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Cytogenet ic  
Plants  

Studies  with  Atrazine  ( 2 - C h l o r o - 4 - E t h y l - A m i n o - 6 - I s o p r o p y l a m i n o - s - T r i a z i n e )  on 

T h e  h e r b i c i d a l l y  a c t i v e  s - t r i a z i n e s  a r e  spec i f i c  i n h i b i -  
t o r s  of  t h e  Hi l l  r e a c t i o n  1, 2. O t h e r  b i o c h e m i c a l  p r o c e s s e s  in  
p l a n t s ,  s u c h  as  a u x i n  m e t a b o l i s m ,  a r e  a l so  a f f e c t e d ,  be -  
s i d e s  t h e  p h o t o s y n t h e s i s 3 - 6 .  S i nce  i t  w a s  s p e c u l a t e d  t h a t  
t h e  t r i a z i n e s  m a y  s u b s t i t u t e  for  t h e  p y r i m i d i n e s ,  i t  w a s  in-  
v e s t i g a t e d  w h e t h e r  t h e y  c o u l d  p o s s i b l y  f u n c t i o n  as  b a s e  
a n a l o g s  in  t h e  n u c l e i c  a c i d s  6. H o w e v e r ,  i t  h a s  b e e n  s h o w n  
t h a t  h e r b i c i d a l l y  a c t i v e  t r i a z i n e s  a n d  t h e i r  h y d r o x y - d e r i -  
v a t e s  h a v e  no  e f f ec t  o n  t h e  n u c l e i c  a c i d  m e t a b o l i s m  of  B .  
subtilis a n d  E.  cull or  o n  t h e  m e t a b o l i s m  of  v i r u s e s  in  in-  
f e c t e d  b a c t e r i a l  T h e  t r i a z i n e  h e r b i c i d e s  p r o m e t r y n e  
E 2 - m e t h y l t h i o - 4 , 6 - b i s ( i s o p r o p y l a m i n o ) - s - t r i a z i n e ~  a n d  a t -  
r a z i n e  ( 2 - c h l o r o - 4 - e t h y l - a m i n o - 6 - i s o p r o p y l  a m i n o - s - t r i a -  
z ine)  a r e  n o t  i n c o r p o r a t e d  i n t o  t h e  D N A  of  a n  a r g -  
t - u - s t r a i n  of  E.-coli 8. R e s u l t s  of  c y t o g e n e t i c  s t u d i e s  
w i t h  t r i a z i n e  h e r b i c i d e s  a r e  a v a i l a b l e  a s  wel l .  SAWAMURA 9, 
w o r k i n g  w i t h  Tradescantia h a i r  cel ls ,  f o u n d  n o  i n d i c a t i o n  
of  a n y  e f f ec t  o n  t h e  c h r o m o s o m e s ,  n o r  d i d  STROEV 1~ in  h i s  
i n v e s t i g a t i o n  w i t h  Hordeum seeds .  "vVutl a n d  GRANT 1 1 - 1 3  

f o u n d  a s l i g h t  g e n e t i c  a c t i v i t y  of  t r i a z i n e s  in  t e s t s  w i t h  
Vicia faba a n d  Hordeum r o o t  t i p  ce i ls  a n d  Hordeum p o l l e n  
m o t h e r  cel ls ,  a s  we l l  a s  STROEV14 w h o  p e r f o r m e d  c y t o l o -  
g i ca l  s t u d i e s  o n  Hordeum r o o t  t i p  cei ls .  L IANa  15,16 h a d  in-  
v e s t i g a t e d  d i v i s i o n  s t a g e s  of  p o l l e n  m o t h e r  ce l ls  in  Sorg- 
hum a f t e r  a p p l i c a t i o n  of  a t r a z i n e  in  f ie ld  e x p e r i m e n t s  a n d  
r e p o r t s  a s m a l l  n u m b e r  of  a b e r r a n t  cel ls .  S ince  t h e  r e s u l t s  
a r e  s o m e w h a t  c o n t r a d i c t o r y ,  i t  w a s  r e a s o n a b l e  to  c h e c k  
s o m e  of  t h e s e  r e s u l t s  a n d  c a r r y  o u t  s o m e  a d d i t i o n a l  t e s t s .  

Vicia [aba, Hordeum vulgate a n d  Sorghum vulgare w e r e  
u s e d  as  e x p e r i m e n t a l  m a t e r i a l ,  a n d  a t r a z i n e  a s  a r e p r e -  
s e n t a t i v e  of  t h e  c h l o r o - s - t r i a z i n e s .  M a l e i c  h y d r a z i n e  (MH) 
w a s  u s e d  as  a p o s i t i v e  c o n t r o l  in  o r d e r  to  c o m p a r e  t h e  re-  
s u l t s  w i t h  t h o s e  of  t h e  a b o v e - m e n t i o n e d  a u t h o r s .  F i r s t ,  
c h r o m o s o m e  a n a l y s i s  w a s  p e r f o r m e d  o n  Vicia/aba ( v a r i e t y  
' A q u a d u l c e ' )  l a t e r a l  r o o t  t i p s  a f t e r  c h e m i c a l  t r e a t m e n t .  
T h e  m e t h o d  of  s e e d l i n g  c u l t i v a t i o n  a n d  t r e a t m e n t  as  de -  
s c r i b e d  b y  KIHLMAN 1% IS w a s  e s s e n t i a l l y  a p p l i e d .  A t r a z i n e  
w a s  u s e d  as  p u r e  s u b s t a n c e  d i s s o l v e d  in  w a t e r  or  in  2 %  
a c e t o n e  or, for  t h e  e x p e r i m e n t  w i t h  h i g h  c o n c e n t r a t i o n s ,  
f o r m u l a t e d  as  w e t t a b l e  p o w d e r  ( A a t r e x  | 80 W 19) in  a n  
a q u e o u s  s u s p e n s i o n .  T h e  p H  d u r i n g  t r e a t m e n t  w a s  be -  
t w e e n  6 a n d  8, t e m p e r a t u r e  w a s  a r o u n d  20 ~ a n d  t h e  r o o t s  
w e r e  t r e a t e d  fo r  24 h .  H a l f  t h e  r o o t s  w e r e  f i x e d  i m m e d i a t e -  
l y  a t  t h e  e n d  of  t h e  t r e a t m e n t ;  t h e  o t h e r  r o o t s  we re  f i x e d  
a f t e r  a r e c o v e r y  p e r i o d  of  24 h in  w a t e r .  F o r  al l  t r e a t m e n t s ,  
c o n t r o l  e x p e r i m e n t s  w i t h  t h e  f o r m u l a t i o n  m i n u s  a c t i v e  
i n g r e d i e n t  w e r e  c a r r i e d  ou t .  T h e  c o n c e n t r a t i o n s  m o s t  s u i t -  
a b l e  t o  u s e  a s  t r e a t m e n t  w e r e  d e t e r m i n e d  in  p r e l i m i n a r y  

e x p e r i m e n t s  : t h e s e  w e r e  d e p e n d e n t  on  p h y t o t o x i c i t y  a n d /  
o r  s o l u b i l i t y  of  t h e  c h e m i c a l  in  w a t e r  o r  d i l u t e d  a c e t o n e  
s o l u t i o n s  ( m a x i m u m  2 % ,  as  h i g h e r  c o n c e n t r a t i o n s  o f  ace-  
t o n e  a r e  p h y t o t o x i c ) .  T h e  f i x e d  r o o t s  we re  p r e p a r e d  as  
F e u l g e n  s q u a s h e s .  T h e  s l i des  we re  c h e c k e d  for  a b e r r a t i o n s  
m a i n l y  b y  o b s e r v a t i o n  of  a n a p h a s e s ;  f r a g m e n t s  a n d  b r i d -  
ges  we re  sco red .  E a c h  t r e a t m e n t  w a s  c a r r i e d  o u t  u s i n g  10 
b e a n s ,  in  e a c h  b e a n  200 a n a p h a s e s  w e r e  e v a l u a t e d .  

T h e  f r e q u e n c i e s  of  a n a p h a s e  a b e r r a t i o n s  as  o b s e r v e d  
a r e  r e c o r d e d  in  T a b l e  I. T h e s e  d a t a  s h o w  t h a t  t h e  t r e a t -  
m e n t  w i t h  a t r a z i n e  d id  n o t  i n c r e a s e  t h e  s p o n t a n e o u s  r a t e  
of  c h r o m o s o m a l  a b e r r a t i o n s .  A s  a n t i c i p a t e d ,  m a l e i c  h y d r a -  
z ide  e x e r t s  a r e m a r k a b l e  e f f ec t  o n  t h e  m i t o t i c  d iv i s i on ,  in -  
c r e a s i n g  t h e  f r e q u e n c y  of  a b n o r m a l  a n a p h a s e s  a r o u n d  10 
t i m e s  c o m p a r e d  to  t h e  c o n t r o l .  S t a t i s t i c a l  a n a l y s i s  w a s  
s i g n i f i c a n t  a t  t h e  1% level .  T h e  m i t o t i c  i n d e x  w a s  n o t  
a f f e c t e d .  

F u r t h e r  i n v e s t i g a t i o n s  we re  p e r f o r m e d  w i t h  Hordeum 
vulgare r o o t  t i p s .  T h e  s e e d s  we re  t r e a t e d  w i t h  t h e  c h e m i c a l ,  
a n d  r o o t  t i p s  w e r e  a n a l y z e d  for  c h r o m o s o m a l  a b e r r a t i o n s .  
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80% of atrazine (2-chloro-4-ethyl-amino-6-isopropylamino-s-tri- 
azinel as active ingredient. 

Table I. Frequency of anaphase aberrations after t reatment  of Vicia laba root tips with atrazine and maleic hydrazide 

Compound Concentration Abnormal anaphases b t-test Mitotic indices b 
of the active ingredient (%) ( % ) 
(mM) 

Atrazine ~ 1.0 1.6 (1.0) NS 1.551 3.6 [3.81 
Atrazine ~ 0.5 1.4 (1.7) NS 0.645 2.8 12.3/ 
Atrazine ~ 0.25 1.5 (1.3) NS 0.548 3.2 (2.9) 
Atrazine 0.4 1.1 (1.1) NS 0.153 2.9 (4.1) 
Atrazine 0.2 1.2 (1.25) NS 0.150 5.2 (4.6) 

Maleic hydrazide 0.01 15.0 (1.25) o 16.445 3.5 (4.6) 

~Atrazine formulated as Aatrex | 80 W. bThe number  in brackets apply to the corresponding controls, o Significance at the 1% level. 
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Table II. Frequency of anaphase aberrations in Hordeum root tip cells after treatment of the seeds with atrazine and maleic hydrazide 

Compound Concentration Abnormal anaphases o t-test Mitotic indices c 
of the active ingredient (raM) (%) (%) 

Atrazine 10 2.9 (2.2) NS 0.542 2.5 (2.6) 
5 2.1 (1.4) NS 0.677 2.8 (2.8) 
2.5 2.3 (2.0) NS 0.229 1.9 (2.3) 

Maleic hydrazide b 2.5 22.0 (1.7 a 3.095 0.3 (2.2) 
1 18.7 (1.7)a 4.998 0.7 (2.4) 
0.5 9.8 (1.7) a 3.106 1.4 (2.9) 
0.25 4.5 (1.6) NS 1.929 2.1 (2.3) 

~Atrazine formulated as Aatrex | 80 W. bMaleic hydrazide formulated as 25 W. ~The numbers in brackets apply to the corresponding con- 
trois, a Significance at the 1% level. 

Table III. Frequency of aberrant division stages in Sorghum pollen mother cells after spray application 3 weeks after enlergence with atrazine 
and maleic hydrazide 

Compound Concentration Abnormal t-test Mitotic indices o 
of the active ingredient (kg a.i./ha) division stages ~ (%) (%) 

Atrazine �9 5 1.9 (1.6) NS 0.62 1.3 (1.2) 
Maleie hydrazide b 3 4.3 (1.9) a 3.31 1.0 (1.4) 

Atrazine formulated as Gesaprim | 50. b Maleic hydrazide formulated as 25 W. cThe numbers in brackets apply to the corresponding control. 
aSignifieance at the 1% level. 

Dry  seeds of Hordeum (winter  barley,  va r i e ty  'Astr id ' )  
were soaked for 24 h a t  20 ~ in suspensions  of Aa t r ex  | and  
for compar i son  in maleic hydraz ide  of d i f fe rent  concen- 
t ra t ions ,  Control  t r e a t m e n t s  w i thou t  the  act ive  ingredien t  
were  carr ied out.  Af te r  t r e a t m e n t  t he  seeds were r insed 
w i t h  wa te r  and  ge rmina ted  in the  da rk  in Pe t r i  dishes. The 
roots  were f ixed when  t h e y  were  abou t  5 m m  long. Feul-  
gen squashes  were p repa red  af ter  a 20 min  macera t ion  in 
4% pect inase .  The aber ra t ions  were again scored by  ob- 
se rva t ion  of anaphases .  E a c h  t r e a t m e n t  was carr ied out  
w i t h  a t  least  15 roots ;  150-400 anaphaseS were inves t iga t -  
ed per  t r e a t m e n t .  The resul ts  are summar ized  in Table II .  
They  show t h a t  the  a t raz ine  t r e a t m e n t  of the  Hordeum 
cells did no t  s igni f icant ly  increase t he  spon taneous  ra te  
of aberra t ions ,  whereas  t he  ch romosome-break ing  effect  
of maleic  hydraz ide  is obvious.  This is also ev iden t  f rom 
the  mi to t ic  index  which  remains  a t  a cons t an t  level in the  
a t raz ine  t r e a t m e n t s ,  whereas  i t  g rea t ly  decreases  when  
inaleic hydraz ide  is used.  

Final ly,  a field e x p e r i m e n t  was carr ied out  using Sorg- 
hum vulgare. After  sp ray  t r e a t m e n t s  of the  young  p lan t -  
lets, ch romosome  analysis  in pol len m o t h e r  cells was per- 
formed.  The grain Sorghum va r i e ty  ' N o r t h r u p  King  
110' was used for these  inves t iga t ions ,  and  a t raz ine  (Gesa- 
p r i m *  502~ and  maleic hydraz ide  25 W were appl ied  a t  
ra tes  of 3 and  5 kg, respect ively ,  i .a./ha, 1 and  3 weeks a f t e r  
seedl ing emergence.  Abou t  8 weeks af ter  seedl ing emer-  
gence the  panicles  were harves ted ,  f ixed in a formol-acet ic  
ac id-e thanol  so lvent  m ix tu r e  and  p repared  for microscopic  
exanl ina t ion .  The squashes  and  sect ions were s ta ined  wi th  
Feulgen or for the  examina t i on  of nucleoli  w i th  me thy l -  
green-pyronin .  Abou t  4 p lan t s  per  t r e a t m e n t  were  checked.  
In  each panicle  300 division stages of pollen m o t h e r  cells 
were evalua ted .  

The  seedlings t r e a t e d  1 week af ter  emergence  showed 
t h a t  ne i ther  maleic hydraz ide  nor  a t raz ine  had  any  cyto-  
genet ic  effect.  At  a la ter  app l ica t ion  of the  two compounds ,  
a t raz ine  again showed no effect,  b u t  t he  chromosome-  
b reak ing  effect  of maleic  hydraz ide  became  obvious  and 
was s ta t i s t ica l ly  s igni f icant  (see Table  I I I ) .  The examina-  
t ion  of nucleoli, s t a ined  wi th  methyI -green-pyronin ,  showed 
no difference be tween  t r e a t m e n t  and  control .  

Our f indings (Tables I and II) do no t  conf i rm the  re- 
sults  ob ta ined  by  W u c  and  GRANT 11-1~. The da t a  in Table 
I I I  do no t  conf i rm the  results  b y  LIANG Is, 16 et  al. On the  
basis  of the  expe r imen t s  we have  repor ted  here, using a r t s -  
zinc as a r ep resen ta t ive  of the  chloro-s- t r iazine herbicides,  
the re  is no evidence of a cy togene t ic  ac t iv i ty  of th is  com- 
pound  in p lants .  

Zusammen/assung. U n t e r s u c h u n g e n  an Vicia labs-und 
Hordeum- Wurze l sp i t zen  sowie an Sorghum- Pol lenmut te r -  
zellen ergeben keine Hinweise  ffir eine zytogenef ische  
Wi rksamke i t  des Tr iaz in-Herbiz ides  Atraz in  in Pflanzen.  
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