehensive review by Underbrink & Pond (1976). 

3. Method8 for determiuiug r a d i o a e a o i t i v i t y  

( a )  Types and sources of r a d i a t i o n  

The bas ic  types of ioniz ing r a d i a t i o a  used i n  the  study of 
p l a n t  r a d i o s e n s i t i v i t y  a r e  electromagnetic  (X rays ,  gamma rays)  
and p a r t i c u l a t e  (neut rons ,  c l c c t r o n s ,  protons, alpha or be ta  
p a r t i c l e s ) .  Ul t ra-v io le t  rays,  although nonionizing,  a r e  
occas iona l ly  used. This d iscuss ion w i l l  be concerned only with X 
and gamma rays ,  s i n c e  they have been the  b a s i s  f o r  most 
r a d i o s e n s i t i v i t y  s t u d i e s  by v i r t u e  of t h e i r  being the  e a s i e s t  and 
most economical t o  use, the  most r e a d i l y  ava i l ab le ,  and the  most 
v e r s a t i l e .  The convenience of an X-ray machine makes X rays  more 
u s e f u l  than gamma rays f o r  acute  exposures of small p l a n t s ,  
po r t ions  of p l a n t s ,  seeds,  o r  c u l t u r e s  of un ice l lu la r .  organisms. 

Gamma rays are uniquely s u i t e d  t o  s t u d i e s  of chronic  
i r r a d i a t i o n  of growing p l a n t s ,  and were i n i t i a l l y  used a t  
Brookhaven i n  such f a c i l i t i e s  as  the  gamma f i e l d  and gamma 

reenhouse, with p l a n t s  arranged in  isodose a r c s  around a 6 0 ~ o  o r  
f 3 7 C s  source. The l a t t e r  is genera l ly  p re fe rab le  because of i t s  
longer h a l f - l i f e  and lower energy which n e c e s s i t a t e s  l e s s  
sh ie ld ing .  T..atet s t u d i e s  using acute  exposures a s  well  as more 
careful ly-contro l led  chronic exposures have u t i l i z e d  a 
controlled-environment r a d i a t i o n  f a c i l i t y  where s e v e r a l  1 3 7 ~ 8  

sources  of var ious  s t r eng ths  were used. The l a r g e s t  of these 
sources  (12000 Ci)  provides f o r  s e l e c t i v e  a t t e n u a t i o n  of exposure 
by means of a  s e r i e s  of 5 concentr ic  telescoping s h i e l d s  which 
provide a wide range of exposure r a t e s  wi th in  a r e l a t i v e l y  small  
space,  and permits exposures t o  be done under condi t ions  of 
con t ro l l ed  temperature and humidity. This system is a l s o  
adaptable  fo r  s imula t ing  the decreasing r a d i a t i o n  l e v e l s  
a s soc ia ted  with f a l l o u t  by s e q u e n t i a l l y  te lescoping t h e  s h i e l d s  t o  
reduce the exposure r a t e  a t  appropr ia te  i n t e r v a l s  (Sparrow 6 
P u g l i e l l i  1969). This f a c i l i t y  and o the r  types of gamma sources 
a r e  described in  g r e a t e r  d e t a i l  by Sparrow & P u g l i e l l i  (1969) and 
by Sparrow (1961, 1966). 



(b) Exposure and exposure r a t e  

The u n i t s  of r a d i a t i o n  in genera l  use a r e  the Roentgen ( R )  
and the rad. The Roentgen i s  the more commonly used i n  p lant  
s t u d i e s ,  but  s ince  they d i f f e r  by a very small f a c t o r  
( 1  rad  0.96 R), they may f o r  a l l  p r a c t i c a l  purposes be used 
interchangeably (U. S. Bureau of Standards Handbook 85, 1962). 

To ta l  exposure may be thought of as  the  t o t a l  amount of 
r a d i a t i o n  received,  and exposure r a t e  as  the  amount of r a d i a t i o n  
received per given u n i t  of t i m e ,  Exposures may be acute  or  
chronic. There is no c l e a r  d iv id ing  point ,  but  g e n e r a l l y  with 
acute  i r r a d i a t i o n s  the  t o t a l  exposure is given i n  a s h o r t  period 
of time (minutes o r  hours)  a t  a r e l a t i v e l y  high exposure r a t e ,  
while chronic exposures l a s t  f o r  longer periods,  sometimes years ,  
a t  a constant  and r e l a t i v e l y  low exposure r a t e .  Ln most of t h e  
i r r a d i a t i o n  s t u d i e s  reported from Brookhaven a f t e r  1966, a 
s tandard acute gamma i r r a d i a t i o n  treatment was g iven i n  16 hours, 
with the des i red  t o t a l  exposure obtained by varying the  exposure 
r a t e ;  chronic  exposures genera l ly  l a s t e d  f o r  about 8 - 12 weeks 
f o r  herbaceous p lan t s  and up t o  8 yea r s  f o r  woody p lan t s .  In 
f a l l o u t  decay s imula t ion  (FDS) s t u d i e s ,  exposure r a t e  begins a t  a 
high l e v e l  and is reduced i n  stepwise fashion over a 36-hour 
period t o  s imulate r ad ioac t ive  f a l l o u t  decay. 

( c )  Experimental end points  

Comparisons of p lant  r ad iob io log ica l  d a t a  a r e  made more 
d i f f i c u l t  by the  d i v e r s i t y  of end points  which may be scored. The 
most commonly assessed end points  r e s u l t  e i t h e r  from loss  of 
reproduct ive  i n t e g r i t y  of meristematic o r  reproduct ive  c e l l s  o r  
from d i r e c t  damage t o  chromosomes. 

Meristematic damage is genera l ly  r e f l e c t e d  i n  growth 
i n h i b i t i o n  o r  p lan t  mor ta l i ty .  In  e a r l i e r  s t u d i e s ,  e s p e c i a l l y  
with chronic i r r a d i a t i o n ,  damage was estimated in terms of e i t h e r  
s l i g h t  o r  severe growth i n h i b i t i o n ,  defined a s  about  80-90 percent  
o r  15 percent  of con t ro l  growth, r e spec t ive ly .  However the  
c r i t e r i a  f o r  determining these  two end points  were somewhat 
imprecise, leading t o  d i f f i c u l t i e s  i n  q u a n t i t a t i o n  and s t a t i s  t i c a l  
ana lys i s .  In l a t e r  s t u d i e s ,  l e t h a l i t y  has proven t o  be a much 
more accura te  and useful  end point. L e t h a l i t y  is expressed as 
LDn, a term which ind ica tes  the  exposure i n  R t h a t  w i l l  reduce 
su rv iva l  by n percent from the c o n t r o l  value. 

Damage t o  p lan t  reprodLctive t i s s u e  may be assessed through 
such end points  as  percent  of pol len  abor t ion  (Yamakawa & Sparrow 
1966; Underbrink, Sparrow, Pond, Takahashi & Kappas 1973) o r  
reduct ion  i n  seed s e t  (~amakawa 6 Sparrow 1965). Following 
i r r a d i a t i o n  of seeds ,  damage may be expressed i n  decreased 



g e r m i n a b i l i t y  of seeds  o r  i n  decreased growth or  s u r v i v a l  of 
s e e d l i n g s  (Osborne & Lunden 1961; Osborne & Constan t in  1966). 
Chromosone damage may be eva lua ted  by sco r ing  f o r  numbers of 
chromosome a b e r r a t i o n 6 ,  chromosome fragments ,  o r  micronucle i  
(Evans & Sparrow 1961; Sparrow & Evans 1961). Somatic c o l o r  - - 
mutat ions i n  stamen h a i r  c e l l s  o f  T radescan t i a  f lowers  have proven 
t o  be a h i g h l y  u s e f u l  end po in t ,  s i n c e  t h e  unique s e n s i t i v i t y  of 
t h e s e  c e l l s  makes p o s s i b l e -  the  d e t e c t i o n  and e i a l u a t i o n  of t h e  
e f f e c t s  of extremely low doses of r a d i a t i o n  (Sparrow, Underbrink & 
Ross i  1972; Underbrink, S c h a i r e r  & Sparrow 1973). Somatic c o l o r  
muta t ions  may a l s o  be scored  i n  f lower p e t a l s  (Sparrow, Baetcke, 
Shaver 6 Pond 1968). More d e t a i l e d  d i s c u s s i o n  and more complete 
r e f e r e n c e s  on a l l  of t hese  end po in t s  may be found i n  Underbrink & 
Pond (1976). 

(d l  Su rv iva l  curves  

A s u r v i v a l  curve  is cons t ruc t ed  by p l o t t i n g  log  of p l a n t  
s u r v i v a l  a s  percent  of c o n t r o l  a g a i n s t  each exposure given. A s  
shown i n  F igure  2, t h e s e  curves  g e n e r a l l y  have a shoulder  o f  
va ry ing  width,  where the e f f e c t  on s u r v i v a l  is n e g l i g i b l e ,  be fo re  
t hey  t u r n  over  and become exponent ia l .  Af t e r  f i t t i n g  a curve  t o  
t h e  d a t a  p o i n t s ,  LDn may be determined by t ak ing  100 - n percent  
s u r v i v a l  (n percent  l e t h a l i t y )  on the  y a x i s  and r ead ing  o f f  t h e  
a p p r o p r i a t e  exposure from the x axis .  

Other parameters  which may be c a l c u l a t e d  from a s u r v i v a l  
c u r v e  a r e  D o  and D , as shown i n  F igu re  2. D o  is a measure of the 
s t eepness  of t he  s fope ,  and is the  dose t h a t  reduces  s u r v i v a l  t o  
37 percent  on t h e  exponen t i a l  po r t ion  of t he  curve. It is thought 
t o  i n d i c a t e  the  dose necessary  t o  produce an average  of one h i t  
p e r  t a r g e t .  D o  may be determined by t ak ing  an a r b i t r a r y  l e v e l  of 
s u r v i v a l  from the  s t r a i g h t - l i n e  p o r t i o n  of  t h e  s u r v i v a l  curve  ( a  
i n  Fig.  21, and de termining  the  dose necessary  t o  reduce that 
s u r v i v a l  l e v e l  by 63 pe rcen t ,  o r  converse ly  t o  37 percent  of t he  
o r i g i n a l  l e v e l  (b  i n  Fig.  2) .  For example, i n  Fig.  2, a = 40% 
ourvival,  a t  20 [CHI b = 372 of a o r  1f1 .8X outvfval ,  ac 28 kR; and 
D o  is  the  d i f f e r e n c e  between t h e s e  two doses ,  o r  8 kR. Do may 
a l s o  be determined by t ak ing  the  r e c i p r o c a l  of  the  s l o p e  of t h e  
s t r a i g h t - l i n e  p o r t i o n  of t he  curve  a f t e r  computing a leas t - squares  
b e s t  f i t .  Dq is a measure of shoulder  width, and is the  po in t  on 
t h e  x ax i s  a t  which t h e  exponen t i a l  p o r t i o n  of t h e  curve,  
e x t r a p o l a t e d  upward, i n t e r s e c t s  100 pe rcen t  s u r v i v a l  ( s ee  Fig.  
2) .  Dq is cons idered  t o  r e p r e s e n t  t he  dose below which c e l l s  a r e  
a b l e  t o  r e p a i r  radiat ion-induced damage. 

Although D o  and Dq a r e  g e n e r a l l y  used only f o r  s ing le -ce l l ed  
systems,  t hese  parameters  have been adapted t o  whole-plant s t u d i e s  
by Sparrow & Schwemmer (1974),  vho have shown them t o  be h i g h l y  
c o r r e l a t e d  with chromosome s i z e  ( ~ i g .  3 ) .  There fo re ,  g iven  the  
ICV of  a s p e c i e s ,  t he  whole-plant D o  and Dq, a s  we l l  as  o t h e r  



m o r t a l i t y  end points ,  may be est imated,  and thus a predicted 
su rv iva l  curve may be constructed.  These r e l a t i o n s h i p s  a r e  
discussed i n  g rea te r  d e t a i l  by Sparrow & Schwemer (1974) and by 
Underbrink & Pond (1976). 

4. Corre la t ion  of nuclear  f a c t o r s  with r a d i o s e n s i t i v i t y  

( a )  Nuclear volume and nuc lea r  DNA content  

The f i r s t  q u a n t i t a t i v e  i n v e s t i g a t i o n  of nuclear  f a c t o r s  a s  
r e l a t e d  t o  p lant  r a d i o s e n s i t i v i t y  focused upon nuclear  s i z e  
(Sparrow & Miksche 1961). Although prel iminary observations had 
indica ted  an apparent c o r r e l a t i o n  of s e n s i t i v i t y  with chromosome 
s i z e  ( t h e  l a r g e r  the  chromosomes the  lower the  dose needed to  
reach a s p e c i f i e d  end po in t )  (Sparrow & Chr i s t i ansen  1953; 
Sparrow & Gunckel 19561, the  q u a n t i t a t i v e  measurement of metaphase 
chromosomes f o r  a l a r g e  number of species  would have been 
p r o h i b i t i v e l y  tedious and time-consuming. Therefore s ince  the re  
appeared t o  be a c lose  c o r r e l a t i o n  between metaphase chromosome 
s i z e  and in terphase  nuclear  volume (Sparrow & Miksche 19611, the 
more eas ily-determined nuclear  volume was measured instead.  

The c r i t e r i o n  of r a d i a t i o n  damage i n  these  e a r l y  s t u d i e s  was 
severe growth i n h i b i t i o n ,  o r  15% of con t ro l  growth, and it was 
assumed t h a t  such i n h i b i t i o n  was caused by loss  of reproductive 
i n t e g r i t y  of the  c e l l s  i n  the vege ta t ive  meristem; therefore ,  the  
n u c l e i  i n i t i a l l y  se lec ted  f o r  measurement i n  c o n t r o l  p l a n t s  were 
thos t  i n  the  a c t i v e l y  p r o l i f e r a t i n g  por t ion  of the  shoot meristem. 
Nuclei of the  root  meristem were a l s o  ueasured, and t h e i r  average 
s i z e  was found not t o  vary s i g n i f i c a n t l y  from t h a t  of shoot n u c l e i  
(Sparrow & Miksche 19611, an observation which was confirmed by 
l a t e r  s t u d i e s  ( ~ a e t c k e ,  Sparrow, Nauman & Schwemmer 1967; Sparrow 
& Nauman, unpublished data) .  

The r e s u l t s  of t h i s  f i r s t  i n v e s t i g a t i o n  (Sparrow & Miksche 
1961) showed a c lose  inverse c o r r e l a t i o n  between the  volume of the 
in terphase  meristematic nucleus i n  shoot o r  roo t  and the exposure 
necessary t o  produce severe growth i n h i b i t i o n  i n  23 p lan t  species  
(see  a l s o  Sparrow, Cuany, Miksche & Schai rer  1961). They a l s o  
showed a d i r e c t  p o s i t i v e  c o r r e l a t i o n  between nuclear  volune and 
nuclear  DNA content ,  l a t e r  confirmed by Baetcke, Sparrow, Nauman & 
Schwemmer (1967) (Fig. 4a) ,  who concomitantly showed a d i r e c t  
c o r r e l a t i o n  between DNA per chromosome and I C V  ( ~ i g .  4b). A 
s i m i l a r  c o r r e l a t i o n  was found between nuclear  DNA content  and 
r a d i o s e n s i t i v i t y  (Sparrow & Miksche 1961; Bowen 1962). Hence a 
d i r e c t  p o s i t i v e  c o r r e l a t i o n  between nuclear  volume and 
r a d i o s e n s i t i v i t y  was in fe r red .  However, these e a r l y  s t u d i e s  were 
l imi ted  to d ip lo id  species  with r e l a t i v e l y  l i t t l e  v a r i a t i o n  in  
chromosome number, and l a t e r  work, ou t l ined  below, showed that 



n u c l e a r  volume o r  nuc lea r  DNA con ten t  a r e  c o r r e l a t e d  with 
r a d i o s e n s i t i v i t y  only s o  long a s  t h e r e  i s  l i t t l e  v a r i a t i o n  i n  
chromosome number; when chromosome number v a r i e s  widely, the 
c o r r e l a t i o n  does not  hold.  Therefore nuc lea r  volume cannot be 
used a s  the b a s i s  f o r  any comprehensive system f o r  p r e d i c t i o n  of 
p l a n t  r a d i o s e n s i t i v i t y .  

( b )  In t e rphase  chromosome volume and chromosomal DNA con ten t  

Sparrow & Mikcche (19611, whi le  e s t a b l i s h i n g  the  c o r r e l a t i o n s  
noted  above, a l s o  noted t h a t  t h e r e  was a  b e t t e r  c o r r e l a t i o n  of 
r a d i o s e n s i t i v i t y  w i th  DNA con ten t  per  chromosome than  wi th  DM p e r  
c e l l .  I n  view of t h i s  apparent  r e l a t i o n s h i p  between s e n s i t i v i t y  
and chromosomal DNA con ten t ,  and of t h e  demonstrated r e l a t i o n s h i p  
between nuc lea r  DNA c o n t e n t  and nuc lea r  volume, i t  seemed l o g i c a l  
t o  assume t h a t  t h e r e  would be a  s i m i l a r  c o r r e l a t i o n  between 
s e n s i t i v i t y  and average i n t e r p h a s e  chromosomal volume, o r  ICV. 
I C V  could be e s t ima ted  e a s i l y  by d i v i d i n g  nuc lea r  volume by 
somat ic  chromosome number (Sparrow & Evans 1961). It was 
subsequent ly  shown t h a t  t h e r e  was indeed a  c l o s e  c o r r e l a t i o n  
between I C V  and a c u t e  l e t h a l  dose, with t h e  p l o t t e d  r e g r e s s i o n  
having  a s l o p e  not s i g n i f i c a n t l y  d i f f e r e n t  from -1 (Sparrow, 
S c h a i r e r  & Sparrow 1961). F u r t h e r  work by Baetcke, Sparrow, 
Nauman & Schwemmer (1967) confirmed t h e  c o r r e l a t i o n s  o f  
chromosomal DNA with r a d i o s e n s i t i v i t y  (Fig. 5a) and of I C V  w i t h  
r a d i o s e n s i t i v i t y  (F ig .  5b). 

Other  s t u d i e s  provided a d d i t i o n a l  conf i rmat ion  of the  d i r e c t  
p o s i t i v e  c o r r e l a t i o n  o f  I C V  with r a d i o s e n s i t i v i t y ,  which w a s  found 
t o  hold  f o r  va r ious  l e t h a l i t y  o r  growth i n h i b i t i o n  end po in t s  i n  
both acu te  and ch ron ic  exposures  of herbaceous p l a n t s  (Sparrow & 
Schwemmer 1974; Sparrow, Sparrow, Thompson & Schairer 1965) (Figs.  
6,7 ) ,  and i n  chronic  exposures  of  woody p l a n t s  (Sparrow, 
Schwemmer, Klug & P u g l i e l l i  1970a,b) (Fig. 8).  The only except ion  
waa found i n  ac.11tely i r r a d i a t e d  woody p l a n t s ,  scored  two yea r s  
a f t e r  i r r a d i a t i o n .  They showed an e q u a l l y  c l o s e  correlation 
between I C V  and exposure a t  va r ious  end p o i n t s ,  but  wi th  
r u g c c s s i o n ~  having shal1.11wri- slopes (-0.73 as opposed t o  -1 i n  a l l  
o t h e r  c o r r e l a t i o n s )  (Sparrow, Rogers & ~chwemmer- 1968) (F ig .  91.  
No exp lana t ion  has  been found f o r  t h i s  apparent  anomaly, nor  f o r  
t h e  f a c t  t h a t  woody p l a n t s  a r e  i n  gene ra l  more s e n s i t i v e  than  
herbaceous p l a n t s  of s i m i l a r  chromosomal s i z e  (Sparrow 6 Sparrow 
1965). These d i f f e r e n c e s  a r e  apparent  i n  F igure  10, which is a  
composite of r e g r e s s i o n s  of exposure versus  I C V  f o r  va r ious  end 
p o i n t s ,  i nc lud ing  whole-plant D o  and Dq (Underbrink & Pond 1976). 

Since t h e  s lopes  of r e g r e s s i o n s  of LDn v s  I C V  do not  vary  
s i g n i f i c a n t l y  from -1 (except  a s  noted above),  t h e  product of 
exposure i n  kR t imes I C V  inym3 a t  any poin t  on the  r eg re s s ion  
w i l l  approach a  c o n s t a n t ,  a'nd w i l l  i n d i c a t e  t he  q u a n t i t y  of energy 



absorbed per average in t e rphase  chromosome a t  t h a t  end point .  
Thus f o r  any end poin t  the energy absorbed per  chromosome i s  t he  
sane ,  r e g a r d l e s s  of d i f f e r e n c e s  i n  chromosome s i z e ,  chromosome 
number, o r  exposure r equ i r ed  t o  reach t h a t  end po in t .  

Energy absorp t ion  per  chromosome (E/Ch) is  g e n e r a l l y  
expressed i n  MeV, and may be summarized by the  formula E/Ch = I C V  
x  LDn x  60.2, where 60.2 i s  the  product  of 34 eV p e r  i on  p a i r  
( co r r ec t ed  from an  e a r l i e r  e s t ima te  of  32.5) t imes 1.77 
i o n i z a t i o n s  perpm3 of wet t i s s u e  per  R. This  concept is 
d i scussed  i n  g r e a t e r  d e t a i l  by Sparrow (19621, Sparrow, S c h a i r e r  6 
Sparrow (19631, Sparrow & Schwemmer (1974) and Underbrink & Pond 
(1976). 

A s  a c o r o l l a r y  t o  t hese  f i n d i n g s ,  Sparrow, Underbrink & 
Sparrow (1967) noted t h a t ,  f o r  a  wide v a r i e t y  of organisms from 
v i r u s e s  t o  h igher  p l a n t s  and a n i m a l s ,  a  p l o t  of Do a g a i n s t  I C V  
(def ined  he re  a s  t he  volume of a  chromosome, b a c t e r i a l  nuc leo id  o r  
v i r u s  p a r t i c l e )  r e s u l t e d  not  i n  a  s i n g l e  r eg re s s ion  l i n e  but  i n  a  
series of  e i g h t  p a r a l l e l  r e g r e s s i o n  l i n e s ,  a l l  with s l o p e  = -1 
(one l i n e  l a t e r  modified by Sparrow, Howard, Cowie, Schwemmer 6 
Nauman 1975). Thus t h e r e  a r e  f o r  t h e s e  organisms e i g h t  d i f f e r e n t  
l e v e l s  of energy abso rp t ion  a t  Do.  They have been des igna ted  
"radiotaxa",  a l though they a r e  not  e n t i r e l y  uniform wi th  regard t o  
convent iona l  taxonomy. These groups a r e  non-overlapping and have 
been shown t o  be v a l i d  by c r i t i c a l  s t a t i s t i c a l  e v a l u a t i o n  (Kaufman 
& M i l l e r  1970). Although t h e i r  s i g n i f i c a n c e  is not  understood, 
t h e s e  groupings probably r e f l e c t  s t r u c t u r a l  and p h y s i o l o g i c a l  
parameters  which r e s u l t  i n  p a r t i c u l a r  l e v e l s  of energy abso rp t ion  
a t  Do. 

It should be emphasized t h a t ,  while  I C V  i s  the  s i n g l e  most 
u s e f u l  n u c l e a r  parameter i n  e s t i m a t i n g  r a d i o s e n s i t i v i t y ,  it is a  
pu re ly  conceptual  q u a n t i t y ,  be ing  simply an estimate of  t h e  volume 
of an average in t e rphase  chromosome. It does not  t ake  i n t o  
account  such f a c t o r s  a s  b imodal i ty  of chromosome s i z e ,  nor  does it 
a l low f o r  n u c l e o l i ,  o t h e r  n u c l e a r  components, o r  interchromosomal 
space ;  thus  the  t r u e  volume of a  chromosome is  always sma l l e r  than 
the  c a l c u l a t e d  ICV. Conger (1970) has  c a l c u l a t e d  t h a t  t he  
f r a c t i o n  of I C V  t h a t  is a c t u a l  chromosomal volume is 0.17 t o  
0.18. Nevertheless ,  I C V  a s  it is def ined  h e r e  - t h a t  is,  
mer is temat ic  nuc lear  volume d iv ided  by somatic chromosome number - 
has proven t o  be a  h i g h l y  u s e f u l ,  reasonably a c c u r a t e  ( t o  w i t h i n  a 
f a c t c r  of two) and easi ly-determined index of r a d i o s e n s i t i v i t y .  
I f  t h e  n u c l e a r  DNA content  of a  spec i e s  is known, i t s  I C V  may be 
e s t ima ted  by d i v i d i n g  3C DNA pe r  nucleus ( i n  pg) by chromosome 
number and mul t ip ly ing  Fy 15, s i n c e  1  pg of  DNA is e q u i v a l e n t  t o  
about 15,Um3 of nuc lea r  o r  chromosomal volume ( ~ a e t c k e ,  Sparrow, 
Nauman 6 Schwemer 1967). R a d i o s e n s i t i v i t y  of a previous ly-  
un te s t ed  p l an t  spec i e s  may then be es t imated  from t h i s  f i g u r e .  



. ( c )  Chromosome number 

When e a r l i e r  s t u d i e s  showed increased rad io res  i s  tance i n  
polyploids  r e l a t i v e  t o  t h e i r  corresponding d i p l o i d s ,  it was 
thought t h a t  t h i s  was a  r e s u l t  of the  p r o t e c t i v e  e f f e c t  of gene t i c  
redundancy. While t h i s  is probably t rue  i n  cases of 
a r t i f i c i a l l y - i n d u c e d  autopolyploidy where the re  has been l i t t l e  
change i n  chromosome s i z e  o r  i n  gene t i c  makeup, i t  was l a t e r  
r e a l i z e d  t h a t  the  increased r e s i s t a n c e  of polyploids was probably 
due mainly t o  t h e i r  smaller  chromosomal s i z e  r e l a t i v e  t o  
corresponding d i p l o i d s ,  and t h a t ,  i n  genera l ,  I C V  was s t i l l  t he  
major determining f a c t o r  i n  r a d i o s e n s i t i v i t y  (Sparrow, Sparrow, 
Thompson & Scha i re r  1965; Ichikawa 1970). 

There a r e  s p e c i a l  cases involving v a r i a t i o n  i n  chromosome 
number where the  r e l a t i o n s h i p  is l e s s  c l e a r ,  s p e c i f i c a l l y  haploidy 
and high l e v e l s  of polyploidy. Conger, Sparrow, Schwemmer & Klug 
( 1 9 7 9 )  have inves t iga ted  ehe r e l a r f o n s h i p  of p lo idy l e v e l  Lo 
s e n s i t i v i t y  in  11 planc  genera which togeeher span a ploidy range 
of  lx t o  22x. Despite  a  l ack  of i n t e r -  and i n t r a g e n e r i c  
c o n s ~ s t e n c y ~  they confirmed the r o l e  of I C V  a s  the  major 
determinant of r a d i o s e n s i t i v i t y  a t  most p lo idy l e v e l s .  However, 
they  found a  considerably increased s e n s i t i v i t y  i n  haploids  and i n  
p l a n t s  with p lo idy l e v e l s  of lox o r  above. Their  f ind ings  a r e  
summar l zed  and discussed by ~ n d z r b r i n k  & Pond (1976). 

Because of incons i s t enc ies  and con t rad ic t ions  both i n  
published chromosome counts and i n  taxonomic a t t r i b u t i o n ,  it is 
always advisable  t o  determine the a c t u a l  chromosome number of a 
p l a n t  along with i t s  nuclear  volume o r  DNA content  ( s e e  Appendix) 
when es t imat ing  the r a d i o s e n s i t i v i t y  of  an untes ted  p lant .  

( d l  Related f a c t o r s  

Meiotic and m i t o t i c  cycle  times have hoen shown t o  b e  related 
t o  nuclear  and chromosome volume and t o  DNA c o n t e n t ,  and thus may 
be considered t o  be i n d i r e c t l y  r e l a t e d  t o  r a d i o s e n s i t i v i t y .  
Underbrink & Pond (1976) have p l o t t e d  da ta  on m i t o t i c  cycle  time 
and on dura t ion  of the  S  period,  taken from Van't Hof (19751, 
a g a i n s t  I C V s  est imated from DNA con ten t ,  and found a d e f i n i t e  
p o s i t i v e  c o r r e l a t i o n  i n  both cases.  A s i m i l a r  p l o t  of meiot ic  
cyc le  time, taken from Bennett (1 9 7 2 ) ,  aga ins t  es t imated  I C V  
showed a  much c l o s e r  c o r r e l a t i o n  (Underbrink 6 Pond 1976). Thus, 
i f  cycle  time i s  the  only' known nuclear  parametet f o r  a given 
p l a n t ,  one of these p l o t s  can be  used f o r  a very rough es t imate  of 
I C V ,  which w i l l  i n  turn  give a  prel iminary i n d i c a t i o n  of where 



the  p a r t i c u l a r  p lan t  would be l i k e l y  to  f a l l  wi th in  the  o v e r a l l  
range of plant  r a d i o s e n s i t i v i t i e s .  

5. Corre la t ion  of b io log ica l ,  environmental and 
experimental f a c t o r s  with r a d i o s e n s i t i v i t y  

P l a n t  r a d i o s e n s i t i v i t y  may be a l t e r e d  o r  complicated by the  
e f f e c t s  of a g r e a t  number of va r i ab les .  The following l i s t  of 
such f a c t o r s  is  modified from Sparrow, Schwemmer 6 Bot t ino  (1973), 
a f t e r  Gunckel & Sparrow (1961). 

Cytological  and gene t i c  f a c t o r s  

1. Chromosome number and p lo idy l e v e l  
2. Chromosome volume 
3. Chromosomal DNA content  
4. Length of m i t o t i c  cyc le  
5. Stage of m i t o t i c  o r  meiot ic  cyc le  
6. Amount of heterochromatin 
7. Number and pos i t ion  of centromeres 
8. Genotype 
9. Taxonomic group 

Morphological and developmental f a c t o r s  

1. Type of c e l l  o r  t i s s u e  
2 .  Stage of development o r  d i f f e r e n t i a t i o n  
3. Por t ion(s)  of p lant  i r r a d i a t e d  
4. S ize  of p lan t  o r  depth of s e n s i t i v e  organs 
5. L i fe  form (woody, herbaceous) 
6. L i f e  span -(annual, perennia l )  
7. Type of reproduction (sexual ,  and/or v e g e t a t i v e )  

Physio logica l  f a c t o r s  

1. Age of p lant  o r  t i s s u e  
2. Metabolic r a t e  
3. Growth r a t e  
4. Stage of growth cyc le  ( a c t i v e ,  dormant) 
5. Concentration of growth hormones 
6. Concentration of p r o t e c t i v e  o r  s e n s i t i z i n g  substances 
7. Water content  
8. Nut r i t iona l  s t a t e  
9. Diseased t i s s u e  



Experimental factors 

Exposure rate 
Exposure duration 
Exposure fractionation or previous exposure 
~ind(s) of radiation . 

Energy or LET of radiation 
Postirradiation time 
Depth dose . ' 

Shielding 

Environmental factors 

Tcmpetature, including diurnal. variations 
Light intensity 
Day length 
Relative humidity 
Oxygen conceatration 
Wind velacity 
Competition 
Insects or other pests 
Soil conditions - chemical composit ion, pH, 
density , moisture content 
Natural shielding (vegetation, snow, etc. ) 

Several of the factors listed have already been discussed, 
and the importance of some others is self-evident. For example, 
the adverse effects of disease, poor nutritional conditions, 
presence of insect pests, or environmental competition would all 
tend to increase the susceptibility of a plant to radiation 
damage. 

With regard to the cytological factors Listed, a higher 
degree of sensitivity would he expected, in general, to be 
associated with a lower chromosome number, lower ploidy level, 
larger chromosome volume and DNA content, much heterochromatin, 
slower mitotic o r  mciotio ogele cima, no-el H A  nppnsed to  d i f f u a e  
centromeres and acrocentric rather than metacentric chromosomes 
(Evans & Sparrow 1961; Sparrow 1961; Sparrow, Cuany, Miksche & 
Schairet 1961). 

Plants within certain taxonomic groups tend to have 
predominantly very large or very small chromosomes, and so can be 
expected to have relatively high or low radiosensitivities. 
Examples of highly sensitive groups are the Pinaceae, particularly 
Pinus species, and indeed most of the conifers; the cyads; and - 
many genera in the Liliaceae, notably Fritillaria, Lilium, Allium, 
and Trillium. At the other extreme, one could expect to find very 
small chromosones and low radiosensitivities in the Crassulaceae, 
such as Sedum and Graptopetalum, and in the Cruciferae. One 
should be cautions, however, in generalizing on the basis of 



taxonomy, s i n c e  wi th in  the  genus Tradescan t i a ,  f o r  example, t he re  
i s  a range i n  chromosome s i z e  and thus i n  s e n s i t i v i t y  of a t  l e a s t  
15-fold. 

Taking the l a r g e r  taxonomic groupings i n t o  cons ide ra t ion ,  t he  
gymnosperms as  a whole a r e  much more s e n s i t i v e  than  the  woody 
angiosperms (Sparrow, Rogers & Schwemmer 1968). Among t h e  
herbaceous p l a n t s ,  taxonomic c l a s s  (monocot o r  d i c o t ) ,  considered 
i n  combination with l i f e  span, could be u s e f u l  i n  p r e d i c t i n g  
probable r e l a t i v e  s e n s i t i v i t y  a t  t he  upper (more s e n s i t i v e )  end of 
t h e  range. While d i s t r i b u t i o n s  of d i c o t s  and monocots over lap  i n  
t h e  reg ion  of low s e n s i t i v i t y ,  v i r t u a l l y  a l l  large-chromosome 
h i g h - s e n s i t i v i t y  p l a n t s  s t u d i e d  (ICVS of  5oPm3 o r  more, LD~os of 
1.5 kR o r  l e s s )  a r e  monocots ( d a t a  i n  Table 5) .  S i m i l a r l y ,  
annuals  and pe renn ia l s  a l s o  over lap  a t  t he  lower end of t he  
s e n s i t i v i t y  range, b u t  a l l  p l a n t s  s t u d i e d  with I C V s  of 35,clm3 or 
more ( L D ~ o ~  of l e s s  than  2.2 kR) a r e  p e r e n n i a l s  ( d a t a  i n  Table 5) .  
Thus, i f  one wished t o  choose a h igh ly - sens i t i ve  p l a n t  f o r  
r a d i a t i o n  s t u d i e s ,  a l o g i c a l  s t a r t i n g  po in t  would be  the  
monocotyledonous pe renn ia l s  o r  gymnosperms. 

Many of t he  morphological,  developmental and p h y s i o l o g i c a l  
f a c t o r s  l i s t e d  above a r e  d iscussed  i n  some d e t a i l  by Sparrow, 
Schwemer & Bot t ino  (19711, and a l s o  by Sparrow & Woodwell (19621, 
who d e a l  with r a d i a t i o n  responses a t  the  popula t ion  l eve l .  Some 
biochemical f a c t o r s  which a f f e c t  p l a n t  r ad iosens  i t i v i t y  a r e  1 i s  t ed  
by Gunckel & Sparrow (1961),  and w i l l  no t  be enumerated here.  

Woody and herbaceous p l a n t s  respond s i m i l a r l y  t o  i r r a d i a t i o n  
i n  t h a t  t he re  is  a l i n e a r  r e l a t i o n s h i p  between I C V  and exposure a t  
a g iven  endpoint.  However t h e r e  a r e  important  d i f f e r e n c e s  i n  
response which a r e  presented  v i s u a l l y  i n  F igure  10. The 
r e g r e s s i o n  l i n e s  f o r  ch ron ic  exposures  i n  both groups have t h e  
same s lopes  (=  -1) but  d i f f e r e n t  i n t e r c e p t s ,  with woodies being 
more s e n s i t i v e  f o r  a given endpoint .  With acu te  exposures ,  t h e  
woodies a r e  aga in  more s e n s i t i v e ,  bu t  with sha l lower  s lopes  than  
those  of t he  herbaceous spec i e s .  No s a t i s f a c t o r y  exp lana t ion  has 
been o f f e r e d  f o r  t he  d i f f e r e n c e s ,  bu t  r e l e v a n t  d a t a  and d i scuss ion  
a r e  presented  by Sparrow, Rogers & Schwemmer (1968) and Sparrow, 
Schwemmer, Klug & P u g l i e l l i  (1970a,b) ,  

These au tho r s  have a l s o  shown t h a t  t h e  r a d i o s e n s i t i v i t y  of  
woody p l a n t s  decreases  dur ing  the dormant period. 'This i s  not 
unexpected, s i n c e  it is a l s o  a time of l e s s e r  m i t o t i c  a c t i v i t y  and . 

decreased nuc lea r  volume. Sparrow, Schwemmer, Klug & P u g l i e l l i  
(1970a) found an active-to-dormant nuc lea r  volume r a t i o  of  1.54, 
which agrees  we l l  with s i m i l a r  r a t i o s  found i n  e a r l i e r  s t u d i e s  by 
Sparrow, Rogers & Schwemmer (1968) and Taylor  (1966). 



Many herbaceous p l a n t s  reproduce a sexua l ly  as  wel l  a s ,  o r  
i n s t e a d  o f ,  s exua l ly .  This f a c t o r  tends t o  decrease  t h e i r  
r a d i o s e n s i t i v i t y ,  i n  t h a t  v e g e t a t i v e  t i s s u e  is l e s s  s e n s i t i v e  
than  reproduct ive  t i s s u e  (Underbrink f Pond 1976). Also, many 
perennat ing  organs,  such a s  rhizomes, bu lbs ,  t ube r s  and s t o l o n s ,  
a r e  sh i e lded  by growing underground. Moreover, t h e s e  organs 
g e n e r a l l y  undergo a  per iod  of dormancy when s e n s i t i v i t y  is 
presumably decreased ,  a s  it is i n  dormant woody p l a n t s .  

Among the  most: important  of experimental  v a r i a b l e s  a r e  
exposure r a t e  and exposure du ra t ion .  General ly ,  a  lower rate and 
longe r  time f o r  a given t o t a l  exposure have a  l e s s e r  e f f e c t  than  
t h e  same t o t a l  exposure g iven  f o r  a s h o r t e r  t ime a t  a  h ighe r  r a t e .  
Also,  dose f r a c t i o n a t i o n  u s u a l l y  reduces the  e f f e c t  of a  given 
t o e a 1  exposure. These and o t h e r  experimental  v a r i a b l e s  a r e  
cons idered  i n  g r e a t e r  d e t a i l  by Sparrow (19611, Sparrow, Cuany, 
Miksche 6 S c h a i r e r  (1961) and Sparrow, Schwemer 6 Bo t t ino  (1971). 
These au tho r s  also- d i s c u s s  va r ious  environmental v a r i a b l e s  which 
may a f f e c t  r a d i o s e n s i t i v i t y .  The cons ide rab le  e f f e c t  of 
temperature on r a d i o o e n s i t i v i t y  is discussed by Sparrow, Schwemmer 
6 Bot t ino  (1973). They no te  t h a t  an increase i n  tcmpcratltra after 
i r r a d i a t i o n  may reduce s u r v i v a l  by a s  much as 50 p e r c e n t ,  and w i l l  
a l s o  r e s u l t  i n  a  s h o r t e r  per iod  of  e lapsed  time be fo re  p l a n t  dea th  
occurs .  Conversely, decreased  p o s t i r r a d i a t i o n  temperature r e s u l t s  
i n  longer  s u r v i v a l  t ime, s o  t h a t  too-early s c o r i n g  would g ive  a 
f a l s e  i n d i c a t i o n  of  r a d i o r e s i s t a n c e .  

It is obvious t h a t  i n  de te rmining  o r  p r e d i c t i n g  p l a n t  
r a d i o s e n s i t i v i t y  one nusf fake i n t o  cons ide ra t ion  t h e  l a r g e  number 
o f  r e l e v a n t  v a r i a b l e s .  Therefore one would be well-advised t o  
c o n s u l t  t h e  a p p r o p r i a t e  sources  f o r  more d e t a i l e d  informat ion  and 
d i scuss ion .  Of p a r t i c u l a r  va lue  f o r  a  gene ra l  overview of 
e x i s t i n g  work on p l a n t  r a d i o s e n s i t i v i t y  a r e  t he  reviews by 
Sparrow, Sparrow, Thompson & S c h a i r e r  (1965); Sparrow, Schwemer & 
Bot t ino  (1971); Sparrow & Schwemmer '(1974); and Underbrink C Pond 
(1976). 

J u s t  p r i o r  t o  h i s  unt imely dea th ,  D r .  Arnold H. Sparrow had 
been asked t o  w r i t e  t h i s  chapter .  The p re sen t  au tho r ,  one of ' h i s  
long-time l a b o r a t o r y  a s s o c i a t e s ,  i s  a c t i n g  a s  h i s  s u r r o g a t e  i n  
t h i s  task.  Nearly a l l  of t he  body of d a t a  presented  h e r e  was 
produced i n  h i s  l a b o r a t o r y ,  through a  prolonged community of 
e f f o r t .  Countless  co l l eagues ,  a s s i s t a n t s  and s t u d e n t s  have 
c o n t r i b u t e d ,  but  t he  preponderance of d a t a  were genera ted  by h i s  
r e g u l a r  s t a f f ,  whose e x t r a o r d i n a r y  l o y a l t y  assured  c o n t i n u i t y  and 
cons i s t ency  over the  years .  Therefore ,  s i n c e  we were . a l l  cogs i n  
t h e  same wheel, i t  seems a p p r o p r i a t e  t o  acknowledge the  
c o n t r i b u t i o n s  .of h i s  o t h e r  long term a s s o c i a t e s ,  t h e  more so s i n c e  



t o g s t h e r  we put nea r ly  200 human-years of e f f o r t  i n t o  D r .  
Sparror.r's now-ended r a d i o b i o l o g i c a l  research .  

On the  t echn ica l  s t a f f ,  Rhoda C. Sparrow, h i s  wife ,  worked 
wi th  him f o r  29 yea r s ,  V i r g i n i a  Pond 28 yea r s ,  Lloyd A. S c h a i r e r  
23 yea r s ,  Anne F. Nauman 17 y e a r s ,  E. E r i c  Klug 14 y e a r s ,  Susan S. 
Schwemmer 12 years ,  Richard C. S a u t k u l i s  10 years ,  Marta M. 
Nawrocky 10 y e a r s ;  c o l l a b o r a t o r s  D r .  Alan G. Underbrink and D r .  
Charles  H. Naman both 11 yea r s ;  s e c r e t a r y  Har r io t  Barry 14 y e a r s ;  
and s t a t i s t i c a l  c o n s u l t a n t  Kei th H. Thompson 14 yea r s .  
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8. Appendix 

(a) Methods f o r  determining nuclear  f a c t o r s  used 
i n  p red ic t ion  of p lan t  r a d i o s e n s i t i v i t y  

Although chromosome volume is  the  b a s i s  f o r  p red ic t inns  o f  
r o d i o s e n s i t i v i t i e s ,  ehe parameters a c t u a l l y  determined i n  the 
l abora to ry  a r e  nuclear  volume and chromosome number, ICV being 
c a l c u l a t e d  by d iv id ing  the former by the  l a t t e r .  Methods f o r  
nuc lea r  volume determination have been published previous ly  
(sparrow, Rogers & Schwennner 1968) but w i l l  be presented here  i n  
g r e a t e r  d e t a i l .  

From 3 t o  12 meristems a r e  f ixed i n  Craf 111, a modified 
Nawashin f i x a t i v e  ( s e e  Sass 19581, a s  soon a s  poss ib le  a f t e r  
rernoval from the p lan t ,  keeping the p l a n t  ma te r i a l  moist i f  de lay  
before  f i x a t i n s  is unavoidable. RooC t i p s ,  about > nrm i n  length ,  
are b e s t  obtained from potted plants oc Erom rooted cu t t ings .  Shoot 
t i p s  a r e  d i s sec ted  down by c u t t i n g  o r  peel ing away bud s c a l e s  and 
l e a f  primordia u n t i l  the  apex is  nea r ly  exposed. This  trimming 
down i s  e s p e c i a l l y  important i n  buds which a re  waxy, res inous ,  
h a i r y ,  f ib rous  o r  woody. Woody p l a n t s ,  p a r t i c u l a r l y  the  resinous 
gymnosperms, must have a l l  bud s c a l e s  removed t o  a s su re  proper 
p e n e t r a t i o n  of the  f ixa t ive .  Af te r  d i s s e c t i o n  the  shoot t i p  should 
not exceed about 5 am! i n  length  and 2-3 mm i n  thickness.  Samples 
a r e  g e n t l y  evacuated as soon a s  poss ib le  a f t e r  f i x a t i o n ,  u n t i l  they  
s i n k  in the  f i x a t i v e .  If buds have a  waxy coat ing  which i n h i b i t s  
f i x a t i v e  pene t ra t ion ,  a very small drop nf  l i q u i d  dotcrgent  w i l l  
u sua l ly  cause them t o  sink. Samples should be f ixed overnight ,  bu t  
may be l e f t  i n  the f i x a t i v e  almost i n d e f i n i t e l y .  

Great ca re  must be taken t o  omit flower buds o r  buds which 
have begun f l o r a l  t r a n s i t i o n .  This may be evidenced by e longat ion  
of in ternodes  o r  by changes i n  the shape of the  apex as ~b~rr.vrrt l  
m i a ~ o o e e p i c a l l y .  Ic is pre te rab le  t o  take shoots  from seedl ings  
a f t e r  development of  t h e i r  second t r u e  leaves ,  o r  from act ive ly-  
growing mature p lants .  

Dehydration is accomplished through an ethanol  and t e r t i a r y  
b u t y l  a lcohol  (TBA) s e r i e s ,  a s  described by Sass (19581, with dry  
s a f r a n i n  added t o  the l a s t  ethanol-TBA mixture a s  a pre-s ta in  t o  
a i d  i n  t i s s u e  o r i e n t a t i o n  during embedding and sec t ion ing  . Samples 
a r e  embedded i n  p a r a f f i n  with a  56-5e0C melt ing point .  Cardboard 
p i l lboxes  are convenient fo r  embedding and provide a  uniformly f l a t  
su r face  f o r  p rec i se  alignment of samples. 

Sect ioning is done long i tud ina l ly  a t  8 Pm unless  p lants  a r e  
known to  have very l a r g e  o r  very small n u c l e i ,  when 1 0 p m  o r  6 pn 
would be s o r e  appropr ia te .  Disposable microtome knives have been 
found to  be qui te  s a t i s f a c t o r y ,  a s  they a re  usable f o r  a c o n s i d e r  
able number of samples, and they e l imina te  almost e n t i r e l y  the 
problem of s t a t i c  e l e c t r i c i t y .  Sect ions a r e  mounted s e r i a l l y  



on s l i d e s  which. have been "subbed" by coat ing  with a t h i n  layer  of 
g e l a t i n e  ( s e e  Darlington & L a  Cour 1975), s t a ined  with s a f r a n i n  and 
f a s t  green, and mounted i n  Permount. 

I n  each of a t  l e a s t  three  samples, median l o n g i t u d i n a l  
sec t ions  of the  apex a r e  located .  Ten in terphase  nuc le i  a r e  
measured from the ou te r  l aye r  of the  shoot apex, excluding the 
f l anks  where d i f f e r e n t i a t i o n  is occurring.  In  r o o t s ,  c e l l s  a r e  
measured i n  the  cen te r  of the  meristematic region. In s e l e c t i n g  
nuc le i  t o  be measured, one should avoid those which a r e  
d i sp ropor t iona te ly  l a r g e  and thus may. be i n  G 2  wi th  a 4C .DNA 
amount. Usirig an ocular  micrometer a t  800x magnif i c a t i z n ,  
measurements a r e  made i n  two perpendicular  diameters,  us ing  major 
and minor axes where the .nuc leus  dev ia tes  from a sphere. These 
measurements a r e  converted t o  microns and averaged and volumes a r e  3 computed f o r  each nucleus using t h e  formula V = d / 6  where d = t he  
mean diameter. It has been determfned. tha t  small dev ia t ions  from a 
s p h e r i c a l  shape do not  r e s u l t  i n  s i g n i f i c a n t l y  d i f f e r e n t  volumes 
when applying t h i s  'formula r a t h e r  than the  formula f o r  a p r o l a t e  
spheroid. Volumes of a t  l e a s t  30 n u c l e i  a r e  averaged f o r  each 
determination. I f  dormant woody p l a n t s  must be used, the  nuclear  
volume should be mul t ip l i ed  by 1.5 t o  compensate f o r  seasonal  
v a r i a t i o n  i n  nuclear  s i z e  ( s e e  t e x t ) .  

Chromosome numbers a r e  determined from root  t i p s ,  al though i n  
a few cases it  has been necessary t o  use developing l eaves  o r  
actively-growing shoot t i p s .  Samples are pre-treated i n  a 
sa tu ra ted  s o l u t i o n  of a-bromonaphthalene f o r  3 hr  t7 arrest c e l l s  
i n  metaphase, hydrolyzed f o r  12 min i n  W H C l  a t  60°C, s t a i n e d  by 
the  Feulgen leuco-basic fuchs in  method ( see  Darlington h La Cour 
1975) f o r  about one hour, and squashed. S l i d e s  a r e  made permanent 
using the  Conger-Fairchild quick-freezing method (Darl ington 6 
La Cour 1975) and mounted i n  Euparal. 

( b )  Glossary 

Absorbed dose - The quan t i ty  of energy imparted to  a u n i t  mass of 
m a t e r i a l  exposed t o  ion iz ing  r a d i a t i o n ,  expressed in rad.  

Acute .exposure - A r a d i a t i o n  exposure of r e l a t i v e l y  s h o r t  dura t ion  
(minutes to .hours ) ,  u sua l ly  a t  a r e l a t i v e l y  high exposure race .  
Not c l e a r l y  d i s t ingu i shed  from chronic exposure ( q . v . ) ,  but  
sometimes considered t o  have a dura t ion  of no more than one m i t o t i c  
cyc le  . 
Basic number - the  number of chromosomes i n  a s i n g l e  chromosome 
s e t ,  genera l ly  the  lowest known haploid number in a s e r i e s  within a 
given taxon. Indica ted  by x (a  d ip lo id  species  is 2x, a t e t r a p l o i d  - - 
4 x ,  - e t .  seq.). See n. - 
Chronic exposure - A r a d i a t i o n  exposure of r e l a t i v e l y  long dura t ion  
(days t o  weeks o r  years)  a t  a r e l a t i v e l y  low exposure r a t e .  See 
acute  exposure. 



- The r a d i a t i o n  dose t h a t ,  on the exponential  por t ion  of a 
s u r v i v a l  curve,  reduces su rv iva l  by 63%. Generally used only f o r  
s ing le -ce l l  systems, but  see Sparrow & Schwemmer (1974) f o r  
whole-plant Do. Ind ica tes  the  dose necessary to  produce an average 
of  one h i t  per t a rge t .  

I& - A measure of shoulder width on a su rv iva l  curve. The point  a t  
which the  exponential  por t ion  of the  curve, ex t rapo la ted  upwards, 
i n t e r s e c t s  100% surv iva l .  

Dose - See absorbed, dose; exposure. - 
Dose r a t e  - Energy absorpt ion  pe r  u n i t  of tbe, expressed jq rad. 
Often used inaccura te ly  t o  ind ica te  exposure r a t e .  

Energy absorpt ion  pe r  chromosome ( E / c ~ )  - A c a l c u l a t e d  quan t i ty  
based on 34 e V  p e r  ion  p a i r  ( co r rec ted  from the e a r l i e r  es t imate  of 
32.5 e ~ )  and 1-77 i o n i z a t i o n s  per  ~ m 3  of w e t  t i s s u e  pe r  8.  X t  may 
be  expressed by the  formula E/Ch I C V  x LDn x 60.2, where I C V  = 
chromosomal volume i n  pm3, LDn = exposure i n  R r equ i red  f o r  a  g iven 
end po in t ,  and 60.2 34 eV x 1.77 i o n i z a t i o n s  per u n i t  volume per 
R e  

Exposure - A measure of X o r  gamma r a d i a t i o n  based upon i ts  a b i l i t y  
t o  produce i o n i z a t i o n s  i n  air ,  expressed i n  R o  

Exposure r a t e  - the  accumulation of X o r  gamma rays  de l ivered  in a 
u n i t  of t i m e ,  expressed a s  ~ / m i n ,  ~ / h r ,  e t c .  

EDS - F a l l o u t  decay simulat ion.  See t ex t .  - 
Genome - , A  s i n g l e  b a s i c  chromosome complement. The number of 
chromosomes i n  a  genome i s  determined by d iv id ing  the  somatic 
chromosome number by ploidy l eve l .  

Genome volume (GV) - The voiume of a s i n g l e  genome f o r  a given 
s p e c i e s ,  expressed i n  km3. Estimated by d iv id ing  nuc lea r  volume by 
ploidy level .  

I C V  - Average in terphase  chromosome volume, expressed i n  pm3. A - 
conceptual  r a t h e r  than an a c t u a l  va lue ,  it i s  es t imated  by d iv id ing  
m e r i s t e z a t i c  nuclear  volume by somatic chromosome number, assuming 
a l l  chromosomes i n  a  complement t o  be the same s ize .  

I o n i z i n g  rad ia t ions -  Radiations which have the  a b i l i t y  to  produce 
ion iza t ions  ( i o n s   airs) when they i n t e r a c t  with mat ter .  They may 
be e lec t ro-magnet ic  (X r a y s ,  gamma rays)  o r  p a r t i c u l a t e  ( a lpha  o r  
b e t a  p a r t i c l e s ,  neut rons ,  protons,  e l e c t r o n s )  . Ul t ra -v io le t  rays 
a r e  ioniz ing a t  only a few wavelengths, so a r e  considered to be 
nonionizing,  

' LD, - The exposure r e q u i r e d ' t o  reduce ~ l a n t  su rv iva l  by n percent  
from contro l  va lues ,  genera l ly  expressed i n  R, 



n - Thc gametic o r  haplo id  chromosome number of a s p e c i e s ,  - 
r e g a r d l e s s  of b a s i c  number. The somatic number is' 22, r e g a r d l e s s  
of  p lo idy  l eve l .  

Nuclear  volume - A s  used he re ,  t he  average volume of n u c l e i  
measured from h i s t o l o g i c a l  p repa ra t ions  of e i t h e r  the  shoot  o r  r o o t  
meristem, expressed i n  pm3. 

R ( ~ o e n t g e n )  - That  q u a n t i t y  of X o r  gamma r a d i a t i o n  such t h a t  t h e  
a s s o c i a t e d  co rpuscu la r  emissions f o r  0.001293 g of a i r  produces,  i n  
a i r ,  i ons  c a r r y i n g  1 esu  of e l e c t r i c i t y  of e i t h e r  s ign ,  May a l s o  
be de f ined  a s  t h e  q u a n t i t y  of X o r  gamma r a d i a t i o n  t h a t  produces 
2,082 x 109 ion  p a i r s  per cc  of  a i r  a t  O0 C and 76n mm Hg. The 
energy d i s s i p a t e d  by 1 R is abu t  86.9 e r g s  per  g of air. 

r a d  - Rad ia t ion  absorbed dose. The absorbed dose of  any i o n i z i n g  - 
r a d i a t i o n  t h a t  i s  accompanied by t h e  l i b e r a t i o n  of  100 e r g s  o f  
energy per  g of absorbing ma te r i a l .  



Figure Legends 

n Fig. 1. R e l a t i o m h i p  of 3C DNA content  t o  nuc lea r  volume of 
123 spec ies  of herbaceous h i g h e r  p lan t s .  C o r r e l a t i o n  c o e f f i c i e n t  = 
0.893. DNA values  from Bennett 6 Smith (1976). 

Fig. 2. Survival  curve, showing method of determining LDn, 
D*, (---- ) and D - a - ) See text  f o r  ' d e t a i l e d  explanation.  

q 

Fig.  3.  Rela t ionship  of exposure f o r  whole-plant D o  (Dow.p, 
and whole-plant Dq (Dqw.p.) t o  in te rphase  chromosome volume and 
es t imated  DNA per chromosome i n  12 s p e c i e s  of herbaceous p lants .  
S lopes  a -1. Adapted from Sparrow & Schwemer (1974). 

Fig. 4. Rela t ionship  of  DNA content  per  cell  t o  nuclear  
volume ( a )  and of DNA con ten t  per  chromosome to in te rphase  
chromosome volume (b) f o r  30 spec ies  of herbaceous p l a n t s .  Slopes 
= +l. Adapted from Baetcke, Sparrow, Nauman b Sshwemer (1967). 

F ig .  5. Rela t ionship  of LD50 exposure t o  DNA p e r  chromosome 
( a )  and t o  in terphase  chromosome volume (b) f o r  10 s p e c i e s  of  
herbaceous p lan t s .  Slopes = -1. Adapted from Baetcke, Sparrow, 
Nauman 6 Schwemmer (1267). 

Fig. 6. Composite of r eg ress ions  of exposure r equ i red  t o  
produce LDIo, LD50,LDgo and LDloo p l o t t e d  aga ins t  in t e rphase  
chromosome volume and es t imated  DNA per  chromosome f o r  acu te  
(16-hr) exposures of 32 s p e c i e s  of herbaceous p l a n t s  t o  gamma 
i r r a d i a t i o n .  A l l  s l o p e s  = -1. Adapted from Sparrow & Schwemmer 
(1974). 

Fig. 7. Rela t ionship  of d a i l y  chronic  exposure i n  R t o  
in te rphase  chromosome volume and est imated DNA per  chromosome f o r  4 
end po in t s  f o r  herbaceous p lan t  species .  A l l  s l o p e s  = -1. Adapted 
from Yamakawa & Sparrow (1965). 

Fig. 8. Composite of r eg ress ions  of chronic  exposures 
(average Rlday and accumulated kR f o r  3-yr exposures) required t o  
produce var ious  end po in t s  in  woody p l a n t s  p lo t t ed  a g a i n s t  
i n t e r p h a s e  chromosome volume and est imated DNA per chromosome. 
S l i g h t  (SLGI) and severe  (SGI) growth i n h i b i t i o n  d a t a  (dashed 
l i n e s )  are f o r  1-yr exposures. A l l  s lopes  = -1. Adapted from 
Sparrow, Schwemmer, Klug & P u g l i e l l i  (1970a). 

Fig. 9. Composite of r eg ress ions  of acute exposure requi red  
t o  produce LDlO, LD50, LDgo and LDl0o i n  woody p l a n t s  p lo t t ed  
aga ins t  in terphase  chromosome volume and est imated DNA per 
chromosome. All s lopes  adjus ted  to  mean of -0.73. Adapted from 
Sparrow, Rogers & Schwemer (1968). 

F ig ;  10. Composite of r eg ress ions  of exposure (chronic,  acute  
aad accumulated) p l o t t e d  a g a i n s t  in t e rphase  chromosone volume and 
es t imated  DNA per chromosome f o r  var ious  su rv iva l  end points .  All 
s l o p e s  = -1 except f o r  the two regress ions  f o r  acu te ly - i r r ad ia ted  
woody species.  Adapted from Underbrink Q Pond (1974). 
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INTERPHASE CHROMOSOME VOLUME ( p m 3 )  

I  l  l l l l l  I  1  I  I  I , I I (  I I  I  I  f I  I  

0.05 . 0.1 0.5 1 5 10 
ESTIMATED DNA/CHROMOSOME (pg  ) 

F i g .  10 



- 
1 Acthlol~cs~a s a x a t i l l s  
2 m c r p T - ' - -  56.3 
3 A .  cepil cv. I.:xcel ---- 39.3 ~ - 
4 A .  ccpa cv .  Ya~nngtrcl~i-kohdaka38.2 ---- 
5 A .  cepa cv. Yellow Swcet 45.6 

Span I sh 
6 A .  f l s t l ~ l o s ~ ~ ~ n  cv.  Kujyo 

---.-a- 29.5 
7 A .  si1t1v111n 33.3 
8 j\ib=folia ----- 65.5 
9 Alapcc~r r l s  a g r e s t i s  ---- 
10 A .  myosuroides 
11 Al t l~aea  rosea ---- 3.90 
12 Al yssu~n argent  eu~r  
13 A .  s a x a t i l e  
14 A~~ol ias  comoslls 
15 A~~acycluti  of f lc inerum 11.0 
16 $ ~ T K G r = x n r  6.0 
17 Allisantha t i t e r i l l s  -------- 
18 Anthc1111 s  a rvcns t s  
19 z , - = G K l G a x  3.0 
20 , C j G n O Z G & ; ~ ~ r r ~ t o ~ s  1s 11.2 

-..---- 21 ? I ) ~ I I I I ~  ~ : r a v e o l c ~ ~ s  var .  7.2 
d111cc cv. Cornell  619 - 

22 Arnbls i i lplna 
23 Arahiclopsls t l l n l l a ~ ~ a  

----I--- 2.9 24 Arachls hypogaea 6.2 
25 m ; ' l e x  l ) a t ~ ~ l F  
26 A=;? 
27 A .  l u d o v l c l a ~ ~ a  
28 c%s;r-- ---- 19.7 
29 At~br l c t a  de l to ldea  ------ 
30 llarhnrea praccox 
3 1 E Z i i l i ~ G F i G r .  c i c  l a  - 6.2 
32 l i i s c l l t ; i i a ] e l o c a r  - - .. . - -- - ,a 
33 Urassica 1)arrelier:- -- --.- -- - 
34 13. .juncea 3.0 
35 R: napol)ri~sslca 4.3 
36 8 .  napus 3.3 
37 iK-XGi -- .- 4.3 

Whole-plant i r r a d i a t i o n s b  
Acute (kR) Chronic (R/day) Acute seed i r r a d i a t i o n s  (kn)d 

50% 50% 50% 
Severe seed 50% 

50% 
seed l ing  seed l ing  seedl ing  

Lo10 Lo50 LDgo LDloo e f f e c t c  s e t  Lethal germination dry rt. eu ru lua l  heipllt 

375 
401 -800 

7 5 

150 
13.0 

Reference 
( see  key)' 



bcutr  ~ e e j  i r r a j i a t l o n s  ( k ~ ) d  
50% 50% 50% 

50% deedling seedl ing  seedl ing  Reference 
g e r a l n a t i m  Y t  su rv iva l  e t t  ( e r e  key)' 

250 65 1  

spcc: Ics  
Severe seed 

LD10 LD50 LO90 LDloo e f f e c t c  s e t  Liitl~al 
-- 

38 11. 01crat:ca 
39 R,"olernZT vilr. capi taca  -- 
40 F.-Uit.raCCi var. cn , l t aca  --I- 

C V .  Nozakl-r~aty~usalti 
41 V .  1)cklncnsis cv.  Kensllln 
42 0 .  rupa ' 

43 nrodlaaa b r i d g c s i i  
44 Broml~s s t e r t l l s  
115 G i z e r l l c a g o  
46 i ixrixl ls 
47 F i - j G Z T a G  
48 c l e n d l , l G e n s i s  
49 G C 1 z -  
50 c ~ ~ ~ ~ i ~  - -- 
51 C a n ~ ~ a b l s  s a t l v a  
52 ~ k ~ i ~ b " r s % l , a ~ c ~ r i e  - _ _  
53 C a p s t c ~ ~ n ~  f r ~ ~ t e s -  
54 C. fr~~tcscGrF-- 

Cv. Citl l for~llfc IJontlcr 
55 Cardorla Jrallii 
56 Carr lc l l te ro  v e l i a  
57 ~ i 0 s i i - c r l s C a t a  
58 C e r a s t l ~ ~ n ~  vu.GZtlln 
59 Cl1c1 rantllus c l ~ e i r i  -------- 60 Chenopod 1  UIII a1  h111n 
61 Cll lorol l l~ytul~~ e l a t l a ~  

----.-- 
62 C l ~ r y s a ~ ~ t l ~ e ~ n ~ ~ n ~  i~rcc icu~l l  
63 c ; o r v m G r -  
64 ~ ~ % i i i ~  
65 C. l a c u s t r e  
6 6  c.izn%l 1111 

67 FsGct- 

3 
ca .  7 15 

1.6,9 
3.12 
5  



' f ab le  1 (cone.) 7 

I 

~ Spec let; 

a:! C L  I'el'o c v .  
~ c y y i l  Acorn 

83  C y i l n o ~ l s  s o ~ ~ t o l l ~ n ~ i ~  - ___ 
84 D a c t y l i s  gGn= 
85 Dull1 1.a l , y b ; r  
86 D a t l ~ r a  s t ramon~tuu  
87 Datlctls c a r  
88 ~ - ~ 0 ~ a < .  r j a t l v a  ----- 

C V .  ~ e ~ ~ k o l ~ - s a n z ?  
89 l ) e s c t l r a l l ~ i a  SO )11id . ' I ' 

90 I ) l g l  t a r l a  s a n g t l i n a ~ j s  
91 m z d 7 s ~ G -  
92 L.:rllcasneiva- 
93 ~1IcasET;;;;;,11.1~,,,, 
94 Cmllln~-ides 
95 Et~IIGhliIlel?bsco,,ia 
96 Ey_-pep& 
97 Fest l lcu e l a t t o r  
98 I . ' z a  o f f i c 1 n a i . l ~  
99 c z e s l s  t e t r i l l ~ i t  
100 Z i G n l a r  
101 w l T l s s p . c v .  

F r l e n d s l ~ l p  
102 C l y c l n c  mex 
103 Cossypl l~ ln a r b o r e ~ r l ~ ~  
1 04 C ~ - ~ ~ I ~ ~ I ?  ----._A 

105 Cra l ' topcca l t~n~ I ~ a r t r a m i i  
106 
I 0 7  ~ ~ ~ ~ ~ ~ ~ ~ a ~ ~ l c r  I llac 
l o 8  I laworchla a=- 
1 09  ~ ~ ~ c ~ L ? - -  
110 --.-_. c&%zhTs-annt~t,y cv.  

t la l~mlot l~ H u s r  
11 1 I le l Io l l l !L la a m l ) l e x l c a u l i s  
112 11. l o l l g t f o l i a  
1 1 3 i i e i i c~c& i i 'KFs  

'1 14 I l c s p e r i s  n l a t r o t ~ a l i s  
1 15 ~ b ~ , c ~ n ~  
116 ! ! i r s l f e l d l a  adprcssa 
11 7 I l ~ l c u r ;  gayantls 
11 8 ~ ~ ; d ~ < ~ g n r e  ----- 

119 11. v l t l g a r c  c v .  - ----- 
C l ~ l k l ~ r i l l  NO. I 

120 11. v u l j i a r c  cv .  I l i l~~alay,, 
121 fi-GGz cv.  E l , l r l  
122 f i fOCl~Z;~< o r i e n t a l l t i  ct.. ----- - ----- Illlloccllc.,~ 

Wl~ole- l a n c  i r r a d i a t i o n s b  
*cut+ -- -- c h r on i c d d Z T Y T  

50% 
Acute seed i r r a d i a t i o n s  ( k ~ ) d  

ICV" 
-50% 50% 50% 

i 
Severe seed 50% s e e d l i n g  6eed. l lng s e e d l i ~ l p  He f e r a n c r  

( ~ 9 )  LDlo  LD50 LDgo LDloo e f feccc  s e t  ~ e t i a l  g e r m l n a t l o n  d r y  wt. s u r v l v a l  ,,eight (See kcy)e 
- - - - - . . - - . - --..------ 

2 - 5  4.17f 6.65E 9.14f ------- ----- 
. 7 .  

7.7 5.64 
9.4 7 

11 12 

6.3 
3 

5.8 61.8 
3 
2 
5 

2.6 350 110 1 

4.1 ' >400 
3 

190 
800 

1 
130 

400 85 
1 

>400 
1 

100 1 
42.0 

10.4 
9 

16.8 
14.0 19 

9 2.12 

5 9 
10.0 
40.0 

8 
4.6 25-00  32-10  39.20 n.r.g ' 9 

4.0 
4.6 

16.7 11.40-70 5-7 12,13,15 
5.7 16.8 2 201-400 
1.5 2000 21-29 3.12 
1.1 1601-6000 4 

102.4 0.78 0.96 1.08 1.50 
32.3 

3 

150 6 
48.1 1.57 
10.4 6.00 

4 

4 50 7 
2-5 4.10,15 

2.5 85 
65 

1 

7.1 17 
1 

15 
12 

5.0 6 - 1 0  6.43 7.50 10.00 1 

16.9 8 0  
6 

3.50 1 
20.4 2.16 

25.9 
4 

13-20.70 12.10-15 2,7,12,13, 
18.8 15.17 

5 
24.6 1 -28  1.73 2.17 
18.0 1-74 1.91 2.20 
65.1 

18 



Acute seed i r r a d i a t i o n s  ( k ~ ) d  
50% 50% 50 'd- 

50% seedl ing  seed l ing  seedl ing  
germlnation d ry  v t .  s u r v i v a l  height 

Severe seed 
Lolo LD50 LD90 LDloo e f f e c t c  'set , Lethal  

Reference 
( see  key)e 

L.actuca s a t i v a  - .- - 
1.e11ophyll11111 - - p11sil1111r1 

133 I.. texanlrnl -- -- 
1.cspcdeea C I I I I O ~ L ~  

I.. ~L l lx l l acea  ----- 
1.Jlium lo~ lg l f lo r~ rm ..----- 
I . .  s11pcrh1m111 -- 
I - ~ I I I I ~ I  ~ ~ s f  t a t  tssinlum -- - 
1.unarla annlla - 
Llrpinus a n g ~ ~ s t l f o l i u s  ---- 

I.. 1n11lt1 Flora 
L. pa l l e scens  

- - -  

I.. purlmrea 
1.ycoperstcon esc~l lcntum 
I. .  csc111ent11a cv. S1111gyoku - - ---- 

M .  o rb i co l a r l t i  . - - - - - 
E l .  snc lva  -.---..--- 
Elell locus su. ---z -r 

El. o C f i c l n a l l s  
Mentlr'r s p l c a t a  - 
E?T;abll ls  j a l a p  - 
El01 111eo v e r t i c l  l l a t a  --- 
Elorlc.~ndla a r v e n s l s  ---- 
Fly,~erl~rn pcrfo l  l a t 2  ----- 
Nastclrtilln~ o f f l c i n a l e  
Nicotlano b lgc lov i l  --- 
N. g l u l ~ ~ a  
N .  l a n g s d o r f t l l  

Oryea s o t l v a  
-*--- 

!L.-sativa cv. Nollrln No. 1 



'Table 1 (cone.)  

IJllole-plant i r r a d 1 a t i o n t ; b  

- Acute (kR) ~ l ~ r ~ n i ~ ( d / d a y )  
.- Acute s e e d  i r r a d i a t i o n s  ( k ~ ) d  

ICV" 
50% 50% 50% 50% 

Severe  ' s e e d  50% s e e d l i n g  s e e d l i n g  s e e d l i n g  Re Eercnce 
(ku3)  L D l ~  1.D50 LD9o Ll)loo e f f e c t c  s e t  L e t l ~ a l  g e r m i n a t i o n  e i r y r t .  s u r v i v a l  he ig l l t  ( s e e  key)e - 
8 . 6  
6.9 5 .45€  6.21f 6.98f 70 1 3  

178 1'. v111ga1-is 
179 1'. vc11garl.s c v .  

Kcntltcky IJonJer 
180  v t ~ l e a r i s  c v .  ' ropcrop 
181 P l ~ y t o l a c c a  clecilndra 
1 82 k - l ~ c ~ s ~ v ~ - -  
183  c. s a t l v t ~ ~ n  cv.  Al.aska 
184 P .  sativlrm c v .  Aldrrluan 
185 '-<- cv .  O r a c l e  
186 P.  sa t ivum c v .  ---- 

lJl t l~anl  I.Jondcr 
187 I ' l a l~ tago  major  . 
188 .Pea p r a t c n s l s  
189 ~ 0 d 0 ~ 1 1 ~ y 1 1 1 1 ~ : ~ e l  tatllm 
190 P o l y g o n ~ ~ m  n v i c a ~ l a r e  
191 L ' . ~ ~ I I I  11s 

L 92 P.perslcaGle 
133 I(apIlan11s r a p l ~ a n i s t r u m  
I 94 R.satiGl;s- 
195 R .  s a t l v ~ l s  c v .  

Cllerry Rcl l c  

c a .  8 

196 I{. s a t l v ~ ~ s  c v .  Ncrilna 
197 It. s a t l v u s  cv .  

S c a r l e t  ~Yr11i .p  
I98  I l i c i l n ~ s  c o ~ n ~ ~ ~ u n i s  
199 Rtlmex aqua  t l c u F  
200 c & e r t t l s .  
201 K.--congl o m c r n ~ u s  
202 R .  crrisl 'us 
203 R .  I lydt-olapat l l~~m 
204 K . X E G T n l l l u  - 
205 R .  o b t ~ l s l  f o l i ~ ~ s  
206 K y ' o b c u s i f o x  v a r .  

o g r e s t i s  
207 -111at11s 
208 r a - r  
209 FF -. ?sc~rdona t r t r l ~ a  t u s  
210 R .  ~ u l c l l e r  -- 
211 R .  s a n g ~ ~ l n e ~ ~ s  
212 R .  s a l i c t f o ~ i u s  s s p .  

t r ~ a ~ ~ ~ ~ ~ l l v a l v i s  -- 
213 R .  s c u t a t ~ l s  
2'1 4 Estf,% 1 I 11s 

2 1 5  
216 S a i n t p a u l i a  ionant i la  
217 g l e  G a l e  
218 Scdun~ a c r e  



' T a b l e  1 ( c o n t . )  

Wlloli-plant i r r a d l a t i o n s b  
Acute  (kR) C h r o n i c  ( R / d a y )  

50% 
Acute s e e d  i t r a d i a t i o n s  ( k ~ 3 ~  

5C % 50% 50% 
50% s e e d l i o g  n e e d l i n g  s e e d l  tng R e f e r e ~ l c e  

g e r m i n a t i o n  d r y  u t .  s u r v i v a l  h e i g h t  ( s e e  key)' 

-- 
3 

- 
219 S .  alzoo11 
220 S.alblun ---- 
221 S.  r t l f r e d l  vilr. 

nagasak l  anuln --- 
'222 S. o r y z l f o l  ill111 

223 -- K X p l  fragum 
224 S.  t e r n a t l ~ m  
2 2 5 ~ ~ - - I ~ ~ ~ u I  

226 S c ~ t e c i o  v111gtrris 
227 S c t a r l a  l t a l i c a  - - - -  
228 S l n a p l s  a l b a  
229 r a r v e ; ; i  
230 ? ~ s ~ ~ l ; r i ~ a t l s c r ~ a c u m  
2 3 1  SiiZilniGialare 
2 3 2 '-7- 
233 c n , c l g n o c e r a s t l l u  - 
234 k n e l o l l g e n r t  c v .  

~ h l n k i s s i n -  
235 S. nlgrum (45) 
236 Soncllus a s p e r  
23 7 G E e l l i -  
238 239 ~ ~ l i i T b i C % i o r  S-----. 

. n l  tldu111 -. - - - -- - 
240 S. v ~ ~ l f i a r c ,  
241 Sperg111a a r v c n s i s  
242 SGZo-i-.; cv .  U J Y ~  
24 3 ~ $ ~ ~ i ~ ~ ~ i G G G  v a r  . 

Inc t ln i s  
2/14 m a T l a  n ~ c d l a  
245 ~ c c c ~ w l a  hal.carlc;l 
246 ~ a y c L e b : G r  
24 7 
248 Tll luspl  a r v c n s c  ----..__ 
249 T r a d e s c a n t l a  s p .  c l o ~ ~ c  02 
250 1'. b l o s s f c l d i a n a  
251 E m o r i s  
252 =dlllel,slsw 
253 

11a111dosa c l o n e  112-2 
254 G l f o l 1 1 1 1 n  i n c a r n a c t ~ ~ e  
2 5 5 T . i , T a T K s 7 -  256 7------ 

r e p c n s  cv: - . - - -- --- - 
ldlll t e  Ih,V'. l f i  

'Gi I I i11111 ~;r . l t~,I  i f l t ~ ~ - ~ l l ~ ~  --- 
Tr i I I~ . I~ I I I .~ I : ;~>~:~I I I IUI I  I I I ; I ~  i t i  -.. . TK i , i ,.,, l:;.'..-:-7- -- 

.I#. SI. I VIII: l  7-,-.-----" - 
;le:;c l vclmn- C V .  r l l t lus  - . 



- - - - . - . - .- Whole-plant i r r a d i a t i o n s b  
Acute (kR) . c h r o n i c  - ( x d x Y F - -  - -- Acute  s e e d  i r r a d i a t i o n s  ( k ~ ) ~  

. . 50% 50% 50% 50X 
ICVa Severe  seed  50% s e e d l i n g  s e e d l i n g  s e e d l i n g  Refe rence  

S p e c i e s  ( I d )  LD10 LDSO -LO90 1.D100 e f f e c t C  s e t  L e t h a l  g e r m i n a t i o n  J r y w t .  s u r v i v a l  h e i g h t  ( s e e  key)e  
. -- - - -. -. - -- - 
263 'L'ropaco111111 --- nla j u s  5.9 9.00 11.50 13.70 15.00 6 1 

- 
264 T ~ ~ l b n g l ~ i a  v l o l a c c a  . 37.5 4 5 120 4 
265 l l r t l c i l  Ilrens . . 37.0 9 
266 Vcron lca  p e r s i c a  129.5 9 
267 V. p o l l r e  104.7 9 - .- . - -- - 
268 Vlc1i1 i ~ ~ ~ g ~ ~ s c l f o l l a  12.7 201-4M 3 I 
269 y: .La& 48.8 0.64 0.98 1.34 1.50 135 4 , 6  
270 V:-le!!l~l Pol l a  201 -4OG : .  3 
271 , V .  v l l l o s a  . ' 11.6 

. . 
12 

6 . 5  272 V_lgll,? s l r ~ e n s l s  12 ,13  
273 .Viola a r v e n s i s  9 
274 X 3 t d 1 h  s p .  401-800 3 
275 Yucca b r c v i f o l i a  23  
276 Zea mays 14.5 12.13 
277 % .  111ays c v .  Colden n a l ~ ~ a m  15.0 4.85 5.23 5.95 7.00 500 4.6 
278 %. 1n;tys I ~ g h r  It1 - . . .. - - - 14.1 4 . 0 6 ~  5.10 5.92f 7,24 
279 Z.-fii?y~- X l:ri O S ~ I ~ : I I ~ I ,  1 2  

. ! ~ . r @ ~ i ~ c s  
zao ,;llillll~-(;:!gt,~?I:i ( 2 ~ )  5.1 2.20 3.00 20 
281 Z.Z.!c~r~~s (4x)  3.2 7 .20  1 5 . 0 0  20 

"Lf LCV d i f f e r s  from tllac g i v e n  i n  T a b l e  5, t h e  v a l u e  g i v e n  h e r e  was de te rmined  from e x p e r i m e n t a l  c o n t r o l  p l a n t s ,  o r  was t a k e n  f r m  t h e  same s o u r c e  a s  
eel is l  t l v i t y  d a t a .  
b ~ l ~ c ~ ~  d l f f c r e i r c  v a l u e s  I lave 'been p u b l i s h e d  by t h e  same a u t h o r ( e ) ,  t h e  most r e c e n t l y - p u b l i s h e d  f i g u r e s  have been used h e r e .  
c I l s ~ ~ i l l  1.y ex l~ l : r s s rd  a s  s e v e r e  g r o w t l ~  i n h i b i t i o n .  
d ~ a t a  o n ' a d d t t f o n a l  end p o l n t s  and p e r c e n t a g e  o f  e f f e c t  a r e  t a b u l a t e d  by Osbosne b C o n s t a n t i n  (1966) and F u j i i  6 ' ~ a t s u m u r a  (1958).  
'Refe re r~ces :  
l  : Co~nez-Cam110 6 Oelgudo (1964) 9.  Bowen (1962) ' 17. C a l d e c o t t  (1961) 
2. O s l l o r ~ ~ e  6 1.i111den (1964) 10. Uonini. Sparrow. S c h a i r e r  6 Sparrow (1967) 18. B o t t i n o  6 Bores (1973) 
3. Sltarrow 6 ( ; t~ncke l  (1956) 11. Sparrow, Schwemmer 6 B o t t i n o  (1973) 19. B o t t i n o  6 Sparrow (1971b) 
4.' Sparrow, Sl) ;~rrow, l ' l~o~npson 6 S c h a i r e r  (1965) 12. Osborne 6 Lilnden (1961) 20. M i l l e r  (1970) . 
5. Yi~lrakilwa 6 Sparrow (1965) 13. F u j l l  6 Matsluuura (1958) 21. Yamagat.r, Kowyama 6 Syakudo (1969) 
6 .  Sparrow 6 S c l ~ w e ~ ~ u ~ ~ c r  (1974) 14. B o t t i n o  6 Sparrow (1971a)  22. N i r u l a  [1963) 
7. Spi~r ruw,  Sc l~wen~s~er  6 Dot t i n o  (1971) 15. G u s t a f f s o n  6 von W e t t s t e i n  (1958) 23. J o h n s t o n e  6 K l e p i n g e r  (1967) 
8 .  UOWCII  6 Sn~i  t l l  ( 1  959) 16. Bae tcke ,  Sparrow, Nauman 6; Schwemmer (1967) 26. Sparrow, Floyd 6 B o t t i n o  (1970) 
sells l c l v l c y  frolu PIX3 e x p o s u r e  ( f a l l o u t  d e c a y  s i m u l a t  ion) .  Inc luded  o n l y  when o t h e r  d a t a  n o t  a v a i l a b l e .  

cl.etlli~'l  dose  I I O C  r c a c l ~ c d .  



Table 2 

Exlvrimcntally-determ1.a.ed r a d i o s e ~ s l t l v t t i e s  of 62 species of woody plants 

Seed i r ra2 ia t ions  (ku) 
lCUa 5C% 50% 

Sl'clc tc!s Severe germi- sur- dry Reference 
" 1 1 3  ' ~ ~ 1 0  5 0  "90 L D l ~ ~  e f f e c t c  1 0  LD5o Logo LDlm f f  nation i V a  n i m t d  ( s e e k e y l e  ----------.- _-__ -- - 

1 Abies balsan~ca 46.4 0.43 0.89 1.36 1.50 0.60 - 
2 ~ ~ r r l l b r ~ l l n  6.5 2.87 5.11 7.36 8.00 6.00 18.0' 

4-50 62.0 130 198 205 101-~CO 1.2 
3 r\.=i~ 4.8 3.41 4.72 6.03 8.00 6.0'0 

3-00 10.5 77.9 145 185 1 0 2 . 3 ~ 4  4 A .  -tlllO 
101-200 

1,283 
5 & l ~ l a  l t x a  3.2 2-67 4.28 7.69 8.00 6.00 

2-00 55.5 83.1 111 157 
4 

6 Buddleia 2.2 3.39 7.05 10.72 9.00~2 
a l t c r n l f o l l a  

1*2.3 
1 

7 B. d a v i d i l  0 . 9  15.18 17.50 19.82 20.00 
8 zarIcapai)aya 1 
9 1 i a 1  6 1.31 1.89 2.47 2-70 

3.9 
5 

10 Coffea arabl? 
6.9 

1 
11 Cornus floricta 

51-108 
5 

12 - Fraxtntls --. aoericanu 4.7 5.68 7.74 9.81 10.00 9-00 
3-50 58.7 132 205 265 

4 
13 Caylt~ssacla sp. 

70 1,2,3 14 Jllnlperlls conl'erta 22.7 1.06 1.4 . 6 
15 2 .  vir#inlal,a 18.8 

30.0 
7 

16 Ka1111ia l a t i f o l i a  2 
17 Lartx l a r f x  46.3 0.43 0.71 0.98 1.10 201-400 

------- 4 
18 1.. l cp to lep l s  4 0.48 3 1.52 1.50b 1.00 10.70 3-82 ' 2.51 4.43 1,8,9 
19 ii-rzzndron- 6.4 6.8 14.1 21.4 21.5 

ttll ip i  fera- 201-400 1.2.3 4 
20 i G e < n T  57.3 0.20 0.48 1.04 1.00f -- 

sltff rtltlcosa 1 
21 Plcca nhics 42.6 0.91 1.10 1.29 1.35 
22 P .  g l a l l c T  45.3 0.49 0.78 1.07 1.13 0.90 3.30 

2-22 1, 1.J8 2.11 1,8,9,10 
23 x = o  33.1 9.8 13.0 16.2 13.3 

0.648 3-19 2.99 3.0? 1,2,3,8,y 
24 liTI)III1Bel)y 40.7 0.96 1.19 1.42 1.50 4-06 3.3i 5.58 8.9.11 
25 P.ii1hcllT 36.9 0.77 1.03 1.29 1.50 1 
26 ~ ~ h ~ ~ l s i s  35.4 1 
27 F G r i s  jrrponiw 4.1 1.92 1.40 

0.669 401 -800 
12 

2 8 G Z b a l l k s G  45.5 4 
2 9 P . c z ~ i ~ T a - -  45.6 0.706 11-60 9.05 11.67 8,9,11 
30 F I x G c  39.2 0.63 0.90 6-45 5.51 6.69 8,9,11 
31 E' ziEFZs 0.73 1.10 7 
32 FFpondG x ----- 45.6 0.62 0.82 1.01 1.20 7 

P . nto~~tezt~mai. 1 
33 P.eSinoSaa 47.7 0.60 O.,78 0.97 n.rh 
34 KrlgidF 48.3 1.7 7.5 13.2 19.3 4-80 3.83 8.72 1,3,8,9 
35 1'. s t r o b ~ t s  23 17..5 

66.7 0.27 0.47 0.68 0.75 0.42 0.15 
5Y.6 3.9 7.5 11.2 12.1 2.6 

36 P . G t r t s  --- 1.2,3 
37 Podocarpus 13.1 0.58 1.84 2.92 1, 2.69 2.93 8,9,10 

n ~ a c r o ~ > ~ ~ ~ i i a  ----- 7 
4.2 1.32 3-00 4.68 6-00 

3.4 27.7 52.0 95 

3.6 
1 ,3  



- - - -  -- 
--- 

4 T a b l e  2 ( c o n e . )  
* 

-------- Whole-plant  i r r a d i a t  i o n s b  
A c t ~ t e  (kR) - Seed i r r e d l a t i o n s  

ICVa Chron ic  (R/day) 
Spec 1 e s  

Severe  ~1 ight- 
50% 50% 

L D l ~  r a D 5 ~  Lo90 L D ~ w  e f f e c t c  e f E e c t c  

5 0 P  
S e v e r e  e m -  8 U r -  d r y  

- ---- ______ I(cPerence --_ L D l ~  L D 5 ~  LD90 LD~oo e f f e c t C  n a t i o n  v h a l  weiglItd ( s c e k e y ) e  
40 Ps 1 cllilln g l i i~ java  
41 P s e i ~ d o ~ s i i g a  - 

-- 
28 .5  0 .08  0.46 1.17 n S r h  

m c n z i e s i i  --- 21.0 

17 5 

( P .  d o u g l r r s l i )  1 .2 
42 l ' z n G Z i =  17.1 

E n i G i ' G T T  
43 1'. n lcl lz lesi l  ----- 20.1 

( C o a s t a l )  5.53 2.50 

3.5 
12 

44 I1yrlls Illallls 
45 ijG;cG-Xba 6.6 101-200 

110 
4 .  

4 6 ' m z a x ( q .  6.1 2.23 3.65 5.07 5.00f 5.00 6 .0  6.13 
r i ~ b r a  v a r  . max1111a) 2 -00  61.2 119 177 225 --- 1.2,3 

47 Q u e r c u s  coccl l le i l .  3.6 
48 m l f o l i a r  4 . 5  110 

90  
6 

49 S a l l l h l c ~ ~  c a n a d e n s i s  19.2 0.74 1.12 1 . 4  2.00 1 - 3 1  . - 0.90 75 6 
50 Sc-ladendron 19 .6  0.90 1.14 1.38 1.50 1 ,2  

g i  gnntetl~n -- 1 
51 T a x r s  c a ~ l i t d e ~ i s i s  28.2 1.10 1.14 1.18 1.60 
2 1 C V  . 3 0.32 0.84 1.39 n.r.h 0.20 -- 1 

I l n t f i e l . d l 1  7.3 8 - 8  10.3 15.0 30-50 
1 , 2 , 3 , 4  

53 Iliu.ta o c c l ( i e i ~ t a l l s  24.7 0.45 0.97 1.49 1.50 1-21 --- 0.60 
54 T s i ~ g a  c a n r r d e l ~ s i s  40.2 0.38 0.70 1.01 1.0) 9.2 29.4 49.7 53 3 - 3 5  2.49 4.17 1 , 2 , 3 , 8 , 9  
55 ;i;:Ireicrol,)lyll,- 2 2 . 3  

2 . 6  
1 

56 iJ=- --- - 2.53 1 - 2 9  
10 

12 
angt1st 1 folltlin 6 

57 c v a c i ~  l a n s  
5 8 f i i i 1 ~ 1 ~ d i ~ a t a t ~ u 1  15.4 2.10 3.62 5.15 nSr.li 100 . 6  

32.5 68.8 n . r .h  

<4 1 , 3  5 
<4 5 
<5 5 

0.61 1.28 - 7 
jCv ' I ba t  given 6 ,  t h e  v a l u e  g i v e n  h e r e  m a  de te rmined  from c o n t r o l  plant., 0. takn fro,,, the source as se,lsitivlty da ta .  bwtiell d l r F ~ r * l t  v a l i l r s  Ilave been p u b l i s h e d  by t h e  same a u t h o r ( s )  t h e  moat r e c e n t  figures have been 

here. 'Cencrir l ly  e x p r e s s e d  a s  growth i n l i i b i t i o n .  
d ~ e e t l l  lng  s l ~ o o t .  
' H c f e r c ~ ~ c e s :  
1. Sljdrrow, Itogers 6 Scliwcmoer (1968) 

6. Woodwell 6 Sparrow (1963) 10. Boven (1962) 2.  S ~ j a r r u u .  Sp*rrou,  n~ulnpson 6 S c l i a l r e r  (1965) 7. c a p e l l a  6 Conger (1967) 
3. Spdr rou ,  Sl : I~uenner ,  Kl vg 6 P u g l l e l l i  (1970.) 11. Rudolph (1971) 

4 .  S l ~ a r r o w  5 Ct~iickel  (1956) 8 -  Rudolph Milache (1970) 12. E l  Lakany 6 S z i k l a i  (197Oa,b) 
9. Miksche 6 Rudolph (1968) 

5. Osbt jr~lc  6 1.1111derl (1961) 13. S t a i r s  (1963) 

rl~liell 1.0100 1 s  e x c w d e d  by [.Dgo. LYloo is g e n e r a l l y  an observed  va lue  and LYgo i s  compute.estimated f r o m  s u r v i v a l  c u r v e s .  
GVt-ry y o i ~ ~ ~ l ;  s c e d l  f n g s .  
I1l.et~la l dose  llot r e d c l ~ e d  . 



Table  3 

Chromosome number, n u c l e a r  volume, ICV and s e n s i t i v i t y  (Do) 
of one-cel led  gametophytes o f  29 s p e c i e s  of f e r ~ s .  

S p e c i e s  

Chromosome Nuclear 
Number volumea ICV 
( I n )  ( rm3 ( ~ m '  ~ ~ ( k r a d ) ~  

Adiantum pedatum L.  
A.  tenerum Sw. 
A n g i o p t e r i s  hypoleuca d e  V r i e s e  
Asplenium n i d u s  L. 
A. ru ta -mura r ia  L. 
Blechnum indicum Burm. 
B. p a t e r s o n i i  (R.Br.) Mett. 
B .  s p i c a n t  ( L . )  J. Sm. 
C h e i l a n t h e s  h i r t a - e l l i a i a n a  
Cryptogramma c r i s p a  (L.) R. B r .  
Cyc losorus  u n i t a s  (L.) Ching - 
C y s t o p t e r i s  f r a g i l i s  (L.) Bernh. 
D r y o p t e r i s  f i l i x - m a s  (L.) S c h o t t  
Lygodium japonicum (Thunb.) Sw. 
Onoclea s e n s i b i l i s  L .  
Osm~~nda cinnarnomea L. 
0. r e g a l i s  L. 
P h y m t o d e s  n i g r e s c e n s  (Bl . )  J. Sm. 
Pityrogramma t r i a n g u l a r i s  (Kaulf . )  Maxon 
Polypodium a u s  t r a l e  Fee 

P.  i n t e r  jecturn Sh ivas  6 Manton 
P. v u l g a r e  L. 
Polys t ichuol  aculeatum (L. ) Roth 
P te r id ium aqu i l inum L .  ) Kuhn 
P r e r i s  l o n ~ i f o l i a  L. - 
P. a u a d r ' i a u r i t a  Retz .  
Rumohra a d i a n t i f o r m i s  (G. F o r s t . )  Ching 
Woodwardia o r i e n t a l i s  Sw. 
W.  r a d i c a n s  (L . )  Sm. 

- - 

"Nuclear volumes f o r  s p e c i e s  wi thou t  s e n s i t i v i t y  d a t a  f rom A. H. Sparrow ii A. F. Naman, 
unpub l i shed ;  f o r  s p e c i e s  w i t h  s e n s i t i v i t y  d a t a ,  from Sparrow, Howard, Cowie, Schwemer 6 Nauman 
(1975).  
hats From Sparrow, Howard, Cowie, Schwemmer & Nauman (1975).  
CFronl t h e  l i t e r a t u r e .  A l l  o t h e r  c o u n t s  made o r  confirmed i n  A. H. Sparrow l a b o r a t o r y .  



Table  4 
Chromosome number, n u c l e a r  volume, ICV and s e n s i t i v i t y  (LD50) 
of  sporophytes  o r  gametophytes of 11 s p e c i e s  of lower p l a n t s .  

I S t a g e  Nuclear 
of l i f e  Chromosome volume ICV LD50 

S p e c i e s  T i s s u e  measured cyc lea  number (urn3) (pm3) ( k ~ )  ~ e f . ~  

Bryophyta 
Musci (mosses)  

1 llnium sp .  Shoot apex except  a p i c a l  Gam. I n  = c.7 - - 60 8.6 1 
c e l l  and i t s  f i r s t  

I d e r i v a t i v e s  
2 Sphagnum sp. C e n t r a l  mer is tem of Cam. I n  = 19 - 20 1.1 1 

shoo t  apex 
l i e p a t i c a e  ( l i v e r w o r t s )  

3 Marchant ia  polymorpha L. Gemmae, a p i c a l  celL Gam . In  = 9 9 9 11.0 12.2 2 
Gemmae, non-apical  Gam. 1';; = 9 55 6.1 36.2 2 
T h a l l i ,  a p i c a l  c e l l  Gam. 1; = 9 11 7 12.9 6.6 3 
T h a l l i ,  c e l l s  a d j a c e n t  Cam. lf; = 9 12 1.4 33.0 3 

& 

t o  r h i z o i d s  
4 R i c c i a  sp .  T h a l l i ,  c e l l s  i n  and Gam. I n  = SC - 64 8.0 1 

n e a r  a p i c a l  notch 

Tracheophyta 
P s i l o p s i d a  

5 P s i l o t u m  nudum (L. Beauv. 

6 T m e s i p t e r i s  sp. 

Lycopsida (c lubmosses ,  q u i l l w o r t s )  
7 I s o e t e s  engelmanni A. B r .  
8 Lycopodium lucidulum Michx. 
9 S e l a g i n e l l a  k r a u s s i a n a  Braun 

va r .  b rowni i  Hart. 
Sphenopsida ( h o r s e t a i l s )  

10 Equisetum a r v e n s e  L. 

11 E. hyemale L. 

Shoot apex excep t  
a p i c a l  c e l l  

Shoot apex excep t  
a p i c a l  c e l l  

Shoot apex 
Shoot apex 
Shoot apex 

Shoot apex excep t  
a p i c a l  c e l l  

Shoot apex except  
a p i c a l  c e l l  

Spor. 2n - a 2Q8C 3844 18.5 1 

Spor. 2n - = 426 9366 22.5 1 

Spor . 2n - = 22 498 22.6 1 
Spor. 2n - = 264 2 96 1.1 1 
Spor. 2n - = 20 7 7 3.9 1 

Spor . 2n =: 216 1124 - 5.2 1 

Spor . 2n - = 216, 1060 4.9 1 

aGametophyte o r  sporophyte .  
bl{e£rrences f o r  voluloe and s e n s i t i v i t y  d a t a :  1. Sparrow, P r i c e  6 Underbrink (1972); 2. ~ i l l e r ,  Sparrow 6 Rogers (1965) ;  

3. M i l l e r  & Sparrow (1965) .  
cCl~rornosorrle coun t s  made i n  A. H. Sparrow l a b o r a t o r y .  A l l  o t h e r s  from t h e  l i t e r a t u r e .  



Table 5 

Pal111 ly, c lass .  l i f e  spalr, ploidy, chro~iiosome ~~~lnrber, n~rclear volume, interliltasc chromosome volume (LC\'), genome volume, 

estllnated 35  DNA con:ent, and estlmatcd LO50 of 780 species of herbaceousa anglosperms 

- - - -- ... 
Acl~Il Jca col l ina Beck - Compositae 
Actaca i ~ l b a  (L.) Ell11. Rsnunculaceae 
A .  ruIir.1 (Ate.) Wllld. - . - - Ranunculaceae 
Aegilops spel toldes Taooch. - Cramlneae 
A .  sqttarrosa 1.. vat.  typics ----- Cramlneae 
A y s p a n t t ~ ~ ~ s _ n ~ o o r e a n ~ ~ s  'Hort. 1.i l laceae 
Agave a n i a ~ ~ l c ~ i s i s  Trel.  C Nowell Amaryllidaceaa 
A .  r lglda Mill.. ---- Awaryllidaeeae 
Agropyroli sp. l~ybrld --- Grainineae 
A .  c r l s t u t ~ ~ n ~  (I,.) Cnertn. Graaineae 
A .  lnter~nedl~ua (llost) Beauv. --- - - -- Cramineae 
A .  trachycar~lr~~n (Link) Millte var. Gramineae 
glaucum (Pease 6 Moore) Nalte -- 
Ale t r l s  farlnosa L .  Amaryllidaceae 
Alliun~ e~~~peloprasurn L.(Uncertalo) Llliaceue 
A .  c e p . L .  cv. Excel Lf 1 iaceae - 
A .  ccpa I.. cv. Yamaguchi-Kohdaka Liliaceae ---- 
A .  c c e  L .  cv. -- ,Lil iaceae 
Yellow Sweet SpBnlslt 
A .  cepa L.  X A. Eistulosum L. Llliaceae 
cv. Be1 r s v l l l e  Bunchlng 
A .  cernuuln Koth --. - -- Lillaceae 
A .  f i s t~~los t lm L. cv. KuJyo L i  11 caeae 
A .  porrlllo I.. cv. Broad London Lillaceae -.-.- 
A .  s a t  i VIIIU I.. , Lillaceae 
A .  scorodo'prast~~n 1.. ----- Li l  laceae 
A .  senescens L. Llliaceae 
A .  tongutlc~t~s Hegel -. Liliaceae 
A .  crlcocc~rm Ait. Llliaceae 
A .  tuhcrosl~m Kottler t i  1 iaceae 
A.  v111rnle 1.. Liliaceae 
Aloe brevlfol ia  HI 11. ---- L i  1 iaceae 
Altcrnanthera p l ~ i l o x e r o l d ~ s  baranthaceae 
Grlseb. 
Alt l~ara roaca I,. Malvacrae 
~ l ~ b r l d ~ s  -- L.  Awaranthaceae 
An~ary 1 l J s  helladonnz L. Lnaryllidacees: 
An~slnckla t e s s c l l a ~ ~  Gray Boraginaceae 
A~~acyclus oPfic 1nar11s Ilayoe - Co~nposl tae 
Androl~ogotl barbinod i s  lag. Gramineae 
A .  gerardl Vltm. - - - Cramineae 
A .  s c o p : ~ r l ~ ~ a  blicllx. --- -- Graniineae 
Anel 1e111a acc(111noctlalc Kuntl~ Comme 1 iaaceae 
A .  1)rn lnclisc K~lntl~ ssp. benll~ense Commcllnaceae - 
A .  Lenlncnse K1111tli spp. Iconensis Cotumellnaceae ----- 

Dlc. 
Dic . 
Dic. 
Mon .. 
Mun . 
Mon . 
Mon. 
Mon. 
Hon. 
Mon. 
Mon. 
Mon . 
Mon . 
Mon. 
Mon. 
Mon. 
Mon . 
Mon . 
MOII . 
Mon . 
Mon . 
Mon. 
Moa . 
Mon. 
Hon . 
Mon. 
Mon . 
Mon. 
Elan. 
Dlc. 

Dic. 
Dic . 
Mon. 
Dic. 
Dic. 
Elon. 
Mon. 
Mon . 
Mon. 
Moll. 
Mon. 

Life 
spand 

Per, 
Per. 
Per. 
Ann. 
Ann. 
Per. 
Per. 
Per. 
Per. 
Per. 
Per. 
Per. 

Per. 
Per. 
Per. 
Per. 
Per. 

Per. 

Per. 
Per. 
Per. 
Per. 
Per. 
Per. 
Per. 
Per. 
Per. 
Per. 
Per. 
Per. 

D l .  
Ann. 
Per. 
Ann. 
Ann. 
Per. 
Per. 
Per. 
Per. 
Per. 
Per. 

Ploidy and 
chromosome 
n u m b e r ( 2 ~ ) ~  

Nuclear 
volumef 

( ~ 3 )  

Genome 
volumeh 
(* m3) 

Est. 
3: D N A ~  

(pg)  



T a b l e  5 ( c o n t . )  

E s t  . E s t .  
35  D N A ~  l . ~ ~ ~ j  

(pg)  (kR) 1. 

- 
3 1 2.6 
28 5.8 
1 0  11 .o 
6 14.5 
4 63.0 
5 6.8 

P l o i d y  and 
L i  t e  chromosome 
spalld n u m b e r ( 2 ~ ) ~  

Nuclear  
volumef 'ICVL: 

(pm3) 

Genome 
v o l  ulnell 

( ~ 3 ) '  Family 

Per .  2x = 1 6 ~  
P e r .  . 4x = 32k 
Ann. 2x = 22 
Per .  2x = 16 
Ann. 6x = 48 
A,B 2x = 6 

42. A I I ~ I I I O I I C  f u l g c n s  J .  Cay - 
43. .44i1ulecctllla I.. 
44 .  ~nct.1111m g r a v e o l c l l s  t. 

Hanuncc~laceae 
Ranunculaceae 
U m b e l l i f e r a e  
Sc r o p h u l a r l a c e a e  
Koeaceae 
Compositae 

Dic. 
Dic. 
Dic. 
Dic. 
D i c .  
Dic. 

45 .  A n ~ l  rrl111111m mnjus I.. -- .. .- 
46. A l ~ l ~ a n c s  a r v c n s i s  (I..) Scop 
47.  ~ p l ~ a r ~ o s t c p l ~ u s  s k l  r r l ~ o b a s i s  

(DC.) T r r l .  
48.  ~p11111)~:ruveolens I.. va r .  

~ l u l c e  P c r s .  c v .  C o r n e l l  619  -- 
49 .  A .  g r a v c o l e n s  L. va r .  .-- 

d u l c c  P e r s .  c v .  1'811 Utah 
U m b r l l i f e r a e  Dic. 

- 
SO. A l > l c c t r ~ ~ a r  I~yetm& (Elrllcl.) T o r r .  
51. A l ~ l o l e l a  monandra (Swar tz )  

Orch idaceae  
Commel i n a c e a e  

Per .  2x c.30k 
Per .  2 x  = i 4 k  

52.  Apocyn~l~ l~  cannab inu~n  L. 
53. Aqul l e g l a  c a e r u l e a  .James --- 

Apoc ynaceae 
Ranunculaceae 
Rac~uncu laceae  
Ranunculaceae 
C r u c i f e r a e  
Legtrmfnosae 
C a r y o p h y l l a c e a e  
Composi t a e  
A s c l e p i a d a c e a e  

Dic . 
Dic. 
Dic . 
Dic. 
Dic . 
Dic. 
Dic . 
Dlc. 
Dic . 

Per .  2x = 22 
Per .  2x = 14 
Per .  2x 14 
Per .  2 x  = 14 
Ann .' 2x = 1 0  
Ann. 4x 40 
Per .  2x - 20 
Per .  2x = 18  
Per .  2x = 22 

54. A .  c a n a d c n s l s  L. 
55. A .  l o ~ ~ g l s s l m a  Gray 
56 .  A r a b i d o p s i s  t t t a l i a n a  (L.) Heynl~. 
57. A r a c l ~ i s  hypogaeo L. 
58 .  A r e n a r i a  montana L.  
59.  Ar tcnr l s i a  v u l g a r 1 6  L. 
60 .  A s c l c p i a s  s y r i a c a  L. 

61. Al!!nragc~s o f f l c i n a l i s  L. 
62.  A .  o f f i c i n a l i s  L. 

c v .  Mary Vssh lnn ton  

Li  l i a c e a e  
L i l i a c e a e  

Mon . 
Mpn. 

Per .  l x  = 1 0  
Per. 2x = 20 

- 
63.  A .  o f f  l c l ~ l z ~ l l s  I.. 
64.  A .  o f f l c l n l t l i s  I.. 
65 .  A s t e r  t a t u r i c l ~ s  L. f .  

L i l i a c e a e  
L i l l e c e a e  
Compositae 
Composi tae 
Gramineae 
Gramineae 
Gramineae 
Gramineae 

. G r m i n e a e  
C r a l o i ~ ~ e a e  
Leguminosae 
C r u c i f e r a e  
Begoniaceae 

Ilon. 
Mon . 
Dic. 
Dic . 
Mon . 
Mon . 
Mon. 
Hon . 
Mon. 
Mon . 
Dic. 
Dic . 
Dic. 

Per .  3x  30  
Per .  4x = 40 
Per .  6 x  = 54 
Per .  2x 18  
Ann. 6 x  = 42 
Ann. 6x = 42 
Ann. 6 x  42 
Ann. 12x = 84 
Ann. 2x = 14 
Ann. 4x = 28 
Per .  2 x  = 18" 
B, p 2x = 16 
Per .  2 x  = 26k 

66 .  A .  _c lpo l ium L .  
67 .  Avcnn s a t i v a  I , .  cv .  Cherokee 
68 .  A .  s a t . ~ ~ ~ ~ .  c v .  O r b l t  
69 .  A.c-;?iis L. 

--- -- 

70. A. s t e r f l i s  I.. - 
71. A .  s t r i g o s a  Sclrrrb.  
7 2 .  A .  s t r l g o s a  S c l ~ r e b .  
7;. U a p t i s l a  sp .  
74. I l i ~ r l ~ a r e a  v c r n a  (MILL.) Aschers  
7 5 .  G F j 3 j y l l o u l a  .-.- -- 11 i a ca 

Fl;lrt. c v .  Templ in t1  
Per .  4 x  = 5zk 
Per .  5 . 4 ~  = 50k 
01. 2x = 18  
Bi . 2x = 18 
Bi . 2x = 1 8  

76. I : c l u s y ~ ~ a p s l s  k r w e n s l s  Ilatlsk. . -- - - -- -- - - - 
77. !!:. kewcns l s  I lassk.  
78. l k t a  c l c l a  I lagctschu.  --- 
1 9 .  U .  v u l g a r i s  L. ( s u g a r  b e e t )  
8 0 .  8. v n l g a r i s  I.. 

c v .  D e t r o i t  Dark Red 

Conloel i~laceae 
Columel i n a c e a e  
Chenopodiaceae 
Cllenopod i a c e a e  
Cl~enopod i a c e a e  

Mon. 
Mon . 
Dlc. 
Dic . 
Dic. 

81.. U l r t i a  h y a c l ~ l t l ~ l n a  H. U r .  - 
82.  ~ ~ ! ~ = ; I ~ l o a  s a c c l ~ a c o i d e s  (Sw. ) 

Rydb. v a r .  l o n ~ l p a n i c u l a t a  

Orch idaceae  
Gramineae 

Mon. 
Mon . Per.  2 x  = 32 

Per .  12x = 120 



P i o i d y  and Nuclear  
1,ife c11 romosome vo lunef  ICVg 

C l a s s c  sirand n ~ m b e r ( 2 2 ) ~  (pm3) P m 3 )  

Genome E s t  . E s t  . 
volunel l  ' 3C - D N A ~  I . u ~ ~ . ~  

01 m3) (pg)  (kk) 

6  5  2  6  11.6 

s18cc i cs l '  Family 

Mon . Per .  6x = 60  388 6.47 83. l3. s r r c c l ~ i ~ r o l d c s  (Sv . )  
Ityclb. v a r .  torrcyilllo -- 
( S ~ e a l d  . )  Golrld 

8 4 .  Botrceloila c l r r l l p e ~ ~ d ~ ~ l o  
f i i c l l x . )  T o r r .  v a r .  

Per .  4x 40 

ClIrL 11~~11dl l ld  
II. -- g r a c l l l s  - ( W i l l d .  x IlBK) 
Lag. el! CCI E F L L I I S  
H .  t i n i f l o r a  Vasey 
B r a s s I r a  CalllprsK c i s  I.. - 
c v .  Echo 
H .  11lrI.a Elorl~cl~ 
U.  J j  (L . )  Cossoli -- 
8. k d b c r  (1)C.) L. Wlleelrr 
B. 11a110hr;lsslca hI111. - 

Per .  4x = 4ok Cralnineae 

Gramineae 
C r u c l f r r a e  

Mon. 
Dic. 

Per .  2x = 20 
Ann. 2x a 20 

C r u c i f e r a e  
C r t r c i f e r a e  
C r u c i f e r a e  
C r u c i f e r a e  
C r u c i f e r a e  
C r u c i f e r a e  
C r u c i f e r a e  
C r u c i f e r a e  

Dic. 
Dtc . 
Dic. 
Dic. 
Dic. 
Dic. 
Dlc. 
Dic. 

Ann. 2x 24 
Ann. 4x = 36 
Ann. 2x = 18 
Bi . 4x = 38 
Ann. 4x = 38 
Ann. 2x = 16 
Per .  2x = 1 8  
Bl . 2x = 1 8 ~  

B . Ilapns L. 
B. n l g r a  (L.)  K O C ~ I  - - - -- 
A .  o l c r s c e a  I.. 
8 .  o l e r a c e a  I.. v u r .  a c e p h a l a  ---- 
UC. cv .  1.otrLslunil Swcct 
II. o l c r o c c a  1.. v a t .  b o t r y c l s  L. ---- 
cv. E l o ~ ~ ~ r r c h  
U. o l c r n c e a  L .  v u r .  b o t r y t i s  L. 
cv .  Sliowball 

C r u c i f e r a e  

C r u c i f e r a e  

08 Ii. o l r r a c c n  I,. v a r .  c a p i t a t a  L. 
c v .  Nozaki-Natsunaki 

C r u c i f e r a e  

99.  0 .  o l e r a c e a  L. v o r .  c a p i t a t a  L. 
c v .  Yosllill 

100.  - 13. o l e r a c e a  L. v a r .  c a p l t a t a  L. 
cv .  F e r r y ' s  Rollnd Dlrtch 

101 .  B. o l r r a c c a  L.  v'rr. gcnlluifera - . - -- - - 
Z~nnkcr cv .  Long I s l  dnd Ituproved 

102.  U. o l e r , ~ c e , i  I.. vilr.  LLaLica -. .---- 
l ' l c ~ ~ c k  cv .  Wolcl~am 29 

C r u c i f e r a e  

C r u c i f e r a e  Bi .  2x = 18 

C r u c i f e r a e  Bi. 2x = 18  

Bi. 2x = 1 8 ~  C r u c l f e r a e  

103.  8 .  p e k i n c ~ ~ s l s  S k c c l s  c v .  - - 
Kcrrsl~ 11) 

C r u c i f e r a e  Ann. 2x = 20 

104. li. r a e  1.. -- -- 
105. H. ~ ; I F  I.. v a r .  g l i lh ra  

c v  . sl1u):cl Lll 

C r u c i  f e r a e  
C r u c i f e r a e  

Dic. 
Dlc. 

82. 2x = 20 
Bi. 2x - 2 0  

106. 1%. rilpn I.. v a r .  g l a b r a  
c  v  . S l l o ~ o  I l l  

C r u c i f e r a e  Dic. 

Cramineae 
Li  1 l a c e a e  
L i l  i a c a a e  
1.11 i a c e a e  
Graluineae 

Mon. 
Mon . 
Mon. 
Mon . 
Elon. 

Ann. 2x = 14 
Per .  4x = 
Per .  4 s  = 32k 
Per .  4~  a 
P e t .  8 x  = 56 

110. 0. l o x a  S .  Wotn. - - 
111.  Brornus 1nr r111 is  I.eyss. cv .  

Fi  sl lur  
Per .  2 x  sc.22k 112.  B u f o r r r s t l a  i ~ ~ ~ g e r f o r a ~ a  - Conunelinaccae 

C.  B. C1:1rlc 
113.  B r ~ l l ~ u s ~ y l l s  c i l p l l l d r l b  (L.) Cypr raceae  

C. II. C l a r k e  
11 4 .  C~ihorn11.1 c~coll111.1lrn Grdy - - -- Nympliaeaceae 

Mon. 

Ann. 5 1 7 x  84 Mon. 

Per .  2 x  = 24 



- - -- - - - ---- - - 
11  5. Cal l  i s l a  c l c g a l ~ s  Alexander  
116. C. - f r i l g r a n s  (1,Lndl .) ldoodsolr 
11 7. 5 F r a g r a n s  (1.indl.) Woods011 

cv .  Elelnickoff  
118 .  C. ~ n a c d n i ~ g a l l l  Ellrenda 
119. C.. r c p e n s  L. 
120.  C. s o c o n u s c c ~ i s l s  E l a t ~ ~ d a  
121 . C. t eh t ran tepecans  Ehtuda - - -- -- - - 
122. Col o c l ~ o r t u s  macrocarpus  Doug1 . -- 
123. C. s p l e n d c ~ r s  Dottgl. 2 Beoth. 
124. Calol lyct  1011 aclrl eatum (L.) tlouse 
125.  C a n ~ e l l ~ l a  akyssum T l ~ e l l .  ----- 
126. Can~pcl f a  z~anonia  (L..) llBK 
127.  Capsel  l a  b u r s a - p a s t o r i s  

( I . . )  HctlLc. 
128 .  C o l ~ s l c ~ l ~ n  f  r c ~ t c s c e n s  I.. 

c v .  C a l i f o r n i a  ldonder 
129. Carcx  l ~ c n s y l v a n l c a  Lam. 
130. $ r r l c h t c r e  v c l l a  IJC. 
131. C a r t h a ~ n u s  t f n c t o r i u s  L. 

c v .  AF1:l1anistan 
132. C. t l r ~ c t o r i ~ ~ s  I.. cv .  C l l a  
133.  C. t i ~ ~ c t o r i l ~ s  L. C V .  I n d i a  
134. C. t i n c t o r &  L. (N-10) 
135.  C. t l n c t o r l ~ l s  I.. (US-10) 
P 

136 .  Carconenla p a r v i f l o r l ~ m  Ilassk. 
137. C. p l i l l y d r o l d c s  F. Muell .  
138.  ~ ' - s y l c a t u r n  R. kir. 
139. Ca1110phyl ~ . I I I I I  t 1 1 a l . i ~  t r o l d e s  (L. ) 

Ellcl~x. 
140 .  ( : e ras t  l 11111 tolnetitosi~m I.. --- - 
14 1. C c r a t o l l l ~ y l  I I I ~ I  demcrsi~m I.. 
142. 5: s s l ~ b ~ ~ ~ e r s ~ ~ m  L. 
143. Chaenactf  s x a n t  t an8  Gray 
144.  +ropodit~n~ album_ L.  
145 .  Cl~lonodoxa I ~ l c l l l a e  Boiss .  
146.  fi1orop11yt11nr e l a t t ~ m  K.  Br. 
147 . Cl~rysanttrelnt~m s p .  

c v .  D l e n e r ' s  l lybr ld  
148.  C. sit. c v .  Miry Q i ~ r r n  ( u n c e r t a i n )  
149. C .  a r c t l c t l o ~  L. -- 
150.  C. c o r y m b o s ~ ~ n ~  -- 
151. C. fnd ic~ lm L. 
152.  C. i r c ~ ~ t i a n u l n  Turcz.  
153. C. l a c t ~ s t r c  Bro t .  -- 
154.  C. l c ~ ~ c a n t l l c l ~ ~ ~ ~ r n  I.. 
155 .  C. n l p ~ > o n l c ~ ~ m  Hatstlnl. 
156 .  C. s o n a r c  - . ~  . - - ~  - ---- 
157. Cl.-yczoense Maekawi* 
158. C h r y s o p s i s  f a l c a t a  (Pursla) E l l .  
159.  C. [n:~riana ( I A . )  E l l .  
160. C i c e r  a r l e t i m l n i  L. 

P l o l d y  and 
L l  f e  chro~nosome 
spand number(2n)e 

Nuclear  
volumef 

(wm3) 

Commel i n a c e a c  
Conuuelinaceae 
Conunel Lnaceae 

Commelinaceae 
Commelinaceae 
Commelinaceae 
Comel ' inaceae  
L l l  i a c e a e  
L l l i a c e a e  
Convolvu laceae  
C r u c i f e r a e  
Commelinaceae , 

C r u c i f e r a e  

So lanaceae  

Cyperaceae 
C r u c i f e r a e  
Composi t a e  

Compositae 
Composi t a e  
Cornposi t a e  
Composi tae 
Commel i n a c e a e  
Commelinaceae 
Commelinaceae 
B e r b e r i d a c e a e  

C a r y o p h y l l a c e a e  
C e r a t o p h y l l a c e a e  
C e r a t o p h y l l a c e a e  
Compositae 
Chenopodiaceae 
L i l i a c e a e  
L i  1 i a c e a e  
Compositae 

Compositae 
.Colopositae 
Composltae 
Composi tae 
Compoal t a r  
C o n ~ p o s i t a e  
Compositae 
Co~opusi  t a e  
Composi t a e  
Composi tae 
Coloposltae 
Cowposi tae 
L e g ~ m ~ l n o s a e  

Mon . 
Mon. 
Hon . 
Mon . 
Mon. 
Mon. 
Mon. 
Mon . 
Mon . 
Dic.  
Dic.  
Mon . 
Dic. 

Dic. 

Mon. 
Dic. 
Dic. 

Dic. 
Dic . 
Dic. 
Dic. , 

Mon. 
Mon. 
Mon. 
Dic. 

Dic'. 
Dic. 
Dic . 
Dic. 
Dic . 
Mon. 
Mon. 
Dlc. 

Dic. 
Dic . 
Dic. 
Dic. 
Dic. 
Dic . 
Dlc. 
Dic. 
Dic. 
Dic . 
Dic. 
Dic . 
Dic. 

P2r .  
P c r  . 
Per .  

Per .  
Per .  
Pe r .  
Per .  
Pe r .  
Per .  
Per .  
Ann. 
Per.  
Ann. 

Ann. 

Per .  
? 
Ann. 

Ann. 
Ann. 
Ann. 
Ann. 
Per .  
Pe r .  
Pe r .  
Pe r .  

Pe r .  
Pe r .  
Pe r .  
Ann. 
Ann. 
Per .  
Pe r .  
Pe r .  

Pe r .  
P e r ,  
Per .  
Pe r .  
Pe r .  
Pe r .  
Pe r .  
Pe r .  
Per .  
Per .  
Pe r .  
Per .  
Ann. 

E s t .  
3 5  D N A ~  

(pg)  

3 1 
39 
4 1 

E s t .  



'Ceble 5 ( c o n t . )  

P l o i d y  and 
chromosoole 
n ~ s b e r ( 2 f i ) ~  

Nuclear Genome 
volumef I C V ~  volumeh 

(r"m3) ( r m 3 )  ( r m 3 )  

E s t  . E s t .  
3 5  DNA' L D ~ ~ ~  

(pg)  (kR) 

Li fe  
spand tramlly 

Ronc~nculacrae 
Ranunculaceae 
C u c ~ ~ r b i t a c e a e  

Dic. 
Dlc. 
Dic . 

Per .  
Per .  
Ann . 

161 . Cls~iciFuyil  atnericatia Mlcl~x. ---.-- 
162. C_:-~~cc~i~osa (L . )  N t ~ t t .  
163. Cl t r u l l  us v ~ t l ~ a r l s  Schrad.  

cv .  C l ~ i ~ r l e s t o n  Crav 
164. C. v ~ ~ l p c l r l s  Schrad .  

cv. Kohpy~>ku-Mldori 
165. C o l c o ~ r y p c  n i ~ t a l c n s l s  

C. 8. Clarke  
166. Coleus h l u n ~ e i  Hctitl~. --- 
167. C o l l o ~ n l a  h l f l o r d  

(l(11iz 6 Pav.)  A .  Bralid 
168. Coaa~cl l nJ b e n g l ~ a l e n s i s  L. 
169. C . b e ~ ~ y l ~ a l e n &  1.. c v .  v a r i e g a t a  
170. C. c h ~ m l s s o n i s  K l o t z s ~ l t  
I71 . C. C O I ~ I A I I I I I ~ S  L. 
172. C. d l a n t l ~ l f o l l i ~  D r l .  

Cucurb i taceae  Dic . Ann. 

Coumel inaceae  Mon. Per .  

1,abiatac 
Polemoniaceae 

Per.  
Ann. 

C o m e l i n a c e a e  
Commel I naceoe 
Com~nelinaceae 
Coinmel i n a c e a e  
Comn~elinaceae 
Commelinaceae 
Commelinaceae 
Commelinaceae 
Commelinaceae 
Cotumel i n a c e a e  
Couuuelinaceae 
Couuuelinaceae 
Commel 1.naceac 
Commelinaceae 

Mon. 
Elon. 
Mon. 
Hon . 
Hon. 
Hon. 
Mon . 
Mon. 
Hon. 
Mon. 
Hon. 
Mou . 
Mon . 
Non 

? 
? 
? 

Ann. 
? 

Per. 
? 
? 
1 

Per .  
. ?  

t 
P 

Ann. 

------ 
173. C. d l f f u s a  Uurm. f .  
174. C. d J f f u s d  l111rn1. f .  
175. C. c n s l f o l i u  R.  Ur. 
176. ~ ~ q s l C o l l a  H. ljr. 
177. C. erc,.Ld I,. 
178. C. Imbcrhlti E l~rcnb .  Ilasak. 
179. C. J ~ r d c h l s c c n s  B * t r ~ ~ e e  
180. C. 11nd111dta R .  B r .  
181. Com~nel J n ~ n t  l a  altomala 

(Tur r . ) T l ~ a r p  
182. C o r ~ v o l l a r i a  nlajal1.s L. 
183. Convolvt~111s t r l c o l o r  L. 
184. Conyza cana t lens i s  (L.) Cro~iq .  
185. C. clr l . lensJs Spreng. --- 
186. C r e p l s  cap11 l a r l s  (I..) Wallr .  
187. Crocus bl  f l o r ~ r s ,  HI1 L. 

v21r. s r g c n t e u s  
188. C. c l~rysant ln lv  Ilurb. 

c v .  E. P .  Uowlrs 
189. C. olJvlcr_l  F.  Coy 
190. Cro ta l  i rr lu reLusa I.. - - - . -- 
191. C. vcrr t tcosa I.. --- 
192. C11c11n)ls mclo I,. 

v s r .  c s n t n l t ~ p c n s l s  Nsud. 
c v .  ~ G l d e n  Gate 

193. C. n ~ c l o  I.. v a r .  mnakt~ua 
--A -- 
c v .  Ol~gon-Nasl~l 

1 3 4 .  C. saL1v11s I.. cv .  Marketer 
195. C . . ' sa t lv i t s  I.. -.-- 

cv. Cliyojlrsu-Ocl~lai  
196. Cucurbi t o  tllaxin~a Docl~esne 

cv  . Ihtbl~a rd 
197. C .  n.rx ,. l a ~ a  I)\tche snc  

c v .  Tokyo-Kobochya 
198. C. o~uscItaLa I ) \ ~ c l ~ e s n e  

cv .  I h ~ t t c r n c ~ t  

Li  l i a c e a e  
Convolvulaceae 
Compositae 
Compositae 
Compositae 
I r i d a c e a e  

Plon. . Per .  
Dlc. Ann. 
Dic . Ann. 
Dic. Ann. 
D i c .  Ann. 
Mon. Per .  

I r i d s c e a e  Mon . Per .  

I r i d a c e a e  
Legt~minosae 
Lcgwnlnosae 
Cucurb i taceae  

Mon . Per. 
Dlc. Ann. 
D i c .  Ann. 
Dic. Ann. 

Cucurb i taceae  Dic. Ann. 

Cucurbi  t a c e a e  
C t ~ c u r b l  t a c e a e  

Dlc. Ann. 
Dic . Ann. 

Cuctrrbi taceae 

Cucurb i teceae  Dic. Ann. 

Cucurb l taceae  Dlc. Ann. 



'L'ab1.e S ( c o o t .  ) 

P l o l d y  and 
Li  r'e c hro~nosome 

C l a s s c  spand n ~ m h e r ( 2 2 ) ~  

Dfc. &:n. 4x = 40 
Dic. Ann. 4x = 40k 
Mon. Per .  2x = 24k 
Mon. Per .  Zx = 24k 
Mon . Per .  2x = 26k 
Mon. Per .  2x a 24k 
Mon. Per .  2x = 24k 
Efon. Per .  2 x  = 26k 
Moll . Per .  2x = 24k 
Dic. Per .  2x = 34 
Mon. Per .  2x = 20 
Mon. Per .  2 x  = 20k 

Nuclear  
volumef I C V ~  

( h 3 )  (pa3) 

Genome E s t .  E s t .  
voluneh ~ C D N A ~  - L D ~ ~ ~  

(pm3) (PP)  ( k n )  Spet: i r s l r  Yami Ly 

199. CL.1up 1;. c v .  l b y a l  A c n r ~ ~  C ~ ~ c ~ ~ r b l t a c e a c  
200. C .  ( ! c p  I.. vttr.  o e d ~ ~ l l o s a  Alc f .  C u c u r b l t a c e a e  
201 . Cyonot 1 s aracl~tt;ldcu C. D. C l a r k e  Co~nmellnaceae -- 
202. C , . c e r l  f o l . l a  Rol1.a Hao 6 Ka~lw~at l~y  C o ~ i ~ ~ n e l i n a c c a e  
203. C ; n o d l  f l o r a  K1lnt11 Co~nmel i n a c e a e  
204.  C. ob tusa .  T r f ~ a e n  Couunel i n a c e a e  
205. C. p l l o s a  Sc1111lt. f. Commelinaceae 
206. ~ _ - s o t ~ t a l  f e n s l s  C. 8. C l a r k e  Commelinaceae 
207. C. v l l l o s a  Schu lc .  f .  Co~iunel i n a c e a e  
208. C y ~ l a r a  scolynats  1.. Compositae 
209.  Cyprlpcdinm acat* A i t .  Orcl i idaceae 
210. C .  c a l c e o l \ ~ s  1.. Orch idaceae  

v a r .  p ~ ~ b e s c e n s  ( I J i l l d .  ) C o r r e l l  
2L1. C .  r e g l n a c  U a l t .  Orch idaceae  
212. D a c t y l l s  g l o ~ ~ ~ c r a t a  1.. Gramineae 

cv .  S t r r l l n g  
213. I )al~l  l a  s p .  c v .  Kainbou - Co~nposi  t a e  
214. I ) a t ~ c ~ ~ s  c o r o c a  I,. U ~ ~ ~ b e l l i  f e r a e  
215. D. c a r o t a  L. v a r .  s n t i v a  DC. Umbelll Eerae 

cv . 1.o11g Lmperator 
216.  D. c a r u ~ a  L. v a r .  s a t l v a  DC. U m b e l l i f e r a e  

cv.  Srnkoh-Sane1111 

blon. P e r .  2 x  = 22 
Mon. Per .  4x = 2ek 

Dic . Per. 8 x  = 64k 
Dic.  El. 2x = 1 8  
Dlc . ,B i . 2x = 1 8  

Dic . El .  2x 18  

2 17. E k l  n l  I I U  nudlc& T o r r .  6 Gray Ranuncc~laceae 
218. ~ ~ I I I I S  c a r y o p l ~ y l l u s  L. Caryophyl laceae  

c v .  P c r e r  F i s l ~ e r  

Dlc.  Per .  2x = 1 6  
Dic. Per .  2x = 30 

219. c a r y o p l t y l l t ~ s  L. Caryophyl laceae  
c v .  P e t e r  F l s h c r  

Dic . Per .  4x a 60  

220. l ) L - ~ ~ ~ r _ y o p l ~ y l l ~ ~ s  L. Caryophyl laceae  
cv.  Will lam Sim 

Dic . Per.  4x = 60 

221. U - l c l c o l J e s  1.. C a r y o p h y l l a c e a e  
222. D l c c n ~ r a  s l > c c t a b l  11s  I.em. Fumariaceae 
223.  1)lclron~lra r c p c n s  F o r s t .  Convolvu laceae  

vnr .  c i l ro l . l n c n ~ s  (Mlchx.) Cholsy 
224. ~ c l ~ c ~ r l s n n d r a  hexandra Co~nmellnaceae 

( A l ~ h l . )  S rend l :  
225.  I) .  r e g l n a e  (1.. Llnd.  5 Hodig.) Columelinaceae 

\J. I.ndw. 
226.  I). t h y r s l  f l o r a  Ml kan C o m e l i n a c e a e  
227.  D i g i t a l i s  111tea L. S c r o p l ~ u l a r i a c e a a  
228.  D l g i t a r l a  s a n g u l n a l  I s  (L.)  Scop.  Gramineae 
229. D l p h y l l e l a  cymosa Elichx. B e r b e r i d a c e a e  
230. Dls l~or~ tn t  l a m t g l n o s ~ ~ m  (Michx.) L i l i a c e a e  

Nlcho ls .  
231. Dralra h l s p e n t c a  Bolss .  C r u c i f e r a e  
232. ~ ~ ~ ~ I ~ y l I u e  l ~ ~ s l e a n i c t l m  Link Droseraceae  
233. E c l ~ l ~ ~ o c l ~ l o a  c rc l s -ga l l1  (L. ) Cranuineae 

B e a ~ ~ v .  
234. - E l c l ~ l ~ o r ~ ~ . l a  c r a s s l l t e s  ( I t a r t  .) P o n t e d e r l a c e a e  

Sn I I I I S  

Dic . Per .  2x = 30 
Dlc. Per .  2x = 1 6  
Dic. Per .  2x = 30k 

Mon. Per .  2x = 3ek 

Mon . P e r .  2x = 3ak 

Hon . Per .  2x = 38k 
Dic. Per .  4 x  = 112 
Mon. Ann. 4x = 36 
Dic. Per .  2x = 12 
Mon. Per .  2x a 1 8  

Dic . Per.  2x = 16 
Dic. Per .  2x = 12 
Hon. Ann. 6 x  = 54 

Elon. Per .  4x = 32 

~ n i ~ r a c e a e  

B e r b e r i d a c e a e  

Dic. Per .  2x 36 

Dic . Per .  2x = 12 



'L'able 5 ( c o n t . )  

P l o i d y  and 
chromosome 
nu~ber(2:)~ 

Nuclear  
volumef TCVG 
(m3) (rm3) 

Genome 
volumch 
("$) 

E s t .  Esc. 
3 5  D N A ~  L D ~ ~ J  

(PB) (kR) 

14 4.2 

~ p c c  l e s b  Family. 

237. 14. m a c r a n t l ~ ~ ~ l n  Florr. 6 Dcne. ----- Berber ldac26e  
forma roseuni VOSS. .- 

238. EplpJyl 111m trl~llcirtu~ln Ilaw. - Cac t a c e a e  
239. E r e l ~ ~ o ~ y r t ~ n ~  t r i t i c e ~ ~ n  Gramineae 

( G a e r t n . )  Nevskl 
240. I:ruca s a t i v a  E l i l l .  

--A- 
C r u c i f e r o e  

241. Erythronium ilmerlcanurn Ker Li 1 . l aceae  
242. E s c l ~ s c h o l  c z l a  c a l i f o r n i c a  Cluau. Papaveraceze  
243. E u c l ~ l e e n a  p e r e n n f s  l l i t c ~ .  Gramineae 
244. , F a c p y r t ~ m  e s c t ~ l e n t u ~ m  Mocnclr P o l y g o n a c e i ~  
245. f L - s a g l L t a t ~ ~ r u  C i l l b .  Polygonaceac 
246.  1Fst11ca e l a t l o r  I.. Gramincae 

v a r .  a r ~ ~ ~ l d i n n c e a  (Scl i rrb.)  Wimmer -- 
247. 1.'. o v l n a  L. Gramineae 
248. F l o s c o p a  s c a ~ ~ d c n s  I.our. Comrnel i n a c e s e  
243. F ; r e s t i i - ~ Z i G i m a  (01.)  ~ o m m e l i n a c e a e  

Koorders  
250. Yrngar la  s p .  cv. Northwest  Roseceae 
251. = t i l l a r i a  i r s s y r i r ~ c a  Roker Li l i a c e a e  
252. F. c a m t s c l r a t c e n s i s  Ker-Caul. L i l  i a c e a e  
253. ~ l a n c c o l a t a  Purrsh. t i l i a c e a e  
254. F , m c l e a g r l s  L.  cv. Aplrrodi te  L i l i a c e a e  
255. F . v e r t i c i l l o t a  W l l l d .  L i l i a c e a e  
256. C a l f u a  s y l v e s t r e  P o l l .  Rubiaceee  

c v  . VI ndobone~rse  
257. C z ~ s t ~ ? r l a  s p .  h y l ~ r l d  L i l i a c e a e  
258. C e n t  l a n a  a ~ ~ d r e w s l l  G r i s e b .  Cetlt i a n a c e a e  
259. G e o g e ~ ~ a n c l ~ ~ ~ s  t~nda tu t i  Commel Inacet ie  

( C .  Koch d L i n d l . )  
H l l d b r .  6 S t r .  

Pe r .  

Dic . 
Hon. 

Per .  
Ann. 

Dlc. 
Mon . 
Dlc. 
Mon. 
Die. 
Dic.  

.Moo. 

Ann. 
Per .  
Ann. 
Per .  
Ann. 
' ~nn .  
Per.  

klon. 
Mon . 
Man. 

Ann. 
Per .  
Pe r .  

Dic . 
Mon . 
Mon . 
Mon. 
Elon. 
Mon . 
Dic. 

Per .  
Pe r .  
Per .  
Pe r .  
Per .  
Per .  
Pe r .  

Mon . 
Dic . 
Moo. 

Per .  
Per .  
Per .  

260. L ' ~ I > ~ I s ~ s  g p r i c l l l a t a  ( J a c q . )  
Rohw. (5 = 5)  

261. C. g c f l l c l ~ l a t a  ( J a c q . )  
Rol~w. (x = 8) 

Hon. Per .  

Mon. Per .  

Couunelinaceae Per .  

Commelinaceae Per .  

264. 5 - k a r w l r ~ s k y i ~ n a  (Sclrlult. f .) - 
Hohw. 

265. C. I(ilrwlnsky;~na ( S c l ~ t r l t .  f . )  
R o l l ~ .  

Per .  

Conune l i n a c e a c  Per .  

266. C. l>~~lc l~eI& (IIU);) ~ ( t l f .  
267. C l a c l J o l ~ ~ s  tip. c v .  1:ricndship 
268. 2. s p .  cv .  E k ~ ~ ~ s o c r  
269. C. s p .  c v .  I'ic'rrdy 
270. G. s p .  cv .  Spo t l lg l r t  
271. G. a1i1t.11~ I..  
272. '.-- I ) l a n d ~ ~ s ~  So land .  
273. G. c a r m i n c ~ ~ s  C .  11. W r i g l ~ t  ---- 
274. C. mll r te lae  Ilocc. 
275.  C l o r I o s n  s111,crba 1.. ---- 

Conunelinaceae 
I r i d a c e a r  
I r l d a c e a e  
I r l d a c e a e  
I r i d a c e a e  
I c i d a c e a e  
I r l d a c e a e  
I r i d a c e a e  
I r l d a c e a e  
L i l i a c e a e  

Mon . 
lbll. 

b n .  
Mon. 
klon. 
Mon . 
Hon . 
Mon . 
Mon. 
Hon. 

Pec. 
Per .  
Pe r .  
Pe r .  
Pe r .  
Per .  
Pe r .  
Pe r .  
Per .  
Pe r .  



Spec 1csJ) Fa~nLly 
- - - -- - - - . - - . - - 

276. Glyc l t i e  tttux (I..) I k r r .  Legttm lnosae  
cv .  Il;rvlteyc 

277.  G. ntax (I . . )  Elcrr. Legumlnosae 
cv .  Tircltl s~!zttttarl. 

278 .  C~~i tp l t a l  IIIIII o I ) c t ~ s l  fo.1 l i t l t t  1.. Cotnpositae 
279.  C o n g ~ e r a  pt tbcsccns ( W i l l d . )  Orch idaceae  

I<.  Ilr.  
280. ( : ~ ~ ~ ~ I I I I ~ I  l t i rs~t t t tnt  L. CV. Acala  Malvaccae 
281. C. l t l r s t t t t~m 1.. c v .  C l e l t a p l ~ i e  -- --- Ehlvaceae  
282. ~ ~ i ~ p ~ ' o p c L a l u r n  b a r c r a n t l i  Rose C r a s s u l a c e a e  
283. G,-ntncdot~gal I i Alexander  (U507) C r a s s u l a c e a e  
284. C .  n~ucdot tga l l i  Alexander  C r a s s u l a c e a e  

( lo t~ l ;  Corm) 
285. C .  pncl~ypltyl l t~tn Hose C r a s s u l a c e a e  
286. c l - p a r o g t ~ a y e n s e  (N. E. Brown) C r a s s u l a c e a e  

\.la1 t I t .  
287.  C ~ r t l e r r e r i n  b r a c t e a r n  Abra~ns -- - -- . - - Composicae 
288. G . c a l l f o r 1 1 1 c a  Tor r .  6 Gray Con~pos i t ae  
211i. (;:, s a r o t l t f  ( P ~ ~ r s l l )  Composi tae 

Url t t . 6 H ~ ~ s b y  
230.  G ~ I > S O I J I I I  l a  c l e g a n s  Dieb. C a r y o p h y l l a c e a e  
2 9 1 . & & a r l a  c i l i a r f s ( I . . )  R. Br. Orch idaceae  
292. l l a b r a n t h t ~ s  r o b u s t u s  h r y l l l d a c e a e  

I l r rb.  ex  Lodd. 
293. I l a d r o d G a s ,  ua rszewlcz ianum C o m e 1  i n a c e a e  

(Ktlntli 6 Botlclle) II .  E. Moore 
294. Maen~sntltus a l b i f l o n  J a c q .  Amary l l ldaceae  
295. 11. I < a t I i c r i t ~ a e  Baker Amary l l ldaceae  
296. I I i l ~ > I o p i ~ ~ ~ p u s  g r a c l l l s  (Nut t  .) Cray  C o r n p o ~ i t a e  
297. e t l t i a  a t t e n u a t s  Iiaw. L i l l a c e a e  
298. k, f a s c l a t a  Ilaw. L i l l a c e a e  
299. Uayna ld la  v . l l . l o s a  (L.) Schur.  Cratnlneae 
300. llel l an~ l tem~tm canadenee  (L. ) C i s t a c e a e  

Ellchx. 
301 . I l o l l a ~ t t l ~ t t s  ~ I I I I I I I I Y  L. ------ Compositae 

cv .  Hirla~notlt R~tss ia t l  
302.  !!:I l o p l > i l a  . I o ~ t g l € o l i a  DC. C r u c l f e r a e  
303. & p a t l c a  ac11tL1oba DC. Ranunculaceae 
304. 11. a ~ n c r l c a n a  (uCT Kcr I( i l t~unculaceae 
305. l l e s p c r l s  o ~ o t r o n a l l s  L. C r u c l f e r a e  
306. !!iblscl~s a c e t o s e E  Malvaceae 

1Jclw. e x  I l l e rn .  
307. 11. a c e ~ e e l l a  We1.w. e x  I l l e rn .  Malvaceae - 

X 11. c a n n a b l n u s  L. 
308.  11. a c c t o s e l l a  Wclw. I l l e rn .  Malvaceae 

X 11. canni tbinus L. 
309.  ll. a s p e r  Ilook. Elalvaceae 
310. 11. blFurcar:us  Cav. l l a lvaceae  
311.  11. c a n n n b l n x  L. - -- - - -- Malvaceae 
312. ( l l .  ca111in1l'1111s 1.. X I I .  a c e t o s c l l a  Malvaceae 

IJclw. ex I l l e rn .  6 5 )  X - 
I I .  d l v c r s l  f n l . 1 1 1 ~  .lncq. - - - - - - - -- - 

P l o i d y  and Nuclear  Genome E s t .  E s t .  
L i f e  chrornososr v o l  m e f  I C V ~  volulueh 3~ D N A ~  L D ~ ~ ~  

C l a s s c  sparad number(2g)e (b3) ( C I U ~ )  ( ~ r  m3 ( ~ 8 )  (kK) - 
Dic. Ann. 4x = 40 165 4.12 4 1 11  18 .4  

Dlc. Ann. 4x .= 40 155 3.88 39 1 0  19.4 

Dic . Ann. 4x = 28k 296 10.58 74 20 7.1 
Hon. P e r .  2x = 26k 257 9.87 128 17 7.6 

Dic. Ann. 4x = 52 296 5.69 74 20 1 3 . 3  
Dic. Ann. 4x = 52 301 5.79 75  20 13.0 

Dic. Per .  2x - 6zk 94 1.52 47 
Dlc. 

6 5.0 
Per .  ?x = 384 307 0.80 -- 21 94.5 

Dic. Per .  ? x  = 488 548 1.12 37 68.7 -- 
Dlc. Per .  ? x  = 384 405 1.06 -- 27 68.7 
Dic. Per .  8 x  a 136 138 1.01 17 9 75.6 

Dlc. P e r .  4x = 16 413 25.82 103  2 8 2.9 
Dic. Per .  6 x  = 24 377 15.72 6 3  25 4.8 
Dic.  Per .  2x - 8 157 19.59 78 11  3.9 

Dic . Ann. 2x = ~6~ 111 4.27 5 5 7 17.6 
Mon. Per .  3x  a 42k 338 8.05 113 
Mon. 

23  9 .3  
P e r .  2x = 12 54 1 45.12 271 3 6  1.7 

Mon . Per .  2x' = 16k 506 31.63 253 34 2.4 

Mon. Per .  2x = 1 6  1331 83.16 665  8 9  0.9 
Mon. Pec. 2x 0 lak 1872 103.99 936 125 0.7 
Dic. P e r .  2x 4k 1 3 0  32.48 6 5 9 2.3 
Hon. Per .  2 x  1 4 ~  4 52 32.29 226 30 2.3 
Mon . Per.  2x = 14 674 48.12 337 4 5 

7 
1.6 

Mon . 2x = 14k 298 21.31 149 20 3.6 
Dlc.  Per .  2x = 20 5 3  2.65 26 4 28.0 

Dlc. Ann. 2x = 34 353 10.37 176 2 4 7 . 3  

Dic. Ann. 2x = 2ok 5 1 2.53 2 5  3 30.2 
Dic. Per .  2x = 14 580 41.45 2 90 39 1 . 8  
Dlc. Per .  2x = 14 573 40.90 286 38 1 . 9  
Dic. B,p 2x = 24 171 7.13 86 12 10.6 
Dic. A,P 4x a 72 218 3.03 5 5 1 5  25.2 

Dic . ? 2x = 36 92 2.54 46 6 30.2 
Dic. ' 7 4 x  = 72 233 3.24 58 16 23.6 
Dic . Ann. 2x = 36 172 4.76 86 12 15.7 
Dic. ? 7x  = 126 378 3.00 54 25 25.2 



- - - - - - --.-- - - 
313. 1 1 .  cnnnal~in~is 1.. X 11. i ~ ~ e e ~ i s c i  

13xcl 1 
314. 11. d lvcrsi  fol.iiis J;iccl. ----- 
315. 11. d l v e r s i f o l l ~ i s  .lacq. X 

I I .  cannabinus L .  F l  - ---- 
316. I l .  ~ I t v e r s l f o l l ~ i s  .lacq. X 

I I .  dlverslfoJliis Jacq. Fl - - -- - .- - -- 
317. I I .  d i v e r s l f o l l ~ ~ s  Jocq. X 

11. n i a c ~ ~ l a t c  lam. 6'1 
318. !!I ILers1I:oIi1ts Jilcq. X 

I I .  mncnlatus Lam. Pg -.--- 
319. 11. e s c u l e ~ ~ t t ~ s  L. cv. Elorrald 
320. 11. f~ i rce l la t t i s  I.ain. X - - - - - - - 

I I .  111 Furc~iC~~s Cuv.  ti1 - . -- 
321. 11. f t~ rcc l  lacus Lain. X -- ----- 

I I .  1 1 n c l n e l l 1 1 s ( M o c . 6 S e s s e )  ' 

ex I)C. ' F 1  
322. ineclilatlrs I.un~. 
323. 11. ~nceuscl Cxell 
324. 11. a t r l s  -- L. 
325. ~ ~ m o s c t ~ c r l t o s  L. 
326. !I. radlatus Cav. 
327. 11- racilatt~s Cev. X 

I I .  d tvers l fo l lus  Jacq. PI 
328. 'ir. radlactis Cav. X - 

11. d lvers i fo l lc~s  Jacq. F1 
329. 11. r o t i t e l l a t t~s  G u i l l .  5 Per. 
330. 11. sabdarlffa L. 
331. l l .  sal>dariffa L. X E. meeusei 

Exe l I. 
332. 11. su ra t tcns i s  I.. 
333. uncincllus (I,loc. C Sesse) 

ex I)C : 
334. Ti-dlctis gayanus bolss. 
335. Erdec~m t l i s c i c l ~  L.  

cv. Ilnnncl~en 
336. H. d l s t l c l ~  I.. cv. Ol~al B 
337. ll. vlilgarc 1.. cv. Chlkurin 
338. II. v11l.gare L.  cv. llllnslaya 
339. 11. vulgare L. cv. FIarl 
340. Illi~nul~~s , l t ~ l ) i ~ l ~ ~ s  L. 
341. I lyacl i~cl l~~s c i  l i a tus  Cyri l l .  
342. ll. o r l e n t a l i s  L. cv. Delft Blue 
343. 11. o r l c n t a G  1.. cv. Innocence 
344. 11. o r i c n t a l i s  L.  cv. Pl i~k Pearl 
345. Mypcric~~m gcntianoides (L. )  ESP 
346. 11. perforett~m 1.. ----- - - 
347. 11. vlrglnlci~m L. - --. --- - 
348. T i ~ ~ p a t l c n s _ ~ b a l ~ a l n i i ~ a  L. 
349. I .  sultan1 Ilook. f .  - -- 
350. Iponioca batatas  Polr. -. -- - 
351. 5: pes-caprae (I..) Sweet 

Family 

EIa lvaceae 

Malvaccae 
Malvaccae 

Malvaccae 

Malvaceae 

Ma lvaceae 

Ma lvaceae 
Malvaceae 

Elalvaceae 

Malvaceae 
Elalvaceae 
Malvaceae 
Malvaceae 
Malvaceae 
Elalvaceae 

Elalvaceae 

Malvaceae 
Malvaceae 
Malvaceae 

Malvaceae 
Malvaceae 

Cralnlncae 
Gramlneae 

Gramineae 
Gramlneae 
Cramineae 
Gramineae 
Moraceae 
Liliaceae 
L i  l iaceae 
Liliaceae 
L i l  laceoe 
Guttlferac 
Gttttiferae 
Gut t l fe rae  
Balsalninaceac 
Balsa~ulnaceae 
Convolvulacaac 
Convolvulaceae 

Die . 
Dic. 
Dic . 
Dlc. 

Dlc. 

Dic. 

Dic. 
Dic . 
Die. 

Dic. 
Dic. 
Dic. 
Dic . 
Dic . 
Dic . 
Dic . 
Dic . 
Dlc. 
Dic. 

Dlc. 
Dic. 

Mon,. 
Mon. 

Mon. 
Non. 
Mon . 
Non. 
Dlc . 
Mon. 
Mon . 
Mon* 
Mon . 
Dic. 
Dic. 
Dic. 
Dic. 
Dlc. 
Dlc. 
Dlc. 

1 

Per. 
? 

? 

? 

? 

Ann. 
? 

? 

? 
? 

Per. 
Per. 

7 
? 

? 

? 
A,P 

? 

? 
? 

Per. 
Ann. 

Ann. 
Ann. 
Ann. 
Ann. 
Per. 
Per. 
Per. 
Per. 
Per. 
Ann. 
Per. 
Per. 
Ann. 
Per. 
Per. 
Ann. 

Est.  Est. 
3~ U N A ~  I . D ~ ~ J  

(kB) 

16 17.6 



- , . . . . . ,IUC LC* L Genome E s t .  Etit . 
- - 

i --- - 

1.1 f e  c hromosou~o volume f 1CV6 volumeh 3 2  D N A ~  L D ~ ~ ~  . 
S ~ “ X  l c s b  Family C l a s s C  s l ~ a n d  n u m b c r ( 2 ~ ) e  ( m 3 )  ( h 3 )  ( ~ g )  (kR) 

I 

352. 1.: J I I I ~ ~ I I I ~ ~ I  (I.. ) Rot11 Convolvu laceae  
cv.  E ; ~ r l y  C a l l  

353.  I .y~~r l s~~rca  (I.'.) Rot11 
cv.  S c n r l c t t  O'llaril 

354.  L r l s  c l1u1113elr is  Ucr t .  --.---- 
355. I .  c ro :~ t l ( :n  I .  6 M. l lo rva t  
356. I., l w e ~ ~ d a c o r u s  I.. 
357. 1 .  1311111lla L. 
358.  ~ I I I I C I I S  c f  FUSIIS  I.. v a r .  so lu tub :  

Fee-11. L UIeg.  c v .  Asanagi  
359. K a l n ~ ~ c l ~ o e  d a i g r c m o t ~ t l a n a  

Ilrr~net 6 P c r r l c r  
360. I;-.dtscl~e~~kol llu~net d P e r r i e r  
361. 1;- X I ~ y b r l d a  I lor t .  
362. ! L v e r t i c i l l a t a  S. E l l i o t  
363. Knlphof f a  uvari t i  E L . )  Ilook. 
364. 1,ac:tuca s a t l v a  I.. 

cv .  Rlack Seeded Slmpson 
365. L. s a t l v a  1.. c v .  G r e a t  Lakes 
366.  1.. s i r t l v a  1.. cv.  Stunmer Blbb --- 
367. I . u t h y r ~ ~ s  o d o r a t t ~ s  I,. 
368. z ~ ~ n a c a  p i n n a t i f  i d a  Cass 
369. I.cmna p e r p u s i l l a  T o r r .  
370. Lens c u l l n a r i s  l lcdic .  --.--- 
371. Lepldlum v i r g i n l c u ~ u  L. 
372. 1.1 11 um formosanum Wallace 

c v .  P r l c e  
373. I.. f o r ~ n o s a n ~ ~ m  IJalLace cv. Wal lace  
374. I.. formosanum Wallace cv.  Wilson 
375. L. h e n r y i  l b k e r  
376. l . l o n g i f . l o r t ~ m  Thunb. cv .  Ace 
377. 1.. long i . f lo rum Tlbunh. cv.  C r o f t  
378. LI l o n g i  f l o r ~ l m  T h ~ ~ l t b .  
379. 1- l o n g l f  l o r t ~ m  Thunb. 
380. pi~mi lwn DC. 
381. I.. r e g a l e  W L l s .  -- 
382. ILL s u p e r b t ~ ~ n  I.. 
383. 1.. L .cs tace~~m Lind l .  
384. I.. w l l l m o t t i a c  Wlls. X 

L. l e l c l , t l i n i i  Ilook. f .  v a r .  --- 
~ ~ ~ a x l m o u l c z i l  Baker cv.  Maxwill 

385. L i n e r l a  canadell* (L.)  Dum. 
386. I,% g r a n d i f l o r u m  1,. 
387.  I, ~ ~ s i t a t l s s i ~  1.. 
388. l .obu la r ia  meritillla ( I . . )  Desv. 
389. ! . o l i ~ ~ m  perent ie  L .  
390. &[fa c y l i n d r i c u  Rocm. 
391. L I I Z I I ~ ~  p a r v l f l o r a  ( E l ~ r h . )  Desv. 

I r i d a c e a e  
I r i d a c e a e  
I r l d a c e a e  
I r i d a c e a e  
Juncaceae  

C r a s s u l a c e a e  

C r a s s u l a c e a e  
C r a s s u l a c e a e  
C r a s s u l a c e a e  
L i l i a c e a e  
Co~nyosi  t a e  

Composi t a e  
Compositae 
Leguminosae 
Compoaitae 
Lemnaceae 
Legu~ninosae 
C r u c i f e r a e  
L i l i a c e a e  

L i l i a c e a e  
L i l  i a c e a e  
L i l i a c e a e  
L i l i a c e a e  
L t l l a c e a e  
L i l  i a c e a e  
L i l i a c e a e  
L i l i a c e a e  
L i l i a c e a e  
L l l i a c e a e  
1 . i l i a c e a e  
L i l i a c e a e  

S c r o p h u l a r i a c e a e  
L tnaceae  
L inaceae  
C r u c i f e r a e  
Gramineee 
Ct rcurb i t aceae  
Juncaceae  

Dic . 

Mon . 
Elon. 
Non. 
Mon. 
Mon . 
Dic . 
Dic . 
Dic. 
Dic. 
Mon. 
Dic . 
Dic . 
Dic. 
Dic . 
Dic. 
Mon . 
Dic. 
Dic . 
Mon. 

Hon . 
Mon . 
Man. 
Mon. 
Mon. 
Moll. 
Mon. 
Mon . 
Mon . 
Mon . 
Mon. 
Mon . 
Dic. 
Dic . 
Dic. 
Dic. 
Mon . 
Dic . 
Mon . 

Ann. 

Ann. 

Per .  
P e r .  
Pe r .  
Pe r .  
Pe r .  

Pe r .  

Per. 
Per .  
Per .  
Per .  
Ann. 

Ann. 
Ann. 
Ann. 

? 
Per .  
Ann. 
A. B 
Per .  

Per .  
Pe r .  
Per. 
Per. 
P e r .  
Pe r .  
P e r .  
Pe r .  
Per .  
Pe r .  
Pe r .  
P e r .  

A,B 
Ann. 
Ann. 
Per .  
Pe r .  
Ann. 
Per .  



v a r .  a l b a  I lo r t .  
394. I . ~ C O ~ I ~ ~ ~ ~ C O I I  esc111ent11n1 H i l l .  

c v .  Hutncrs  - 
395. 1.. esc111ent11111 El l l l .  cv.  Sllugyoku 
396. ~ r _ p i r n p l ~ l c l l l  f o l l ~ ~ m  M i l l .  
397. Q c o r l s  squalnigera b x l m .  
398. ElaianLl~cm~~n~ c a l ~ a d e ~ ~ s e  Deaf .  
399. ?an1111 1 l a r i s  y r o l l  [ e r a  Ilau. 
400. ~ l a r r u b f u ~ ~ ~  v ~ ~ l g a r e l . .  
401. M d t t h t o l a  b i c n r n i s  DC. 
402. El .  Incanit (I..) R .  Ur. 

--A 

403. Medlcago s a r l v a  L. 
404. M. s a t l v a  1.. 
405. Mcntlia a q ~ ~ a t i c a  I.. v s r .  

c r l s l m  (I..) Uenrl~.  -- 
406. M .  a r v r ~ t s l s  I.. ---- 
407. M. X c o r d l f o l i a  Opiz  5 F r e s e n .  
408. El. p l l , c r l t a  -- L. 
403.  M .  splcata I.. 
410. Mlolosa l , ~ ~ d ~ c a  I.. 
411. E!o~~otropa t r n i f l o r a  I.. 

412. M ~ ~ l ~ l e c i b e r y l ~  f i l i t o m i s  
(Thurb . )  Ryilb. 

413. Murdan~ila  l o r l f o r ~ e l s  
(Ilassk .) I (o l l a  Hao 6 Kammatl~y 

414.  M: n u d i f l o r a  (L.)  Urenan 
415.  M. n u d i f l o r a  (I..) Urcnan 
416. M. s l n ~ p l e x  (Valll) Brenon 
417. M- s l m p l c x  (Valil.) Uccnan 

cv.  Ag181nbe 
418. El i~scarl  a r ~ n c n l a c u ~ ~ c  1.eicllt .  
4 19 .  El. conlosllnl bli 11 . 
420.  ~ a r c i  ss11s C ~ C . ~ ~ I I I ~ I I D I I ~ ~  Baker 
421 .  EJ. . ~ I I I I C ~  f o l i u t i  ~ c ~ . ~  Lag. 
422. N .  p s e ~ ~ d o - n a r c i s s u s  I... 

c v .  King A l f r e d  
423. N .  t i l z c t c ~  I.. cv .  I'aprr W l ~ i t e  
424.  N. t r i a n d r u s  L. c v .  Albus 
425. N .  w a t l e r i  E h i r c  
426. Nc l t~n~bo  111tca (VLlld.  ) P e r s .  
427. Nrn~oplcl la  m c n z i r s l i  Ilook. 6 Arn. 
428. Nco~narlca y r a c i l l s  Sprague 
423. N i c o t l a n a  b l g c l o v l i  S. Uats .  
430. N. b l g c l o v l i  S .  Va ts .  X 

N .  dcbncyi  I)om111. X N. t a b a c ~ ~ r n  L. --.-- 
431 . N .  g l a u c a  C r a l ~ a ~ n  
432. N .  g1;111ca C1.alla111 X tV. b l g e l o v i l  - 

S.  Wacs. 

So lanaceae  

So lanaceac  
So lanaceae  
Amary l l ldaceoe  
L i l i a c e a e  
C a c t a c e a e  
L a b l a t a e  
C r u c i f e r a e  
C r u c l f e r a e  
Leguminoeae 
Legumlnosae 
L a b l a t a e  

L a b l n t a e  
L a b i a t a e  
L a b l a t n e  
L a b i a t a e  
Leglunlnosae 
Er i c a c e a e  

Commelinacerw 
Commelinaceae 
Commelinacee'e 
Commelinaces+ 

I . i l i a c e a e  
1 . i l l a c e a e  
Amary l l tdaceac  
h a r y l l i d a c e a e  
Amary l l ldaceae  

A s a r y l l l d a c e a e  
A u ~ a r y l l i d a c c a e  
Amary l l idaccae  
Nymphaeaceae 
Ilydropl~y l l a c e a e  
l r l d a c e a e  
So lanaceae  
So lanaceae  

S o l a n a c r a e  
So lanaceae  

ClassC 
-- 

Man . 
Dic. 

Dic. 

Dic. 
Dic . 
Hon . 
Non. 
Dlc. 
Dlc. 
Dic. 
Dlc . 
Dic.  
Dic. 
Dic.  

Dlc. 
Dic. 
Dic. 
Dic . 
Dlc. 
Dic. 

Man. 

Mon. 

Mon . 
Hon. 
Mon . 
Hon. 

Hon . 
Mon. 
Hon . 
Hon . 
Mon. 

M O I .  
Hon . 
Moo. 
Dlc . 
Die. 
Mon . 
Dic. 
Dlc . 
Dic . 
Dlc. 

Li  f e  
sparl* 

-- 
Per .  
Per .  

Pe r .  

Per .  
? 

Per .  
Per .  
Per .  
Pe r .  
Ann. 
B,P 
Per .  
Per .  
Per .  

Per .  
Pe r .  
P e r .  
Per .  
Per .  
Per .  

Ann. ' 

Per .  

Per .  
Pe r .  
P e r .  
Per .  

Pe r .  
Pe r .  
Pe r ,  
Pe r .  
Per .  

Per .  
P e r .  
Per .  
Per .  
Ann. 
Per .  
Ann. 

? 

Per .  
? 

l'loldy and 
cl~roniotiou~e 
nr~mle r ( 2 ~ ) e  

Nuclear  
volumef 

(lb.3) 

Genome 
vol1uno" 

(lrm3) 

E s t  . 
3c D N A ~  
T P ~  ) 



'Table 5 ( c o n t . )  

P l o l d y  and 
L l f e  chrotnosome 
spand numbrr(2n)e 

? . c .4x  = 42 - 

Nuclear  
volume€ 

(rm3) 

Genome 
volume1' 

(rm3) 

E s t  . ESC . 
3 s  D N A ~  I , D ~ ~ . ~  

( ~ 6 )  (kR) - 
21 9 . 9  

I Spec i eub  

433. N. glactca Grah;tttt )i 
N .  l a n g e d o r f f  i i Scl t rat~k , -- 

434.  N. g l t t t l n o ~  I.. X 
N .  g l a u c a  Cr;llionr -- 

435.  N.  l a n g s d o r f f i i  S c l ~ r a l ~ k  
436. N .  r ~ t s t l c a  I.. 
437. N:, X sanduri t r  Ilorc. x 

I Card.  (va r teg ; t t ed  d e r l v a t l v e )  
' 438.  N.  X sa l lde rac  I l o r t .  e x  - -  

Curd.  X N .  l a t ~ ~ s d o r f ~ i  Scltrank 
439.  N .  cabacllm L.  (6290 S l ~ c t r t )  
440.  5. tahocttat 1.. (6291 T a l l )  
441.  N.  tahacctm I.. c v .  I J l s c o t ~ s i n  38 
442.  NLgella daltuticetra I.. 

C V .  El-lss J e k y l l  
443.  N .  s a t i v a  I.. 
444. Nlr[~ltar adv% (Al r  .) A i r .  f .  
445.  N. s a g i t t i f 2 l f i  ( W a l t . )  Purslt 
446. Nylnpltaeit c a p e l ~ s i s  T11unb. 

v a r .  za t l iT6ar iens1s  Casp. -- 
447.  N.  g l g a t t t c a  Ilook. 
448.  N.tt~herosn. Pnlttc v u r .  lnaximu 
449. c e n o t h e r a  blel inl  s I.. 
450. Orttl  tltoga1.trm vi  r e n s  1.lttdL. 
451. 0ryz;r s n t i v u  1.. (8970-S) 

'452. 0. s a ~ i v n  I,. cv .  NultrJn No. 8 -- 
453. 0 .  s a t i v a  I.. cv .  Zenlr l i  
454. 0 2 s  tnilctlana 'Llrcc. 
455.  0. s t r i c ~ ~  1.. 
456. P a ~ : ~ ~ t ~ l i t  s p .  cv. F e l i x  Crousse  
457. P a l i s o t a  a l h e r t l i  L. Cent11 - - - - - 
458. P.  b n r t e r i .  llook. f'. 
459. Y , - e l l z a l , e c l ~ a c  L. Cent l .1  
460.  p:3,1 Id.!). s l b l o \ ~  8::1411,t: 1.. - -. . . . . . . - . _- 
461. P. r l tocas I.. -- 
462. Psspalum d l  l o t a t ~ t t n  i 'oir.  
463.  P. d i l a t a t t t t n  P o l r .  
464. P .  d i s t l . c l t t ~ n ~  L. 
465. P. E l o r l d e n t ~ t ~ ~  Mlchx. 
466.  P.  t t r v l l l e i  Scectd. 
467. I ' a s t lnaca  s a r l v i t  L.  
468. Pelargonl~mnr s p .  
469. P. s l ~ . , c v .  El ; r t~ t Ie  
470. s p .  c v .  I'ttrple t l r a r t  
471.  P e l r n n d r a  v1rg i11Ica  ( L . )  

~ ~ ~ t o t  t 6 erl[ll.. 

Family C l a s s c  

Dic . 
Solanaceae  Dic . 
Solat iaceae 
So lanaceae  
So lanaceae  

Dic . 
Dic. 
Dic . 

Ann. 2x a 1 8  
Ann. 4 x  = 48 
Ann. 2x - 18 

S o l a n a c e a e  Dic. Ann. 4x = 36 

S o l a n a c e a e  
So lanaceae  
So lanaceae  
R a n u ~ ~ c u l a c e a e  

Dlc . 
Dic. 
Dic . 
Dic. 

Ann. 4x = 48 
Ann. 4 x  = 48  
Ann. 4x = 48 
Ann. 2 x  = 12 

Ranunculaceae 
Nymphaeaceae 
Nymphaeaceae 
Nytnphaeaceae 

Dic. 
Dic . 
Dic. 
Dic. 

Ann. 2 x  a 12 
Per .  2 x  34 
Per .  2 x  a 34 
Per .  2x = 28 

Nymphaeaceae 
Nymphaeaceae 
Onagraceae 
L l l i a c e a e  
Cramltieae 
Graminear  
Crnmineae 
O x a l i d a c e a e  
O x a l i d a c e a e  
Hanunculaceae 
Couunelinaceae 
Cauunelinaceae 
Couunelinaceae 
Pnl)averoceae 
Papaveraceae  
Cramineae 
Gramineae 
Gramlneae 
Crtlmlneae 
Gramineae 
Urnbell i f e r a e  

Per. 
Per .  
Bi. 
Per .  
Ann. 
Ann. 
Ann. 
Per .  
Pe r .  
Per .  
Pe r .  
Pe r .  
Per. 
Per .  
Ann. 
Per .  
Pe r .  
Pe r .  
Pe r .  
Pe r .  
Bl . 
Per .  
Per .  
Per. 
P e r .  

Dic . 
Dic. 
Dic.  
Ebn. 
Man. 
Mon. 
Mon . 
Dic. 
Dic . 
Dic. 
Hon . 
Man. 
Mon . 
Dlc. 
Dlc. 
Mon . 
Man. 
Man. 
Mon . 
Mon. 
Dic. 
Dic. 
Dlc. 
Dlc. 
Hon . 

Geronlaceae  
C e r a n i a c e a e  
G e r a n l a c e a e  
Araceae 

472. I'cntclscLtt~tr ~:Jitttcu~n H. Hr. 
473.  Pcrllloi-;;;tcscens u r l t t .  ----- 

, 474. P e t r o s a l  intun c r i s p ~ ~ ~ ~  (EH 11 .) 

Cramineae 
~ a b l a . t a e  
U m b e l l i f r r a e  

Mon. 
Dic. 
Dic . 

Ann. 2x - 14 
Ann. ? x  = 40k 
Bi. 2lc - 22k 



-.- 
475. I ' l ~ a l o r l s  cclhcrosa I.. v a t .  ----- Gramincar  

scenoIlL'cr2 (Ilock .) I l l cc l~c .  
476.  3 < a r h i t l s , . f i  CClrlsy Convolvu laceae  
477.  P l l a s c o l l ~ s  atlrcccs Roxb. ------- Lcgcuulnosae 
478.  P. l i n ~ e n s l s  b h c f .  Legt~niinosac 
479.  P. v l ~ . l g n r l s  I,. 1.cguulnosae 

c v  . Kent 11c1cy Wo~ldcr 
480.  1'. v111goris  I,. Legwoinosae 

c v .  P e n c i l  Pod t l lack Wax 
481.  1'. v u l g a r i s  I.. cv.  'I 'ol~crop Leguminosae 
482. 1. v111gar l s  L. C V .  Leguminosae 

S l ~ r c c r o p  Stringless 
483.  I I I ~ l c ~ ~ n t p r a ~ c ~ ~ ~ c  I,. Gramineae 
484.  PI11ox d i v a r i c a t a  L. Polemoniaceae 
485.  P l s ~ ~ m  s a t l v u m  L. c v .  Alaska Leg~uuinoaae 
406.  P. sativclm L .  cv.  alder mat^ Legumlnosae 
487. 1'.= I.. c v .  O r a c l e  --- Leguminosae 
488.  P. s a t 1  vllm I.. v a r .  u r v e n s e  P o i r .  I.egwninosae -- 
489.  P l a n t a g o  l ~ ~ s ~ r l a r l s  Eastw. P l a n t a g i n a c e a e  
490.  P . ms:jor I.. P l a n t a g i n a c e a e  
491.  P .  ovaCa Forsk .  --- P l a n t a g i n a c e a e  
492.  Poclophy~l l u n ~  p e l t a t u m  L. B e r b e r i d a c e s e  
493. Port111.aca g r a n d i f l o r e  Ilook. P o r t u l a c a c e a e  
494. -grandiflora Ilook. c v .  Coccinea P o r t u l a c a c e a e  
495.  P.  o l e r a c e a  I.. P o r t  u l a c a c e a e  
496.  R a l ~ \ l n c \ ~ l u s  s p .  c v .  T e c o l o t e  G i a n t  Rat>unculaceae 
497. m o s u s  I.. --. Ranunculaceoe . 
498. K.  r e p e n s  L. Ranunculaceae 
499.  Rapl~ancls r y > l c a n i s t n ~ m .  1.. C r u c i f e r a e  
500. R. s a t i v l ~ b :  L. c v .  Cher ry  B e l l e  C r u c i f e r a e  
501. R .  s a t l v t l s  L. cv.  N e r i l ~  --- C r u c i f e r a e  
502. It. s a t l v t l s  L. c v .  S c a r l e t  T u r n i p  C r u c # f e r a e  
503.  R .  s o t i v t l s  I.. v a r .  C r u c l f e r a e  

a c n n t i f o r ~ n l t i  c v .  Tokyo-llinowase - --- - . - 
504. RIICIII~ r h a p o n c i c r ~ ~ o  L. Pol  ygonaceae 
505.  Khina t~ t l t c~s  c r i s t a - g a l  l l L. S c r o p h u l a c l a c e a e  
506.  Rl~oco  s l ) a t l ~ n c e a  (Sw. ) S t c a r n  Commelinacear 
507. H ~ C ~ I I I I S  com11111rtis I.. Euphorb laceae  
506. E ~ m c x  a c r t o s a  1,. Polygonacrae  . 
509.  H. a c c t o s c l l a  L .  ----- Polygonaceae 
510. It.  31- I,. Polygonaceae 
511. R. a1 t1ssi11111b: Wood PoZygonaceae 
512.  5. a q u a t i c ~ l s  L. Po l  ygonaceae 
513. K.  a q ~ l a t l c t r s  I.. v a r  - .- Polygonaceae 

nlaxi~na ( c ~ n c c r t a l . n ) ~  --- 
514.  K .  a q c ~ a t l c t ~ s  L .  s s p .  - - Polygonaceae 

cuaql laClcus ( l l n c e r t a l n )  
515. R.  a r c t i . c ~ r s  T r a u t v .  Polygonaceae 
516.  R .  b ~ t c e p h a l o p l ~ o r u a  I.. s s p .  Polygonaceac 

bilcephal o l ~ h o r c ~ s  
517. I t .  c o n f c r t u s  Wi l ld .  Pol ygonacrae 

Mon . 
Dic . 
Dlc. 
Dic. 
Dic. 

Dic. 

Dlc., 
Dic. 

Moo. 
Dic. 
Dic . 
Dic. 
Dtc. 
Dic. 
Dic . 
Dic. 
Dic. 
Dic.  
Dic . 
Dic . 
Dic. 
Dic. 
Dic. 
Dlc.  
Dic. 
Dic . 
Dic. 
D i c .  
Eic.  

Dic. 
Mc . 
Hon. 
Dic . 
Dlc. 
Dlc. 
Dic. 
D i c .  
Dit .  
Dic. 

Dic . 
Dlc.  
Dic. 

L i f e  
spand 

Per .  

Per .  
Ann. 
Per .  
Ann. 

Ann. 

Ann. 
Ann. 

Per .  
Per .  
Ann. 
Ann. 
Ann. 
Ann. 
Ann. 
Per .  
Ann. 
Per .  
Ann. 
Ann. 
Ann. 
Per .  
Per .  
P e r .  
Ann. 
A.0 
A,B 
A, 0 
A.B 

Per .  
Ann. 
Per .  
Ann. 
Per .  
Per .  
Per .  
Pe r .  
Per .  
Pe r .  

Per .  

Per .  
AM. 

Per .  

P l o i d y  and 
chromosolnc 
n u m b e r ( 2 ~ ) ~  

4x = 28  

Nuc lea r  
volumef 

Wm3) 

E s t  . 
3 5  D N A ~  

( p g )  



? 

I E s t  . Esc . 
3 5  D N A ~  L I ) ~ ~ J  

( p g )  (kR) --- i, 

7 15.4 
14 22.2 
23  17.6 
8 37.8 
9 21.6 

10 21.0 
4 3  18 .9  
44 22.9 
10 19 .9  
23 21.6 
1 6  19.4 
9 23.6 

19 23.6 
3 1 19.9 
1 3  1 5 . 4  
10 20.4 
1 2  16.4 

'CallLe 5 (conr . )  

Nuclear  
volluoef 

( b 3 )  

L i f e  
spand 

Per .  
Per .  
Per .  
Pe r .  
Ann. 
Per .  
Per .  
Per .  
Pe r .  
Per .  
Pe r .  
Ann. 
Per .  
Pe r .  

? 
Per.  
Per .  

Pe r .  

Pe r .  

Pe r .  
Per .  
Pe r .  
Per .  
Per .  
Ann. 
Per .  

Per .  

Pe r .  

Per .  
Per .  
Pe r .  

Per .  
Pe r .  

Pe r .  

Per .  

Per .  
Per .  
Pe r .  
Pe r .  
Pe r .  

Genome 
volumr'l 
(rm3) 

Polygonaceae 
Polygonaceae 
Polygonaceae 
Polygonaceae 
Polygonaceae 
Po l  ygonaceae 
Polygonaceae 
Polygonaceae 
Polygonaceae 
Polygonaceae 
Polygonaceae 
Polygonaceae 
Polygonaceae 
P o l  ygonaceae 
Polygonaceae 
Polygonaceae 
Polygonaceae 

Dic . 
Dlc. 
Dic. 
Dlc. 
Dic . 
Dic. 
Dic . 
Dic. 
Dic. 
o i c .  
Dic . 
Dic. 
Dic . 
Dlc. 
Dic . 
Dic. 
Dic. 

R .  c r l s t a t t l s  DC. --- 
R. c r y s t a l  l l n ~ r s  Licnge --- 
H. d e n t a t l l s  L. -- 
R .  f ICXIIOSIIS Solacld. ex  --- 
R .  f r t l t c s c e n s  ~ l r o u a r s -  --- 
R . l iydro lapa t l~~rm Ihlds. -- 
R .  I ~ y l ~ ~ e n o s c p a l ~ ~ s  T o r r .  -- 
R .  ~ a ~ > o n i c u s ~ ~ ~ t  t. 
R .  l o n g i f o l i ~ r s  DC. 
R .  o l a r i t l a u s  L. --- 
R .  nraxlmus Sc l l r rb .  
K. n e l > a l e n s l s  Spreng 
R. ~ i i p p o n i c ~ ~ s  Franc11 
R .  obtusifo* 1.. 
R .  o h t u s l f o l i u ~  L .  - 

S a v a t .  

s s p .  o b t u s i  fol111s 
535. H .  o l > t l l s l f o l i u s  L. 

I s s p .  s y l v e a t r i r c  ( W a l l r . )  Rech. 
1 536. R .  o h L ~ ~ s l f o l i ~ ~ s  1.. s s p .  

I t r a n s l c l i s  (Siluonkai) Rech. f .  -- 
I 537.  R.  o c c l d e t ~ ~ a l k  Wacs. 

538. R. o r b l c l r l a t ~ ~ s  Gray 
539. R .  o r h i c u l a t u s  Gray 
540. R . r b i c u l a t u s  Gray 
541. R , _ p a l l i d ~ l s  B i g e l .  
542. H .  p a l u s t r i s  Sm. 

I 543. R L p o e i e n t l a  L. s s p .  
c a l  1os11s (F. S c l ~ ~ u l d t )  Rech. f .  

Polygonaceae Dic . 
Polygonaceae Dic . 
Polygonaceae 
Polygonaceae 
Po lygonaceae  
Polygonaceae 
Polygonaceae 
Polygooaceae 
Polygonaceae 

Dic . 
Dic. 
Dic . 
Dic. 
Dic . 
Dic. 
Dic. 

- -- 
544. - R. p a t i e n c l a  L.  s s p  Polygonaceae Dic . 

o r j e n t a l i s  (Uert111.) Dnnser -- 
I 545. R.qatientia I.. cis~. Polygonaceae Dic . 

pao~f r i c ~ l s  Kech. € . 1 5 4 6 . R .  ~ a r l e n r l a I . . s s p , . p a t l e n t l a  Polygonaceae 
547.  ~k-rot iaccls  -- tiorbas Pol ygonaceae 1 548. R. p u l c h u r  I.. s s p .  m o d o n c ~ s  -- Polygonaceac 

Dic . 
Dlc. 
Dic . 

* - -  

It. 0111cl1er L. s s p .  p u l c l ~ e r  
R .  s a l i c l f o l i l r s  Weinm. s s p .  
s a l i c l f o l l u s  ---- 
R .  s a l i c i  f o l  l u s  Wcin~n. s s p .  - 
s a l l c i f o l i l l s  v a r .  m o n t i g e n i t u s  
H .  s a l i c l f e  Walnm. s s p .  
t r i a n g ~ ~ l i v a l v i s  Dilnscr va r .  ---- 
t r i a l ~ g l ~ l  i v o l v l s  
R.  s a n g l l l n e l ~ s  L. -- 
H .  s c l l to t l l s  1.. 
R .  s teo0l)hyl  111s Lrdeb.  ----- 
R .  tcnclx Hecli. f .  -- 
R. t h y r s l  floss F i n g c r h .  - 

Polygonaceae 
Polygonaceae 

Dic. 
Dic. 

Po l  ygonaceae 
J e p s .  

Pol  ygonaceae 

Dlc. 

Polygonaceae 
Po l  ygonaceae 
Polygonaceae 
Po l  ygonaceae 
Polygonaceae 



P l o i d y  and 
Ll f e  cl~ro~nosome 
spand n u l ~ b e r ( 2 ~ ) e  

Nuclear  
v o l  itme f 

W m 3 )  

Genome E s t  . 
volumeh 3~ D N A ~  

(*rn3) (pg)  

67 9 

E a t .  

~ ~ 5 0 '  
(kR) 

Sl'cc l c s b  
--- 

558. 5:- t l a n s c l ~ a ~ ~ l c ~ ~ s  1.0s.-Loslnsk. 
( ~ t n c e r t a l  n) 

559.  R.  v e r t l c l l l o t u s  L. 
560. F. v c s t c a r t u s  I.. 
561. S n c c l ~ a r t ~ m  o f f l c l ~ i n r ~ ~ r n  L. 
562. S a g l t t a r l a  1 ; 1 t l f o l i a  Wil.ld. 
563. S. s a g l t t i f o l i a  L .  
564. S n l n t p a ~ l l l a  i o n a r ~ ~ l l a  Wendl. 

c v .  Falttilsy lilue 
565. S a l s o l a  ka1.1 I,. 
566. Sa 1 v i a  l ~ o r m i ~ ~ r ~ l u  I . .  
567. S .  s c l a r c a  I.. v a r .  

t t ~ r k c s t a n l u n a  M o t t  . 
568. ~ L _ s y l e n d c n s  Kcr cv.  

S t .  J o h n ' s  F i r e  
569. S c l  1 In I1lsl>anlca MI1 1. cv. 

Ullle Quceli 
570. S.  s l b i r l c a  Il;iw. cv. Alba 
571.  S c c a l e  a f r i c a ~ ~ u l l ~  S t a p f  
572. S .  c e r c a l c  L. cv.  Abruzel  
573. S. c c r e a l e  1.. cv .  Mrrced 
574. 5. c c r e a l e  1.. cv .  P r o l i f i c  
575. S. c e r e a l e  L. cv .  S v a l o f  
576. Sedum a c r e  L. 
577. S. a l z o o n  I.. 
578. S .  a l . b o r o s e ~  & ~ k e r  
579. S. album L. 
580. S .  o'lbllln I.. s s p .  gypslcolum 

( 8 o l s s .  b K e ~ l t . )  Elirirc 
581. S. a l f r e d l  I l i i ~ ~ c e  

Dic. 

~ o l y ~ o n i c e a e  
Polygonaceae 
Cramineae 
Allnmaceae 
A1 ismaceae 
G e s n a r i a c e a e  

Dic . 
Dic. 
Mon. 
Mon. 
Mon. 
Dic. 

Per .  
Ann. 
Per .  
Pe r .  
Per .  
Per .  

Chenopod i a c e a e  
L a b l o t a e  
L a b i a t a e  

Dic. 
Dlc. 
Dic. 

Ann. 
Ann. 
Bi. 

L a b i a t a e  

L i  l l a c e a e  Mon. Per .  2x = 16 

L i l i a c e a e  
Cramineae 
Cramineae 
Cramlneae 
Cramineae 
Cramineae 
C r a s s u l a c e a e  
C r a s s u l a c e a e  
C r a s s u l a c e a e  
C r a s a u l s c e a e  
C r a s s u l a c e a e  

Mon . 
Mon . 
Mon. 
Hon . 
Mon. 
Mon . 
Dic. 
Dic . 
Dlc. 
Dic . 
Dic. 

Per .  2 x  - 12 
Per .  2x - 14 
Ann. 2 x  - 14 
Ann. 2x = 14 
Ann. 2 x  a 14 
Ann. 4x 28 
Per .  ? x  - 48 
Per .  ? x  - 128 
Per. 12x  48 
Per .  ?x 68 
Per .  2 . 10~  = 102 

C r a s s u l a c e a e  Dlc. Per .  ? x  = 128 

Per .  Tx = 54k 
Per .  Tx 28 
Per .  ? x  a 6 3  
Per .  7x 48  
Per .  ? x  - 32k 
Per .  2x = 12 
Per .  ? x -  20 
Per.  ? x  = 64 
Per .  ? x  = 136 
P e r .  ?x 51 
Per .  2 x  = 16 
Per .  4x 32 
Per .  ? x  = 128 
Per. 4x = 72 
Ann. Sx 40 
Pec. ?x = 36k 

vur .  ~ i a g a s d h  1an11n1 
S.  e l l acon~bianum Proaeer  
S. g laucophyl lum C l a u u e ~ l  -- 
S .  g ~ l a t e m a l e n s c  Ilembl. 
S. kdmtscl\aticclm F l s c l ~ .  6 Hey. ----- 
S .  lulddendorff  iamlm Mdxiu. 
S. n e v l l  Cr'cy 
S .  o r y z l  tol l t rm Ft tkl~lo - 
S. ~ I L I I ~ P I I ~ ~ I I I I P  Kose 

C r a s n u l e c e a e  
C r a s s u l a c e a e  
C r a s s u l a c e a e  
C r a s s u l a c e a e  
C r a s s u l a c e a e  
C r a e s u l a c e a e  
C r a s s u l a c e a e  
C r a s s u l a c e a e  
C r a s s u l a c e a e  
C r a s a u l a c e a e  
C r a s s u l a c e a e  
C r a s a u l a c e a e  
C r a s s u l a c e a e  
C r a s s u l a c e a e  
Composltue 
Conuoel i n a c e a e  

Dic . 
Dic. 
Dic. 
Dic . 
Dic. 
Dic . 
Dic . 
Dic . 
Dlc. 
Dic . 
Dic. 
Dic. 
Dic. 
Dic . 
Oic. 
Mon. 

S .  rtlpl f rilg~lm Koldz. 
S. s p e c t a b l l e  Uorra11 
S .  Ccr~laLIlm Ellsllx. 
S. ternat l lm Elicl~x.  -- 
S.  C r i c a r p u ~ o  h k l l l o  - 
S e m p e r v l v p  tccLchmm I.. 
S c n e c i o  v u l g a r l s  L. 
~ a r o t l i e c a  p111ni l a  ( C r e n ~ c )  
WaterEal l  

598. Sesau~ulu i n t l t c ~ ~ n ~  L. Peda l  i a c e a e  
599. S i a  g l a u c a  ( I . . )  Bcauv. Cramineae 
600.  set crease,^ b r c v i f o l i a  (Kosr)  Rose Comrnellnaceae 
601.  S.  h l r s u l a  Ehrkyrof  Cownelinaceae 

Dlc . 
Mon. 
Mon. 
Mon. 

Ann. 2% 26 
Ann. 4x = 36 
Per .  4x = 24k 
Per .  Gx - 24 



P l o i d y  and Nuclear  
I. 1 Ee c hromosome volumef 
spanJ n u m b e r ( 2 ~ ) e  (pa3)  

Genome 
volumel' 

orm3) 

E s t  . E s t  . 
3: DNA' L D ~ ~ J  

(PE) (kR) 
spec l e s b  

------. 
602.  5. l a t i c c o l a t a  I.'arttrll, 

Mehra 6 C e l a r .  
603.  S. l e l a n ~ l r i l  ( T o r r . )  P i l g e r  
6011. S. o v a t a  ( C o l ~ l t r r )  Faruq i ,  

C e l a r .  6 blcl~ra 
605.  S. ~ ~ r ~ r l l u r c a  ~ L I O I I I .  

606.  S. purpt t rca bouln. X 
S.  b r c v l P o l l a ' ( l t o s a ) H o s e  . 
--a- 

607 .  S.purpurea  boon^. X S. o v a t a  
( C o ~ l l t e r )  F a r u q i ,  C e l a r .  6 Mehra 

608.  z g e r a s l s  f u s c a t a  (Lodd.) 
11. E. Moore 

609 .  S l l e 'ne  n i v e a  ( N l ~ t t . )  O t r h  
610. = a t ~ t ~ n ~  gsollu 
611. S. melongcna L. c v .  Foremost 
612.  S.  mclonge~ta  I.. cv .  S h l n k i s s i n  
613. 2: t r~berosutn L. c v .  Ka t t lhd i t~  
614. =idago j t l t ~ c ~  ~ l t .  
615. S. nell~oral& A i t .  
616.  S. p ~ l b c r u l a  Nuct. 
617. S. s c n ~ ~ ~ e r v l r e t ~ s  I.. 
618. Sorfiln~m vl t lgarc l ' r r s .  v a r .  

b i c o l r ~ r  Eoton 6 Wrlght  -. 
619. S .  v l ~ l g a r e  P e r s .  va r .  - 
. caf f ro r r~ i t l  (He tz . )  Ilr~bb. & Rehd. -- 

620.  S p a r t i n a  p e c t t n a t a  I.Jnk 
621. S p e r g u l a r l a  r u b r a  (L . )  

J .  6 C. P r e s l .  

- 
Per.  4x = 24k 1028 

Commel t n a c e a c  
Conuuelinaceae 

Mon . 
Mon. 

Per .  2x = 12 574 
Per .  4x = 24k 1198 

Columelinaceae 
Commelinaceae 

Mon. 
Hon . Per .  4x = 24k 1020 

Per .  . 4 x  = 24k 1248 

Couunel i n a c e a e  Per .  2 . 4 ~  = 2 l k  678 

Comuelinaceae Hon . Per.  2x a 38k 670 

C a r y o p h y l l a c e a e  
So lanaceae  
So lanaceae  
So lanaceae  
So lanaceae  
Composltae . 
Composi tae 
Compositae 
Composl tae 
Gramineae 

Dic. 
Dlc. 
Dic . 
Dic. 
Dic . 
Dic. 
Dic . 
Dic. 
Dic . 
Hon. 

Per .  
Per .  
Pe r .  
Per .  
Pe r .  
Per .  
Per .  
Pe r .  
Per. 
Ann. 

Gramlneae Hon. Ann. 2x 20 113 

Gramineae 
Caryophyl laceae  

Mon . 
Dic. 

Per .  4 x  = 28 224 
ASP 4 x  = 36 77 

622 .  S p i n a c l a  o lc r i t cea  L. c v .  
' Bloomsdale Lonr. S t a n d l n a  

Chenopod l a c e a e  Ann. Ox = 12 1 1 5  
- " 

623.  & o l e r i l c c a  L. c v .  
Dark Crecn Uloomsdale 

Chenopodiaceae Dic . Ann. 2x 12 115  

I 624.  S. o l e r a c c a  I.. c v .  Ujyo 
625. ~ ' o l e r a c c a  L. v a r .  i n e r m i s  

Peeerm. c v .  Old Dolnlnion 

Chenopodiaceae 
Clienopodiaceae 

Dlc. 
Dic. 

Ann. 2x 12 130 
Ann. 2 x  12 135 

I 626.  Spl  r a l ~ t l l c s  c c r n u a  (L.)  liich. 
627.  S p o r o b o l ~ t s  c r y p t a n d n ~ s  (Tor r . )  

. A .  Cray 

Per .  
Per .  

Per. 

Pe r .  
Pe r .  
Pe r .  
Per .  
Ann. 

Per .  
Per .  
P e r  
Per .  

Orcl i idaceae 
Cramlneae 

Mon. 
Mon . 

( 628 .  S. I ~ e ~ c r u l e p i s  (A. Gray) 
A .  Cray 

Cramlneae Hon . 
S p r o k r l l a  Poccnuslsnlo~;l l l e r b e r t  - 
S t a p e l i a  v a r l e g a t a  L. 

Amaryll i d a c e a e  
Asc lep ladaceae  
Gramineae 
L i l i a c e a e  
Compositac 

. Hon. 
Dic. 
Mon . 
Mon. 

.. Dic.  

S t l p a  s p a r t e a  T r i n .  
S t r e p t o p u s  rosc l l s  Hic l~x .  
T a g e t e s  p a t l t l a  L.  
cv .  l 'c t t t i?  llartnony 

634.  Tet lcr lun~ cl~alndedrys L. 
635. Tha l ic t r r rm d lp te rocarpc l~o  Fran. 
636 .  _Tt~y~nus se rpy l lu ln  1.. 
637 .  ~ l ~ y r s a n t l ~ e m u m f l o r i b u n d ~ ~  

(Mar t .  6 Cal . )  P lchon  

L a b i a t a e  
Ranunculaceae 
L a b i a t a e  
Conunelinaceae 

Dic . 
Dic. 
Dic . 
Mon. 



T a b l e  5 ( c o n t . )  

I.Lfe 
sl,and 

--- 
Per .  
Ann. 
Per .  
Pe r .  
Pe r .  
Pe r .  
Pe r .  
Pe r .  

Per .  

Pe r .  

Per .  

Pe r .  
Pe r .  
Pe r .  
Pe r .  
Per .  
Per. 
Per .  
Pe r .  
Per .  
Pe r .  
Per .  
Pe r .  
Pe r .  
Pe r .  
Per .  
Pe r .  
Per .  
Per .  
Per .  
Pe r .  
Pe r .  

Pe r .  
Per .  
Pe r .  
Pe r .  
Per .  
Pe r .  
Per .  
Per .  
Par .  
Pe r .  
Per. 
Pe r .  
Pe r .  
Per .  

P l o l d y  and 
c hromoso~ne 
number(2t)e  

2x a 28k 
4 x  = 68k 
2x 12k 

c .12x = 70k - 
Zx a 12k 
4 x  = 24k 
2x = 12k 
Z x =  16k 

E s t  . E s t  : 
3 5  D N A ~  I . D ~ ~ . I  

(pg)  (kR) 
- 

3 3  4.2 
35 9.9 
54 1.1 
37 9.7 
6 0  1 .O 
81 1 .5  
46 1 . 3  
4 2 2.0 

Genome 
volumeh 

( ~ 3 )  

2 50 
129 
404 

c.46 
-452 

304 
342 
310 

~ ~ c c l c s ~  Family 
- 

Mon . 
Mon. 
Mon . 
Mon. 
Mon . 
Mon. 
Moll. 
Mon . 

638.  T l g r l d i o  pavonla Ker 
639 .  T i n a n r i a  c e  ( J o c q . )  S c h l e c h t .  
640.  T r o d c s c a n t l ~  s p .  c l o ~ ~ e  02 
641.  l'l'~ssfeld1ono Mlldbr .  
642. T. b r i l c t e a t a  Smal l  
643 .  T .  b r o c t e o t a  S ~ n a l l  
644. b r a c t e a t n  S11lnl1 c v .  k d  Cloud 
64 5. X. con~mel . l~ io ldes  S c l ~ u l t  . f . 

x = a(?) 

I r i d a c e a e  
Commelinaceae 
Comniel i n a c e a e  
Commelinaceae 
Commel i n a c e a e  
Cormoelinaceae 
Comnmel I n ~ c e a e  
Commelinaceae 

- 
T .  conr re l lno ldes  Schul  t .  f + - 
x = 6 ( ? )  

Cormoelinaceae Hon. 

Commelinaceae 

Commelinaceae Mon. 
- 
T.  c r a s s l f o l l a  Cav. Commel l n a c e a e  

Cormuel i n a c e a e  
Commelinaceae 
Commel i n a c e a e  
Commellaaceae 
Commel i n a c e a e  
Commelinaceae 
Commrl i n a c e a e  
Commelinaceae 
Coounelineceae 
Commelinaceae 
Commelinaceae 
Commelinaceae 
Coounelinaceae 
Commelinaceae 
Commelinoceae 
Commelinaceae 
Coounelinaceae 
C o m e l i n a c e a e  
Co~nmel i n a c e a e  
Commelinaceae 

Mon . 
Mon . 
Mon . 
Mon . 
Mon . 
Mon . 
Hon. 
Mon . 
Hon . 
Mon . 
Mon. 
Mon . 
Mop. 
Mon . 
Mon . 
Mon . 
Mon. 
Mon . 
Mon. 
Mon . 
Mon. 

2x 12k 
3x lak 
4 x  ~4~ 
5x - 30k 
6 x  = 36k 

1 2 x  72k 
c.12x = c.74 - 

2x - i z k  
2 x  = 12k 

c.lOx - c.5ak - 
l o x  30" 
l l x  = 66k 

c . l Z x  = 70k - 
12x  = 7zk 
2 x  = 12k 

4x1 = 5zk 
2 x  = 12k 
2 x  12k 
2 x  12k 
4x 24k 
2 x  a 12k 

Cav. 
Cov. 
Cov. 
Cav . 

lk 6 O t t o  
' a s s u l a  I,lnk & O t t o  T. c r  - 

T. edwards iana  T h a r p  - 
Tl'rnestlana Anders. 6 Woodson 
T. f l ~ ~ r n l n c n s i t i  V e l l .  
F. f l u ~ n i n e n s i s  Ve l l .  
T. f1111nlnensls V e l l .  
T. E l r ~ m l n e n s i s  V e l l .  - 
T. f l n m l ~ i e n s i s  V e l l .  -- 
T.  g lgan tc t l  Rotie 
T. g ~ ~ a t e m a l e n s l s  C. t). C l a r k e  ---- 
T. g u l e n g o l e n s l s  Elatr~rla -- 
T. h l r s ~ ~ t l c a ~ ~ l i s  S n ~ a l l  
T .  l ~ l r s ~ ~ t i f l o ~  811sl1 
T. 111 r s t ~ L I f l o c a  Bush 
T. l ~ i r s r ~ ~ i f l o r ~  Bttsl~ X - 
T. s ~ ~ b a c a ~ ~ l l s  Uusl~ c l o n e  4430 -- 
T.  l~uml 1 -- 
T. l o  .- 
T. m i  
T. n a v l c u l a r l ~  OrLples  
T .  o c c i d e n t a l l u  ( B r l t t . )  Smyth 
T. o c c l d e ~ ~ t o l i s  ( B r l t t . )  Smytll 
e l e n s l s  Raf. 
T nln 

- 
1 s  Rose - 

ngipeb:  Auders .  & IJoodson 
crncbtha 'L'orr. 

Commellnaceae 
Commelinaceae 
Coauoellnaceae 
Commelinaceae 
Coounelinaceae 
Colllmel i n a c e a e  
Commelinaceae 
Colunel.inaceae 
Cormnel i n a c e a e  
Colnmel l n a c e a e  
Commelinaceae 
Commel i n a c e a e  
Cormuelinaceae 
Como~el i n a c e a e  

Mon. 
Mon. 
Mon. 
Mon . 
Mon. 
Hon . 
Mon. 
Non . 
Hon. 
Mon . 
Mon. 
Mon. 
Mon . 
Mon . 

Ruf. 
Andcr s. 
Anders .  
Andess. 
Alrdcrs . 
Andcr s. 

Woodson 
Woodson 
Woodson 
Woodson 
Wocjd so11 

'I. ozarkana  -- 
T.  palnclosa 
T. pa ludosa  
T .  pa ludosa  -. 
T. p a l ~ t d o s a  
c l o n e  8 2 - 2  



'L'able 5 ( c o n c . )  

P l o i d y  and 
I,lfc . chro~uoso~ne  
spand number(2n)e 

Per .  6x = 36k 
Per .  4x = 24k 
P e r .  4x = 24k 
Per.' 4 x  = 24k 
Per .  2x 12k 
P e r .  4 x  = 24" 
Per .  2x = 12" 
Per .  2x - 12k 
Per .  4x a 24k 
Per .  2x a 12 
Per .  4x 24k 
Per .  5 . 3 ~  a 19" 
Per .  2 4 x  = 21k 
Per .  5 . 4 ~  23k 
Per .  4x = 24k 

Nuclear  
volumef 

(rm3) Spul: l c s b  
... - 

6U/1. 1; . ~ ~ I I I C ' ~ O C I I I ~  C ~ C C I I L !  
685.  'r. r c v c r c l ~ o l ~ i  H I I S ~ I  - - -. - - -- 
686. T. r o s c a  V c l ~ t .  -. - 
687.  T. s t  l l a ~ ~ ~ o ~ h ~ ~ ~  Mi~L~ltla 
688.  T. s u b a c a ~ ~ l l s  HI IS I I  
689. x. s l ~ b a s l ~ e r a  Ker-Gawl . 
690.  T:. s ~ ~ b t l l  1 s  Elatt~dic 
691.  T .  t e l o x t l -  k t t t tda  
632. T;  to: iut,al>ensis I.lat~lda 
633.  ~ . ~ o n a l i l s l ~ ~ &  Elatuda 
694.  T. v l r g l n t a n ~ t  1.. 
695.  T d l r g i n i a n a  L. l ~ y b r i d  
696.  Z l r g i ~ ~ J o n a  L. I ~ y b r l d  
697.  T. v 1 r ~ ; l n l a n a  L. l ~ y b r l d  
698. T. v l r g l n l a n n  I.. c v .  - - .- - - - - - 

I r l s  P r l c l ~ a r d  
699. 'l'. v l r y l ~ > i ~ ~  I,. c v .  

Pur p l c  DOIIIC 
700.  l ' r l c l l o s t c t ~ ~ a  d i c l r o t o n ~ ~ ~ n ~  L. --- 
701. Trld; ,xproc~ln~bens L. 
702. ~ E ~ ~ C I I S  p111 cI1e1 111s. (IIBK) Ill t c l ~ c .  
703. T r l  F o l i l ~ n ~  h i  rtum A l l .  
704. T L - p r a t e ~ ~ s c  1.. 
705. T .  re(lcns I,. (S184) 
706.  repe ens L. C.V. Whlee Uutch 
707. T. r e p e n s  I.. cv .  Yugoslavian 
708. Tril.11111n a p c t a l o n  kkk lno  .---.--- 
709. T . c c r ~ ~ u ~ ~ m  I.. -- 
710. 'P. erecrlllll I.. 
711. T .  ercctlnm L. v a r .  album h r s l l .  ----- -- 

I 
712. T.-grandif1.or1101 (MLcl~x.) S a l i s b .  
713. 1. hagne Ellyobe 6 Tatewaki  
714. T. ka~nescl~al :Jct~m P a l l .  
71 5. T. 111tc11ru (Etul~l . )  Ilarb. 
716. T. s e s s i l e  1.. 
717. T .  sty1os11111 N ~ t t t .  
718. 1'. I I I ~ ~ I I ~ ~ ~ I I I I I  Wl l ld .  
719. 'Lripogandra J l u r c c l c a  

( P l a r t t ~ ~ s )  I l a n d l ~ s  
720. 'C. c l o l ~ ~ e  (C. F. 14. !icy.) 

Woodson 
721. T. gl i rndu losa  ( S c u b e r t )  Rohw. ----. 
722. & gr i~nd l f l .oc f i  (Dorm. S m . )  

Wt~odson 
723. T. montalla I landlos ( I n e d  .) - . --- . - 
724. 'r. n ~ ~ r l t l f l o r a  (Sw.) Raf. 
725. T. s e r r t ~ l n t a  (Vahl )  I l a ~ l d l o s  

---A- 

726. T .  s e r r u l a t a  (Val1.1) I~ancl los  
727. T r l t l c a l " _  
728. T r i t l c a l e  

Colu~nel i n a c e a e  
Conunel i n a c e a e  
Comnrl lnaceae 
Cormnellnaccac 
Comn~el l naceae  
Conunelinaceae 
Commelinaceae 
Commelinaceae 
Conunelinaceae 
Couuoelinaceae 
Commelinaceae 
Couuoelinaceae 
Commelinaceae 
C o m e  l i n a c e a e  
Coturnel i n a c e a e  

Mon . 
Mon . 
Mon . 
Elon. 
Mon. 
Mon. 
Mon . 
Elon. 
Mon . 
Mon. 
Mon . 
tlon. 
Mon. 
Mon. 
Mon . 

Per .  4x = 24k Conunelinaceae Mon . 
L a b i a t a e  
Cowpoaitae 
Craminear  
Leguminosae 
Leguminoaar 
Leguminosae 
Leguminosae 
Leguminosae 
Li 1 i a c e a e  
L i l i a c e a e  
L i l i a c r a e  
L i l i e ' ceae  
L i l i a c e a e  
L l l i a c e n e  
L i l i a c e a e  
L i l l a c e a e  
L i l  i a c e a e  
I.il i a c e a e  
Li l i a c e a e  
Commellnaceae 

Dic.  
Dic . 
Man. 
Dlc. 
Dic . 
Dic. 
Dic . 
Dic. 
Mon . 
Mon. 
Mon . 
Mon. 
Mon . 
Mot1 . 
Mon . 
Mon. 
tlon. 
Mon . 
Mon. 
Mon. 

Ann. 2x - 38 
Ann. 2x 36 
Per .  2x - 1 6 ~  
Ann. 2x lok 
Per .  2x - 14 
Per .  4 x  - 32k 
Per .  4x = 32k 
Per .  4 x  = 32" 
Per .  4x a 20k 
Per .  2 x  = 10k 
Per .  2x =  LO^ 
Per .  Zx = 10 
Per .  Px = 10 
Per. bx  = 30  
Per. 2x = 10 
Per .  i x =  LO 
Per .  2x = 10 
Per .  2x = 10 
P e r .  2 x =  10 
Per .  8~ = 6hk 

Coimel i n a c e a e  Per .  Br = 64k 

Per .  2x = 16" 
P e r .  2 r  = 16" 

Commel l n a c e a e  
Co~umelinaceae 

Mon. 
Mon. 

Per .  5 . 5 ~  = 42" 
Per .  8x = 64k 
P e r .  4x = 32" 
Per .  6 x  - 48k 
Ann. 6 x  = 42 
Ann. 8 x  = 56 
Ann. 2x = 14 

Colnmrl l n a c e a e  
Commelinaceae 
Conuuel i n a c e a e  
Co~nmelinacear  
Cran~incat!  
Crami l~eae  
Crami neae  

Mon . 
Elon. 
Mon . 
Mon . 
Elon. 
Mon. 
Elon. 



----- .--_____ _ 
730. 'T. ~ C S L I V I I I I I  L. C V .  ~ . I > ~ I J S  

731. T.  . ~ e s t J v ~ ~ n ~  , I.. cv .  Ehrfed 
732. T. a c s t i v ~ l m  I.. c v .  01x11. 
733. T.  a e s t i v l ~ r n  L. cv. Pawllee 
734. I'l'-?c~!v_~ I.. c v .  k s c u e  
735. x. dnr11111 I k s f .  cv .  l lordeiforme 
736. T. d u r ~ ~ r n  I lesf .  cv .  I<c lchenbach i i  
737. T. 1I)esf. cv .  S t e w a r t  -.-.- 
738. T. n lonococcx  I.. 
739. T .  o ~ o r ~ o c o c c ~ ~ ~ n  I.. v a r .  f l a v e s c e n s  
740. Tri to111o c r o c u t a  Ker-Cawl. 
741. T r o j ~ n e o l ~ ~ m  nw jt~s L. .-.- 
742. '&lbilgl~la v l o l a c e a  I larv.  
743. 7'iTi~ sp. cv.  A t l ~ l r e t  
744. TL s p .  c v .  Colden llrrrvcsl: 

Gramincar  
Grami~leae  
Gramineae 
Gra~nineae  
Grclmineae 
Gramineae 
Gramineae 
Cramineae 
Crrrmlneae 
Gramlneae 
I r i i l a c r a e  
Tropaeo laceae  
L l l  i a c e a e  
L l l  i a c e a e  
1.1 1 i a c e a e  

745. T. s p .  cv. E l a r s l ~ a l l  Ilalg L i l i a c e a e  
746. b c l t a l l n i  Rcgol L i l  i a c e a e  
747. ~ E o s ~ 1 1 a  Iloog. L i l i a c e a e  

H. F c d r s c l ~ .  c v .  Red Emperor 
748. T. k o n f r a ~ ~ n f a ~  Rcgel L i l l a c e a e  
749. T. k a ~ ~ f m a ~ l n i a n a  Rcgcl  L i l  i a c e a e  

war. c o c c l n e a  I lor t  . 
750. Tunlca s a x i f r a g a  Scol,. C a r y o p h y l l a c e a e  
751. U v l ~ l a r l a  g r a n d i f l o r a  Sm. L i l i a c e a e  
752. U .  j w r f o l f a t a  1.. L i l  i a c e a e  
753. ~ ~ r b a s c ~ ~ r n ~ b l a t c a r l a  1.. S c r o p h u l a r i a c e a e  
754. Verbella b l p l n n a t i f i d a  Nut t .  Verbenaceae 
755. V .  r i g i d o  Sprcng.  ----- Verbenaceae 
756. x l c i a  i~ng~~sLi&lth Kclchard  ' I.eg1un111osae 
757. V .  c a l c a r a t a  Dcsf. Legwninoscle 
758. V .  d a s y c a r p a  TCII. Leguurinosae 
759. V .  f a l w  1.. cv .  Leglunl uorrae 

Succon ' s  Pro1 i f  i c  I.ot~gl,od 
760. V .  g r a ~ ) d l f l o r a  Scop. Leg~uninoaae 
761. V .  11lrs11ta S. P. Gray Leguainoeae 
762. V .  111tea L. Leguminoaae 
763. V.l>on~~onlca C r a n t r  1.egtlminosae 
T64. V.  t e t r a s e s  (L.)  S c l ~ r c b .  i.eguminosae 
765. _V.  v l l l o s a  Rot11 Leguminosae 
766. V . v l  l l  osa  I10tl.1 v a r .  g l . abreacens  Legruninosae -- 
767. Vlgltn s t n e ~ ~ s i s  (I..) & d l .  Legum lnosae  
768. Vlnca r o s e a  L. Apocyaaceae 
769. YIE f i l a s ~ e t ~ t o s i i  L. Amary l l idaceae  
770. Zea mays L. Gramineae 
771. Z. arays I..  c v .  Fa~ icy  --- Gramineae 
772. Z. mays L. cv .  Colden Bantam Grarulneae 
773. 2 .  mays 1.. 11ybrlJ  (1114HF X B37HP) Graruineae ---- 
774. Z .  mays I.. I l y l ~ r i d  (WF-9 X 38-11) Grami i~eae  
715. Zebr ina  1n111or C o m e 1  i n n c e a e  
776. Z .  lwnd111o Sclllli z l .  Commel i n a c e a e  
777. Z. p e n d t ~ l a  S c l ~ n l z l . .  Commeltnaceee 

Moll. 
Elon. 
Mon. 
Mon. 
Mon . 
Hon. 
Hon . 
Mon. 
Non . 
Elon. 
Hon . 
Dlc. 
Mon. 
Hon . 
Mon . 
Mon. 
Mon . 
Mon. 

!(on. 
Non . 
Dlc . 
Mon . 
Mon. 
Dic. 
Dic. 
Dic. 
Dic . 
Dlc. 
Dic . 
Dic. 

oic. 
Dic . 
o i c .  
Dic. 
Dlc. 
Dlc. 
Dic. 
Dic . 
Dic. 
Mon . 
Mon. 
Mon . 
non. 
Mon. 
Hon . 
Mon . 
Hon . 
Mon . 

P l o l d y  and Nut l e e r  
L l f e  cl~romosomc vo l~uue  f 

syand n r u n b e ~ ( 2 n ) ~  : b 3 )  

Ann. 
Ann. 
Ann. 
Ann. 
Ann. 
Ann. 
Ann. 
Ann. 
Ann. 
Ann. 
Per .  
Ann. 
Per .  
Pe r .  
Per .  
Pe r .  
Pe r .  
Per .  

Per .  
Pe r .  

Per .  
Pe r .  
Pe r .  
Bi. 
Pe r .  
Per .  
Ann. 
Ann. 
Per .  
Ann. 

Ann. 
ARn. 

? 
Ann. 
Ann. 
Per .  
Per .  
Ann. 
Per .  
Pe r .  
Ann. 
Ann. 
Ann. 
Ann. 
Ann. 
Per .  
Per .  
Pe r .  

Genome 
vo~wnel '  
P 013) 

E s t  . 
3 5  D N A ~  

(pg)  

4 5 
45 
42 
4 1 
4 8  
30  
32 
42 
1 6  
17 
8 

11 
57 
44 
96 
47 
34 
89 

52 
53  

8 
37 
28 
8 

11 
1 2  
10 
18 
9 

40 

1 3  
9 

20 
1 6  

. 10 
11 
11 
10 
8 

24 
11 
17 
20 
1 9  
1 9  
43 
45 
72 

E s t  . 
J-"50' 
( k H )  
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P lo idy  and Nuclear Genome Esc . E s t .  
Ll f e  cl~romosolne volume f ICVg volulneh 3C D N A ~  L D ~ ~ ~  

' ~ p c c i e s l - '  Family (* m3 ) (+ m3) 
.i 

ClassC spand n u m b e r ( 2 ~ ) ~  
- - -- - -- - (pg)  (kK) 

- 
Commcl initceae . Hon . 866 58 778.  %. I ) ~ I I ~ I I ~ ~  S c h ~ l l z l .  X &. sy .  ----- . P e r .  c . 4 ~ ~ 2 2 ~  39.38 c i 2 1 7  1.9 - 

Mon. 779. 2. p c ~ r p l ~ s l l  B r u c k ~ ~ c r  Conunelinaceae Per.  4x 24k 604 25.17 151 40 3.0 
7110. Zepl lyr i~~t thee  S ~ I .  ' . . Amaryll idaceae Non. Per.  2x - 12k 875 72.89 437 59 1 .O 

a A  few sycclles l lsCcd ) ~ e r r  a r e  a c t u a l l y  f lb ro t r s  (e .g.  Agave) o r  subsllrubby (e.g.  Droso hyllum. some l l i b i s c u s  spp.:,, r a t t l e r  than t r u l y  herbaceous.  
b ~ ~ l s y e c l . e s ,  v r r a . ,  c r l t l v i ~ r r ;  a n d d i f f e r e n t  p lo idy  l e v e l s  a r e  a l l  cons idered  s e y a r a t e t .  U n i d e n t i f i e d  e p e c l e s  w l t h i n  a genus a r e  g e n e r a l l y  o m i t t e d ,  
e x c e p t  wl1e11 p o r t  of a p o l y l ~ l o l d  s e r i e s  o r  when an unknoun is  t h e  on ly  r e p r e s e n t a t i v e  of i t s  genus. 
CPlonococ o r  d i c l j t .  
' I A I I I I I I ~ ~ ,  b l e n n l a l  or p e r c n n l a l .  Some p l a n t 6  wl~ich  a r e  c u l t i v a t e d  a s  a n n u a l s  a r e  a c t u a l l y  p e r e n n i a l s  (e.g. Lycoperaicon esculentum).  
CSo~~rc gencril Imve ulore than one base number (e.g.  All ium) and i n  some genera  che base number has no t  been a s c e r t a i n e d .  
f ~ l l e s e  val t tcs  111uy d i f f e r  Frolo previously-published f i g u r e s .  I n  most such c a s e s ,  the  v a l u e s  g iven  here  a r e  averages  of s e v e r a l  d e t e r m i n a t i o n s .  A l l  
vo1t1111es d c r e r l n l ~ ~ e t l  ' i n  A. H. Sparrow laboratory. 
GZCVs ware calculated before  n u c l e a r  volumes were rounded o f f  t o  h o l e  numbers. Thus ICVs d e r i v e d  from t h e  same apparen t  nuc lear  volume may not a g r e e  

. c l s e l y .  
I:;;. vo11111w of a s l n g l e  b a s i c  chromosome complement, e s t i m a t e d  by d i v i d i n g  n u c l e a r  volume by p lo idy  l e v e l .  D i f h r e n c e s  i n  genome volume. o r  i n  DNA p r  
fellontc, have bccn sl~own t o  I~ave p o a s i b l e  e v o l u t i o r ~ a r y  s i g n i f i c a n c e  (Sparrow and Nauman 1973, 1976). 

E s t l e ~ o t e d  from n u c l e a r  volume us ing  t h e  c o r r e l a t i o n  demonstrated by Baetcke e t  a l .  (1967). See d i s c u e a i o n  i n  t e x t  and F i g s .  1, 4. -- 
j ~ s c i e n t c d  from ICV a s  described by Sparrow 6 Schwemmer (1974). 
k~liroloosooc count  cleter~nlned o r  confirmed in  A. H. Sparrow l a b o r a t o r y .  A l l  o t h e r s  from t h e  l i t e r a t u r e .  I 



T a b l e  6 

b 'a~nily,  c l a s s ,  p l o l d y ,  clhrolnosome nc~mlier, l luc lea r  volume, I n t e r p h a s e  cllrooosome volume (ICV), genome 

volume, e s t l m a t e d  3s DNA c o n t e n t  and escimaced LD50 o f  362 s p e c i e s  of woody p l a n t s  

P l o i d y  and Nuclear  E s t .  E s t .  Genome 
chromosome volumeC I C V ~  volumee 3~ D N A ~  I . o ~ ~ ~  

Fan111 y  lass^ n u m b e r ( 2 ~ )  (@m3) (pa3)  v m3) ( ~ 6 )  (kR) - -- 
1. Able5 b ~ l b d l l l e ~  ( I , . )  M i l l .  ----- Pinaceat! Gym. 
2. A. c e ~ > l ~ a l o n l c n  1,oud. Pinlrceae Gym. 
3. A .  c o ~ c c o l o r  (Cord.)  I l l ldebr .  ------ Pinacert!  GP- 
4 .  A. f l r ~ s a  S l c b .  6 Zucc. P i n a c e a e  Gym. 
5 .  -J$ 1.1ndl. P loaceae  Gym. 
6.  A .  I I ~ ~ I I I o I ~ ~ ? I s  S l e b .  6 ZIICC. P inaceae  Gym. 
7.  A . 1 a b 1 0 c ~ t r l ~ l  (Ilook.) N c ~ t t .  P i n a c e a e  Gym. 
8. A .  n o r r l l n ~ n ~ l l a l ~ a  ( S t r v . )  Slrach P l n a c e a e  --- Gym. 
9 .  A .  1)11isil(lo Uolss .  - P i n a c e a e  Gym. 
10.  A .  PI-ocera Italld. P lnnceae  Gym. 
I I .  A.lcg(t%fi! I(elld. cv .  C ~ J L I C ~  P lnaceae  Gym. 
11. i l l - s d c l ~ ~ ~ l l ~ i c n s i s  MASL.  Yinaceae cym . 
13. A .  vcltcl!iL 1,lndl. P inaceee  Gym. 
1 4 .  Acer L ~ I I ~ I - I I I U _  I.. Acerirceae Ang . 
15.  ~ s a c c l ~ d r ~ ~ n ~  t%~rsli. Aceracere  
16. Acn~opylc 11d1it h e r i  

Ank3. 
Podocacpaceae Gym. 

(Rron):n. 6 G r l s . )  Y l l g e r  - 
Act 1 nos t rob l l s  a c u n ~ i n a t t ~ s  P a r l .  Cupressaceae  
A .  ~ t y r o m l d a ~  Fliq. Cupressaceae  

Gym. 
Gym. 
Ang. 
Cym. 

Acscu l~cs  o c G d r o  Martill. --- Hlppocas tanaceae  
Agatl t is  a u s t r a l  is (11. I)o11) --- A r a u c a r i a c e a e  
S a l l s b .  
A .  o b c l ~ s a  ( L l n d l . )  Morrisotl ---- A r a u c a r i a c e a e  
A. p o l n ~ c r s t o n l  F. Muell. A r a u c a r l a c e a e  
A. rob t l s t a  (C. Moore) P .  M. B a i l .  A r a u c a r i a c e a e  
-.-- 
Araclcario a n y ~ l s t l f o l l ; ~  ( U e r c o l . )  A r a u c a r i a c e a e  
0. Kuncze 
A .  a ra t t cana  (Mol.) K.  Koch A r a u c a r l a c e a e  
A .  bldwf l l . lL  (look. Araucar  l a c e a e  
A .  c o l ~ ~ n l n i ~ r l t i  ( Y o r s t . )  l loot .  - -- - - -. A r a u c a r i a c e a e  
A. c c ~ n n l ~ c ~ h a m i  1 I). I)on -- Arac~car  l a c e a e  
A .  ) ~ c t e r o p l t y l l a  (Sal  l s b . )  Franco A r a u c a r i a c e a e  ---- 
A .  I ~ c t e r o y l c y l l a  ( S a l l s b . )  ---- A r a u c a r i a c e a e  
Franco cv. G l a l ~ c a  
A .  k l l n k l l  l . o u t r r b .  ---.- A r a u c a r l a c e a e  
A .  r c l l c i  F. Eft~cl l .  A r a u c a r l a c e e e  
Arbuttrs niccizirsi 1 L'ursl~. -.--- E r i c a c e a e  , 
Arctost(lpllylos u v a - u r s i  Spreng. E r i c a c e a e  -- ----- 
A r t e m l a l a  . a r b a r s c ~ ~ l a  Nut r .  Composi tae 
s a p .  nova ( A .  Nels . )  Ward - 
A .  t r l d c n t a t e  N l ~ t c .  ----- Compoal t a e  
A t h r o t o x l s  s e l a g l ~ i o l d c a  Don --- Taxod l a c e a c  

Gym. 
Gym. 
Gym. 
Gym. 

Gym. 
Gym. 
Gym. 
Gym. 
Gym. 
Gym. 

Gym. 
Gym. 
Ang . 
Ang. 
Ang . 
Ang . 
Gym. 



Ploidy and Nuclear 
cl1ron13some voltunec I C V ~  
t~un~be r (25)  (pm3) (pm3) 

Genome 
vol~une" 

(lbm3) 

Est . Esr .  
35  DNA€ LDSOg 

(pg) (kR) 
- 

4 3 1 .o  

~ l a s s b  
-- 

Gym. A ~ ~ s t r o c e d r ~ ~ s  el11 l e t ~ s l ~  - 
(D.  Don) F i r r l n  d Uortcrlje 
Ucrberis v ~ ~ l g a r l s  L. ----- 
lct111a 111te;l Mlcl~x. P .  -- 
Uuddlcin a l t c r n l f o l l a  Elaxlm. 
U .  c o l v l l c l  Ilook. -- 
U .  d a v l d l i  Frattch. 
Cal l  l t r i s  caltcscells (Pa r l . )  ------ 
S .  T. Blalte 
C .  endl l ' c l~er l  (I 'arl .)  ---- 
F .  M. Bal l .  

- - -  

Cupressaceae 

.Brrberldaceae 
k t u l a c e a e  
Lopat~laceac 
Loganiaceae 
Lognnlaceae 
Cupressaceae 

Ang . 
Ang . 
Ang . 
Ang. 
Ang. 
Gym. 

Gym. 

Cupressaceae 
Cupreesaceae 
Cupressaceae 
Cupressaceae 

Gym. 
Gym. 
Gym. 
Gym. 

C a l o c c d n ~ s  dccurrens  (Torr . ) 
Flor ln  

Cupressaceae Gym. 

51. C.  ~ t ~ a c r o l e p l s  Kurz ---- 
52. Ca lo t rop l s  glgantea R. Br. 
53. Cal ycanclll~t f l o r l d u s  L. 
54. Ca~nel l ia  jnponlca L. 

cv. Zorilidc Wanri 

Cupressaceae 
Asclepiadaceae 
Calycanrhaceae 
Theaceae 

Gym. 
Ang . 
Ang . 

Caraya~ta a rbo resce~ l s  Lam. 
Carya c o r d l f o r o ~ t s  (Wal~g.) -- 

Leguminosae 
Juglandaceae 

K.  Kocl~ 
C .  i l l l ~ ~ o e n s ' i s  (Wang.) K. Koch - 
cv.  Slotlx 
C. l ac in iosa  (Micllx. f .) Loud. - 
C. ovnta (Mi' l l . )  K. Koclt 
C .  romentosa (Po l r . )  Nutt. -- 
Casralrca denLata (Marsh.) Uorkh. ------ 
C e d n ~ s  a t l a ~ r c i c a  (Endl.)  Carr.  -- 
cv. c1;lllca 
C.  h r c v i l o l l a  (Ilook. f .  j llenry --- 
C. dcodara (Roxb.) G. Don 
C. l i b a n i  A .  Itlclt. -- 
Ccplralantllus occ ide t l t a l i s  L. 
Ccpl~alotaxtls  for t t ln i  Ilook. 
C. hilrr lngtonla (Forbes) K. Koch 
var .  dr t~pacea  (Sleb.  L Zucc.) 
Kolde. 
C. I~a r r lng ton lu  (Forbes) K. Koch 
cv. P ros l r a t a  

Juglandaceae 

Juglandeceae 
Juglandaceae 
Juglandaceae 
Fagaceae 
Plnaceae 

Ang . 
A"g. 
Ang . 
Ang. 
Gym. 

Pinaceae 
Pinaceae 
Pinaceae 
Rubl aceae 
Cephslotaxaceae 
Cephalotaxaceae 

Gym. 
Gym. 
Gym. 
Ang . 
Gym - 
Gym. 

Cephalo taxsceae Gym. 

70. Ccra toza~aia  rcctlrvaca 
71 .  Cllamaccyparis forlnoserlsis kli~tsus. 
7 2 .  C. lawson+ (A. Ell~i-r.) P a r l .  

Zainlaceae 
Cupressaceae 
Cupressaceae 

Gym. 
Gym. 
Gym. 

cv. Co1.111nnilr 1 s 
73.  C. l a w s o ~ ~ l i ~ ~ ~ i ~  ( A .  Murr.) Par l .  

cv.  ~ i s u e l l . i i  
Cupressaceae Gym. 



Y l o i d y  and N u c l e a r  
chromosome volumeC I C V ~  

classb 1 1 u i n b e r ( 2 ~ )  ( b3) (1m3) 

Genome 
volumee 

or 03) 

E a t .  
3 5  D N A ~  

( ~ 6 )  

E s t  . 
LD50' 
(kR)  F a m i l y  

C. n o o t k a E e n s l s  (I). Doll) Spach  ----- 
C. o b t u s a  ( S l e b .  6 ' L~ tcc . )  End l .  
c v  . Cotnpac t a  
C. obLusil ( S l e b .  6 Zucc. )  ISodl. -- 
c v .  C r a r l L l s  Nana 

C u p r e s s a c e a e  
C u p r e s s a c c a e  

GP . 
Gym. 

Gym. 

Gym. 

Gym. 

A% 

Am- 
A%. 

Ang. 
Ang. 

h g -  

C u p r e s s a c e a e  

C. p l s l f c r e  ( S l e b .  6 ZIICC.) 
Elldl . 

C u p r e s s a c e a e  

C. c l l y o l d e s  (L.) H r l t t . ,  
S t e r n s  6 Popy. c v .  G lauca  

C u p r e s a a c e a e  

Compos t t ac  C l l r y s o t l ~ a r n t ~ u s  tluttseostts -- 
( P a l l  .) B r l L t .  
C i L r u s  a u r a n t  ium I.. ---- 
C. I lmon la  Burm. f .  -.-- 
c v .  V i l l a  Frilnca 

Ku taceae  
Hlr taceae 

C.  pr i ra t l i s f  Elacf. c v .  h r n c n n  
C. r c t i c u l a t a  B lanco  

H u t a c e a e  
H u t a c e a e  

c v .  C l e o p a t r i l  
C. s 1  n e l i s i s  Osbeck 
c v .  pars or^ Hroun 

R u t a c e a e  

85. C l c n \ a t i s  j a c k m a n t i  Eloore 
8 6 .  C. v l r g t n i a n a  I.. 
8 7 .  C l c t h r a  a l n i f o l l a  1.. 
88. C o f f e a  a r a b l c a  1.. -- 

R a n u n c u l a c e a e  
R a n u n c u l a c e a e  
C l e t h r a c e a e  
R u b i a c e a e  
C o r n a c e a e  
Hoaaceae  

Aeg. 
k g .  
Acg. 
Aog. 
&,g. 

Ang . 
Aog . 
Gyul. 

Gym. 

Gym. 

Cl-0 . 
c>m. 

8 9 .  Corm16 E l o r l d a  L. 
90 .  Cowania mexlcnl la  0 .  \)on 

v a r .  s t a n s b u r l a n a  ( T o r r . )  J e p s .  
91. C r o L a l a r l a  mItcronata  Desv. 
92. CroLon bonp land lanum D a I l l .  
93. C y p t o m e r j a  J n p o n i c a  (I.. f .) Do11 

c v .  A r a ~ ~ c a r l o i d e s  

Legumlnosae 
E u p h o r b i a c e a e  
T a x o d i a c e a e  

94.  C -  j a y o ~ ~ l c a  (L. f . )  0011 cv.  
El .epans  Nanit 

95. C. j a p o n l c a  (L. f .) Doll cv .  
C lnuca  

96. C ~ t n ~ ~ i n g l i a o ~ l a  l a n c e o l a r a  (Lamb. ) 
Ilook. f .  

9 7 .  C ~ ~ p r r s s o s y p r l s  l e y l a n d i i  
( . Jacks .  (I Dal l lm . )  
1)a l l l in .  c v .  N a y l o r ' s  B lue  

98 .  C u p r c s s ~ ~ s  abranls i i lna  C. U. Wolf 
99.  C. a r l z o l ~ l ~ ~  G r e e n e  c v .  Conics 
100 .  C. cas l imcria l la  Koy le  e x  C a r r .  - 
101.  C. d t l c lo l tx l ana  l l i c k e l  
102.  C. d u p r c z l i l n a  Camus 
103.  C. f t ~ n e l i r l s  E ~ i d l .  
104.  C .  govcnla i i i l  Cord.  
105. C. l u s i t n n h  E I l l l .  
106 .  C. macnirblana blurrzty 
107.  C. i n a c r o c i 3  Ililrtw. 

c v .  Donaril Gold 
108. C. pygluacil ( L ~ I I I I ~ . )  S a r g .  
109 .  C. s a r g e ~ i t i i  J e p s a n  

Taxod t a c e a e  

Taxod i a c e a e  

Taxod i a c e a e  

C u p r e s s a c e a e  

~ " ~ r e s s a c e a e  
C u p r e s s a c e a e  
C u p c e s s e c e a e  
C u p r e s s a c e a e  
C u p r e s a a c e a e  
C u p r e s s a c e a e  
C u p r e s s a c e a e  
C u p r e s s a c e a e  
C u p r e a s a c e a e  
C u p r e s s a c c a e  

GP- 
Glm . 
Crm. 
Gym. 
Cy. 
Gym. 
G-y . 
Gym. 
Gym. 
Gym. 

C u p r e s s a c e a e  
C u p r e s s a c e a e  

G,rm. 
Gym. 



Clo ldy  elid Nuclear  
cliron~osome voluanec 
n u m b e r ( 2 ~ )  (pm3) 

Genome E s t  . E s t .  
I C V ~  volumee 3 2  D N A ~   LO^^^ 

( r 3 )  ( w 3 )  ( p e l  ( k ~ )  

Cupressaceae  
Cupressaceae  
Cycadaceae 
Cycadacrae 
Podocarpaceae 
Codocar paceae 
Podocarpaceae 
Zaotlaceae 
Cupressaceae  
Zamlaceae 

110.  C. seal8pcrvi r e ~ i s  I.. 
111. C. t o r u l o s a  Don 
112.  Cycas c l r c l n a l l s  1.. 
113. C-  revo l ta ta  Thunb. 
114.  Dacrydilaln h l d w l l l l i  Iluok. f .  
115.  U .  c ~ r p r e s ~ i n l ~ m  Soland .  
116.  D. P r o n k l l n l  Ilook. f .  
117. Dioon spinulosr~ao Dyer 
118.  Dlselnla a r c h e r i  Ilook. f .  
119. Encep l ta la r tos  l rbomboens i s  

Verdnorn 

Gym. 
Gym. 
Gym. 
Gym. 
Gym. 
Gym, 
Gym. 
Gym. 
Gym. 
Gym. 

120. I?. u m b e l u z l e n s i s  H. A. Dyer 
121.  Ephrdra a~a le r icana  Iltnub. 6 

Bonpl. v n r .  a n d i n a  S t a p f .  -- 
1 2 2 .  E. d i s t a c l i y a  L. 
123 .  B. e q u l s c t i n a  I311nge 
124.  E .  f o 1 1 a t a  Rol.su. P ry .  
125.  E. f r a g i l l s  IJcsE. 
126. E.  f r a g l l l s  DesE. v u r .  

Zalniaceae 
Ephedraceae 

Gym. 
Gym. 

83.7 753 LOO 0.4 
31.4 220 59 0.9 

Ephed r a c e a e  
Ephedraceae 
Ephedraceae  
Ephedraceae 
Ephedraceae 

Gym. 
Gym. 
Gym. 
Gym. 
Gym 

canrpylopo* (C. A. Hey.) S tapf  
127. E. o ~ a j o r  l lost  
128. E. n e v a d r n s i s  Vats .  
129. L t w e c d l a n a  C. A. Mey. 
130. E. v l r i d i s  Cov. 

Ephedraceae  
Ephedraceae 
Ephedraceae 
Ephedraceae 
I ly r taceae  
C e l a s t r a c e a e  
Euphorb iaceae  

Gym. 
Gym- 
Gym. 
Gym. 
Ang . 
Ang. 
Ang . 

e x  K l o t z s c l ~  
134. S g a ~ s  g r a ~ t d i f o l i u  Ehrh. 
135. F f c t ~ s  c a r i c a  1.. cv. C e l e s t e  
136.  F i t z r o y a  c u p r c s s o l d e s  

(Mol .) J o l ~ n s t .  

Fagaceae 
Moraceae 
Cupressaceae  

A%. 
Ang . 
Gym. 

137.  F o k l e ~ i l a  I l o d g l ~ ~ s l l  
Ilenry 6 Tliomas 

Cupressaceae  Gym 

138.  ~ o r s y ~ l ~ l a  X l n t e r m e d l a  Zab. cv .  
Arnold.Dwarf 

Oleaceae  Ang . 
F r a ~ ~ s c r i i l  tlua~losa Cray  
F ' r a x l n ~ r s  arnerlcana L. 
Garden la  , /asmll toldcs E l l  1s 
C a y l t t s s a c l a  b a c c a t a  (Wanp.) 
--A- 

K .  Koch 

Cornpositae 
Oleaceae  
Rublaceae  
E r i c a c e a e  

mi. 
Ang . 
A%. 
A"g - 

Cilikgoaceae 
Taxod i a c e a e  

Gym. 
Gym. 

145. Gnettun gncmon L. 
146. G. indlcuan M r r r l l l  
147. C. scandens  Roxb. 
148.  C r a y i a  s p i n o s a  (Ilook.) Ibq .  
149 .  llevea b r a s i l i e n s l s  Muell .  Arl;. 
150.  I l e x  g l a b r a  (L . )  Cray 
151. I .  v e y t c l l 1 l a t . a  (L . )  Cray  
152. J u g l a n s  n l g r a  1.. 

Gne t a c e a e  
Cne t a c e a e  
Gne t a c e a e  
Chenopodiaceae 
Euphorb iaceae  
A q u i f o l i a c e a e  
Aqui f o l i a c e a e  
J u g l a n d a c e a e  

Gym. 
Gym. 
Gym. 
Ang . 
Ang . 
A"&%- 
A"g. 
Ang . 



Ploldy and Nuclear 
cl~ro~nosoine volumeC I C V ~  

~ l a s s b  11111nber(2fi) ( w 3 )  (P m3: 

Genome Est . Est . 
volumee 3 5  D N A ~  LD506 

(pm3) (PE). ( k ~ )  

153. .I. r eg la  I.. 
154. J ~ ~ n l p e r u s  b c r ~ n ~ ~ d i d n ; ~  L. 
155. J .  c l ~ l ~ ~ r n s l s  L.  
15h. Ill. c l ~ l n c n s l s  L. cv. 

PP l t zer  land Col1111ac t a  
157. .J. ch inens l s  L.  cv. l'rocmbens 
158. J .  c l ~ l n c n s l s  L. cv. Sd rgcn t i l  
159. J .  clrinensis L. cv. Torulosa 
160. J .  conununls I.. 
161. J. conln111111s I.. var. 

~ C ~ I C C S S ~  Pllrsll 
162. .J. drnpacerc l . , ~b i l l .  
163. z x c e l s a  ULeb. 
164. I. I \ o r i zon la l i s  Moencli 

cv .  Bar Ilarhor 
165. J .  usteospurllia (Turr . )  L l t t l e  
166. JJj~rocrro Ilocl~st  . 
167. . I .  rigit la Sleb.  6 Zucc. 
168. .I .  sahlna 1.. 
169. J. sco  rulon~nl Sarg. 
170. 2;  s ~ l I l ~ m a t u  B~~ct~.-l la~n. cv.  

P r o s t r a t a  
171. J .  squaal;rta I311ch.-lla~n. cv. 

Wllsonli  

Juglandaceae 
Cupressaceae 
Cup ressaceae 
Cuprcssaceae 

Ang. 
Gym. 
Gym. 
Gym. 

Cupressaceae 
Cupressaceae 
Cupressaceae 
Cupresaaceae 
Cupresaaceae 

Gym- 
Gym. 

Gym. 
Gym. 
Gym- 

Cupressaceae 
Cupressaceae 
Cupressaceae 

Cupresaaceae 
Ct~preasaceae 
Cupressaceae 
Cupressaceae 
Cupressaceae 
Cupressaceae 

Gym. 
Gym. 
Gym 
Gym. 
Gym. 
Gym. 

Cupressaceae 

172. J .  v l r g l ~ ~ l a n a  L. 
173. Kalcuia a n g ~ ~ s t l f o l l a  L. 
174. K.  l a t i f o l i a  I.. 

Ci~pressaceae 
Ericaceae 
Ericaceae 
Pinaceae 

Gym. 
Ang. 
Ang . 

175. Ke tc l ce r l a  davidla~la  
1Ber t r . )  Belssn. 
Kolkwltzla a ~ w b l l l s  Craebn. - 
Larlx d s l ~ u r l c a  Turcz. ex Trautv .  - 
L. dcci th~a Ellll. 
L. X ~ r o l a l ) i s  A. l l e ~ ~ r y  - 
L. l i i r lc jna  (Dulloi) K. Koclr --- 
I.. l e p t o l c p l s  (Sieb.  6 Zucc.) 
End 1. 
I.. o c c l d c n t a l l s  Nuct. 

Csy r i fo l i aceae  
Pinaceae 
Pinaceae 
Pinaceae 
Plnaceae 
Pinaceae 

Ang . 
Gym. 
Gym- 
Gym. 
Gym. 
Gym. 

Pinaceae 
'Lygol>l~yllaceae 
Cupressaceae 
Cupressaceae 
Magnol iaceac  
Capr i fo l iaceae  
Capr i fo l i aceae  

Gym. 
Ans 
Gym. 
Gym. 
Ang 
Ang. 
Ang . 

Larrea dl  v s r i ca t a  Cav. 
1,ibucedrus b i d w i l l i i  Ilook. 
L .  ylumosa ( D .  Don) Sac&. 
1.lriodendron t111ipi €era  L. 
I.onlcem X l ~ e c k r o t t i  i Rel~d. 
L. japonlca Tl~unb. var .  - 
c l ~ l n e n s i s  ( Y .  W .  Wars.) Hak 
I.. Jeponlca 'L'l~o~rh. cv . lLl1  Capr i fo l  iaceae  

Solanaceae 
Ericaceae 
Magnoliaceae 
~ l agoo l i aceae  
Hagnoliaceae 
hg11o1 laceae  
Mupnoliaceae 

Ang. 
Ang. 
Ang . 
Ang. 
Ang . 
Ang . 
Ang . 
Ang . 

Lyclum i ~ n d c r s o ~ ~ l  - Gray 
I.yonla rn;trl;~na (I..) D.  Do11 
Mognol In a c ~ ~ m l r ~ a l a  I,. 
M. f r a s c r l  Wal t .  



' f ab le  6 ( c o n t . )  

l -  
P l o i d y  and 
chromosome 

c l a s s b  11umber(21) 

Ang . 2x = 28 
Ang . 4x 36 
Gym. 2x = 22 

Nuclear  Genome E a t .  . E s t .  
volumec I C V ~  volumce 

(Val31 
3 5  DNA£ LD506 

(P m3) (rm3) (pg)  (kR) 

9 8  3.5 4 9 
188 

7 
5.2 

4.7 
47 

461 21.0 
1 3  

230 
3.5 

3 1 1.2 

Family 

B c r b e r i d a c e a s  
198.  Maniliot d u l c i s  Pax c v .  Valcllca . Euphorb iaceae  - 
199. Mctascquoiu g l y p c o s t r o b o l d e s  Taxodlaceae  

Ilu 6 Chcng - 
200. El lcrocachrys tetragons Ilook. f .  Podocaryaceae 
201. N o r ~ l s  n l g r a  I,. (?) Moraceae 
202. Elyrica a s l > l c ~ l l f o l i a  L.  Myr icacear  
203. M . p e n s y l v a n t c a  1,oisel .  kly r l c a c e a e  
204. O x a l i s  d i s l l a r  N.  E. Br. Oxal i d a c e a e  

ex  Ilook. f .  

Gym. 
Ang. 
Ang . 
Ang . 
w. - 

205.  Paeon la  s u f f r ~ l t i c o s a  Ilaw. Ranllnculaceae 
206. w t l r ~ ~ s  palxaana Cupressaceoe  

(F .  Ht lc l l . )  L1 - 
Ang . 2x = 1 0  
Gym. 2x = 22 

207. l ' a r t l l enoc l ssus  c lu inquefo l io  
( L . )  Planch .  

V i  t a c e a e  Ang. 2 x  = 40 

P e r s c a  a l l ~ r r l c a n i ~  Ell1 1. 
m. . . Lauraceae  

n s  N u t t .  Lorant lraceae 
= ides  Podocarpaceae 

209. ~ * n o r a u e n d r o n  f l a v e s c e  --- 
210. I ' l ~ y l l o c l a d ~ ~ s  t r i c l ~ o n l a  

D. Don - . .. 

211. lJ icea a b l c s  (L;) K a r s t .  
212. P .  a s l l e r a t a  Pl i~st .  
213. P .  b l c o l o r  (Elaxlm.) Elayr 
214. I'. b r e u e r i a n a  S. Vats .  
215. G g e l m a n n i  ( P a r r y )  Engelm. 
216. P. gliiltca (Eloellcl~) Voss 
217. P .  g l c h n i i  (Fr .  Sclunldt) Mast. 
218. P. j c z o e n s l 6  ( S i e b .  6 Zucc.) 

Car r .  
219. I'. j c z o c n s l s  (S leb .  6 Zucc.) 

-0holldoenslr; (Miryr) Re 
220. P .  Itoyalani S h i r a s .  
221. zmarlana ( H t l l . )  --- 

B r l t t . ,  S t e r ~ ~ s  6 Pogg. 
222. P. ~ ~ l a x i l n o w l c z l i  (Kcgel)  Mast. 
223. P. o lmva ta  I ,edcb.  
224. P -  onlorlka (Pilnc. ) l't~rkyne 
225. P. o r l c n t a l l s  (L.) Llnk 
226. P. IJtrngens Engcl~u. 
227-  P .  p l l n g c ~ ~ s  Engclm. c v .  Clatlca 
228. P .  r l ~ b c n s  Sarg.  
229. P. s c l ~ r e n l t l a ~ ~ a  F i s c h .  6 Mey. 
230. Pier1.s  .)aponica 0.  000 
231. P i n o s  a r i s t a t a  Engalru. 
232. P. banksfana  Lamb. 
233. P . c a n a r l e n s l s  C. ~ 1 u i t 1 1  
234. P m c a r i b e c n r e l c t  
235. P.ccmbroCdcs Zucc. v a r .  -- 

monolil~yl l a  ( T o r r .  h Fre~a .  ) Voss 
236. P. c o n t o r t a  nougl .  . 
237. P .  dens i f lo_% S i e b .  h ZUCC. 
238. P .  d c n s l f l o r a  S l e b .  6 Zucc. 

cv .  Ulnbracl~l i f c r a  

P lnaceae  
P inaceae  
P inaceae  
P i n a c e a e  
P inaceae  
P lnaceae  
P inaceae  
P inaceae  

Gym. 
Gym. 
Gym. 
Gym. 
Gym. 
Gym. 
Gym. 
Gym. 

P inaceae  
d. 

P inaceae  
PI naceae  

Gym. 2x 24 
Gym- 2x = 24 

P inaceae  
P inaceae  
P lnaceae  
P l n a c e a e  
P inaceae  
P i n a c e a e  
P lnaceae  
P i n a c e a e  
E r i c a c e a e  
P i n a c e a e  
P inaceae  
P inoceae  
P inaceae  
P inaceae  

Gym. 
Gym. 
Gym. 
Gym. 
Gym. 
Gym. 
Gym- 
Gym. 
Ang 
Gym. 
Gym. 
Gym. 
Gym. 
Gym. 

P l n a c e a e  
P inaceae  
P i n a c e a e  

Gym. 2x 0 24h 
Gym. 2x - 24 
Gym 2x = 24h 



1'. f l e x i l . 1 ~  J U I I I ~ S  
1'. g r l f f l t l ~ l l  ElcClcl l .  -------. 
P. I c ~ ~ c o t l c r ~ n l s  An t .  - 
P. J e f f r e y 1  A. Murr.  ----- 
P. l a n ~ b e r t l e ~ ~ a  D o t ~ g l .  
P. 111asso111a11n I.a~nb. --- 

250 .  P. s t r o b ~ ~ s  I.. --- 
1'. s t r o b u s  I.. c v .  P e n d u l a  ---- 
P. s t r o b u s  I.. c v .  1'11n1lla 
P. s y l v e s t r i s  L. - 
P.  Lacda L. -- 
P. v i r g l n l d n a  HI11. 
P l a t a n u s  o c c i d e n t a ~  L. - 
P o d o c a r p ~  a c u t  i f o l i u s  K i r k  
P.  a l p l n u s  R. Br. 
P. a n d l n u s  P o e ~ p .  Undl.  -- 
P. b r a s s 1 1  P l l g e ~ .  -- 
P. c o r l a c e ~ r s  I.. C. H l c l ~ .  ---- 
P. d a c r y d l o l d c s  A. Hlch. 
P. e l a t u s  R. Br. 
--P 

P. e l o n g a l 1 1 8  ( A l t . )  L ' l lar .  --- 
P. f a l c a ~ ~ ~ s  H. Dr. --- 
P. f e r n ~ g l n e u s  I). OOII 
P. g r a c i l k  P i l g e r  
P. h a l l i  K i r k  --- 
P. i m b r l c a ~ t ~ s  Bltune - 
P. I d t i f o l i u s  (Tt~t tnb. )  R. 81 -- 
P. m a c r o p l ~ y l l ~ ~ s  (Thunb.)  D. - 
P.  rnl lan  j l a n u s  Kendlc  - 
P. n a g 1  (Tl~trnb. )  Ebk ino  
Y. 111vd l l s  Ilook. f .  -- 
P.  s a l  lg1111s D. 0011 --- 
P. L o t o r n  D. Don ex Lamb. 
P o p ~ 1 1 1 s  Lre111111oides Ellchx. -- --- 
P r u n u s  anlygdelus  B d t s c l ~  cv .  -- -- -- 
N o n ~ l a r e i l  

. . 
Don 

P .  a r n ~ c n l a c a  I.. cv .  B l c n l ~ e i m  
P. a c n ~ e n i a c t i  L. c v .  'C i l ron  
1'. avlom L. cv .  W111dsor -- 
P. x cer ' l s l l s  I*. - 
P. X c c r a s u s  1.. cv .  M o ~ ~ t ~ n o r e l ~ c y  - - 
P. d o n ~ e s t l c a  L. 
P. g l a n d 1 1 1 2  T o r r .  6 Cray 
P. l a ~ ~ r o c e r a s ~ ~ s  L. 
P .  l a ~ r r o c e r a s ~ ~ s  L. cv .  
S c l ~ l ~ k a e n s ~  
P. p e r s l e  (I..) Pacsh.  

F a m i l y  

P l n a c e a e  
P i n a c e a e  
P i n a c e a r  
P l n a c e a e  
P i n u c e c c  
Pic iace;~:  
P l n a c e a e  
P i n a c e a e  
P i n a c e a e  
PI naceir r  
P i n a c  elce 
P i n a c e a ?  
P i n a c e o e  
P i n n c e a e  
P i n a c e a e  
P l n a c e a e  
P i n a c e a e  
P l a t a n a c e a e  
P o d o c a r p a c e a e  
P o d o c a r g a c e a e  
P o d o c a r p a c e a e  
P o d o c a r p s c e a e  
Podocar1;aceae 
P o d o c a r p a c e a e  
P o d o c a r ~ a c e a e  
P o d o c a r g a c e a e  
P o d o c a r p 3 c e a e  
P o d o c a r p c e a e  
P o d o c a r p a c e a e  
P o d o c a r p a c e a e  
P o d o c a r p a c e a e  
P o d o c a r p a c e a e  
P o d o c a r p a c e a e  
P o d o c a r p a c e a e  
P o d o c a r p a c e a e  
P o d o c a r p ~ c e a e  
P o d o c a r p ~  c e a e  
Podoca r  p i c e a e  
S a l i c a c e a e  
Rosaceae  

Rosaceae  
Rosaceae  
Rosaceae  
Kosaceae  
Rosaceae  
R o s a c e a e  
R o s a c e a e  
K u s a c r a e  
Rosaceae  

Rosaceae 

Y l o l d y  and  
c l ~ r o ~ n o s o m e  
11uruber(2:) 

N u c l e a r  
volumec 

( ~ 3 )  

Ceno~nc 
volume" 

(pm3 ) 

B s t  . 
3c - D N A ~  

( p g )  

E s t  . 
1050g 
(kR) 

Cjm. 
G p .  
Gym. 
Gpn. 
Gym. 
Gym- 
Gyp. 
Gym. 
Gyu. 
Gym. 
Gyo. 
Gyo. 
Gym. 
Gyo. 
Gym. 
Gyn. 
,Gym. 

h a .  
Gym. 
Cym 
Gym. 

Gym. 
Gym. 
Gym. 

Gym. 
Cym . 
Gym. 
Gym. 
Gym. 
Gym. 
Gym. 
Gym. 
Gym. 
w. 
w. 
Gym 
Gym. 
A1g. 
Ang. 

Ang. 
Aag . 
Aag . 
Ang . 
Ar1g. 
Acg . 
Ang . 
Ang 
a. 



r lo ldy .  and 
chromosocne 
n1rlsber(2g) 

Nuclear  Genome 
volutnec ;i,.. I C V ~  volume" 
( 14n3) ., ( pm3 ) ( pm3 

E s t  . E s t .  
3 5  D N A ~  LD5@ 
( ~ 8 )  (kR) 

Spec l e s a  Fami ly  

2 8 9 .  P s c ~ l d o l ~ l r l x  d m d b i l i s  (Nelson)  P inaccde  
Kehd. 

2 9 0 .  Pseudotsi lga d o ~ l g l a s i l  C a r r .  P i n a c e a e  - 
291 .  P y r u s  malus L .  cv.  McI~ltosh l losaceae 
292 .  P.  malus L .  cv .  NorLllern Spy Rosaceae 
293 .  Q ~ l e r c ~ t s  a l b ~  L. Fagacede 
294 .  2. b o r e a l i s _  Micllx. f .  Fagaceae 

v a r  . mdxima (Elaqsh. ) Ashe 
295 .  Q .  c o c c i n e a  bluenchl~. Fagaceae  
296 .  Q. i l i c i f o l i d  Wang. Fagaceae 

I 2 9 7 .  Q .  m a r i l a ~ l d i c a  Muenchh. Fagaceae 
2 9 8 .  cpr in~xr  Fagaceae 
2 9 9 .  4. s t e l l a t d  Wdng. Fagaceae 

I 
300 .  Q .  v e l u t i n a  I.am. Fagaceae 
301 .  Ehod=n viscosum (L .  ) T o r r  . E r i c a c e a e  
302 .  R l ~ u s  r a d i c a n s  L. Anacdrdiaceae 
303 .  R i b e s  sdtivtlm Syme cv.  Red Lake S a x i f r a g a c e a e  
304 .  Robin ia  pseudoacac ia  L. Leguminosae 
305 .  Rnbus u r s i n u s  Cl~arn. & S c h l e c h t .  Rosaceae 

I V d r .  loganobaccus Ba i l .  
3 0 6 .  S a l i x  bdbylon ica  L. S a l  i c a c e a e  
307.  Sambucus c a n a d e n s i s  L. C a p r i f o l i a c e a e  
308 .  S a s s a f r a s s  albidunl (Nutt  .) Nees. Lauraceae  
309 .  Saxegat l laea consp icua  L ind l .  Podocarpaceae  
310 .  S c i a d o p i ~ y s  v e r t i c i l l a r a  Taxodiaceae  

S i e b .  & Zucc. 
311 .  Sequoia  s e ~ n p c r v i r e n s  Endl. Taxodiaceae  
312 .  Sequoiadendron  g i g a n t e u ~ n  Buchholz Taxodiaceae  
3 1 3 .  S. giganteurn Buchholz Taxod i a c e a e  

I cv.  Pendul tun 
3 1 4 .  ?mi lax  r o t u n d i f o l i a  L. L i l i a c e a e  
315. Ta iwania  c r y p t o m e r i o i d e s  Hayata Taxodiaceae  
316 .  Taxodium d i s t i c h u m  (L. ) Rich.  Taxodiaceae  
317 .  T ~ X U S  b a c c a t a  I.. Tnxaceae 
318 .  T. c a n a d e n s i s  t -h r s l~ .  Taxaceae 
319 .  F C L ' S p i d a C a ~ i e b .  & Zucc. Taxaceae 
320 .  T. c u s p i d a t a  S i e b .  & Zucc. Taxaceae 

cv. Aurescens 
321 .  T. c c ~ s p i d a t a  S i e b .  & Zucc. Taxaceae 

cv. Nana 
3 2 2 .  T. media Hehd. c v .  I h t f l e l d i i  Taxaceae 
323 .  K m i s  .. Taxaceae 
324 .  Tecolnaria c a p e n s i s  Spach. BignoniaceaeJ 1 325 .  T c t r a c l i n i s  a r t i c u l a t a  (Vahl) Cupressaceae  

I Mast. 
326 .  Thtrjd o c c i d e n t a l i s  L. Cupressaceae  
327 .  T. o c c i d e n t a l i s  L. Cupressaceae  

CV.  P ~ s t i g i d t a  
328 .  ? o r i e n t a l i s  L. Cupressaceae  
329 .  T.  p l i c a t a  D.  Don Cupressaceae  

Gym. 

Gym. 
Ang. 
Ang . 
Ang . 
Ang . 
Ang . 
h g -  
Ang 
h g .  
Ang . 
Ang. 

Ang . 
Ang. 
Ang . 
Ang - 
Ang . 
Gym. 
Gym. 

Gym. 
Gym. 
Gym. 

Ang. 
Gym. 
Gym. 
Gym. 
Gym. 
GP. 
Gym. 

Gym. 

Gym. 
Gym. 
Ang. 
Gym. 

.Gym. 
Gym. 

Gym. 
Gym. 



Table 6 (cont . )  - Ploldy and Nuclear Genome E s t .  Est . 
cl~romosotne volumeC I C V ~  voliunee 3C D N A ~  LD506 

Speciesa Family . c l a s sb  number(2~)  (@m3) (pm3) ( h 3 )  (pg) (kR) 

330. T. sLanilishi (Gord.) Carr. Cuprrssaceae ,Gym. 2x = 22 44 3 20.1 221 30 1.3 
331. Thujopsis dolobra td  (L. f . )  Cupressaceae Gym. 2x = 22" 417 19.0 209 28 1.3 

Sieb .  6 Zucc. 
332. T. dolobra ta  (L. f . )  Sieb. 6 Cupressaceae Gym- 2x = 22 445 20.2 222 30 1.3 

Zucc. va r .  hondai biakino 
333. T i l i a  alnericana L. T i l i aceae  Ang- 2x = 82 208 2.5 104 14 6.0 
334. Torreya ntlclfera Sieb. 6 Zucc. Taxaceae Gym. 2x = 22 87 1 39.6 435 58 0.8 
335. Tsuga canadensis (L.) Cdrr. Pinaceae Gym. 2x = 24 964 40.2 482 64 . 0.8 
336. T. ca ro l in i ana  Engelm. Pinaceae Gym. 2x = 24 970 40.4 485 65 0.8 
337. T. d i v e r s i f o l i a  (Etdx-im.) Mast. Dinaceae Gym. 2x = 24 1264 52.7 632 84 0.6 
338. T. he terophyl la  (Raf.) Sarg. Pinaceae Gym. 2x 24 853 35.6 427 57 (1.8 
339. Vaccinium angust i fo l ium Ait .  Ericaceae Ang- 2x = 24 62 2.6 31 4 5.9 
340. V .  corymbos~~ln L. Ericdceae Ang. 4x = 48 136 2.8 34 9 5.5 
341. V .  macrocarpon Air. Ericaceae Ang . 2x = 24 56 2.3 28 4 6.4 
342. V .  pall i* A i t .  Er icaceae  Ang . 2x a 24 48 2.0 24 3 7.1 
343. V i b ~ ~ r n u n ~  acer i fo l ium L. Capr i fo l iaceae  Ang. 2x 18 145 8.0 72 10 * 2.5 
344. V .  cass inoides  I,. Capr i fo l iaceae  Ang. 2x = 18 200 11.1 100 13 2.0 
345. V .  dentatum L. Capr i fo l iaceae  An& 6x = 54 392 7.3 65 ' 26 2.7 
346. 5 di la ta tum Ttiunb. Caprif  01 iaceae  k g -  2x = 18 277 15.4 138 19 1.6 
347. V. opulus L. cv. Ndnum Capr i fo l iaceae  Ang. 2x - 18 357 19.8 178 24 1.3 
348. V, p r c ~ n i f o l l ~ ~ m  L. Capr i fo l iaceae  Ang - 2x = 18 220 12.2 110 15 1.9 
349. V .  s i ebo ld i  Miq. Capr i fo l laceae  An& 4x = 32 515 16.1 129 34 1.5 
350. sp .  cv.  Concord Vitaceae Ang 2x 38 97 2.6 49 7 5.9 
351. x. sp.  cv. Delaware Vitaceae Ang. 2x - 38 101 2.7 51 7 5.7 
352. V .  ldbrusca  L. Vitaceae Ang. 2x = 38 77 2.0 39 5 7.1 
353. Welwitschia m i r a b i l i s  Ilook. f .  WelwiLscbiaceae Gym. 2x 42 407 9.7 68 27 2.2 
354. Middringtonia cedarburgensis Cupressaceae Gym. 2x a 22 488 22.2 244 33 1.2 
355. e u p r e s s o i d e s  (L.) Endl. Cupressaceae Gym. 2x 22 426 19.4 213 28 1.3 
356. N. dracomontana Stapf Cupressaceae G P  . 2x = 22 380 17.3 190 25 1.4 
357. W.  juniperoides  (L.)  Endl. Cupressaceae GP. 2x 22 3 95 18.0 197 26 1.4 
358. H. schwarzij  ( l-k~rloth) h s t .  Cupressaceae Gym. 2x 22 421 19.1 210 28 1.3 
359. W. whytei Rendle Cupressaceae Gym* 2x - 22 402 18.3 201 27 1.4 
360. Yucca sch id ige ra  Roezl Ortg. Amaryllidaceae Ang . 2x 60 292 4.9 146 20 3.7 
361. Zanlia f lor jdana  A. DC. Zamiaceae Gym- 2x = 1611 1778 111.1 889 119 0.4 
362. 1, pscildo-parasit ica Y a ~ e s  Za~niaceae Gym. 2x = 18 2348 130.5 1174 157 0.3 

3 S ~ ~ b s p e c i e s ,  vars .  and c u l t i v a r s  q re  a l l  considered sepa ra t e ly .  
bAngiosl~cr~n o r  gytnnosperm. 
'Nuclear volumes e i t h e r  determined from actively-growing ma te r i a l  o r ,  i f  from dormant ma te r i a l ,  converted t o  the a c t i v e  equivalent ,  a s  described i n  
Spdrrow, Rogers & Scliwemmer (1964) and Sparrow, Schwemmer, Klug 6 P u g l i e l l i  (1970a). Values l i s t e d  here may d i f f e r  from previously-published f igu re s .  In 
mosL S I I C I ~  c a se s ,  the v a l ~ ~ e s  given here a r e  averages of s eve ra l  determinations.  A l l  volumes determined i n  A. H. Sparrow labora tory .  
d l ~ ~ s  were ca l cu l a t ed  belore  nuclear  vollvnes were rounded o f f  t o  whole numbers. Thus ICVs derived from the  same apparent nuclear volume may not agree  
p rec i se ly .  
enle  voliune of a s i n g l e  bas i c  chromosome complement, es t imated  by d iv id ing  nuclear volume by ploidy l eve l .  Differences i n  genome volume, o r  i n  DNA per 
genome, have been sl~own to  have poss ib le  evolut ionary  significance (Sparrow 6 Nauman, 1973, 1976). 

Estierared i ro~n  nuclear  volu~i~e  using the  c o r r e l a t i o n  demonstrated by Baetcke, Sparrow, Nauman & Schwemer (1967). See a l s o  d i scuss ion  i n  t e x t  and Figs .  
1.4. 
GEstimatcd €row ICV a s  described i n  Sparrow, Rogers 6 Schwemmer (1968). 
h~hrolnosome counts determined or confirmed i n  A. 8. Sparrow labora tory .  A l l  o the r s  from the  l i t e r a t u r e .  
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