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A  Comparison of  the Effects of  Chelates, Salicylic
      and  Benzoic Acid on  Growth and  Flewering
                of  Spirodela polyrrhiza
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   FIowering in the  genus  S.birodeta, whether  in the  laboratory or  in naturc,  has been

obscrved  only  rarely.  In this  communication,  Lhe  growth and  fiowcring behavieur of

a  local isolate of  S. Poij,rrhiza, strain  SP2o, is being reported.  The  presence ofa  chelate,

such  as  EDTA,  is obligatory  for satisfactory  vegctativc  grewth  of  S. Po(yrrhila SP2o.
An  optimal  flowering  response  is obtained,  however,  only  when  compounds  such  as

EDDHA,  a  phenolic analog  ofEDTA,  or  benzoic acid  are  supplied.  Flowering, so

induced, is not  influenced by the length of  the photoperiod. Flewcring froncls bccome

gibbous and  both EDDHA  and  benzoic acid  also  enhanced  anthocyanin  content,

   This  investigation has  a]se  revealed  that  salicylic  acid,  which  is known  to have

chelating  properties itselfL induces flowering in this  duckweed  only  in the  simultaneous

presence ofEDTA,  in the  nutrient  solution.
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   opirodetapolyrrhiza, also  called  
`greater

 duckweed', is the largest in size  amongst  the duckweeds
and  is world-wide  in distribution. Nevertheless, like other  duckweeds,  EP)irodela flowers in-
frcquently in nature  and  there  are  only  a  few reports  where  flowering has been observed  in the
laboratory, In S, Polyrrhiza, Lacor  (1968) coulcl  obtain  only  10%  flowering in the  presence of
casein  hydrolysate in the  nutrient  solution  and  Wolek  (1974) reportcd  fiowering in strain  7401
without  any  quantitative data. The  first report,  where  a  substantial  degree of  flowering was
observed  in SPiredeta Punctata (formerly designated as  S. otigorrhiza),  came  from Kandeler's
laboratory-flowering  could  be induced  in the  presence of  SA  as  well  as  EDDHA  (Scharfetter
et  al.  1978). This was  Ibllowed by a  short  communication  frem  our  laboratory, wherein  in-

duction ef  flowering in S. Polyrrhiza SP2o by SA  was  demonstrated (Khurana and  Maheshwari
l980), 

c

   We  present here data to show  control  of  flower initiation in this local duckweed strain  by

EDDHA  and  benzoic acid.

Materials  and  Methods

   Strain SP2o of  E)birotRrla Polyrrhiza was  collected  from the lake at  the  Ghana  Bird Sanctuary,
Bharatpur, India, in December  1977. Aseptic cultures  ofS.  Polyrrhiza SP2o were  maintained  in
modified  Bonner-Devirian  medium,  i.e. containing  the macro-nutrients  ef  Bonner-Devirian

   Abbrcviations: BA,  benzeic acid;  EDTA,  ethylenediaminetetraacetic

hydroxyphenylacetic acid;  MR,  multiplication  rate;  SA, $alicy]ic  acld.acid;

 EDDHA,  ethylenediamine-di-o-
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(1939) mediurn  and  the  micro-nutrients  ofHeller's  (1953) medium.  This nutrient  medium  was

supplemented  with  10-4 M  EDTA  and  1%  sucrQse,  The  pH  of  the  medium  was  adjusted  to

5.5 before autoclaving  at  1.08 kg cm-2  for 15 min,  All experimental  cultures  were  started  with

a  single  3-frond colony  in 250  ml  Erlenmeyer  flasks (containing 100 ml  nutrient  solution),  under

photoperiodic schedules  of  l6h  light and  8h  darkness, The  temperature  was  maintained  at

26± 20C during day time  and  at  22± 10C during darkness, Light was  provided  from a  mixed

bank ofcool  daylight fluorescent tubes  (Philips TL  65-80W!54 RS, 6,8000K) and  tungsten  bulbs

(Philips Argenta, 100 W), The  irradiance in the spectral  range  between  400  and  750nm,

measured  with  the  help of  a  Model  SR  spectroradiometer  (Instrumentation Specialties Co,,
Lincoln, Nebraska), varied  from 10.0 to le,5 W  mL2.

    MR  was  calculated  according  to Clark (1925) as  MR==(logioFd-logioFo)  1,OOO/d,where

Fo is the original  number  of  fronds and  Fd  is the  frond number  on  day  d. Flowering percentage
was  calculated  by dividing the number  of  flowering fronds by total number  of  fronds and  multi-

plying by 100. All flowering stages  were  taken into consideration.  For each  replicate  culture

flask, percentage flowering was  calculated  from about  60-!OO plants, The  percent values  so

derived from three  culture  flasks were  averaged.

    Anthocyanins  were  extracted  in 1%  acidic  methanol  and  absorbance  rgad  at  529 nm.

Total chlorophyll  content  was  determined  according  to  the  procedure of  Smith  and  Benitez

(1955).
    The  experiments  were  repeated  at least once,  and  usually  several  times,  but data of  only

a  representative  experiment  are  presented here,

Results

    ELt7bct of ED  T:t4-In the basal Bonner-Devirian  medium,  without  any  conventienal  chelator,

it was  noticed  that  plants are  not  too  healthy; fronds were  thick  and  yet chlorophyll  content  was

rather  low  (visual observation).  Supplementing the medium  with  EDTA  resulted  in healthy

growth ef  the  fronds plants not  only  rnultiplied  rapidly  but were  also  greener. The  optimal

level of  EDTA  was  lem4 M,  where  ca.  50%  increase in MR  over  the  contrel  plants was  observed

(Fig. 1).
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Fig.  1 Effect of  EDTA  on  multiplication  rate  (MR), total chlorophyll  (Chl) and  anthocyanin  contents  of  Sbirodela
Polyrrhi4a SP2o, under  a  photopcriodic schedulc  of  l6h light and  8h  darkness, in the modified  Bonner-Devirian
medium.  A  three-frond  colony  was  inoculated in each  flask from  an  exponentially  growing 

`stock'

 culture,  MR

was  calculated  and  pigments estimated  in ten-day-old  culturcs.  Curve  represents  the  MR  (mean of  three  replicates).

Vertical bars represent  Chl and  anthocyanin  contents  (mean of  two  replicates;  separate  extractions),  and  vertical

lines the  extent  of  absolute  variation  in the  replicates.
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    An  increase in total ¢ hlorophyll content  was  observed  with  increase in the  level of  EDTA

and  anthocyanin  content  decreased marginaLly  at  levels ef  EDTA  greater than  5 × 10-6 M  (Fig. ]).
A  rather  marked  Sncrease in the  level of  anthocyanin  was  observed  at  1O-3 M,  where  MR  declined

considerably  (Fig. 1). Regardless of  the  eflbcts  on  grQwth, however, flowering could  not  be
initiated at  any  concentration  of  EDTA  between  10'6 and  1O-3 M.

    ELI7lect of' EDDHA-EDDHA  was  found to be quite satisfactory  for growth at  lower levels,

i.e. 10-6, 10L5 and  2 × 10'5M, but higher concentrations  were  distinctly inhibitory (Fig, 2).
EDDHA,  at  all levels tried, caused  an  increase in chlorophyll  as  well  as  anthocyanin  content,

except  at  5 × 10-4 M,  where  growth was  etherwise  retarded  (Fig. 2). Besides this, at  10-4 and
5 × 10-4 M  levels of  EDDHA,  fronds became  gibbous and  their  size  was  considcrably  reduced.

    The  eflbct  of  EDDHA  on  flowering is really  noteworthy.  More  than  55 per cent  fronds

flowered, under  a  photoperiodic schedule  of  16 h light and  8 h darkness, although  at rather  high

melarity,  i,e. 5 × IO-4M (Fig, 2). In some  experiments,  however,  as  much  as  75per  cent

flowering could  be observed,  as  would  be obvious  from the  results  described below. Experi-

ments  were  also  designed to determine whether  EDDHA-induced  flowering may  be influenced
by diflbrent photoperiods. However,  the length of  photoperiod did not  have  any  significant

effect  and  flowering was  nearly  uniform  under  all schedules,  except  in the plants kept in con-
tinuous  light where  the flowering percentage was  somewhat  lower (Fig. 3).

    Efact of satiaytic  acid-Earlier,  we  had  reported  that  SA  induces profuse fiewering in S.

Poiprrhiza SP2o, in the  simultaneous  presence of  1O-4 M  EDTA  in the  modified  Bonner-Devirian
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Fig.  2 Eflect of  EDDHA  on  multiplicatien  rate  {MR), total  chlorophyll  (Chl) and  anthocyanin  contents,  and

flowering of  Sbirodeta polyrrhiza SP2o, under  photoperiods of  16 h Iight and  8 h darkness. Experimental cultures

were  initiated in the presence of  diffhrent levels of  EDDHA  in the  modified  Bonner-Devirian medium,  without

EDTA,  MR  was  calculated  and  estimation  of  pigments was  done in 11-day-old cultures.  Fronds werc  analysed

for flowering after  19 days. Curve  represents  the  flewering percentage (each value  plotted is thc mean  of  threc

replicates).  For rnorc  details sce  legend to Fig, 1.
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medium  (Khurana and  Maheshwari  1980).  SA-induced flowering, too, was  not  influenced by
length ofthe  photoperiod.

    The  potency  Qf  SA  fbr floral induction in spirodeta in the presence of  EDTA  was  easily

re-established.  But since  SA  is known  to chelate  metal  ions by itselC it was  of  interest to de-
termine  whether  SA  alone-in  the absence  of  the  conventional  chelating  agent,  EDTA-wou]d
be eflective  for growth  and,  also,  induce flowering in S. Polyrrhiga SP2o. Plants were  raised  in
the  medium  supplemented  with  filter-sterilized SA  (at levels varying  from  10-7 te 10L4 M),  in the
absence  of  EDTA.  But, unlike  EDTA  and  EDDHA,  SA  could  not  support  a  healthy growth
and  plants remained  pale green throughout,  at  all  the  levels tried, and  no  flewering could  be

observed;  cultures  were  kept under  photoperiodic cycles  of  16h  light and  8h  darkness for
14 days. Higher concentrations  (above 10-6 M)  of  SA  markedly  retarded  growth-MR  was

ca.  120, 110 and  I5, at 5 × 10-6, 10-5 and  5 × 10-5 M  levels, respectively,  as  cempared  to 150 in
untreated  controls,  in the  absence  of  EDTA,  Growth  was  cempletely  arrested  at  10-4 M  level of
SA.
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Fig. 3 Influence of  daylength en  the  ability  of  EDDHA  to  induce flowering in SPirodela Polyrrhiza SP2o. Ex-

perimental  cultures  were  raised  in the  presence  of  5 × 10T4 M  EDDHA  in the  modified  BD.nner-Devirian rrtedium,
devoid ef  EDTA,  Four  separate  sets  of  cultures  were  preparecl and  subjected  to  difllecent photoperiods. The

duration ot' the  experiment  was  15 days, with  the first two  and  the  last three  days of 16 h light and  8 h darkness, for all
treatrnents, For more  dctails see  legend to  Fig. 1 and  2,

Fig. 4 Efikct ofbenzoic  acid  on  multiplication  rate  (MR), total chlorophylland  anthocyanin  centcnts,  and  flowering

of  S?)irodeta Pol.yrthiza SP2o, under  photoperiodic schedules  of  16 h light and  8 h darkness. Experimental cultures

were  initiated in the  modified  Bonner-Devirian mediurn,  in the  prcsence of  10-4 M  EDTA,  BA  (fiIter-sterilized) was

addcd  to two-day-old  cultures.  The  estimation  of  thc  pigmcnts and  the  MR  was  done  after  seven  days, and  fronds

analysed  for flowering 15 days afrer  BA  treatment,  The  values  for the MR  and  flowering represent  the mean/le,f

thrce  rcplicates  and  that  of  pigrnents, the  mean  ef  twe  replicates,  Fer more  details see  legends to Fig, 1 and  2. '･
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    E2foct of benzoic acid-For  its eflbct  on  MR,  total chlorophyll  content  and  anthocyanins,  BA

proved  to be almost  equally  potent as  SA  (the results  with  SA  were  reported  earlier  by us;

Khurana  and  Maheshwari 1980). BA  also  induced  fiowering; however, the  percentage of

fiowering did not  exceed  20%  (Fig. 4), At concentrations  eflective  fbr flowering, plants also

became gibbous. Increase in the levels of  anthocyanins  as  well  as  total chlorophyll  was  also

monitored.  An  increase ofonly  30%  was  recorded  in chlorophyll  content,  whereas  anthocyanins

increased markeclly-more  than  4-fbld increase occurred  over  controls,  with  5 × 10-5M  BA

(Fig, 4).

Discussion

    It is eviclent  from the results  presented above  that strain  SP2o of  S. Polyrrhiza remains  vege-  ,

tative when  grown  in basa] medium,  with  or  without  the presence ef  EDTA,  and  it does not

flower under  any  of  the  photeperiodic schedules  tried. For  satisfactory  vegetative  growth, it
has an  obligatory  requirement  of  a  chelate,  such  as  EDTA-in  this  respect,  S. Polyrrhiza SP2o
resembles  MlbLfiia microscopica,  wherc  EDTA  also  ensures  a  normal,  healthy vegetative  growth

(Seth et  al. 1970, Khurana  1982).

    EDDHA  had  a  marked  stimulatory  eflbct  on  flowering in SPirodela, Flowering  was,

however, not  influenced by the  photoperiod and  it could  be induced even  under  continuous  light.

This effbct  ofEDDHA  on  flowering in S, Pelyrrhiza SP2o is in conformity  with  earlier  rcports  where

it has been  shown  to infiuence flowering (e.g. PV. microscopica,  Seth et al. 1970; a  strain  ofLemna

Paucicostata, Gupta and  Maheshwari 1970; L. gibba G3, Pieterse et  al.  1970; opiredela Punctata,
Scharfetter et al. 1978; L, Paucicostata 151, Watanabe  and  Takimoto 1979 and  L. paucicostata
LP6, Khurana  1982),

    The  response  ofS,  Poiprrhiza SP2o to  EDDHA,  with  respect  to  various  developmental  pro-
cesses  (such as  evocation  of  flowering, size  of  the fronds, gibbosity, multiplication  rate,  total
chlorophyll  content)  is nearly  identical to an  earlier  report  on  S. Punctata (Scharfetter et al. 1978),
However,  the level of  EDDHA  required  for evocation  of  flowering in strain  SP2o  (employed in

the present investigation) was  many-fold  higher than  required  for S. Punctata (reported earlier

by Seharfetter et  al. I978). This may  be due to the  diflerential requirenfent  for nutrients,  as

well  as  growth  behaviour ef  these  two  strains  ef  EPirodetq.
    Benzeic acid,  though  unlike  SA, it has negligible  chelating  activity,  nevertheless,  not  only

did it influence flowering but also  enhanced  chlerophyll  and  anthocyanin  contents  (see Fig. 4)
and  induced  gibbosity in S. Pelyrrhiza SP2o. The  results  obtained  with  BA  are  fairly comparable
with  SA  (reported earlier;  see  Khurana  and  Maheshwari  1980) but, BA  is less eflective  than  SA,
so  far as  intensity of  flowering response  of  strain  SP2o is concerned-only  20%  flowering could
be achieved  with  1O-4 M  BA,  whereas  70%  flowering was  obtained  with  equimolar  level ofSA.

    The  results  presented in this communication  show  that  SA  (a known  chelator),  unlike  EDTA

and  EDDHA,  does not  promote  vegetative  growth  of  S, Polyrrhiza SP2o. But for flowering (only
in the  simultaneous  presence of  !O-4 M  EDTA),  it is many  times  more  eflective  than  these con-

ventional  chelates.  This  is a  situation  similar  to the  one  exhibited  by Pif. microscopica  where  the

presence ofEDTA  is also  necessary  for SA-induced fiowering to occur  (Khurana and  Maheshwari
1983). These observations  thus  reinforce  the view  presented earlier  (Tanaka et  al. 1979,

Watanabe  and  Takimoto 1979, Khurana  and  Maheshwari  1983, see also  Watanabe  et al. 1981)
that  for inductien of  flowering in duckweeds, SA, in a]l  probability, acts  in a  manner  diflbrent
from chelation.

    It is also  of  interest to mention  here that  for induction of  flowering, SA  is now  known  to

simulate  the  eflect  of  EDDHA  in a  number  ofplants,  e.g, Pistia stratiotes  (Pieterse 1978), opirodela
punctata (Scharfetter et  al.  1978), Lemna  gibba G3  (see Tanaka  et  al.  1979), L. Paucicostata 151
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(Watanabe and  Takimoto  1979), L. Paucicostata LP6 (Khurana 1982) and  PVbLfiia microscopica

(see Khurana  and  Maheshwari  1983). With  regard  to this similarity  in the  action  of  EDDHA
and  SA  on  flowering, a  view  has been  presentcd earlier  (Tanaka et  al.  1979) that  EDDHA
may  be efllective  due  to presence of  the salicyl-like  moiety  in its structure  and  not  merely  to its
chelating  activity,  as  has been  speculated  earlier  (Tanaka et  al, 1979). Further work  wi]1  be
required  to  determine  ifthe flower inducing activity  of  EDDHA  for S. Pelyrrhi4a SP2o is in fact
due  to its salicyl  type  component.

   A  few iines concerning  the  changes  in anthocyanin  content  would  be in order,  Whether
EDDHA,  SA  and  BA,  have  any  direct role  in anthocyanin  fbrmation is not  yet clear.  However,
an  inverse relationship  of  anthocyanin  content  with  growth was  observed  rnore  consistently  and

one  would  infer from this that  the  increase in anthocyanin  formation is triggerred  due to stress.
But, since  no  detailed work  was  undertaken,  the  usefuIness  of  these  observations  is more  to

stimulate  further work.

   The  financial support  by the  Department  of  Science and  Tcchnology, Government  of  India, is gratefu11y ac-
knowledged.
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