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MORPHOGENETIC EFFECTS. AUXIN UPTAKE AND METABOLISM OF SOME PEA 
VARIETIES AFTER ROOT APPLICATION OF AUXINS 

Ingensiep, H. W. Institute of Genetics, University of Bonn 
Federal Republic of Germany 

Previously we proposed a system to test the effects of root applied 
a u x i n s on m o r p h o g e n e s i s , a u x i n u p t a k e , and m e t a b o l i s m of young pea 
seed l ings ( 1 , 2 ) . The present paper summarizes t h e r e s u l t s o f e x p e r i 
m e n t s w i t h s i x v a r i e t i e s o f peas u s i n g t h e d e s c r i b e d t e s t sys tem 
(Tab le 1 ) . The v a r i e t i e s d i f f e r e d i n s eed c o l o r and w e i g h t and i n 
e p i c o t y l length under uniform c u l t u r a l c o n d i t i o n s . Our hope was to f ind 
some pea v a r i e t i e s tha t showed d i f f e r e n c e s in response to r o o t a p p l i c a 
t i o n of auxins . 

One-week-old pea s e e d l i n g s w e r e t r e a t e d w i t h t he a u x i n s 2 , 4 - D , 
2 , 4 , 5 - T , NAA, and I A A ( 1 0 ~ 4 M , 1 4 C - l a b e l e d ) fo r 24 hours v i a the r o o t s 
(10 ml medium per s e e d l i n g ) . The l o s s of r a d i o a c t i v i t y in t he medium 
was measured and e t h a n o l i c e x t r a c t s from the r o o t t i s sue were analyzed 
by th in l a y e r chromatography ( T L C ) . These e x p e r i m e n t s showed no s i g 
n i f i c a n t d i f f e r e n c e s i n u p t a k e b e h a v i o r , a u x i n m e t a b o l i s m , o r 
morphogenetic response among the v a r i e t i e s t e s t e d . A l l v a r i e t i e s showed 
the f o l l o w i n g uptake b e h a v i o r : The 2,4-D and 2 , 4 , 5 - T uptake was very 
low (about 10%), the uptake of NAA and IAA was ve ry g r e a t (more than 30, 
4 0 % , r e s p e c t i v e l y ) u n d e r t h e s e c o n d i t i o n s . The T L C - a n a l y s i s o f 
e thano l i c r o o t e x t r a c t s by autoradiography and the l i q u i d s c i n t i l l a t i o n 
count da ta w e r e in accord wi th the well-known exp lana t ion f o r th i s up
take b e h a v i o r : The 2 , 4 - D and t h e 2 , 1 , 5 - T r a d i o a c t i v i t y i s o n l y 
represented by the spot of the f r e e auxin. However, because the NAA and 
IAA form con juga t ion products w i t h a spa r t i c ac id t h e r a d i o a c t i v i t y ap
pea r s i n two s p o t s , v i z . t h e f r e e aux in and amino a c i d - c o n j u g a t i o n 
products ( N A A ) . L i t t l e d i f f e r e n c e in t h i s r e a c t i o n p a t t e r n was found 
among the v a r i e t i e s . 

The m o r p h o g e n e t i c r e s p o n s e among v a r i e t i e s was a l s o s i m : 
The 2 , 1 - D - and 2 , 4 , 5 - T - t r e a t e d s e e d l i n g s w e r e s t r o n g l y i n h i b i t e d i n 
t h e i r l i g h t dependent morphogenesis ( t i s s u e s w e l l i n g , i r r e g u l a r l a t e r a l 
r o o t s , c a l l u s s t r u c t u r e s ) , w h i l e the NAA- o r I A A - t r e a t e d s e e d l i n g s were 
only s l i g h t l y a f f e c t e d due to the metabol ic i n a c t i v a t i o n of high amounts 
of the f r e e auxin. The r e s u l t s a r e summarized in Table 1. 

These p re l iminary i n v e s t i g a t i o n s c o n f i r m t h e v i e w t h a t the g e n e s 
which a r e i n v o l v e d in r e g u l a t i o n o f the endogenous auxin content ( for 
example fo r conjuga t ing enzymes) seem to be very c o n s e r v a t i v e w i t h i n the 
s p e c i e s . F u r t h e r t e s t s w i t h o the r Pisum s tocks a re necessary t o f ind 
a u x i n - s e n s i t i v e mutants, which d i f f e r in t h e i r response to auxins . 
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A test system is described which allows us to characterize the 
a u x i n - s e n s i t i v i t y and e f f e c t s o f p h o s p h o l i p i d s i n a u x i n s o l u t i o n s 
f o l l o w i n g a p p l i c a t i o n to the shoots o f young pea seedlings. Co-appl ied 
p h o s p h o l i p i d s may be u s e f u l to reduce the amount of h e r b i c i d e s as has 
been demons t ra ted p r e v i o u s l y in f i e l d exper iments by Maas ( 1 ) . Simple 
t e s t systems as i n t r o d u c e d h e r e may be a p r a c t i c a l means of sc reen ing 
f o r s u b s t a n c e s w h i c h r e d u c e t h e amount o f a u x i n - h e r b i c i d e s o r o f 
iden t i fy ing mutants of Pisum wi th abnormal a u x i n - s e n s i t i v i t y . 

The t e s t sys t em is s c h e m a t i c a l l y summarized in F i g . 1 . One-week-
old e t i o l a t e d s e e d l i n g s c u l t i v a t e d o n mo i s t v e r m i c u l i t e were fu r the r 
c u l t i v a t e d f o r two days under a l i g h t / d a r k rhy thm of 16 h r / 8 hr to 
induce l i g h t dependen t morphogenesis . Then the auxins were app l i ed to 
the shoots by d ipping t he top of the e p i c o t y l in aqueous auxin s o l u t i o n s 
( 1 0 - 4 M ) w i t h a n d w i t h o u t p h o s p h o l i p i d s ( 0 . 0 2 % ) . A s t y p i c a l 
a u x i n - h e r b i c i d e s we used 1 4 C - l a b e l l e d 2 ,4-D, 2 , 4 , 5 - T , and MCPA. A f t e r 
t h i s t r ea tment the s eed l ings were again c u l t i v a t e d on mois t v e r m i c u l i t e 
and t h e uptake or r a d i o a c t i v i t y was measured during the f o l l o w i n g 24 
hours. At each measuring po in t the s e e d l i n g s were dipped in ethanol to 
remove t he su r f ace -a s soc i a t ed auxin and a f t e r that the shoot t i s sue was 
extracted by an ethanol procedure . A u x i n - r a d i o a c t i v i t y on the shoot and 
in t he shoo t w e r e o b t a i n e d and measured by a l i q u i d s c i n t i l l a t i o n 
coun te r . The d i s t r i b u t i o n o f r a d i o a c t i v i t y one week a f t e r the shoot 
a p p l i c a t i o n was a l s o measured by autoradiography of the whole s e e d l i n g s 
on X-ray f i l m s . 

These experiments showed tha t the presence of phosphol ip ids in the 
aqueous auxin s o l u t i o n s enhanced the d e t e c t a b l e a u x i n - r a d i o a c t i v i t y on 
the shoot s u r f a c e up to t h r e e t imes and in the shoot t i s s u e up to two 
times compared wi th s o l u t i o n s con ta in ing on ly the auxins . Moreover , the 
analysis by autoradiography showed broader spots of r a d i o a c t i v i t y on the 
leaves i f phosphol ipids were present i n the s o l u t i o n s . A l so the t y p i c a l 


