CHAPTLR ¥

GENERAL BISCUSSION



GENERAL DISCUSSION

This research sbudy wns developed ia two malin
directions, One dealt with the basic research to ewvolve a
standerd method for optimal biomass production under in
vitre systems of an Indian speciss of Agollg pinnata ReEre,
and the other with the spplied asg&cté of Ae pinusta under
in vivo systems. This chepter contains a discussion on the
- results of the different experdimental work eerlier descriw

bed under varicus sections in Chopter III ang IV,

Nutritional studies on A. pinngts under in vitre
conditiong

Azolls plants being amell in size, equatic in habit
with rapid rote of multiplication were ldeally suitable as
an experimentel materdel for investigating the problems of

its orgonipation and physioclogicel processes under in yitro

systems, The first step of mutritional studles was to
develop awenic culturcs of A. pinnsta using a proper
sterilizing agent. In the present study, Agolls plants
were sterdlized with hydrogen perioxide and these sterilie
zed plants were inocculeted in nitrogen free Vetanebe (1977)
nediun (Expt. Noe. 1)e Sterilization of aquetic plants such
as Azolls wes & rather difficult taesk, bécause higher
concentrationg of sterilizing sgents tend to kill the



e

plents end lower concentrations of the agents gppeared to
be ineffoctive in disinfecting szolle plants. Hickell
(1958) had explored thet cultures of Azollo after the use
of alcchol, sodium hypochlorite and mercuric ﬁ!ﬂax’ide; as
sterilizing sgzents failed to ralse axenic eultures. After
two yesrs (1961) he tried penicillin os @ sterilizing
agent, and established axenie cullures of fzolle but these
were without itg ‘symbiant Anobaens azollsg, therefore its
value a8 a biofertilizer was mgligiialm By edopting this
procedure large nunber of gtock eultures of A, ?AK‘E&%
were kept in conmtinuous culture dn culture roome. This ls
the fivst report on thg use of hydrogen peroxlde as a
successful sterdlizing egent, for the estavlighment of
oxenie cultures of Azolls.

Anotheyr important factor, investigated was the
effect of renewal of the culture medium gt resular intorw
val for a experimentsl puried of three weeks, Sutudhi and
vatenabe (1961) obtained higher biomass production in A.
pionata, Dangkok, veriety when s culture medlum wos
reneyed after every three deys, Vore recently, Splistury
and Ross (1986) opined the composition of the nedium
changes during the culture peylod becouse some of the
ninerals ore more rapidly ebsorbed than other by the plant,



In the present gtudy, the medium was renswed
every week for a perled of three weehko. The renewal of
the medium waes considered to be essential to provide
sultable envirvonment +o the pleants for their growth end
nulfiplicetion. The renewal of the medium neinteined the
pH above 5 hut below 6, when medium wes not ronewed; conti-
nuous growth caused change in pH, which affected the
grovih sdversely, The exoushtion of nutrients night also
be another important factor. It was observed that the
biomess production of Azolls was Tefold in terms of fresh
welght after weekly renewsl of medivm as sgeinst 3.7-fold
vhen the medium was not renewed (Expt. Noes 2)e It was well
known that during renewal af the culiture medium, geration
of the cultures - oceurved,which might be respongsible for
increese in the rete of growthe At the end of three weeks
experimental period, the entire surfoce of the medium was
covered by Azolla plents, further incresse in the experds
mertal period resulted in over crowding of plants. Hence,
in the stock exonlc cultures of A+ pinneta, weekly reneval
of culture medium was carried out for p period of three

veokee

The selection of & sultable medium woas besed on the
meximum biomass preduction of A. pimmeats (Bxpt. Nos 3).

Of three known nitrogen free culture medin viz. Jdohnson's



(1966}, Feters and Meyne (1974 a) and Vatanabe (1977),
Azplle recorded highest production of biomese in terms of
fresh and dry welghts,when grown in nltrogen free Veltanabe
nedium, Morcover, there was no cxogenous carbohydrote
source incorporated in this culture médium. Azolln fule
f£illed its energy requirenent by synthesizing carbohy-
drate uvaing solaxr energy. Due to this sgpeet, the cost of
production of Azollg biomags could be minimised, since
quantities of Agotobactor end Bhizobium ere being used as
“the blofertilizers which add o the cost of production,

It is heartening to report ﬁ;za%: Azolle could be used as
biofertilizer which would proved to be economicsl for
Indian farners. The' present awperiment (Expt. los 3) este-
blisghed clearly that ins,neral constituents of Vatanabe |
nedium supported growbth end mulbiplicetion of A. pionotae.
Hence, quentity of cach minergl elesent,as present in thip
nedium wves congsldered to be o5 e stenderd dose, ALl further
experinental work on Agolls pinnsta uas done using this

mediun,

The major fector that sffects the growbh and
nitrogen fixstion of 4z0llg is the pH of Lts culture medium,
Epgtedn (1972) had shown that p¥ of the culture medium
plays zn inportant role in the nmineral absorpilon by plantsg.
fccording 0 Salistury and Ross (7986), the };i"x“-c!f culture



nediun strongly influences the uptake of the vhogphate
because it influences the ionic charges Plants nbilised
monovalent forms of mincrels wore readily than divalent

and trivaient formg,

In the present studies on f. pinmnaby, ovt of the
verious pH range tested in the nitrogen free modium, it
was obgerved thet plants grown in medium gb pHd 5.5 and at
645 wore derk green, with well developed root systen.
Besidesy ot this pH of medls, the bioness produced was
significantly higher in terms, of fregh and dry vzeighi;s.
The chlorephyll contents and nltrogen contents were ot
their opbimal levels (Expte Now. 4)e The other growth paroe
metere exemined in Azolla. vizs the heterocyst frequency
and acetylene reduetion activity, were alese at thelir
optimal levels, ek pH 545 znd 5.9 varge of the medic. The
heterceyst frequency was 30% in the jnebens pzollne isow
lated from Agolla cultured in nediun ab pH 5.5 and 6.5.
2t higher pH 7.5 of the medium these growbh porameters
shoved reduction. Fiori and Ruschel (1981) obeserved that
in A. f£ilicudoides the nitrogen content wee higher at pil
5.5 while nitrogenase activity was higher at pH 6.0 and
GeHe In other species of Azoclla nemely A. moxicans, bolst '
end Yonp (1979) found 6.5 os the optimal pH of the culture

mediun yvhich supported maximum blomsgs production. In 1979,



Becking working with A. pinnete observed that the pH 5.5
o 6.5 of irrigatdon water in which Azolla was grown,
supported optimel biomass production. VWebtanabe et al,
(1977) pointed out that ot higher pi levels of the culture
mediuwsy iron wos not svellable to gg_{_s_;;gg plants, waich might
have been one of reasons of decresses obscrved in biomzes
production. The authorssuggested that at highér pil levels
of the culture nediun, fervic fon precipitetes cs the
inéoluble ferric hydroxide wvhich might not be abeorbed

by Azolla plants (Epstein, 1972; Hewitt and Smith, 1974).
in the present study, b lower pH 4.5 level of the medium,
bionass production of Agolls showed a decline. This wes
attributed to the foct thet phosphorus in the mediuvn ab
low pil precipiteted as colcium and, magnesiun phosphates
ard become less aveilable to the plants (Lumpkin and Flu
cknett, 19C0), Morcover a pi range of 5 to 8 of culture
medlun kept in open eontainer supported Agollg blomess
production, optimel production being at pil 6 (Subudni '
end Singh, 1579) The déscrepencics in the results night
be due to the ddfferentes in jgplle straing end the varige
tions in their cultural conditions.

Azolls prowbh ls frequently limited by nutrient
levels in sguatic systems (Reomneiyen et al. 1981 &)« Anong

the various nutrients, phosplhiorus, potassium; caleitm and



megnesiun ere importent oz mecrowutricnts (Peters, 1977)
while iren,wolybednum ond cobult as micronutplents have
been shown to be essentipl for the zrowth and nitrogen
fixation of fzolle (Yoore, 1969).

Plents grown in golutions difflcient in nsero and
microclements exhibited synptoms of mutrition deficlencics,
1t was seeny the deficiency syrpitoms depends wpon the
severity of the deficiency s vwell as on the pasrticuler
species or gtrain of plont end on heny other enviromentel
factors {Spisten, 1972). In deficiency, the oversll growth
and developnent of plr-mts\ are affected,

in the presont studics (Eupt. Ho. 5) concentrstions
of individual ions in the nitrogen free Wetanabe medium
were gltered one by cne to explore the optimed level of
iong that would support mexisom blompss produetion of fi,
pinpots under contrelled cnvironmentel conditions. Cere

wos teken to elimingte the corry-over effects of the ilong,

As esrly os in 1963, Nason snd Mo Elroy, reported
that the potassium in hiphest concentrstion was found in
the meristengtic regions of the plant, en obseyvobion that
supported with the finding of Yebstor and Varner (1954).
in addition, o 1ts role as an activator in protein metew

bolism, potassiunm elge acts s an activabor for seversl



enzgymes involved in carbohydrste metabolism and therefore
is needed in optimel level in culturing of A. plonsts
planbs.

Iz the pregent :in‘vessmga%iaﬁ, deficlency studies of
potasgium in 2, pinnste x*evealéd thet there was negligidle
growth end multislication in sbsence or st 10 ppm level of
K. Leaves showed chlorvesic and roots were poorly developeds
The othor growth peranmeters viz. chilorophylly protein,
contontts showed decline by 208 ond 260 respectively., Simie
lgxyly the heberocysts frgquemy of the synblont was reduced
bringing corresponding decrease in peetylene reduction
activity. The opbinmel blomese production In terms of fresh
end dry weights of fzolls was recorded ab 40 ppm of K
level in the culturs medium, Hltrogen corbent was though
not significantly iccreazsed at 40 ppm of K level in the
culture wedium wog higher then the rest of the levels.
Heteroeyvst, freguency and nitrogenase em*tivitf; gshowed that
43 end 50 ppm of K levels supported significently superior
nitrogenase activitiess OFf these twe levels, 40 ppm of K
level was superior in supporting bicmass ﬁmﬁuctian qf
Azolls ond nitrogenase activity, vhen compered with these
pavrencters gt 90 ppom of ¥ level., AL1 these results were:
obtained from in yitre srown A. pinpatg under constant
tempersture and photoperiod,

GO



Magnegium, being a congtituent of the chlorophyll
molegule 1ts deficlensy edversely affects the photogime
thetic mechenism of Azella in culbture. Megnesium begides
being n constituent of chlorophyll molecule, i1s also
invelved in carbohydrate and protein synthesis as an
activator in some of the enzyme systems (Deviin and withen,
1986}, Magnesium is a comfactor of many enzymes which aéh
on phogphorylated substretes thereby 1t is of persmount
igportance in energy transport (Epstein, 1972).

Lzolls pinnata culturcd in medium locking magnesiva _
caused éhlemsis on the leaves, initislly noticed upon the
older and later on the younger leaves as well. Roots were
detached fvon the plants. Blomaps production of fzolls wos
reduced by 67% and chiorophyll econtent was reduced by 324
when compared with gzolls grown in standard dese of lig
(40 pom)}, Incressing the levels of Hg in the culbure meédium
upteo 40 ppm showed lineayr increose in biomass production
of 4zollp end en improvement dn all other parcmeters
studied, Heterccysts frequency was at its optimel level
thereby indiceting moximwn ocetylene reductlon sctivity.

The functions of celcium in plent growkh appeer
to be sultifericus. It is a major constituent of (calcium

pectate) the middle lamells of the cell vall and thus is



respongible for mechanicsl strength to the tissues (Ito
end Fijlvwers, 1967). Calelum deficiency leads o the
digorgenipation of ceélls and tissues, suggesting that it
is neceded for maintalning the cell membrancs in o funce
ticnal state (Hewitt end Smlth, 1974). Calcium is an
activator for the enzymes asdenosine triphogphate, sdenyl
and kinase etc, (Mazia, 1954), Norrds cund Jensen (1957)
found that caleium was required for the growth and nitroe
gen fixstion of Azetobmclor. ’

in complete absence of celcium in the culture medium,
e pinmata planis were reduced in size and roots remsined
suall In sizes The blomass production of Ageolla was reduced
by 745 vhen coupeared with plents grown in standerd dose of
calcium (40 pom)e. Chlorophyll, protein snd ndtregen cous
tenta were reduced by 48Y%, 27% and 265 respectively, lHetero-
cyst frequency was reduced bz,; 320 while ARA recorded 7455
reduction. At 40 ppn of celclum, in, the medium optimal
biomags productlon of pzoila aloné 1;;11:11 all the other
growih parcgnmeters was observed. A posi‘i:ive correlation
existed between blomess produetion of Azolla and its
nitrogenase activity (r = 0.,99) end sinilarly between the
ary matter of Azolls aud nltrogen content {r = 0.988).

Phogphorus ig found in plants as & constituent

of nucleic acids, phospholipids and adenocsine triphosphates



It being a component of adenopine triphosphate, it forms
a paert and parcel of the universsl energy currenty of all
the living cells (Epstein, 1972).

The symptoms developed due to phogphorus deficlency
in fzolle were, growth arrest, decressed frond size, fragie
lity in plonts, and morked trowning of yoots, In gbsence
of phogphorus there wag 80 reduction in growth of fzollp
28 compared to plents grown in stenderd dose of phosphorus
{20 ppm). The incresse in phosphorus level from 20 to 30
ppa. supperbted meximum biomess production of Azollg besldes
suppording its niitrogenase activity. Hence for optingl
blomasg production of A. pimnaty, phosphrus level in the
culture medium needs €o be raigsed to 30 ppa.

Iron ig constituent of the enzyume nitrogenase
{Callon, 1980). Moreover, iron is a constituent of cytow
chromes regpousible for the electron trangport system
(Epstein, 1972, Gauch, 1972), Iron has been identified as o
compound of various flevoproteins active in biologicel
exidation, |

Fragmemtotion, chlorosis on leaves, end browning
of roots were sone of the visidle symptoms noticed in
Lzolla plants In response to absence of iron in culture

nediuva, Blomasg production of Azolls exhibited FOX



reduction, But abt 2 ppm of Fe,in culture medium improved
the biomass production of Agollis. In addition,the chloros
phyll content and nitrogenase sgtivity were slszo et thelr

meximun gt 2 ppm of iron level.

The experimental studles conducted on 4 pinnata
unc‘{e'r dn wvitro conditions showed that Azells required all
sineral elexents for its growth and blomass produetion, The
levels of Mg, Cep K and PFe as present in the Wetanabe
nediun were found te be optimel levels for nayinum blomnss
production of the Indien gpecies of fzolla. However, phosae
phorus level has to be raised te 30 ppn to achleve maximum

bionmnss production of this Indlan specles.

Results with verious species of Azolle such ag A,
plinnatn, fs:pexicone A. ggrolindsns and A f£iliculoides
e¥hibited substential differences in the phosphorus
requirezents (Subudhi and Votanabes 1961), Phosphorus hasg
been shéwn to be esmsential for the repid mulbiplicetion of
Azolle snd nitrogen fixation (Moore, 19693 Tran end Dao,
1975). Singh end Srivasteve (1984} observed that in A.
pimnsta, celcium and phosphorus deficiencies reduced growth
wut et the ssme time increassed scluble gugar conbent in the
plentss In A. lobricobs plants disintegrabed when they

were deprived of megnesium, Yabozawe ot gle. {19&}) indicated

TANS
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that deficiencies of mineral elements resulted in reduce
tion of various growth parameters in Azolla.

The verietions in their results might be attributed
to the differant strelns of Azolls used besldes the une
identified experimental conditions. Vatanabe and Berja
(1983) found f. pinnata possessed tolerance to high -

tenpergburs,

Singh (19?5;) found that sbsence of calcium in the
culture nedium, Azolla lacked its symblont. Aziz and
Wetenabe {(1933) found thab nineral deficiencies in the
culturs medium for Agzollp decreesed its nitrogen fixding
ability. In the Medicsso getiva « Rhizobium pilioti =
symbictic relstionghip, o calclun deficient condition
decreased the growth and nitrogenase activity (Miller
end Sirols, 1963)., The study clearly suggested that A.
pinnats required requisite quantities of stendard dose
of mocroeglements for its blomass production and nitros
genase activity. Results of the various specles of jgolls
studied by others aleo ere in sjgrement with the studies

of the pregent work.

Wetonabe medium lecks cobalbt, snd 1t was desirable
to fing out effects of addition of cobalt in the mediunm

on the biomassz production of Agzolla. Cobalt when supplied



in trace quantities hed besn shown in legumes to increase
aitrogen fixation (Powrle, 1954). But its effect on
nitrogen fization In Wueegreen glgoe alone or in its
symbiotic sssociation has not been investigoted. It was
found in the present studles that addltlion of 0,1 ppm

of cobalt, to the culture medium, lmproved the biomoss
production of A. pinnots by 266 (Expt. lio, 6). The nitrom
genose ackivity 2iso showed improvesent over the nityoe-
genase getivity exhibited by fzelle growsn in the standerd
medium without cotelt, Johnson et al. (1966) found that
cobalt was required for the growth of Azolis filiculeides
end without cobelt, growlh wes restrvicted and a severe

chlorvsis typleel of nitrogen defieclency developeds The

necessity of cabelt for growth of certein Dlue~green algee

{¥orda, 1953), for symblotic nitropen fixstion by legumes
(Ahmed and Lvane, 1959) snd for certain mnmiegumea (Pongd
Hewitt,; 1962) had been reporteds However, Johnson ab al.
(1966) observed the incresae in biomass of Azollp
without the addition of cobalt o the medium which the
authors gttributed to cobult mmially present in the

&

plant tlssue or traceas of the motsl present oz an lmpurity

in the culture mediunm, Put when they edded cobelt to the
medium, they observed a marked incrgese in the number of
algel cells per gram fresh welght of Agplle fronds, But

Hr
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in the present studies, since doullle glass distilled water
wes being used,there wes no likelyhood of cobalt remaining
a3 impurity therefore increasse in blomass production of
dzolls wes due to edditiom of colalt perse,

Wahal et al. (1973) working with blue green glgee
Apabaena embigua showed thet application of 0.5 ug/l

ascorbic scid incressed 3=fold heterceyst frequency and
thereby nitrogenase activity was alse increaseds They
sugrested, that ascorble acid might be plaving a role in
maintaining the highly reduced conditions inside the
heterecyst, needed for effective functiconing of nitroges
nase. Thereforey It was interesting to study the effect
of ascorbic aclid en the Anobeenm which is symblotic in

_&g Einﬂg Ein

A+ plnnats under investipgetion showed thet incore
peratlon of ascorbic acid at 410 ppm in the cwiture mediun,
increased its blomass productilon by 14%, heterceysts
frequency by 10% end nitrogenase nctivity by 9%, when
compared with 4zolla grown without ascorbic acid (Exwpt.

No. 7)e & positive correlotion existed bLetween blomass
production of Azollp and its nitrogenase activity (r=0.973).

It has been reported that nitrogen supplied in the

fora of amoonium selis in pardicular, suppressed both
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heterocyst freguency and nitrogenase activity (Peters et
al. 19793 Peters and Ito, 1984). Addition of combined
nitrogen in the culture medium of blue green plgae, affected
considerably the nitrogenase sobivity hegause its presence
causged, inhibition in the symthesis of nitrogensse enzyme
or it inhiblted the nitrogenese or it crested breakdown
in exicting nitrogenase (Fogg ¢t als 1975). Higher concens
trations of comblned ndtrogen, present in the culture medium
inhibited heterocyst differentistion and thereby reduced
nitrogenase ectivity (Stevart ot al. 1968; Ogeva end Cary,
1969}

The effects of exogenous supplied nitrogen,on the
srowth of f. pipnats end its nitrogenasse activily were
investigated., The nitrogen (40 ppm) was added to the
Wotenabe medium, in which A. pimngta wes grown, there wos
ne reduction in blomass production, chloyophyll content
and protein contents (Expte No. 8). When nitrogen wes
supplied gs sumonlun sulphate there was peduction in the
heterocyst frequency by 2% causing reduction in nitrogencse
activity by 59%. Simllarly vhen ammonium nitrete was the
nitrogen source added to the culture medium, there was
raduction in heteé'acysi: .fk‘gqnemy and nitrozenase acbie
vity without reduction in biomess preduction of jzolia

ené its conpogitions The percéntege reduction in the
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frequency of heterocyst and in the nitrogenase activity
were more vhen emmonium salts, than when calcium and

'potassium nitrstes vere used as the sources of nitrogen,

Nitrogen free Watansbe medium supported optimal
biomass production of A. pimnata,clearly showed that the
nitrogen fixed by its symblont Anabacna gzollae fulfilled
the! total nitrogen requirement of the fern (lMoore, 1969).
Thus it seems that the decrease in nitrogen fixetion by
the elgee iz compensated by nitrate utilisation, maintalne
ing a constant nitrogen content and blomass production of
A. pinnata (Peters and Mayne 1974b; Peters et al. 1980),
Besides that nitrogenase activity of the symbiont Anabaena
is protected by the fern from combined nitrogen added -
to the medium (Peters end Meyne, 1974b). Peters et al.
(1977) reported,that significant nitrogenase activity is
retained by the symbiont when the assecization is grown in
combined nitrogen. This supports the results obtained in
A« pinngts,since it was noticed that in the presence of
anmonium or nitrate salts certein amount of nitrogenase

activity occurred.

A. caroliniena when grown ¥n nitrogen containing

medivm, the growth rate and chlorophyll coﬁtent remalined

quite constant with increasing nitrate concentrations



upto 25 m in the culture medium (Peters ot al. 1981),.
Since individual, phosphorus, as well as cobalt had promoted
blozass production of fzolls (Expts, 5 and 7) it was worth
while to modify the medium to study the combined phosphom
rus and cobalt effects on the blomass preduction of A
pinneta (Expte Noe 9} A+ Rinngta cultured in modified
Vatznabe medium ¢containing 30 ppu F and 0.1 ppm Co,
supported a 2-fold increase im biomess production over
Azolln plents grown in stenderd Vatenabe medium. There

was 50¥ increase in the blomass produced over the control,
Moreover, the hetersceyet froguency showed 174 increase
with o4 increase in ecebylene reduction activity in 4.
pinnota cultured in rmodified mediums Statisticel analysids
of the data also ccnfé:med this result.

Azolla pipnate grovn on geni-solid medium (Expt,
Hos 10) showved thet it could survive for a peried of
three to four months without Joging its potentisl for
further miltiplication. However, the blemass production
was 2.9~f0ld in termg of fresh weight,while in liculd
medium it was incrensed by 3.7-fold as soen from the
result of experdment Noe 2. Still on solid medium, reneval
of the medium wes not done and the blomass production was
compered with thet of in the liquld asedlium where n weekly

reneval was not cerrded out, Culturing of 4. ninngto on
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& seni-sgolld medium provided the technigues thot precerw |
ved the germplasn of A. plonets (Rejarathinam and Padhya,
1967b)+ Since, fzells wes cultured in petri-dishes on
senie~golid nedium it could be emsily trensported, I
proper mezsures to preserve the pteridophyte flora avre not
token up by se‘t:;ting up ggzﬁug:lam bonks and by other
means, then e tine will come whern ferns would be things

of past beauty (GomezeP, 1985).

In the present experimentel studles conducted undey
dn 13_._1:_1;9_ systems on 4« pirngta, the Indlen specles cone
firmed thet it required all the usual nacrselcments as
prosent in nitrogen free Vetanebe mediun (Padhya, 1957).
As rogords its vroquirement for phogphorus it was slightly
higher (39 ppm) then what is present in the original

mediug,

Hormonal studies

Phytohormones are regulgtors produced by plants,
which in low concentrations regulste plont physiclogical
nrocesses In general, Hormones usuplly move within the
plant fron a site of production o a site of action,
Kinetin promotas cell division besides ¢ell enlergement,
Mothes ond Bngelbrecht (1961) demonstreted the Kinetin -
induced transport of goluble nitrogen fron Intset leaves
of Nicotivnae rugtica to other leaves on the seme plant.



Pithen and Millar (1968) have speoulated that eguivalent
levels of active eytokining in physiologlenily setive
leaves ond stems, regulete nutrisnt flow so that the
nutrients are drown Yo certain arees whlle the plant is

in the vegetetive gtote,

Use of phybo_ bormones for faster growth pnd maliie
plication in A, pinnets was studled wnder in yitrp systems.
The verious fungtions of growth regulators prompied us to
investigato, whether any one of the hormones would improve
the rete of biomass productlon of Agolls pipnata es well

as ils nivrogenase activity.

The opplication of kinetin ot varieus levels to
&+ pinnets brought sbout glight increase in biomass
préductian {Exote oo 11) e Similerly spplication of
indole=J=zcetic zeld {I54) shoved neglipible Increase in
blomaas production of A+ plonata. However, Hickell (1961)
found et G.1 ppm of IA4 leved was si:imulaﬁ.mg for growth
of 4. aggalini@ g gnd in d. Dexicona, it coused & slight
reduction in frogmentstion. Iusek end Bonde (1965) trested
plents with IA4 levels and found, no effect on blomass
production in Azglie. Usuelly in ferns the multiplicstion

of new shoote ogours by laotersl tmd formastion.
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The arplication of 2, 4=~D gt various concontrations
to 4. pinngtg showed no luprovement iIn blomass production.
izsima%t@r of fact higher levels of 2, 4D were found to be
toxic te 4. pinngta resulting in death of the plants,

Nickell (1961) had observed sisilar results In As ggrolinions
Venketramen and Rejelokshmi (1971) have reported that
application of 2, 4D to Viue green nlgae adversely affected

their nitrogen fixation,

Allsop (1963) found thot in Marsilea, plants growm
in 185 glucose medium showed land forms but incorporation
ef 10 ppm GA3 cauged the trensformation of lend forms o
water formas In the pregent study gibbersllic acid in low
concentrations - . incorporated in the culture medium
increased bilomass production of A. pinnatge The inercase
in blomass production mcérﬁed was by 10¢ and in scety-
lene reduction activity by 5% vhen compared with plants
grown in gtanderd mec‘&iuﬁ» Singh et al. (19684) have elso
reported that GAy treatment to 4. fllleuloddep and A.
pinnate (Vietnam) showed incrgased bionmsgs production xmé

nitrogenase activity.

Thesegbtudies showed that the exogenous gpplication
of phytohormones such as kinetin, indole~scetic acid and

2, 4= dichorophenoay=scetic acid were not required for
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blomess production of 4 pimnotn. This might be due to
the fact that the endoéemcus levels were sufflelent
enough for growth and development of these plants,
Howevor, gibberellic zoedd at low concentrations promoted
blomass production of A. pimneta. In general, It may be
conclugded that gddition of phybohoraones dié not have
any dramatic effect on the growth parsscters gelected in
this study.

Anatomlical studies

in vitro grown Azellg from stock eultures was used
to study the anatomical debails of A. pinngta (Expt. No,
12) It wes observed thet ithe shoot opex of fjzolls wns .
surrcunded by Anebaoenn colls. From the first leaf onwards,
ingbaena pzollae was found to be locallsed inside the
dorsal leaf of fzeollpo. The dorsel lesf lobecavity uwes
lined by epildermal cells which ghowsd the presence of
two types of ocubtgrowths in the form of hairs. The nmumber
of branched hairs in all dorssl leaf lobes, counted upbo
22nd lecf in serial order of development, was found to ke
only two, These twe brenched helrs ere located in sinilar
pogiticns in every leaf covity, slwove on the path of the

foller trace.

The simple unbranched halirs showed gradusl increase

in number upbo 22, from 1st leaf onwards upto 15th leaf,
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The nunber of gimple hairs were found te be the same frowm
15th o 20th leaves.

Fultleellular simple or branched halrs develop
the structurel cherascterigtics Ofi transier cell ut not
simultoneously in A, gorclinieng (Calvert et el, 1985),
The hogt recelved and utillizes nitrogen fixed by its
endophyte and fnaboens recelved fixed carcbon from
4zolla (Keplan ond Peters, 1981; Peters et al. 1985).
Peters et al. (1985) found sucrose synthesized by Agolls
taken up by Anpboena, The simple hairs sre comprised of
only two cells, & stalk cell aend & terminel cell. Anabesens
trichomes present in the leaf consisgted of vegetative
cells and heterocysts. The frequency of heterocysts
countted from Isoleted Angbaena of the first leaf onwards
showved gémgressive increase upbo 3058, Heteracyé"ts being
the site of nitrogen fixetion (Hazolkorn, 1978), the
increase frequency reficcts the improvement of nitrogen
fixing capacity of Azolls (Peters and Mayne, 1974b).
Venkatraoman (1983) reperted that nitrogenase is oxygen
gensitive ond different types of structursl end funcitional
oxygen protective mechaulans are cbserved among blue groen
 algae of vhich the most importont type is the heterocyst .
Peters (1675) reported &n A, garoll ¢ the heterocyst
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frequency was 219 and vegelative cells 620 from 211 stages
of leaf development, Heterooyst frequeney ilncressed fron
zero in the apex to sbove 309 in mebture leaves (Hill, 1975).
 Keplen ot al. (1986) reported that nitrogenese activity

was negligivle neer the apex. Ito and Yebeneobe (1985)
reported that acetyleng reduction getivity was ine:;ré in
young ectively growing Mﬁ fronds then the old ones.
This might be due to the maximum heterocyst frequency upto
20th leaf and this enctomicel studies have thrown light on
the physiology of A. pinnatas.

Under flourescence microscope in A. pinusta,
vegetative cells and heterceysts of fngboens showed the
presence of chlorophyll snd phyeccyonin pignents: The same
results were observed in other species of Azolls (Ray et
els 19783 Tvegl et al, 1981)s But Becking and Donze (1981)
found higher chlorophyll contenta then phycceyanin contenta
in Anabpons isoloted from A. gercliciaons and A. plonots
variety pinneta. FPhycocyenin sccounts for mbout 70 of the
totel phycobiliproteins vhlie phyoerythocyenin and allow
phycocyanin ascounts for about 179 and 138 regpectively
{Tyagd et al. 1980), Phydobiliprotelins of heterocysts of
blue green glgee are assccizted with photosystem II
{Haselkern, 1978).
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fnptomical studies on A, pinnsts culbured in yitro
in nitrogen frec Watenabe mediwn showed that the structural
détalls were ldemticol to the Agolls grown in nature.
Besides, structursl interdependence between the hogt and
the endophyte, Angbaens prollee was observed. This oxperie
uient showed that M& artificially cultured ungder the
conditions, were not different in the«ir anctomigal structure

and were as normal as those growing in neture.

Salinitry studiea

Moty ggrievlture ecosystems are increcsingly affecs
ted due to salinity. Roychoudhary et al., (1985) have stated
that presently about seven nillion hectares of potential
crop land in India has been salt affected.

Since Azgllisn is being considered as e nltrogen
fertilizer and since the saliniby of soll decressed avele
lability of nitrogen to the cropy the effects of salindty
vere investigeted (Expis Fos 13). Azolls plents subjected
to low selinity' 5 vl end 10 nf showed no chenge Iin blomasas
preduction as well ag scetylene reduction activity. But
with the increese in sodium chloride level to 20 il Azolia
plents became pale green, roots remeined shord and were
dark brown. Further Ineresse in sodium ghloride level o
-850 mMy biomase production of Azolle wos decreased by 72%.



Chlorophvll end protein contents aleo were reduced,
Nitrogen content decrensed by 319, scetylene reduction
activity by 695 when compared with corrssponding velues
of Azolla plents grown in stonderd medium without sodium
chlorides Thus it wao quite evident,thet A. plomets could
tolerate salinity induced by 10 o sodium ghloride on its
growtn‘and nitrogennse activity vhen grown under in vitro
systens, vhere the temporature and light intensities were
constent {Rejercthinem and Padhya, 19687¢).

Singh end Srivasteva (1984) found that A. pinngts
grown In 1.5 and 2.0 % galt solutiong died within four
days. Sukumar and Kemneiyan (9987) working on 4. filicue
lofdes and A. pinngte,found thet sodium chloride adversely
affected nitrogenase activity and nitrogen contents but
the effects on blomesgs prvd&gtiaﬁ were not to . the
sene exbent, jccording to Peters and Mayne (1074b) there
is cloge reletionghip btebween photosyntheslis and nitrogon
fixotion. Sodium chloride indused salinity reduced,
chlorophyll content, thereby adversely affecting the
photosynthetic process. This pight explain the reduction
in nitrogensse asctivity as a result of less gvailabiiity
of energy. The decrease lan protein contents in response
to sodium chloride trestment might be due to the stimulas
tion of protein hydrolysis (Sharma and Gupte, 1986),



Very 1ittle work hap boen eonducted concerming

the effccts of osmotic obress or salinily on Azcllae,

Holst and Yepp (1979) compared the effects of sodium
chloride end polyethylone glycol (PEG) €000 on A. mexicong
and found very slight decrease in bilomass produstion et

2 ppt and &4 ppt of sodium chloride trested fzolla plents,
sceording to them,the effect of lowered water potential
due to PEG parellels that due to salt, indicating more of

an ogmotic thaen ionic effect produced by salts.

In A. gorelinlens end A, filiculoides, toth excopw
tlonelly eelt tolerant species, did not tolerete condl-
A tions of 5 ppt seswater selts, which technicelly qualifies
@s & saline environment {Zimmerman, 1985).

Ammonia asscimileting enzymes from sodium chloride
treated fzolls pinots vwere estimeted, At low levels of
sodium chloride (5 nlM) the giutamine synthetase (G8) was
reéuceﬁ>hy'6% while glutamete dehydrogenase (GDH) and
glutumaté synthase (COGAT) were unaffectéé. vith increase
in sodium chioride level to 20 mM, GS eclivity was reduced
by 39 Further increase in godium chloride level to 40 i,
Gs activity reduced still further by 77% when compared
with G5 activity shown by jzollg cultured in standerd
mediunm without sodium chloride. But the GIH and GOGAT
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activities were not affected to thet extent due to the
presence of sodium chleride levels in A, pinpatg culture
pedduin, At 40 oM, of sodium chleride, GS was reduced by
77% walle GDH and COGAT were reduced by 13% and &%
respéctively. Yhig clenrly indicated that the 8 pctivity
of A. pinnota 1s very zensitive and gets reduced by the
presence of sodium ghloride in the medium, The characteri-
stically low levels of emumonia sssimilabing enzymes of
the symbiont Angboens spollee makes the nﬁ;ﬁmgén Lixgation
process very cfficient {Petors ot al. 1980).

Ray ot el. (1978) found that in the Azolls pnsghgena
assccimtion; both partners possess the cepacity for
glutamate synthesls through GIH or by G5 -~ GOGAT pathway,
The host fz0lls conbtributed about 908 of the total GS
and 10} of GDH activities (Peters, 1979). Xennaiyan and
Venkatavonan, {(1985) in their ficld experiments observed
that presence of nitrogen source added to the soil markedly
suppressed the GIH activity of Azolla tut not GOGAT and
GS to that extents G5 and nitrogenase intersct in blue
green qigae and the general congequence is thot GS is
involved directly or indirectly in nitrogenese reguletion
{Nagetani ot als 1971; Kannaiyan, 1986},

Ionic congtltuents of 4. pinnats grovn in culture

media containing sodivm chlordde at verlous concentretiong
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showed that .ﬁ: changes eccording to the levels of sodium
chloride present in the medium, 4% 40 m of sodium
chloride present in the medium, sodium and chlovide ions
in A. pimneta were inoreased by 77% and 15138 respectively,
when compared with the corresponding velues of fgzella
grown in standerd medius. Potassium caleium and megnee
siun contents showed reduction by 10, 345 and 62%
respectively. It is pogtuleted thet once fizolla is
incorporated in the soll, it decomposes relessing
potassivm in the soil. Hence Liu Chung Chu {(1984) thought
that Azolls could be an ideal sourge of potassium to the
rice crop hesio:leé being the nitrogen sources The growth
reduction observed in many of the glycophytes might be
due to the passive scoumulation of sodium which creates
an "ion excess® sphere inside the plant (Gresnwsy and
Yums, 1980). In the present studies, Agzplla plhnota
behaved like other glycobytes in sccumulating sodiun
ions ot higher salinity levels, Simllar results heve been
observed in Yigna Sinesis (Imomul Hegq and Larher, 1984).
In Sorghun plants, high salinity levels have slightly
decreased megnesium conternt (Patel ot al. 1975). Imamul
Haoq and Larher (1983), Yeo and Flowers (1983), found
that chloride contents incressed in other plants under
salinity conditions. ThEsefindings support our resulis
with A. pimvota.

4

&



The results oblained on A. pimnets grown iIn
sodium chloride incorporsted medium elearly indicated
that as the levels of sodium chloride incressed, the
accumulation of sodium and chiloride ions incressed
proportionatelys Azolia provws as & weed, could be used
88 2 selinity removel from selinity affected areas,to
goni ezxent.,Further research in this direction might
help to solve the problems of salinity in soil/weter
to certain extent by using fzolls as an agente

The measurenent of ¢hlorophyll and phyecocynanin
pigzents of the endophyte Anpbeens isolated from salt
treated Agolln using flourescence microscope provided a
non=gegtructive repid method for obleining informetion,
ont the mechanismag of salt action on pigment profile,
Chlorophyll and phycocyanin contents of vegetative
cells and heterocysts of Angbacna, showed gradual reduce
tion in thelr guantlities as the level of sodium chiloride
in the culture medium increaseds At 40 md of sodium
chioride; chlorophyll gontents dispppenred from both the
cell types whlle slight phycoeysnin content rowained 4in

the hetevocysts. In free living Nogtog museorum, phyco-
| cyanin contents were reduced dug to sa;&nity { Blumwald
and Tel=0r, 41982). Rey et &l. {(1879) reported thet light



energy absorbed by phycobilins effectively promoted
nitrogenase activity. Allen and Smith {(1969), Ven Corkonm
{1971) observed nitrogen gtmyvetion im blue green algae
leads to the digeppesrance of phycobilin pigments, which
acbunlly serves as a reserve source of nitrogen. Kaplen
et al. (1986) proviced quentative information on the
plguent contents an unequivecsl evidence for the occue-
rrence of rhycoblliprotelns in both the cell types,
vegetaotive cells and hetercocysts of Ansbeena in A.

carelinisns and 4. pinpeig.

In conclusion, in yitro studies on sedium chloride
induced salinity on A. pinnats,provided smple scope for
using thls informstion while putting Azclls to practicel
use, In addition, the flourescence nethod using miecye=
secope provides a relationship bebtwesn the level of sodium
chloride in the culture medium and the pigment profile,
which can be used for screening out the streins of salt
resistence of Azolles. |

in vive studies on A. plungta § B,

Bionmass production

7o conduct experdmental work on the appllcotion of

A+ plnnata Re r. large quantities were requireds Hence,

4. pimnats wes grown under in vivo system in plastic trays
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in the modifled Wotenabe medium, which was proved to be
superior for lts optingl biomess production under in
yvitro conditions (Chapter III), Growing of A. pimmats in
plestic treys using modified Watensbe's medium, showed
that its blomamss could be increased by 12-~fold, in terms
of fresh weight, wherees only S-fold increase in blomaes
production was obtsined in Vstanabe medium, Plant nutris
tion is very importznt for the successful cultivetion of
Azolls and fizolla being an aguatic plant, derives its

nutrition from the medium in which it grows.

-

Recently mass propagation of Agollas species have
gained nmovementum end Action Progremmes ot netionel level
have been introduced all over the Fast (Annoymous, 1985,
1986, 1987). However unless effective procedures are
worked out for fzolla maltiplication locally; no one
should attempt to exploit its commercial epplication
(Lumpkin end Pluclmett, 1982). The F.A.0. tean is at
present testing severasl strains of Azolla in s progrenme
aized gt introducing g_ag;@gofthe fara level (Vanelove, 1987).
Horeover, animal nutrition. experts have shown that f.
cavoliniona is the most nutritious species vhen compared
to 4. microohvilp end A« pinnata {Annynomus, 1985), In
light of its potentielitlies, Netional Azolla Action

Progrenses were directed at generating, refining and
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spreading of Azelle technology in snswer to real, pressee
ssing needs in Philippine agriculture (Annynomus, 1986),
There 1s a veal need in Indiay to develop o similer Netional

action progrenme initielly mass culturing of Azolle which

could form a sourée of supply.

in the present studles loarge mass of A: plnnotp was
obtained by in vive grovwing Azeolla in medifled Yatanabe

medivm,

Hinerelisation of jgolls nitrogen

Ihe nitrogen contents accumulated in Apollins becomes
available to rice plants only vhen it starts decomposing
in flooded soil.

The comparative anslysis of decomposing of A.
pinngts st dlfferent growth steges showed,that 50 auonifi
cation of vegetative Agzolls wes completed at the end of
fourth week, while for sporuleting fzolla, it took period
of five weeks. By the end of 8th weel, sbout 80 pumonle
ficotion ocourred Irom Azolls I1n bLoth the steges of Iis
developuwent (Rejarsthinem and Padhya, 1986). Herlier,
Unbomabe et al. {1977) obtained similer results,. However,
thay found that smmonla released gt & faster rote fyrom
Agolls mixed in flooded soll in fresh condition then in

dry condition. In A, dmbricakts and A. filiculoldes, rates
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of smmonification peaked during 2nd to 3rd wéek neriod
affer incazpomtién of the plents in the flooded rice
s0il (Shi-yeeLi, 1981), Singh {1975?) showed that rete of
anponification in fz0lla et roou temperature was fester
than thstf3£ 240 4+ 2°C,

Mlen and Stewert (1984) reported thet szolla
nitrogen storts releasing emmonie after incorporetion of
Azolls in the flooded soil, Ammonia accumulated inte the
scil, in the first one month but it sraduelly dlsappeered
in the following month instesd of being reteined in the
s0il. A. pimnate ggrciwm in Votenobe medium showed the
capecity of relessing ite nitrogen contents aftor one
veek of incorporetion in the flooded soil . Zegldes,
aitrogen released frok fzolla when it was in 1ts vegetos
tive stege or sporulating stage of development, was slmost

the sane,

The chemjcal composition of 4. pimngte,showed
thet its ash conteined 3.3% potassium, 1:25% phogpborus,
141454 magnesium and other elements, then . pinuatg 1s
incorporated in rice fields, besides adding nitrogen to
the soll it adds ell other minerels present in it thereby
it improves the soil texiure. Liu Chung Chu (1979) found
that differvent serples of Azpllp collsated from different



locclities durdng verious seasons of the year contained
phogphorus end petassiun but thelir quantities differed.if.
mierophylla contained more of potassium but low iron,
mangzé“%e. and copper contents (Shieye«Li, 1981). The
phosphorus content was very low In sporuleting jzolls
(Lumpkin end Fluck nett, 1982). Even though A, filiculoides
and A. plorophyile were grown under identlcel conditions,
&+ nicrophylisz contained caleium end irom more while A,
filiculodides cont:simé wore of potassium (Lumpkin and
Plucknett, 1982); The dry welzht of Azolla has been reportod
to ronge from 4.8 to 7.5% (Peters and C&lver‘c; 1982), Liu
Chung Chu (1984) reported,that Azolls possessed rether
gtrong capacitsr for absorbing gotass&.um fron weter and

thus it could be en cxcellent source of polassiun te rice

CroPe

Application of Azolle as biofertilizer to rice variety IR 28

It has been an esteblished foct that to have more
yleld of rice, not only high yvielding voriety could solve
the protlem, it needs adequate mmounts of nitrogen fertili-
zers. A. plonets grovn in plastic itrays was used for

evaluating its potentiel for increasing rice vield.

In the poit experinvents conducted on rice variety
IR 284 fpollg alone, aawmonium sulphete eloneé, Azolla
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conbined with e;amcnium sulphete vere incorporated in the
204l and a control received no treatment (Expt. Noe 17)e.
Experiments conducted during the summer and khorif seasons
of the ysar 1986, clearly showed that at 30 days, helght of
rice plants was significantly more with Agolls epplicetion
than thet of the control, But cmmonium sulphete application
slone showed still further improvesent in the helght of
rice planta, When Azolls vwas combined with emwonium sule
phate as a nitrogen fertilizer, the height of rice planls
further increased. @;;g inoculation alone had ‘pmi’ouna
effect on the growth of rice roots. éesidw‘ that the blow
mass production of rice gnd its nilirogen conbent wevre
equally improved by application of Azolls /esmonium sulphate/
Azolla combined with ammonium sulphate.

At €0 deye and 90 days of planting of rice seedling,
the results on all the growth paraneters such g blonass
production of rice plants in terms of fresh and dry weights,
nitmgén contents in them besides the slwét—-mat length,
gave indenticéel information proving A. plupata supplled as
nitrogen fertilizer was superdior over the c¢ountyel. but
Azolla combined with amzonium sulphete was fer better then
Azolis clone or aumonium sulphate elone. The use of Azollae
and amsonium sulphiate incressed rice dry matter significans
tiy higher then thet of the dry mabbter producced in rice |
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plente grown without addition of any fertllizer. Hisn ond
Steword (1985) using % trocer study, compared nitrogen
supply by Azolla end amnmonium sulphate to rice variety IR
8 under flooded conditiens and reported thet more nitrogen
vas available to the rice plants from enmmonium gulphate
then from Agzolla. Rice plents over €0 days of plenting
received 343 13y applied as Agella while they received
61% '8 as applied as comonium sulphate, This indicsted
thet Azolls supplied hslf the quantity ef nitrogen when

compared with ammonium gulphate.

In the present experiment, st &) days, 90 days and
gt the time of horvest the rice plants shoved signiiicantly
higher mumber of tillers and panicles produced in rice
plants treected Azolip than without it. The number of produe
etive tillers were sﬁ.gni»ﬁcantlﬁr ineressed due to Azclla
incculations Simlloy resulis wore reported by Rannalyoan
and Haojeshwzrl (1983). Singh ('!9‘?9:1:} conducted pot experis
wents after incorporation of Azpila in the soil snd
reported that growbh of rice plonts, number of tillers,
grain and strew yield warg:%:ian the cortrol. ioreover
Singh (1977), in his previous veport indicated that the
increase of vice grain yield was directly proportliongl to
the quantity of Azolls incorporasted in the paddy soil,
dgolln inoculunm should be lncorporsted in the podl after

the cstablishment of rice seedlings in case of dual cron
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{Singh, 1%37%}. Telley et al, (1977) reported 23% and 674
increase in yleld of rice by the application of A. filicu-
loides and A, mexicens, thereby indicating the variation

in the eveilability of nitregen from two different specics.
Further resesrch needs to be done on various gpecies of
wzolla o £ind out thelr compeience as nitrogen fertilizers.
Thuyet end Tuen (1973) reported that the utilization of
Azelle as a blofertilizer for increasing rice yleld is g
custonary part of rice culture 1n north thnam and
presently about 900,000 hectare of lend received fgeolla as

nitrogen fertilizer,

filan snd Stewart (1985) pres em‘;eél g deta wvhereby
they showed thet the dey mabter ipmduee@, in rice variety
IR 8 incrensed by 7495, 1059 and 125% due to the increased
uptzske of nitrogen fmr:t 1o, mabgeng and Jogtee in
sixty days of applmmions, vihen couwpared with the control
rice plants, They further showed with the use of tracer
technicues of 1oy that 500 of tobal nidrogen was released
frow fpgbaens and lpostog dn sixty days of .inccrpdraticn in
s0il whercas only 26% of B4 40 Azolle wes relessed during
the some period, This clearly proved that Agolis is e slow

nitregen releaslng fertilizer,
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411 these results on rice veriety IR 28, ceuducted
during summer and kKharlf secsons of the year, showed that
Azolle improved the yield of rice greine significgntly

over the control,



