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THE STIMULATION OF PLANT GROWTH BY 

I O N I Z I N G  RADIATION 

Only ;few years a f t e r  t h e  d iscovery  of X rays by 
' 

Roentgen i n  1895 r e p o r t s  of a s t i m u l a t i n g  e f f e c t  on p l a n t  growth 

by X- i r rad ia t ion  began t o  appear. S ince  t h a t  t ime hundreds of 

papers  have been published d e a l i n g  w i t h  t h e  s t imula t ion  of seed 

germination, induct ion  of f a s t e r  see2 l ing  growth, e a r l i e r  

f lowering,  and t h e  product ion of l a r g e r  p l a n t s  and g r e a t e r  y i e l d s  

by exposing seeds o r  p l a n t s  t o  low doses of i o n i z i n g  r a d i a t i o n ,  

The e a r l y  work has  been we l l  reviewed by Bres lave t s  

(4)  i n  her  book P l a n t s  and X Rays, publ ished by.- the U.S.S.R. 

Academy of Science i n  1946. An Ehglish e d i t i o n ,  t r a n s l a t e d  by 

Alena E l b l  and ed i t ed  by Arnold E. Sparrow, was publ i shed  by . t h e  

American I n s t i t u t e  of B io log ica l  Sciences i n  1960. 

Accelerated germination of X-rayed seeds was f i r s t  

repor ted  by Maldiney and Thouvenin i n  1898. I n  1906 E;vler  

observed some cases  of s t imula ted  growth fo l lowing i r r a d i a t i o n  

of  seeds of beans, r ad i sh ,  l e t t u c e  and squash, and i n  a few 

cases  e a r l i e r  f lowering of t h e  r e s u l t i n g  p l a n t s .  Schmidt i n  

1910 obtained l a r g e r  p l a n t s  fo l lowing  i r r a d i a t i o n  of soaked pea 

,seeds.  Koernicke i n  1904-1915 found some s t imula t ion  of e a r l y  
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growth by i r r a d i a t i n g  -- V i  c i a  and Brassfca seeds w i t h  low doses of 

X r ays ,  and observed t h a t  Brasgica was much more r e s i s t a n t  t o  

t h e  damaging e f f e c t  of h igh  doses of X r a y s  than was Vicia.  

Ancel 's  nega t ive  r e s u l t s  i n  France from 1924-1927 a r e  given 

l i t t l e  a t t e n t i o n  by . l3reslavets,  

T h i s  e a r l y  work on r a d i a t i o n  e f f e c t s  .done i n  France 

and Germany was soon followed by work on X-ray s t imula t ion  of 

p l a n t  growth i n  o the r  coun t r i e s .  Yamada i n  Japan i n  1917 r e -  

por t ed  a  140 percen t  i n c r e a s e  i n  y i e l d  of r i c e  fol lowing i r r a d i -  
. ., 

ation o f  the s e s d n ,  and Knmurn i n  1919 repor ted  t h a t  X- i r rad ia t ion  

s t imula ted  t h e  germination of rim seed. Sakamura i n  1920 was 

one of the  f i r s t ,  t o  desc r ibe  t h e  e f f e c t s  of X r a y s  on the  nucleus  

and chromosomes, 

The e & l y  w o r k i n  t h e  United S t a t e s  i s  we l l  reviewed, 

I n  a  long s e r i e s  of  experiments from 1926 t o  1936 Edna Johnson 

repor ted  p o s i t i v e  s t imula t ing  e f f e c t s  i n  some cases and negat ive  

r e s u l t s  i n  o the r s .  A s  e a r l y  a s  1929 Sprague and Lenz repor ted  

t h a t  i r r a d i a t i o n  of sprout ing  seed p o t a t o  t u b e r s  produced p l a n t s  

w i t h  l a r g e r  tube r s ,  a l though t h e r e  was no s i g n i f i c a n t  inc rease  

i n  y ie ld  of tubers .  , The experiments of S h u l l  and Mi tche l l  

publ ished i n  1933 showed t h a t  low doses of X r a y s  g iven  t o  corn  

seeds r e s u l t e d  i n  a  s t i m u l a t i o n  .of early growth of t h e  seedl ings .  

Not mentioned by Bres lavets  i s  t h e  f a c t  t h a t  these  very able  

p l a n t  p h y s i o l o g i s t s  were s,o convinced t h a t  t h e i r  r e s u l t s  had 

p r a c t i c a l  s i g n i f i c a n c e  t h a t  t h e y  pa tented  t h e  process  i n  1932. 

Also included a r e  the  r e s u l t s  obtained by Long and Kersten i n  



1936 showing t h a t  i r r a d i a t i o n  of soybean seeds produced a  

s t imula t ing  e f f e c t .  on e a r l y  growth. 

The e a r l y  work i n  t h e  U.S.S.R. i s  descr ibed i n  more 

d e t a i l ,  e s p e c i a l l y  t h e  work of Bres lavets  and her  col leagues 

done i n  1935.1937, :Remarkable i n c r e a s e s  i n  t h e  growth and 

y i e l d  of r y e  a r e  r epor ted  t o  be induced by g iv ing  t h e  seeds a  

dose of 250 r o f  X r a y s .  Similar  r e s u l t s  are r epor ted  f o r  peas 

and r y e  grass .  

A t o t a l  of 125 r e f e r e n c e s  a r e  l i s t e d  covering t h e  

e a r l y  work on a l l eged  s t imula t ion  of p l a n t  growth fo l lowing 

seed i r r a d i a t i o n . . a t  low doses. Chapters i n  Bresl 'avets '  book 

a l s o  inc lude  one on mutation e f f e c t s  with 77 l i t e r a t u r e  r e f e r -  

ences : one .on t h e  i n t r a c e l l u l a r  changes induced b y  r a d i a t i o n ,  

wi th  197 re fe rences ,  an2 one on t h e  q u a n t i t y  and q u a l i t y  of 

i o n i d n g  r a d i a t i o n  on t h e U t r a n s f  ormatiorf' of p l a n t s ,  w i t h  75 

l i t e r a t u r e  references .  In  t h i s  l a s t  chapter  r e f e r e n c e  i s  made 

t o  Ancell s work -done i n  1928 showing t h a t  f r a c t i o n a l  dosage 

was l e s s  e f f e c t i v e  than  an a c u t e  dose i n  producing rad . i a t ion  

damage, and t o  t h e  work of A l b e r t i  and F o l i t z e r ,  who i n  1924 

found t h a t  r e s t i n g .  c e l l s  were more r e s i s t a n t  t o  t h e  damaging 

e f f e c t  of X r a y s  than were c e l l s  which were i n  the  process  o f  

mi tos is .  

Although t h e  e a r l y  work on the  s t i m u l a t i n g  e f f e c t s  of 

ion iz ing  r a d i a t i o n  was based upon inadequate ly  c o n t r o l l e d  experi-  

ments, t h e r e  i s  c r i t i c a l  evidence t h a t  low l e v e l s  of i r r ~ d i b t i o n  



do have . a  s t i m u l a t i n g  e f f e c t  on c e r t a i n  s t a g e s  of p l a n t  develop- 

ment. The o l d e r  exp.lanation of such e f f e c t s ,  based upon t h e  

Arndt-Schultze Law t h a t  "Weak i r r f  t a n t s  s t imula te  a c t i v i t y ;  

medium i r r i t a n t s  d.epress i t ;  s t r o n g  ones h a l t  it", has r e c e n t l y  

been rep laced-  by a  more r a t i o n a l  phys io log ica l  i n t e r p r e t a t i o n ,  

The more r e c e n t  m r k  on t h e  s t imula t ing  e f f e c t  of 

i o n i z i n g  r a d i a t i o n  w i l l  be consicered under t h r e e  g e n e r a l  

ca tegor ies :  1. E f f e c t s  on seeds,  bulbs and sc ions ,  2. M f e c t s  

of chronic  i r r a d i a t i o n  of growing p l a n t s ,  and 3, U f e c t s  of 

r a d i o a c t i v e  " f e r t i l i z ' e r s "  appl ied  t o  the  seed o r  added t o  t h e  

s o i l ,  

1 r rad . i a t ion  of Seeds, Bulbs and Scions 

I n  1955 ~ u z i n ( ~ l )  r epor ted  a s t imula t ion  of r o o t  

l eng th  of  r y e ,  pea and cucumber fol lowing i r r a d i a t i o n  of t h e  

seeds wi th  250-500 r of X r a y s ,  an2 increased  y i e l d s  of r a d i s h  

(20-30$), cabbage (20%) and peas (10-2076) fol lowing seed i r r a d i -  

a t i o n  of 500-1000 r f o r  ' radish,  1000-2000 r f o r  cabbage and 

350-500 r f o r  peas. He admitted however t h a t  t h e r e  was "consider- 

a b l e  l'1ucl;uation i n  t h e  deglgee of e f f e c t  a s  manifested by experf-  

ments conducted under d i f f e r e n t  s o i l  and c l i m a t i c  condi t ions ,  

and i n s u f f i c i e n t  e l abora t ion  of  t h e  theory  of   ti mu la ti on.^' 

I n  1946 Timofeev-Eesovsky and ~okyadkova (52) repor ted  

increased growth of many crop p l a n t s  fol lowing i r r a d i a t i o n  of 

d r y  o r  soaked seeds w i t h  low doses of X r a y s ,  or by soaking t h e  

seed i n  r a d i o a c t i v e  so lu t ions .  The e f f e c t  i s  a t t r i b u t e d  t o  "weak 

poisoningu. ~ r e s l a v e t s ( ~ )  i n  1960 repor ted  t h a t  chronic  i r r a d i a t i o n  
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of r y e  seeds,  g iv ing  a t o t a l  dose  of 1000 r. over a p e r i o d  of  

27 days,  r e s u l t e d  i n  an increased  y i e l d  of 20 percept .  ~ e d o r a d z e ( 5 0 )  

i n  1961 claimed t h a t  seed i r r a d i a t i o n  n o t  o n l y  increased  y i e l d s  

of legumes by a s  much a s  20 t o  30 pe rcen t ,  but  a l s o  promoted o r  

delayed t h e  time of flowering-. 

I n  r e p o r t i n g  on a "conference on seed i r r a d i a t i o n  

p r i o r  t o  sowlngtt, sponsored by t h e  I n s t i t u t e  of Biophysics,  of 

t h e  U.S.S.X. i n  1961, ~ a t s k e v i c h ( 3 2 )  summarized t h e  r ecen t  work 

of  many'soviet  s c i e n t i s t s ,  incl.uding t h a t  of Kuzin, Savin, 

3 r e s l a v e t s ,  ~ a r e z i n a p  Kryukova, Kedov and many o the r s .  A l l  

r e p o r t  s t i m u l a t i n g  e f f e c t s  on growth, y i e l d  and/or  e a r l i e r  

rapening of t h e  r e s u l t i n g  crop f ollowing seed i r r a d i a t i o n .  T.he 

genera l  conclusion was t h a t  "presowing i r r a d i a t i o n  of  seeds 

holds  g r e a t  promise from t h e  viewpoint o f  i t s  p r a c t i c a l  appl i -  

c a t i o n  i n  our n a t i o n ' s  a g r i c u l t u r e  and t h a t  further extens ive  

and pa ins tak ing  work i s  nee6ed.'! 

Reports of a s t imula t ing  e f f e c t  of r a d f a t l o n  of seeds  

cont inue t o  appear from o the r  count r ies ,  but t h e s e  a r e  l i m i t e d  

l a r g e l y  t o  t h e  e f f e c t s  on e a r l y  growth o r  e a r l i e r  ' f lowering. 

Marchi -- e t  a1. (25) i n  I t a l y  r epor ted  t h a t  i r r a d i a t i o n  of ba r l ey  

seed w i t h  100-500 r of X r a y s  "enhanced t h e  u l t ima te  luxur iance  

of  t h e  plants.", but no c r i t i c a l  y ie ld  t e s t s  were conducted. 

S a r i c  -- e t  a1. ( 3 6 )  i n  I t a l y  a l s o  found some s t i m u l a t i o n  of  t h e  

growth of wheat seedl ings  following i r r a d i a t i o n  of t h e  seeds  

w i t h  500-2000 r of X says ,  but  e f f o r t s  t o  inc rease  y i e l d s  by 
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such treatment "have not  given unequivocal results." Bhatt , 

e t  i n  India claim a st imulat ing e f f e c t .  of low doses of -- 
thermal neutrons given to' seeds of Plantago, Setari 'a and Oriza, 

o f ten  accompanied by e a r l i e r  flowering. 

In the  United s t a t e s  some of t he  more r ecen t  work has 

rrupparted Bhe e a r l y  r o o u l t ~  of Shul l  a n d ~ i t e h e l l ( 3 9 )  i n  1933, 
. . 

Long and ~ e r s t e n ( 2 3 )  i n  1936 and Kersten, Mil ler  and ~ m i t h ( l 8 )  

i n  1943, but negative r e s u l t s  have a l s o  been reported.  I n  no 

case i s  there .  any c r i t i d a l  evidence t h a t  crop y ie lds  are  increased 
. . 

by i r r a d i a t i n g  seeds. Jones and ~lunrmer(lS)  i n  1960 repor ted a 

s t imulat ing e f f e c t  f o r  Trifolium. . Spencer . and cabani l las  (48) 

found tha t  seed i r r a d i a t i o n  with X r a y s  and thermal neutrons d i d  

have an e a r l y  s t imulat ing e f f ec t  on the growth of Indigofera 

seedlings, but t h a t  t h e  u l t imate  s i z e  of the p l an t s  was not 

increased. Hough and weaver (13) repor ted '  t ha t  apple seeds 

exposed t o  thermal neutrons promoted seedl ing vigor,  but on1 y 

i n  s eed l ings  from weak seeds. S te in  and ~ t e f f e n s e n ( 4 9 )  found 

some increase  i n  length  of both r o o t s  and shoots of corn seed- 

l i n g s  following seed i r r a d i a t i o n  with 500 r of X rays .  Similar 

r e s u l t s  were obtained by Smi th  -- e t  e l .  (43) who conclude t h a t ,  

"microbeam i r r a d i a t i o n  of the  shoot .and l ea f  of the dr.y -seed 

embryo. w i l l  bring about a s t imulat ion of growth a s  evidenced 

by g rea t e r  elongation of the  primar.y, r o o t  during the  second, 

' th i rd  and four th  day a f t e r  hydration". and with no r e t a rda t ion  

of co leopt i l e  growth. 
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Few of t h e  t e s t s  i n  t h e  U. S .  have been based upon 

f i e l d  t e s t s  and n0n.e on t o t a l  y l e l d s  of crop p l a n t s .  I n  1962 

~ c ~ o r m i c k ( ~ 4 )  r epor ted  work done on a  popula t ion  of Arenaria.  

'The p l a n t s  were exposed t o  8000-30,000 r of gamma r a y s  from a 
f 

co60 source  *om' March t o  August i n  1959. Seeds of t h e s e  p l a n t s  

produced t h e  fo l lowing year a denser populat ion;  l a r g e r  p l a n t s  

and more p r o l i f i c  flowering. T h i s  s t i m u l a t i n g  e f f e c t  i s  a t t r i -  

buted t o  t h e  i r r a d i a t i o n  of the  seed i n  1959. The seed produced 

i n  1960 was n o t  subjec ted  t o  i r r a d i a t i o n  and t h e  fo l lowing  year 

(1961) ' th.e p1ant.s w R r R  nf  n.nsmal size and vigor. 

'Negative r e s u l t s  have a l s o  been repor ted .  Kankis and 

~ e b s t e k ( l 7 )  i n  1956 found no growth s t imula t ion  by i r r a d i a t i n g  

Sorghum seeds w i t h  thermal  neutrons a t  var ious  doses. A very  

thorough t e s t  repopted by Osborne and ~ a c o n ( 3 1 )  i n  1 9 6 0 g a v e  

l a r g e l y  negat ive  r e s u l t s .  T e s t s  of va r ious  s p e c i e s  showed no 

s t imula t ion  of seed l ing  growth fol lowing seed i r r a d i a t i o n  a t  

doses  of 500-100,000 r, except  i n  one of  t h e  18 t e s t s .  S imi lar  
I 

r e s u l t s  were obtained by Skok and charney(k1) a t  t h e  Argonne 

Laboratory. Sunflowar seeds were exposed t o  50 lB t o  750 r e  

The authors  concluded t h a t  " s t imula t ing  e f f e c t s  occurred with 

lower doses but were g e n e r a l l y  n o t ,  reproducible" .  S imi la r  in-  

c o n s i s t  a n t  d i f f e rences  were found wi th ,  buckwheat. 
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In a la te r  and more extensive series of experiments Skok et al. ('4 

investigated the stirmilatin8 effect of X rqrs with seeds and plants of 

various'$enem. They found.small but significant increases in growth in  

some cases, but these results were not always reproducible. They question 

the value of ionizing radiations t o  stimulate plant growth of field crops. 

Negativc reoultc of seed irrudiation haw alsa been reported for 

pine and sgruce by Guetafsson and Milan (U) in Sweden. Even i n  the U.S.S.R. 

negative results were reported by V a s ~ l e v ' ~ ~ )  in 1959. Exposure of wheat 

seeds t o  25-100 r of 



X r a y s  d i d  induce f l u c t u a t i n g  v a r i a t i o n s  o f .  growth a t  var ious  

pe r iods  of  seed l ing  development, but no i n c r e a s e .  i n  t o t a l  

growth. I n  1957 ~ l e c h k o v s k ~ ( l 9 )  cautioned his col leagues i n  

accept ing r e p o r t s  of increased  y i e l d s  fo l lowing seed i r r a d i a t i o n .  

The i r r a d i a t i o n  of bulbs,  corms or  sc ions  seems t o  have 

gfven moro uons is tdnt  r e s u l t s  than  has i r r a d i a t i o n  of seeds. 

I n  1948 ~ o h n s t o n ( l 4 )  r epor ted  increased  vigor o f  p l a n t s  of 

Kalanch6e fol lowing i r r a d i a t i o n  of p l a n t l e t s  w i t h  2500 r of 

X r ays .  Matsumura and ~ u j i i ( ~ ~ )  i n  1959 observed s t i m u l a t i o n  of  

sprout ing  of lemon cut t ing;  io l lowlng  exposure t n  5 In. of  X r a g s .  

Cuany. and ~ u a r d i a ( ~ )  found t h a t  c u t t i n g s  of Panicum exposed t o  

chronic  i r r a d i a t i o n  of 37 r /day produced twice a s  many shoots  

a s  t h e  controls .  Both ~ a x ( 3 7 )  and spencer(47)  found a  s i g n i f i -  

cant induct ion  of e a r l i e r  f lowering fo l lowing i r r a d i a t i o n  o f  

dormant bulbs o r  corms. The e f f e c t  was n o t  maintained the 

fol lowing year, and was a t t r i b u t e d  t o  changes i n  auxin, l e v e l  

induc,ed i n  t h e  bulbs o r  corms by t h e  X rags.  Only nega t ive  

e f f e c t s  were found by i r r a d i a t i o n  of p o t a t o  t u b e r s  by Fischnick 

e t  a1. (10) and f o r  Crocus by Mitsukuri  and ~hinohara(29). -- 
St imula t ion  of P lan t  Growth by Chronic I r r a d i a t i o n  

S h o r t l y  a f t e r  the  gamma f i e l d .  was put  i n  opera t ion  

a t  t h e  Brookhaven National  Laboratory it  was found that low 

doses o f ,  chronic  i r r a d i a t i o n  sometimes s t imula ted  p l a n t  growth. 

I n  1953 Sparrow. a ~ d  ~ i n ~ l e t o n ( 4 5 )  r e p o r t e d  t h a t  chronic exposure 
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of tobacco p l a n t s  t o  100-350 r /day s t imula ted  e a r l i e r  f lowering, 

and i n  t h e  fol lowing y e a r  ~ ~ a r r o w ( 4 ~ )  observed en inc rease  i n  

p l a n t  he ight  of Antirrhinum when exposed t o  230 r /day  ,of gamma 

rays .  m a n s  and sparrow(9)  i n  1961 found an inc rease  i n  n e t  

d r y  weight of  shoots  end r o o t s  of Vic ia  when exposed t o  2 0  r/day 

f o r  20 days and of T . 5 . l i m n  when exposed t o  5 r /day  f o r  35 days. 

Mikaelsen and Aas tve i t  (28)  i n  Sweden a l s o  f i n d  t h a t  

low doses of chronic  i r r a d i a t i o n  s t i m u l a t e s  growth. Oat p l a n t s  

exposed t o  12.5 r /day  o f  gwma i r r a d i a t i o n  f o r  108 days were 

t a l l e r  t h a n  the c o n t r o l  p l a n t s ,  but s t e r i l i t y  of the  i r r a d i a t e d  

p l a n t s  g r e a t l y  reduced g r a i n  production. S imi la r  r e s u l t s  were 

obtained with ba r l ey  exposed t o  27-50 r/day. 

Bres lave t s (5 )  i n  1958 repor ted  r a t h e r  f a n t a s t i c  e f f e c t s  

of very low doses of chronic  i r r a d i a t i o n  from a 1 c u r i e  co60 

source.  The green weight o f  c o r n  was increased  36 pe rcen t  

fol lowing en exposure of 1.6 r/day. T e s t s  wi th  buckwheat, 

repeateZ f o r  t h r e e  years,  showed increased  g r o w t h e a c h  year by 

an exposure of a s  l i t t l e  a s  1 r/day, and a  60 pe rcen t  i n c r e a s e  

i n  p l a n t  weight fol lowing e q o s u r e s  of 2 r/day. ~ o n c a r i v ( 1 ~ )  

i n  1959 repor ted  a  70 percent  inc rease  i n  green weight of 

Tr i fo l ium with a s  l i t t l e  as  0.24 r /day of chronic.  gamma i r r a d i -  

a t ion .  

Equally s t r i k i n g  wore t h e  r e s u l t s  report.gd by Cervigni 

e t  a1. ( 7 )  of I t a l y  a t  t h e  Radiat ion Conference a t  Harrogate, -- 



England, i n  1962.. They repor ted  t h a t  chronic  gamma i r r a d i a t i o n  

of wheat p l a n t s  inc reased  t h e  number o f  culms up t o  a s  much a s  

25 t imes  over the c o n t r o l  p l a n t s ,  and a  6-fold i n c r e a s e  i n  t h e  

: mean weight of the  mature p l a n t s .  A s  e a r l y  a s  1949 Leopold 

and ~ h i m a n n  had repor ted  a  four-f  o ld  i n c r e a s e  i n  t i l l e r i n g  

of ba r l ey  seedl ings  by exposure t o  25 r of X r a y s  each week. 

T h i s  response was a t t r i b u t e d  t o  t h e  e f f e c t '  of  the  X r a y s  on 

growth hormones. A s  skoog(h0) found long ago r e l a t i v e l y  small  

d.oses of X r a y s  reduce or  i n a c t i v a t e  auxin productf on, and 

development o f  l a t e r a l  buds a r e  promoted by i r r a d i a t i n g  shoot 

t i p s ,  

Acute exposure of growing p l a n t s  t o  low doses of 

i r r a d i a t i o n  a r e  a l s o  repor ted  t o  r e s u l t  i n  s t imula t ion  of growth, 

Kreybig and Schagen (20) obtained a  10 i e r c e n t  i n c r e a s e  i n  

summer growth of S i n a p s i s  fo l lowing i r r a d f a t i o n  of 12-day o l d  

seedl ings  w i t h  0.5 k r .  S c u l l y  (38) r epor ted  t h a t  acu te  doses of 

50 t o  500 r of X r a y s  f r equen t ly ,  but  n o t  inva r i ab ly ,  s t imula ted  

stem l e n g t h  and d r y  weight of Xanthium p l a n t s .  reported 
ear l ier  Plswering i n  ~ i c o t i a n a  'after acute irradiation with 1800 r of X rays. 

Radioact ive F e r t i l i z e r s  

A n  e x c e l l e n t  review of r e c e n t  work on r a d i o a c t i v e  

f e r t i l i z e r s  was publ ished by Kaindl and Lfnser (I6) o f t h e  

Austrian Nitrogen Company, Some experiments had been conducted 

e a r l y  i n  t h i s  century,  but i n t e r e s t  in r a d i o a c t i v e  l e r t i l i z e r s  

was revived with the '  advent of the  Atomic Age. I n  France and 



t h e  un i t ed  S t a t e s  c o k e r c i a l  types  of r a d i o a c t i v e  f e r t i l i z e r s  

appeared fo l lowing World War 11. T e s t s  of such f e r t i l i z e r s  

i n  t h e  U. S. and Europe gave nega t ive  r e s u l t s ,  but. i n  more 

r e c e n t  years  i n t e r e s t  i n  r a d i o a c t i v e  f e r t i l i z e r s  has  been 

revived,  e s p e c i a l l y  i n  t h e  U.S.S.R. 

Kaindl and Linser have r e p o r t e d  i n  some d e t a i l  t h e  

work of Sheshel l  and Kuzin i n  t h e  U.S.S.R. I n  a  s e r i e s  of  

experiments covering 8 years (1947-1954) Sheshe l l  appl ied  

r a d i o a c t i v e  f e r t i l i z e r s  t o  p o t t e d  p l a n t s  of pota toes ,  cabbage, 

o a t s ,  c lover ,  wheat, bee ts  and sunflowers. Average increased  

yield-s ranged from 16 t o  33 percen t  above t h e  con t ro l s .  F i e l d ,  

t e s t s  made with tobacco i n  1957 give increased  y i e l d s  of 3 3  . , 

percent  w i t h  uranium, 20 pe rcen t  w i t h  radium and 21  pe rcen t  

w i t h  s h a l e  f e r t i l i z e r s .  . Kuzin claimed s i m i l a r  r e s u l t s  by pre-  

soaking seeds  of peas,  beans, ve tch  and lucerne i n  r a d i o a c t i v e  

so lu t ions .  A s  Kaindl pointed out  i n  1951 t h e  p r a c t i c a l  use  of 

r a d i o a c t i v e  f e r t i l i z e r s  f o r .  crop p l a n t s  i a  "cont ra- indica ted  

by h e a l t h  hazards o f  man" i n  using such p l a n t  products  f o r  food, 

un less  t h e  h a l f - l i f e  of the  r a d i o a c t i v e  f e r t i l i z e r  i s  l i m i t e d  

t o  only  a  few days. 

Vlasyup (54) and Timofeev-Resovsky and ~ o r ~ s d k o v a ( 5 ~ )  

I n  bhe U c G r € . t i .  a l s o  claim t h a t  seeds of v ~ r i  nus crop plants 

soekod i n  so lu t ions  of 535, ~ 3 ~ ,  ~ ~ 4 5  o r  ~n~~ before p l a n t i n g  

s t imula tes  p l a n t  growth and increased  d ry  weight. S imi lar  



r e s u l t s  .w'ere repor ted  from t h e  Latvian Science . I n s t i t u t e  by 

~ i l i i r ( 2 7 ) .  

According t o  Nieaann (30) Sr90 added t o  t h e  s o i l  

hastened f lowering and increased  p l a n t  s i z e  of Arabidopsis. 

~ h a u n ~ ( 5 ~ )  a t  t h e '  Burma Atomic Energy l abora to ry  a l s o  claims 

t h a t  ~3~ used a s  a f e r t i l i z e r  increased  y i e l d s  o f  r i c e  a s  much 

a s  45 percent .  He, too,  p o i n t s  out t h e  hazards o f  r a d i o a c t i v e  

f e r t i l i z e r s  used t o  promote growth of food p lan t s .  

T e s t s  of r a d i o a c t i v e  f e r t i l i z e r s  i n  t h e  United S t a t e s  

have gi'ven only  n e g a t i v e  r e s u l t s .  I n  t e s t s  made during t h e  

years  1947 'and 1948 a t  38 f i e l d  s t a t i o n s  by t h e  U o S o D o A o  t h e  

r e s u l t s  were negat ive  ( ~ l e x a n d e r  (1) ) , The r a d i o a c t i v e  f e r t -  

i l i z e r s  t e s t e d  were ' l ~ l p h a t r o n t l ,  a  c o m e r c i a l  product ,  a t .  t h e  

r a t e  of 5-20 lbs. pe r  ac re ,  radium bromide a t  the  r a t e  of 300 

micrograms pe r  acre ,  and u r a n y l ' n i t r a t e  a t  t h e  r a t e  of 13.4 lbs. 

p e r  acre .  ~ l r rme(3)  i n  1952 found no e f f e c t  o'f ~ 3 *  used as  a  

f e r t i l i z e r  f o r  o a t  and b a r l e y  p l a n t s  grown i n  p o t s  i n  t h e  

greenhouse. I n  1961 ~ o m n e ~ ( 3 4 )  found t h a t  "y ie ld  of wheat was 

no t  , a f f e c t e d  by s o l u t i o n s  ,of mixed f i s s i o n  products  i n c o r p o ~ ~ u t e d  

w i t h  p o t t e d  s o i l  when t h e  a c t i v i t y  l e v e l s  ranged from 0.01 t o  

1.5 m c  p e r  gram of so i l . "  

~lunrmer(33)  gave sunflower p l a n t s '  160 m i c ~ o c u r i e s  of 

cab5 and found t h a t  a  b r i e f  per iod  of i n h i b i t i o n  was followed 

by e longat ion  of t h e  shoots s o  t h a t  t h e  r a d i o a c t i v e  p l a n t s  were 

eventual1 y t a l l e r  than  t h e  controls .  



Conclusions 

There i s  c r i t i c a l .  evidence t h a t  low, doses of i o n i z i n g  

r a d i a t i o n  can s t i ~ u l a t e . p l a n t  growth a t  c e r t a i n  s t a g e s  of devel-  

opment and may promote e a r l i e r  f lowering,  Such r e s u l t s  could 

be a t t r i b u t e d  t o  t h e  e f f e c t s  of i r r a d i a t i o n  on auxin balance,  

But claims t h a t  t h e  i r r a d i a t i o n  o f  sosdo, o r  t h e  use  of r ad io -  

a c t i v e  f e r t i l i z e r s ,  r e s u l t s  i n  g r e a t e r  y i e l d s  of crop p l a n t s  

s t i l l  l a c k s  c r i t i c a l  confirmation. The s i t u a t i o n  i n  th i s  

r e s p e c t  has  c'hanged l i t t l e  s i n c e  1915, when E. J, Russe l l  (35) # 

i n  d i scuss ing  t h e  e a r l y  work of Fabre i n  France, Molish i n  
. . 

-' ~ e r r n b y ,  and Baker' i n  the  United S t a t e s ,  concluded t h a t ,  - 
" ~ h e . r e s u l t s  open up t h e  prospect  o f  an i n t e r e s t i n g  d iscuss ion ,  

but  .it a.lso shows the  danger of arguing from a simple physio- 

l o g i c a l  observat ion t o  a complex phenomenon l i k e  the' growth of 

a p l a n t  in so i l , "  
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