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Short Communication 

Influence of Fusaric Acid on Circadian Leaf Movements 
of the Cotton Plant, Gossypium hirsutum 

K.S.  Sunda ra r a j an ,  R. Subbara j ,  M . K .  C h a n d r a s h e k a r a n ,  and  S. S h u n m u g a s u n d a r a m  

School of Biological Sciences, Madurai University, Madurai 625 021, India 

Abstract. The co t ton  plant ,  Gossypium hirsutum L. 
(cv. Lakshmi )  exhibi ts  c i r cad ian  leaf  movements .  Fu-  
saric acid  (5-n buty l  pyr id ine  2-carboxyl ic  acid), an 
in vivo tox in  shown to be p r o d u c e d  dur ing  the pa tho -  
genesis of  the wilt  disease in cot ton ,  causes phase  
shifts of  the leaf  m o v e m e n t  r h y t h m  tha t  var ied  in 
degree and  m a g n i t u d e  as a funct ion  o f  the  t rea ted  
phases.  The  da ta  suppor t  the hypothes i s  tha t  mem- 
branes  play a vi ta l  role  as a p a c e m a k e r  in c i rcad ian  
rhy thms .  

Key words:  C i rcad ian  rhy thms  - Fusa r i c  acid  - 
Gossypium - M e m b r a n e  permeabi l i ty .  

Introduction 

Resul t s  f rom studies on c i rcad ian  rhy thms  in p lan ts  
and an imals  lend  credence to the view tha t  mem-  
branes  p lay  a vi ta l  role  in the genera t ion  of  such 
r hy thms  (cf. Has t ings  and  Schweiger,  1976). In co t ton  
p lan t s  wilt disease is caused  by a paras i t i c  fungus, 
Fusarium oxysporum fsp vasinfectum Akt., where in  fu- 
saric acid  has  been shown to be p r o d u c e d  in vivo 
dur ing  pa thogenes i s  ( L a k s h m i n a r a y a n a n  and  Subra-  
mart ian,  1955). I m p a i r m e n t  of  s emipe rmeab i l i t y  by 
fusaric  ac id  in the p l a s m a  m e m b r a n e  leading  to large 
a m o u n t s  of  K + in cu t icu la r  excre t ion  in cut  shoots  
o f  t o m a t o  has been repor ted .  Spec t rochemica l  anal-  
ysis of  infected co t t on  p lants  indica tes  a signif icant  
de r angemen t  in the ionic ba lance  of  these p lan ts  (Sa- 
das ivan ,  1961). The  fusaric  acid  by ac t ing  on the mem-  
b rane  causes the observed  pa tho log ica l  s y m p t o m s  in 
diseased plants .  In  view of  this r a the r  direct  ac t ion  
of  fusaric acid  on the m e m b r a n e  we cons ide red  it 
wor thwhi le  to invest igate  the influence o f  fusaric  acid 
on the c i rcadian  r h y t h m  in the  leaf  movemen t s  of  
co t ton  plants .  We  repor t  here results  of  exper iments  

in which  the c i rcad ian  rhy thm of  leaf  movemen t s  in 
co t ton  p lant  was successfully phase  shifted by shor t  
exposures  to fusaric acid. 

Materials  and Methods 

The plants, Gossypium hirsuturn L. (cv. Lakshmi) were grown 
in greenhouses under normal day and night cycles. Experiments 
designed to evoke phase shifts were carried out in an experimental 
cubicle at a constant temperature (22 ~ C + 1~ Six week old plants 
were exposed to continuous white light from fluorescent lamps 
(Philips) of 600 2,700 lx. Under these conditions the rhythm in the 
leaf movements persisted for a period of two weeks and revealed 
a free running rhythm with a period of about 22.5 to 26.4h. 
For the purpose of recording leaf movements on a mechanically 
wound 7-day kymograph drum, a well expanded terminal leaf 
positioned just below the developing young leaf was selected. 
Fusaric acid (5-n butyl pyridine 2-carboxylic acid ; Sigma Chemical 
Company, USA) was dissolved in distilled water to a final con- 
centration of 10 3 M . 0.06 ml of fusaric acid fiom the stock solution 
(10- 3 M) was applied on the upper (adaxial) side of a leaf around the 
prominent mid vein at the basal portion of its blad e and brushed over 
uniformly. The same procedure was repeated with leaves of differ- 
ent plants at required phases. 5 h after the time of application, 
the fusaric acid was washed off from leaves using distilled water. 
Control plants were treated in a similar manner with distilled water. 
The period length just prior to the fnsaric acid treatment was 
taken into account and the circadian phase was calculated in 
degrees, 0 ~ designating maximum night position. The differences 
between the predicted time of maximal night position and observed 
maximal night position following treatment was a measure of phase 
shift. 

Results 

Figure  1 shows the phase  response  curve cons t ruc ted  
f rom the phase  shifts tha t  resul ted f rom app l i ca t ion  
of  fusaric acid  a long the several  phases  of  the circa- 
d ian  cycle. The  da ta  are  based  on the phase  shifts 
observed  in the di rect ly  inf luenced cycle (first cycle, 
� 9  and the th i rd  cycle ( A - A )  tha t  ensues after  
t rea tment .  Phase  advances  occur red  dur ing  the sub- 
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Fig .  1, Phase response curves for 5 h chemical (fusaric acid) pulses. 
The shifts were measured in hours and averaged over 1 hourly 
(15 ~ degrees) bins of circadian cycle. Vertical lines indicate standard 
deviation on both sides of the means. Rectangles indicate standard 
error. Values plotted without standard deviation or standard error 
are single determinations. Ordinate: Measure of advance and delay 
phase shifts in the first cycle ( ~ ) and third cycle ( ~ ) following 
fusaric acid perturbations. Abscissa: Circadian cycle in degrees. 
0 ~ denotes the maximum night position of the leaves. The phase 
shift values are plotted against the beginning of time of application 
of fnsaric acid 

jective day (90 270 ~ ) while phase delays were 
observed in subjective night cycle (270-90 ~ ) of the 
observed rhythm. The transition from delay to ad- 
vance responses occurred near 90 ~ while the transition 
from advance to delay occurred near 270 ~ . 

In some experiments in which the leaves were left 
unwashed after fusaric acid treatment the resultant 
phase shifts were similar. 

Discussion 

Phase response curves have been predominantly 
constructed using pulsed light and temperature on 
plant and animal systems (Aschoff, 1965). Many at- 
tempts have been made to elicit similar phase response 
curves by treating the organisms with various biolog- 
ically active chemicals for a short time to gain a better 
understanding of the components and the mecha- 
nism(s) involved in the basic oscillator. Most meta- 
bolic inhibitors proved to be ineffective in this respect 
(Bfinning, 1971). The effectiveness of valinomycin in 
phase shifting both the circadian leaf movements of 
Phaseolus (B/]nning and Moser, 1972) and stimulated 
bioluminescence in Gonyaulax (Sweeney, 1974) sug- 

gests the implication of K § in the generation of rhyth- 
micity. That fusaric acid in the concentration used 
in our experiments could affect the permeability of 
the membrane as well as the ionic balance is evident 
by its specific effect on membrane systems in various 
plants. In this context it is noteworthy that fusaric 
acid also impairs the active absorption of water (Sada- 
sivan, 1961). 

Recently membrane related circadian rhythms, all 
of which persist in continuous light of low intensity, 
have been reported (Sweeney and Herz, 1975). Fusaric 
acid has a direct effect on the phospholipids of mem- 
branes (enzyme induction studies in the diseased cot- 
ton plants by Lakshmanan and Shunmugasundaram, 
unpublished). Further fluorescence techniques indi- 
cate that fusaric acid brings about conformational 
changes in phospholipid membranes (Gauesan, un- 
published). Apparently topical application of fusaric 
acid elicits qualitatively and quantitatively varying 
phase responses depending on the state of the mem- 
brane during the different phases of the circadian 
oscillation. Nevertheless to the best of our knowledge 
this is the first report of its kind in which a phytotoxin 
is shown to cause a phase shift implicating the role 
of membrane as forming a part of the pace-maker 
complex regulating circadian rhythms. 

We are grateful to Professor E. Bfinning, Professor W. Engelmann 
and Dr. M. Schrempf for suggesting critical improvements and 
to Professor M. Lakshmanan for permission to cite some unpub- 
lished work. 
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