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Summary. Lemna paucicostata is a short-day plant which normally flowers only 
in a medium supplemented with EDTA or EDDHA. On a molar basis EDDHA is 
more effective for induction of flowering. The chelating agent can be replaced by 
high concentrations of ferric citrate in the medium. Simultaneous supply of both 
EDDttA and a high level of ferric citrate results in flowering even under long days. 

Recen t ly  i t  was found in our l a b o r a t o r y  t h a t  subs t i tu t ion  of the  
usual  i ron source in the  m e d i u m  b y  an i ron chelate,  namely ,  the  i ron  
sal t  of e thy lened iamine -d i -o -hydroxypheny laee t i c  acid  ( F e - E D D H A ) ,  
resul ts  in a change of the  photoper iodic  bchav iour  of Wol//ia micro- 
scopica f rom sho r t -day  to  day -neu t r a l  (MAttESHWAt~I and  SnTH, 1966). 
This  f inding raises the  quest ion whe ther  in i t ia t ion  of f lowering by  this  
compound  under  non- induc t ive  photoper iods  is common to members  of 
the  Lemnaceae or is something  unique to W. microscopica. I n  the  present  
inves t iga t ion  we have  t r i ed  to  answer this  quest ion wi th  respect  to  
Lemna paucicostata Hegelm. ,  a local duckweed.  

Fronds of L. ioaucicostata were cultured under aseptic conditions in a medium 
consisting of the following (in mg/]): t~NOa 85, Ca(NOa)2"r 242, KH2PO 4 20, 
KC1 61, MgSOa.7H20 42, ZnSO4.TH20 1, CuSO~.5H20 0.03, HaB08 1, Na2MoO( 
2H20 0.025, MnS04.H20 0.1, ferric citrate 4.0 (ca. 10 -8 M), and sucrose 10 g/1. 
Chelating agents, namely ethylenediaminetetraacetic acid (EDTA) or ethylenedia- 
mine-di-o-hydroxyphenylacetic acid (EDDHA), were included when required. The 
cultures were maintained at 25 =~ 1 ~ under illumination from a mixed bank of 
fluorescent and incandescent lamps, 650 ft.-c, intensity, under long-day conditions 
(18 hours light, 6 hours darkness). 

I t  was found t h a t  the  f ronds grew reasonab ly  sa t i s fac tor i ly  in the  
m e d i u m  even in the  absence of E D T A  or E D D H A  (Fig. ] )L F lower ing  
occurred only  when the  p lan t s  were sub jec ted  to  a m i n i m u m  of one 
s h o r t - d a y  ~rea tment  ( i6  hours  darkness ,  8 hours  l ight) and  even then  
only  in the  presence of a chelat ing agent .  No flowering took  place in 
m e d i u m  devoid  of E D T A  or E D D H A  except  under  special  c i rcumstances  

1 Growth has been expressed in terms of the multiplication rate calculated by 
the formula given by CL~K (1925). 



96 S. C. MAHI~SHW~I and S. GUI~TA: 

as described below. I t  m a y  be observed tha t  the opt imal  concentra t ion 
of E D D H A  for flowering is as low as 5 • 10 -6 M, compared to 10 -4 M 

for E D T A  (Fig. 1 A and  B). 
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Fig. 1A--C. Effect of EI)TA (A), EDDHA (]~) and ferric citrate (C) on multi- 
plication rate and flowering in Lemna paucicostata (pH of medium 5.5). The plants 
were subjected to 4 short days and analyzed for flowering on the 4th day after 
induction. Iron in A and B was kept constant at the normal level (10 -5 M ferric 
citrate). Note that flowering in these cases was obtained under short days only. 

Multiplication rate determined according to CLA~K (1925) 

The flower-inducing effect of E D T A  ~nd E D D H A  at ra ther  low con- 
ccntra t ions  implied the chelation of some trace element(s). Hence, 
exper iments  were unde r t aken  to ident i fy  the ion involved,  and  to 
determine a sui table concentra t ion  which could dispense with the 
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requ i rement  of a chela t ing  agent  for flowering. Of the  ehemicMs (MnS04, 
CuSO~, ZnSO~, Na~MoQ,  I-I~BO 3 and  ferric c i t ra te)  t r ied ,  on ly  high 
concent ra t ions  of ferric c i t ra te  were effective in  replacing the  require-  
men t  for E D T A  o r  E D D I I A .  Fig.  1 C i l lus t ra tes  an  expe r imen t  where 
5 • 10 -4 M ferric c i t ra te  b rough t  abou t  a p p r o x i m a t e l y  60% flowering 
even t hough  this  concen t ra t ion  resul ted  in a decline in the  mul t ip l i ca t ion  
r a t e  of the  p lants .  

In te res t ing ly ,  when bo th  E D D H A  and  excess i ron (5 • 10 -4 M ferric 
c i t ra te )  were p rov ided  s imul taneous ly ,  our  s t ra in  of L.  paucicostala, which 
has been cu l tured  in this  l a b o r a t o r y  for over  4 years  and  had  been 
known to us as a s t r ic t  sho r t -day  plant ,  f lowered under  long-day  condi- 
t ions.  Add i t i on  of E D D H A  a t  a concent ra t ion  as low as 5 • 10 -~ M 
(op t imum 5 • 10 -a M) to the  excess-iron med ium was sufficient  to br ing 
abou t  th is  change in the  f lowering response (Table).  

Table. E//ect ot NDDHA in excess-iron, medium (5 • 10 -~ M [errie citrate) on 
/lowering in Lemna paucicostata under long and short days 

Figures are percentage of flowering plants, determined according to HILLMA~ 
(1959). 

Photoperiod EDDHA (molar) 

0 10 e 5 • 10 .6 10 -5 5 • 10 -5 10 -4 5 X 10 -a 

Long days 0 0 5.6 31,5 57.5 51.8 2.8 
(18 hrs. light) 

Short days 74.0 78.7 79.9 79.6 82.0 87.6 80.1 
(8 hrs. light) 

The  presen t  f indings  in L.  paucicostata are  in generM agreement  wi th  
our  previous  repor ts  a b o u t  the  role of i ron  and  chela t ing  agents  for  
f lowering in W. microscopica (MAHESHWAEI and  SETH, 1966; also 
MA~ESHWARI and  CHAUHA~-, 1963). A t  this  stage, we are unable  to  
provide  a n y  convincing exp lana t ion  of the  mechanism b y  which the  
effects of these chemicals  on flowering in Lemnaceae are  b rough t  about .  
I t  m a y  be t h a t  i ron in some w a y  is specifical ly invo lved  in f lowering and  
the  ve ry  high af f in i ty  of E D T A  and  pa r t i cu la r ly  E D D H A  (K~oLL, 1957) 
to  th is  me ta l  makes  i t  more  r ap id ly  ava i lab le  for th is  process.  

We extend our thanks to Geigy& Co., Basle, Switzerland for sending us a gift 
sample of EDDHA and to Drs P. S. GA~APAT~Y and MRID~L WAD~-I for suggesting 
improvements in the manuscript, The investigation is aided by a grant (No. FG- 
In-283) from the U.S. Department of Agriculture to one of us (S.C.M.). 
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