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Abstract To ascer ta in  the reasons  for p o o r  n o d u l a t i o n  of  
p igeonpea ,  we s tudied  the effect o f  h igh  t empera tu re  on  
the p roduc t i on  o f  f lavonoids  by the p igeonpea  host.  A 
high t empera tu re  af fec ted f lavonoid  p roduc t i on  by  pi- 
geonpea  and  mungbean .  A t  37~  p igeonpea  roo t  ex- 
udates  con ta ined  four  f iavonoids  and  the roo t  extract  
con ta ined  five. The  p r o p o r t i o n  o f  the  second f lavonoid  in 
the  p igeonpea  and  the m u n g b e a n  was higher  and  the pro-  
p o r t i o n  o f  the th i rd  f l avonoid  was lower at  37 ~ com-  
pa red  to 30 ~ At  the  h igher  t empera tu re  the  f lavonoids  
exuded f rom p i g e o n p e a  roots  were same those  in the  roo t  
homogena te .  
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Introduction 

N o d u l e  f o r m a t i o n  in legumes involves a series o f  interact-  
ing steps (Verma 1992). Dur ing  an ear ly  exchange o f  sig- 
nals  hos t  roots  secrete h ighly  specific factors  cal led 
f lavonoids ,  which induce  n o d u l a t i o n  (nod) genes in 
rh i zob ia  ( R e d m o n d  et al. 1986; Zaa t  et al. 1987; Maxwel l  
et al. 1989) and  thereby n o d  signals  are synthes ized (de 
Bru i jn  and  Downie  1991; Kondoros i  1992). The  extent of  
n o d u l a t i o n  in a hos t  legume (Kapuln ik  et al. 1987) is de- 
t e rmined  by nod  signals tha t  regulate  nodu le  f o r m a t i o n  
by contro l l ing  growth  and  d i f fe ren t ia t ion  in the  hos t  
p lant .  P i g e o n p e a  n o d u l a t i o n  in n o r t h e r n  regions of  I n d i a  
is p o o r  (Khurana  and  D u d e j a  1981), and  different  reasons 
for  this have been  invest igated (Dude j a  and  K h u r a n a  
1988 a, b, c; 1989 a, b, c; 1994). One  poss ib le  reason is tha t  

the  h igher  t empera tu res  prevai l ing in this region might  ad-  
versely affect  the  p roduc t i on  o f  f lavonoids  by p igeonpea .  
Therefore,  we s tudied  the effects o f  high tempera tures  on 
f i avonoid  p r o d u c t i o n  by  p igeonpea  in c o m p a r i s o n  with 
tha t  in mungbean ,  a bet ter  n o d u l a t i o n  crop. 

Materials and methods 

Root exudates of pigeonpea (cv UPAS 120) and mungbean (cv 
K851) were collected at temperatures of 30 and 37 ~ after 10 days 
of growth. These temperatures were permissive and non-permissive 
for nodulation of pigeonpea, respectively (Dudeja and Khurana 
1989a). Root exudates were collected in root exudate collection 
tubes (Dudeja and Khurana 1988a), and root extract was prepared 
by macerating roots in methanol followed by filtration and concen- 
tration under a vacuum below 40 ~ Both root exudates and root 
extracts were sterilized by membrane filter assembly using 0.45-gin 
membrane filters. 

To detect flavonoids, root exudates/extracts were analysed by 
chromatography. Thin-layer chromatographic plates were prepared 
by homogenously spreading a slurry of 25 g silica gel-G in 50 ml 
distilled water, using a spreader 1 mm thick. The plates were air- 
dried and then placed in an oven at I I0~ for 30rain. Root ex- 
udates and extracts of pigeonpea and mungbean were spotted 
(150 ~tl) on the plates, and then the plates were run using metha- 
nol: chloroform (70:30 vol:vol) as a solvent system in a tank 
presaturated with the same solvent. After 1 h the plates were re- 
moved, dried, and visualized under an ultraviolet transilluminator 
(Harborne 1983). The root exudates were also analysed by high-per- 
formance liquid chromatography (Bioanalytic Systems, USA). The 
analysis was carried out by a reverse-phase 18 octadecylsilica col- 
umn with an ultraviolet detector set at 254 nm. The solvent system 
used was methanol: water (1 : 1 vol : vol) acidified with glacial acetic 
acid (2.5 ml litre -1) and the solvent was degassed before use. The 
flow rate was adjusted to 0.5 ml rain-a and the temperature of the 
column was set at 40 ~ Since standard flavonoids were not avail- 
able, the numbers and proportions of different peaks were recorded. 
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Results and discussion 

Thin- layer  c h roma tog ra ph i c  analysis  o f  roo t  exudates and  
extracts o f  p igeonpea  showed the presence o f  three 



flavonoids in the root exudates and four flavonoids in the 
root extracts of the pigeonpea (Fig. 1). In the mungbean, 
there were four flavonoids in the root exudates and five 
in the root extracts. The total number of flavonoids, the 
colour of flavonoid spots and their rates of flow showed 
that the flavonoids present in the root exudates were dif- 
ferent from those of the root extracts of pigeonpea and 
mungbean. The spectra of the flavonoids exuded by the 
roots of the pigeonpea and the mungbean were not the 
same as those inside the root. Similarly, in Vicia sativa, 
7 flavonoids have been reported in root exudates com- 
pared to 10 in the root homogenate, only 4 of which were 
the same and the remaining different (Zaat et al. 1988). 

High-performance liquid chromatography of the root 
exudates showed that temperature affected the flavonoid 
production by both hosts, both qualitatively and quanti- 
tatively. In root exudates of the pigeonpea five peaks were 
detected at 30~ with retention times of 5.0, 6.0, 10.0, 
11.0, and 12.5 min, whereas at 37 ~ an additional peak 
corresponding to a retention time of 9.0 rain was also de- 
tected (Fig. 2). The relative proportion of flavonoids cor- 
responding to the second peak was considerably higher at 
37~ compared to 30~ In the root exudates of the 
mungbean, the number of flavonoids detected at both 
temperatures was same, being four, but the retention time 
was different (Fig. 3). Like the pigeonpea, the relative pro- 
portion of the second flavonoid increased whereas the rel- 
ative proportion of the third flavonoid decreased at the 
higher temperature. In the pigeonpea, previous work has 
revealed the presence of five or six flavonoids (Dahiya et 
al. 1984; Dahiya 1991). Thus the higher temperature 
changed the spectrum of flavonoids exuded by the pi- 
geonpea but had no affect on the production of 
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Fig. 1 Analysis by thin-layer chromatography of root exudates and 
extracts of pigeonpea and mungbean. �9 whitish blue; l ,  blue; 
&, bluish yellow; A, yellow; [], light blue; II, intensified blue 
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Fig. 2 High-performance liquid chromatography of root exudates 
of pigeonpea collected at 30 ~ and 37 ~ (O. D. optical density) 
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Fig. 3 High-performance liquid chromatography of root exudates 
of mungbean collected at 30 ~ and 37 ~ (O. D. optical density) 
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flavonoids in the mungbean. The type of flavonoid pre- 
sent in the mungbean root exudates at the higher temper- 
ature was similar to that inside the roots, indicating that 
the flavonoids from the roots were exuded without modi- 
fication or processing, as reported in alfalfa, in which un- 
modified flavonoid was exuded from seeds (Hartwig and 
Phillips 1991). 

Since these flavonoids are necessary for the induction 
of nod genes, we conclude that higher temperature 
prevalent in this region might change the relative propor- 
tion and type of flavonoids produced under field condi- 
tions and thus restrict the number of nodules formed by 
the pigeonpea host. Further studies on the identification 
of inducers and anti-inducers of nod genes in the 
pigeonpea will provide a better understanding of the 
nodulation problem in the pigeonpea. 
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