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SUMMARY 

Changes in the amount  and composition of root exudates from young bean 
plants were investigated. The data were compared with those obtained from 
plants deprived of cotyledons or of true leaves. With  intact  plants, it was 
found tha t  the exudation gradually decreased up to the 15th day of cultiva- 
tion. Thereafter, the exudation increased. In plants deprived of cotyledons, 
the decrease in exudation in comparison with intact  plants began on the nine- 
teenth day after planting. The decrease in exudation from intact  plants and 
plants without cotyledons is explained by the eventual exhaustion of reserve 
compounds localized in the cotyledons, which are used in the formation of 
true leaves. In agreements with the above explanation, it was found that  the 
roots of plants deprived of true leaves released higher quantities of exudates 
from the eleventh to the twentyfourth day. 

The kinetics of exudation of the total  amount  of compounds exuded from 
intact  plants did not correspond completely to the kinetics of exudation of 
particular compounds or of groups of compounds. For example, the increase 
exudation of e-amino and imino nitrogen on the third day of cultivation 
resulted primarily from an increased exudation of isoleucine and glutamic 
acid, while the exudation of glycine, serine, threonine, and valine remained 
constant for fifteen days after planting. The exudation of reducing compounds 
decreased after the third day of cultivation. 

INTRODUCTION 

Changes in the exudation of different compounds by roots of 
cucumbers occurred during the early stages of growth. These 
changes were related to changes in the nutrition of the plants, 
primarily to the change from utilization of reserve compounds in 
the cotyledons to that  of organic compounds produced by photo- 
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synthesis  15. Changes in the qual i ty  of root  exudates  were found also 
in bean during the ear ly  stages of growth,  the germinat ing seeds and 
young  roots exuded  peptides tha t  s t imula ted  the growth of a phy to -  
pathogenic  bacter ium,  Xanthomonas phaseoli vat .  [uscans 16. Roots  
of older plants did not  exude these biologically act ive peptides.  
Qual i ta t ive differences in the composit ion of seed and root  exudates  
were also demons t ra t ed  in a va r i e ty  of o ther  plants  13 

The  purpose of the  present  communica t ion  is to describe quant i -  
t a t ive  and qual i ta t ive  changes in root  exudates  during the  ear ly  
stages of growth  of bean and to demons t ra te  t ha t  the observed 
changes m a y  result  f rom an exhaust ion of the  reserve compounds  
of the  cotyledons and f rom an increased amoun t  of nut r ients  
supplied b y  t rue  leaves to  the roots. 

MATERIALS AND METHODS 

Cultivation o/plants and isolation o] root exudates 
Seeds of bean (Phaseolus vulgaris L., cultivar 'Veltruska Saxa') were washed 

with tap water and surface sterilized for 20 rain with a 0.1 ~ solution of 
mercury dichloride. Excess HgC12 was removed from the seeds by repeated 
washings with sterile distilled water. The seeds were germinated on wet filter 
paper (Whatman No 1). After three days, sterile germinated seeds were plant- 
ed in washed, sterile, wetted silica sand, and the plants were maintain edat 
20°C. 

To determine whether exudation patterns in this medium differed from a 

medium containing inorganic plant nutrients, plants were simultaneously 

cultivated in sand wetted with a Hellriegel solution. After eleven days of 
cultivation, one-third of the plants was deprived of cotyledons, leaves and 

primordia were removed from another one-third, and the remaining plants 

served as control. 
Exudates of germinating seeds were collected by washing the filter papers. 

Exudates from older plants were obtained by washing the sand at four-day 

intervals, and the plants were replanted into a new sand medium at the same 
time. Care was taken to avoid damage to roots: a thick suspension was 

prepared by adding sterile distilled water to the sand and the whole plant was 
removed, washed, and transplanted in a new container. Filter papers and 

sand were washed thoroughly with sterile distilled water, and the washings 
were centrifuged to remove particles such as epidermal cells and root-hair 

debris, paper, or sand. After concentration, in vacuo, the exudates were 
lyophilized. Microorganisms were controlled in the media during the experi- 
ments, and contaminated containers were discarded. The experiments were 
terminated 32 days after planting. 
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Analysis o/root exudates 
The amount of exudates excreted during each four-day interval was deter- 

mined gravimetrically. A more detailed analysis was performed on samples 
taken on the 3rd, 7th, 15th, 24th, and 32nd day. ~-amino and imino nitrogen 
were determined according to Rosen 6 and reducing compounds according to 
S o m o g y i  9 and Ne l son  3. Reducing sugars were determined by measuring 
the size and intensity of spots on chromatograms using a photocolorimeter 
(Direktscbreiber mit Integrator; VEB medizinische Fabrik, Berlin). The re- 
sults are presented in relative units. Methods used for paper partition chro- 
matography of amino acids and sugars have already been described 11 14 
Amino acids were determined quantitatively, after separation by two-dimen- 
sional chromatography, by treatment with ninhydrin and cadmium acetate, 
followed by exposure of the chromatograms in a dessicator above sulphuric 
acid for 24 hours. The intensity of eluates from detected spots were measured 
in a spectrophotometer (Prema; Presn~ mechanika) at 550 nm. The results 
were calculated either per 1000 plants or per 1 g exudates. 

RESULTS AND DISCUSSION 

In  a p re l imina ry  exper imen t  it  was  found t h a t  p lan t  roots  culti- 
v a t e d  in sand  we t t ed  wi th  distilled wa te r  released abou t  twice as 
m u c h  exuda tes  as when  we t t ed  wi th  Hellriegel nu t r i en t  solution. 
However ,  the  ra t io  be tween  the  a m o u n t  of root  exuda tes  f rom 
plan ts  cu l t iva ted  in the  two med ia  was a lways  cons tan t  during the  
different  s tages of p lan t  growth,  indicat ing t h a t  the  level of exuda-  
t ion was inf luenced to the  same extent .  On the  basis of these results,  
exuda te s  ob ta ined  dur ing cul t iva t ion  of p lan ts  in distilled wa te r  
were used as the  s t anda rd  to de te rmine  the  re la t ive  rat ios  of differ- 
ent  componen t s  excre ted  dur ing different  s tages of p lan t  growth,  
especial ly as the  higher  concent ra t ions  of salts in the  nu t r i en t  
solution p r e v e n t e d  good separa t ion  of spots  dur ing pape r  par t i t ion  
c h r o m a t o g r a p h y .  

Quan t i t a t i ve  changes  in the  exuda tes  f rom plan ts  cu l t iva ted  in 
sand  we t t ed  wi th  distilled wa te r  are p resen ted  in Fig. 1. The  
a m o u n t s  exuded  f rom control  p lan t s  and  f rom plan ts  depr ived  of 
the i r  co ty ledons  decreased up  to  the  15th d a y  of cu l t iva t ion  and  
then  increased. I n  p lan t s  depr ived  of t rue  leaves, the  a m o u n t  of 
exuda tes  increased i m m e d i a t e l y  af ter  the i r  r emova l  (1 l th  day).  
Beginning on the  24th day,  the  am oun t s  exuded  b y  roots  of p lan ts  
wi thou t  coty ledons  or leaves decreased,  whereas,  in the  control  
p lants ,  an increase cont inued.  General ly,  the  a m o u n t  of exuda tes  
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Fig. 1. Kinetics of exudation of root exudates in intact plants, plants de- 
prived of leaves and primordia, and plants deprived of cotyledons. 

from plants without cotyledons was always lower and from plants 
without true leaves higher than from control plants up to the 24th 
day. 

On the basis of these results it was assumed, that  plant roots are 
nourished predominantly by  reserve compounds in the cotyledons 
up to the 24th day of growth and that the decrease of the amount of 
root exudates between the 3rd and 15th day of growth was asso- 
ciated with the formation of true leaves, which are also initially 
nourished by  these reserve compounds. Due to the removal of tile 
true leaves, the flow of nutrients from the cotyledons to the roots 
increased, and the amount of root exudates also increased. Con- 
versely, the amount of root exudation decreased below the level of 
the control plants when the cotyledons and thus the reserve com- 
pounds were removed. 

The amount of e-amino and imino nitrogen exuded by  the 
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control plants increased (Fig. 2), whereas the amount of reducing 
sugars decreased (Fig. 3) during the growth of the control plants. 

The amount of reducing compounds exuded by intact plants 
changed only slightly during 32 days of growth (Table 1). Plants 

TABLE 1 

Dynamics of exudation of reducing compounds by root of bean (in rag) 

Days 

Plants without Plants without 
Intact  plants leaves cotyledones 

1000 1 g 1000 1 g 1000 1 g 
plants exudate plants exudate plants exudate 

4-  7 9.14 69.37 . . . .  
16-19 12.93 47.50 8.62 33.75 5.29 31.87 
25-28 8.83 23.75 4.35 16.25 2.03 8.75 

29-32 9.81 21.25 4.38 15.00 3.02 15.00 

deprived of true leaves usually exuded lower amounts. A greater 
decrease occurred in plants deprived of cotyledons. When the data 
were expressed on the basis of 1 g of root exudates, the amount 
of reducing compounds exuded steadily decreased and was lower 
from plants deprived of true leaves or cotyledons. 

In agreement with the data presented in Fig. 2, the kinetics of 
the exudation of individual amino acids were similar (Fig. 4), with 
the exception of glutamic acid the exudation of which decreased 
beginning at the 24th day. Isoleucine was exuded most, followed by 
glutamic acid (the first 24 days), threonine, valine, serine, aspartic 
acid, and glycine. Fig. 5 shows the amounts of exuded amino acids 
expressed on the basis of 1 g root exudates. Expressed in this way, 
the decrease in the exudation of glutamic acid is even more pro- 
nounced. The decrease in the exudation of glutamic acid may 
influence the growth of certain species of bacteria in the rhizosphere 
of young beans, as it has been shown that  this is the only amino 
acid that can be utilized by the phytopathogenic bacterium, 
Xanthomonas phaseoli vat. /uscans 12. Furthermore, this pathogen 
disappears out of the bean rhizosphere when the exudation of 
glutamic acid decreases 10. On the 24th day, serine and aspartic acid 
decreased slightly, whereas the amounts of other amino acids 
remained constant or increased slightly with further growth. 
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Kinetics of exudation of certain amino acids. Fig. 4. 

In  plants deprived of cotyledons the exudation of all amino 
acids decreased (with the exception of isoleucine, where tile decrease 
started later (Fig. 6). With the exception of aspartic acid and 
glycine, the decrease lasted for more than 24 days. 

In plants deprived of true leaves, the exudation of four amino 
acids increased (isoleucine, threonine, aspartic acid, valine) and 
slight decrease was observed in three cases, particularly in the case 
of glutamic acid (Fig. 7). Isoleucine decreased after 24 days, and a 
less pronounced decrease was observed with aspartic acid. 

Qualitative and quanti tat ive changes in the composition of 
exuded reducing sugars occurred during the first stages of growth 
(Fig. 8). Fewer spots were detected from 3-day-old plants than  from 
7-day-old plants. However, one oligosaccharide, excreted by 3-day- 
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old plants, was not detected in later stages of growth. Seven-day- 
old plants also exuded xylose and two unidentified sugars, the sugar 
with the higher Rf value being a keto sugar. The unidentified sugar 
(spot number 13) was not detected in exudates from 15-day-old 
plants. Only quantitative differences between control plants and 
plants deprived of cotyledons or true leaves were found in 15-day- 
old plants. Fewer spots were found in 24-day-old plants, and a 
decrease in the exudation of individual sugars also occurred. Plants 
deprived of cotyledons did not release any reducing sugars, whereas 
plants deprived of true leaves exuded more sugars and in greater 
amounts than did control plants. Only a few sugars (three from 
control plants and two from plants deprived of cotyledons and true 
leaves) were detected in 32-day-old plants. 
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Qualitative and quantitative differences in the exudation of  keto 
sugars could be observed during the early stages of growth (Fig. 9). 
Three-day old plants exuded two oligosaccharides, with a keto 
group, and fructose; 7-day old plants exuded only oligosaccharides 
and a unidentified keto sugar (not shown in Fig. 9; see Fig. 8); 
whereas, 15-day old plants exuded raffinose, sucrose, fructose, and 
an unidentified keto sugar. Twenty four- and 32-day-old plants did 
not exude any keto sugar. 

Exudates of germinating seeds and young roots of bean were 
analyzed earlier 4 s 13 Sampling of root exudates from plants 
cultivated for 4-day periods in a fresh medium, throughout tile 
early vegetative period, made it possible to determine, in more 
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Fig. 7: Kinetics of exudation of certain amino acids in plants deprived of 
true leaves (in mg/1 g root exudates). 

detail; changes in the quantitative and qualitative composition of 
theroot  exudates: These changes are rather pronounced and occur 
over relatively short time intervals. These changes probably exert 
considerable influence on the colonization of the  rhizosphere by 
microorganisms: Certain phytopathogenic fungi (e.g. species of 
Fusarium 7, Pythium 1) as well as some bacteria 1% find suitable 
conditions surrounding germinating seeds and young roots. During 
the later periods of plant growth, conditions become unsuitable for 
many of these pathogens and a change in the colonizing fungal 
biota occurs, as shown by P a t e r s o n  5. T h e  relatively rapid 
~hange s in the qualitativ e a n d  quantitative composition of root 
exudates during the early periods of plant growth may be caused by 
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Fig .  8. R e d u c i n g  s u g a r s  d u r i n g  g r o w t h  of  b e a n .  I n t a c t  p l a n t s  (a), p l a n t s  
d e p r i v e d  of  c o t y l e d o n s  (b), a n d  p l a n t s  d e p r i v e d  of  l eaves  a n d  p r i m o r d i a  (c) ; 
A - t h r e e  d a y s ' ,  ]3 - s e v e n  d a y s ' ,  C - f i f t e e n  d a y s ' ,  D - t w e n t y  d a y s ' ,  E - 
t h i r t y t w o  d a y s '  p l a n t s  ; S = s t a n d a r d s ;  1-4  = o l i g o s a c c h a r i d e s ;  5 = .  m a l -  
t o s e ;  6 ---- g a l a c t o s e ;  7 = g lucose ;  8 = f r u c t o s e  w i t h  a r a b i n 0 s e ;  9 ---- x y l o s e ;  
10 = r ibose ;  11 ~ r h a l n n o s e ;  12 = d e o x y r i b o s e ;  13 = u n i d e n t i f i e d ;  14 

a n  u n i d e n t i f i e d  k e t o  sugar .  

S1 A B Ca Cb C= Sz 

Fig .  9. K e t o  suga r s  d u r i n g  g r o w t h  of  c o n t r o l  p l a n t s  (a) , , in  p l a n t s  d e p r i v e d  
o f  c o t y l e d o n s  (b), a n d  of  l e aves  a n d  p r i l n o r d i a  (c) ; A - t h r e e  d a y s ' ,  t3 - s e v e n  
d a y s ' ,  C - f i f t e e n  d a y s '  p l a n t s ;  S = s t a n d a r d s ;  I - 2  ~ o l i g o s a c c h a r i d e s ;  3 

r a f f i nose ;  4 = suc rose ;  5 = f ruc tose .  

changes in nutrition of the roots by organic compounds from the 
upper plant parts, as was shown by the qualitative and quantitative 
changes in root exudates from plants deprived of true leaves or of 
cotyledons, Furthermore, a bacterium, XanthomonasPhaseoEvar. 
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/uscans, that colonizes the surface of germinating seeds and young 
roots and disappears from the rhizosphere during later stages of 
plant growth, remained on the surface of roots of plants deprived of 
true leaves for substantially longer time periods % This phenomenon 
was explained by a greater supply to the roots of organic compounds 
from the cotyledons. 
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