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SUMMARY

&z0lls plents bedng small in size and couatic in
habit were found ideal meterial for basic physielogical
8tudies; under in vitrg conditions. For the estailish-
pent of axenie stock cultures of 4. pinnatas, hydrogen
perioxide (105 v/v) was found o be a sulteble surfisce
sterilizing sgent, Sterile culture of Azolia once
established, remeined in healthy conditions under contis

nucus culture.

) ggg;&g: eultureé in nitfogen free Watanabe et al.
(1977) nmedium, burned yellowish in colour after one week
culiure period. Beguler weekly reneval of the nuitrient
medium wes found necessary for optimel biomass production
of fzgellp, which amaintpined heplthy condition of these
plents. Henewel of the culture medium,maintained the pH
of the nutrient zedius alwve 5,vhich facilitated availaw
bility of required minerals to Azoils plents for their
growth and development,

Gut of three known nitrogen free culture medis
tested for optlmel bilomass production of L. pinnets
under precisely controlled environmental conditions,
Vetonabe et al. (1977) medium wes found most suitable,
Highest blonass of A, pinnsts in terans of fresh and



dry welghts wes oblalned after an experimental periocd of
three weeksat pH 5.5 to 6.5 of the nedium, Voreover,
therc wes no exogenous carbohydregte source added for
optinal production of blomass of fzolle thereby keeping
the cost of its production under control., Anabaena
gzollee, 1solated from Azoplle cultured in medis ot pH 5.5
and 6,5, showed almogt egual Lreuuency of heterocysts and
therefore showed glmost identicel cspacity for nitrogen

fixatione.

It was observed that A. pinnets under in vityo
copditions, responded to the minerel deficiencies of the
culture medium by developing cheracteristic symptons.
Deficiency of potassium (less than 40 ppm) in the culture
medium caused chlorosis on leaves. In sddition,heterocysts
frequency of the synblont was reduced bringing correspon=
ding decresse in acetylene reduction activity. Potassiunm
at 40 ppm,supported all the growth parameters signifie

cantly higher than ot other levels tested,

Viagnesium wes fcuﬁd to be required for optimal
biomass producticn of Azolla, Its deficiency (less then
40 ppm} in culture medium resulted of chlorosis on leaves,
end roots were detached from plents. A% 40 ppm of Mg,
heterocyst freguency coupled with meximum acetbylene

reduction ectivity were recorded in f. plonata.



Azolla grown in caleiua deficlient {less than 40
ppn) medlun ghowed reductien In its biomass production
by 7%, when compercd with plants grown in standard dose
of coloiuvms, &t 4D ppm of oalcium,sll grmw%ﬁ.ga§ametera
recorded were significently higher than in case of the
plants grown in caloiun deficient medium, A positive
correletion wos found in the blomass produced and ite

nitrogenase activity (r = 0:860).

The pymptoms developed due to phogohorus deilcliom
ney in fzollp were deecreaged growth, decrepsed frond size,
frogllity of plants and morked Wrowning of roots. Phasyh¢¥
rus ab 30 vpmy, asbove the level present in the sgtenderd
Watonabe medium (20 ppa of phogphorus), was found to be the

optiaal level for pedouwm bionnss @rcﬁdctien of fzolln.

Vatenebe medium lecks cobalt, under in vitye
conditiong, blomass production and nitrogensse activity of
be plonata were found to be impreved by incorporgting
Q1 ppir cobtalt in the medium, Desldes, addition of U popm
ascorvde aclid Lo the cullure medlum increpsed blonass proe-

duction of f. pipmate by 14% over the control values

Prasence of nitrogen source in the nubrient mediunm,
reduged heberocyst frequency of Lsolated fnabaens groline

from Azolla,with simultuneous reduction in nitrogensse
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activity of Azolla.s But still, the biomass production of
pzalla, chlorophyll, nitregen and protein contents
remained unaffected thereby indicaiing that in sbsence of
nitrogen fixation by Anabaena, Azolls could fulfil its
nitrogen Tequirement from the nitrogen source added to
the culture medium, It wags evident that gnabaena due to
its position,within the dorsal lesf lobe of fizolla was
well protecied,

Azolla cultured on semi-50lid mwégum,remained
alive for three months, thereby its gexmplasn could be
presexved, The hiomass production of ﬁzagla was rather
sdow but this method provided the means of presgrvation
of its germplasm. HWatanabe medium was modified py
increasing phosphorug contents from 20 to 30 ppm and by
the addition of 0.1 ppm of cobaldi. The modifled medium
increased biomass production of 4, pinnata by 30%,when
compared to the plents grown in stondaxd Watanabe medium,
The findings of the physiological studies undertaken
on Ae. pinnata, indicated the need for modification of

Watanabe nedium for supporting opitimal blomass production,

Application of phytohormones such as kinetin,
indplee3=acetic acld and 2, 4~d1ehiax&ghenaxyaceiic acid
were not beneficial in increasing bioRass production of

A« pinnata under in vitre systems. Gibberellic gcid in
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the low concentrations incorporsted in the culture mediun,
inercased bilomass production of A. pinnstz. Put it appea-

red that ipolla cultures posssssed sufficient amount of

edogenouws phytohormones,required for their growth and
pultiplication.

Mnatomiecal studies of A. pinnate showed, the' Anobsens
szollae was present in the dorsel leef lobes The eplders
mal lindng of the dorsal lenf  eavity possessed two
branched hairs on the peth of the folier trecey and thelr
number remaoined constant, The other culgrewths were
unbranched epidermal halrs and thelr count increased
lineerally from 3vrd leaf onwerds, highest being in the
15th to 20th leaf, Aneboena trichomes consisted of vegew
tative cells and¢heteruéy@ts, the latter being the site
of nitrogen fixation, its frequency affected the nitrogen
fixing capacity of Azolla. In the 15th leaf onwards upte
20th lenf, the heterocysts frequency wes optimal (30%4).
In jngbaens, both,the vegetative and heterocysts cells
possessed ohlorophyll gund phycecyenin plgments, but their
guentities glffered,

4. pipnsts could tolerate 10 mif sodium chloride
cffects on its'grwwth and nitrogenase sctivity. Sodium

chloride incorporation in the culture cmedium for Azolla



decreased ité ehlorpphyil contents thereby its photosyne
thetic aotivity was decreassed. Since there 1s a ¢lose
relationship between photosynthesis and nifrogen fisption,
veduction in phytosgynthetic setivity reduced nitrogen
fixetion. Presence of godium chloride in the culture mediun
docrensed heterccvaﬁ froquenc)y bringing proportionste
decrease in ecetylene reductlon activity. The proteln
contentswere alge reduced by the preosence of higher levels
of sedium chlordde in the wmedium,

As regerds the smmonia assimuisting &nzymés,
presence of scdium chlordde in the culture medium reduced
glutenine synthetase (US) proporticnately while glutemete
dehydrogenase (GIH) and pglutemete synthase (GUGAT) remeined

less affected.

Ionic constituents of A, piponatsz srown in sodium
chlozride conteining nedia,showed thet fzolla acoumuleated
sodiun and chloxride ioné, Thelr quentitles incresced with
the increase in sééium chloride level in the culture
wedium, indicating that gggggg,coulé be used for partisl
removel of ssliniiy Ifrom the medla or water. However,
further research in this dlrection moy give fruitiul
regults, Similerly Azolls could absorb lerge quantities

uf potassium from the cuiture medium and thereby it could



be used sz potassiun source %o rice plents if fgolle is

incorporated in rice seils

The phycocyanin contents yresen%: in the vegetative
cells and heterocysts of fuohaens, lIsolatod from salt
trected jzolls, showed gredusl Qecrease. The chlorophyll
contentn of vegetative and hetervcysts cells dissppeared
ot 40 @ godium chloride level zaresém; in the culture
nedium, Fut st this level, phycocyanin conbents were still
retained in both the cell typesgthereby indicating ite
relative resistense to selinity, Fhycocysnin has been
reported as protein reserve sod thet mizght te the csuse
of rctention of phyvoocyanin contents by these gells,.

fhe findings of basic physiclogicel sbudics condus
cted on As plongte under in yitro systens were tested in
the applicstlon gtudies. Azplla wes grown on lavgoe scale
in plastic trays in modified Yotompbe medfum. Adbout 12w

2018 increnne in its biomase production wes nehleved.

The retes of zomonification of 4zolls In its vegetew
tive gnd gpovulating steges of development showed that
they were glow nitrogen relecsing fertilizers. 4t the end
of eighth week about 80% of ammonification oocurred from
both the types of fgolles The chemical constituents of
Lzolla vere potsspium, whosphorus, Dagnesiua gnd otheyr

Jowte
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- clements, The spplication of Azolla to rice soll not only
added anltrogen fertilizers, it enriched the =z0il by adding
all other minerels of Agolle,is rich ines In addition, the
dﬁcéying of fzolla improved soil texture by rendering it
porus. Azelln spplicetion to rice varliety IR 28, signifie-
cantly increased rice grein and strow yleld. When Agolls
was coabined with somonium sulphete snd used as fertiilzer,
the rice grain and strow yield improved further as the

effect wes found to be synergestic.

Thuzs these studiss on As pinngtz provided bosic
informption neoeded for its optiugl biomass production.
Avplicetion of j. pionata to the rice plants increased

vield of rice grains of vericty IR 28, in both the seasonsg,

The high lights of this sbudy conducted on fzel

pirnete R.Br., the Indian specles ere enumersted bdlow ¢

49} Use of hydrogen peroxide as surface sberilizing

\ agent Ior ralsing axenic culiures wos found
guitable,

2) Weekly renewel of culture mediuvm facilitated
biompss production under in yitre and in vive

systemng.

3) Nodifiestlon of medium cantaining*§6 ppi Ky 40 ppm

"Cay 40 pom ¥Mg, 30 pp P, 2 ppm Fe and 041 ppa Co

elong with the obther micronutrients supported



138

significantly higher biomass production.

4) Semi-gsolideculture medium was devised for maiptaining
germplasm.

5) snatomically, the 15th leaf onwazds upto 20th leaf,
the heterocyst frequency was optimal.

&) Prasence of combingd nitrogen source in the culture
medium, déminishes nitrog@n fixing capacity of the
symbiont, Anabaena azollaes

7) Establishment of fluorescent method to interpret
the impact of salinity of water/medium, so that
salinity resistant strains could be isolated.

8) Establishment of in vive methods of mass production,

9) Rate of ammonificotion indicative of Azollp to be
a slow nitrogen releasing biofertilizer.

10) Beneficial effects as biofertilizer on rice strain
iR 28 showing increased yield of straw and grain.
11) Its incorporation enxiched the suil with mineral

nutrients and also improved the texture.

The present research has indicated the necessity of
undertaking on a more massive scale and at a National Level,
a programme for cultivating azoella pinnata, the Indian species,
for its use as biofertilizer thus aiding the economy of the
poor farmer and also reducing the pollution potential due to

chemicol fertiiizer.



