CHAPTER I

INTRODUCTION



INZRODUCTION

Rice being the staple food for more then half of the
worldts population, its intensive cultivetion is a mejor issue
in egriculture. In order to increase yleld, high vielding
varietics are experimentally selected et various sgriculturgl
institutes. Growing more rice requires nitrogen fertilizers
in sufficlent quentities ab @ resonable chespér rete, The
cost of chemical nitrogen=fortilizers has incressed tremene
dously, pubtting them beyond the reach of a poor fermer, It
hos therefore become necessery te look for an slternative
renewable source of nitrogen to neet at lesst a part of the

requirenent of ercop production.

Atmogpheric nitrogen, of which 78% 1p in the Zree stote
in the stmospheric alry is relabively an lnert dimlirogen form.
Thig cennot be directly used by plante to satisfy their nitroe
gen requirementss In this respect, the role of nitrogen
fixing photosynthetic blofertilizer is very significent. The
conversion of ginospheric hitrogen into organle compounds by
baeteria or by blue green slgze 1s celled "nitrogen fixstilont
and this process requires expenditure of certain sniount of
energy. Solar energy is the ultimate source for photnéynﬁ!zeais
to produce adenosine '&rﬁ.yk?égphatia and a reductant utilized in

the nitrogen fixetion mechanism.



Prokeryotes probably evolved photosynthetic activity
as 2 consequence of exhaustion of orgenic substrstes, and
nitrogen fixing aativity 85 & result of exhaustion of ammonia
in the precambrisn ocean (Hasellkern, 1978)+ The genetle inforw-
nation (nif gene) f&r nitrogen fixing ability is found in
prokeryotes. Moreover, nitrogen fixing process ;s dependent
on the nitrogenase enzyme, encigy supply, anperoble condie
tions and a strong reductant (Foge et al. 1973). Dlue green
algee viz. Adnabaens, Folypothrix, Nostoc, Aulosirs etc. are
known for their nitrogen f£fixing ability. In some of the
nitrogen fixing blue green algse, speciallsed tells known
as heteroeysts are differentliateds Heterocysts are thick
walled cells and meinly responsibvle for nitrogen fixation
{Stewsrt, 1973; Haselkorn, 1078) s Heterocysts posgess =a
compler controllied lamellar system which probtect the nitrow-
penase enzyme from uzygenw(Q§penﬁeim ang Marcus, 1970). They
carry out photophosphoryletion which suppliss the necessary
energy for nityogen fimetion (Scott end Fay, 1972). The
frequency of heteroecysis in fgolle-fnabaens ¢omplex wowld
therefore determine the quentity of nitrogen fixed. Venkatw
raman (1972) end Singh et al. (1981) heve used blue green
glgee 28 blofertilizers and they olkbelned incresse in the
vield of rice, However, practical gpplications of Ylue green

elgee in rice fields, fuce cerbalin difficuliles begpuse of



their slow rate of multiplicetion, quite low quonbities of
blomags production and their inability to compete with other

aquetic flora (Sree Rongaswenl, 1980).

Blue green algae £ix nliropgen more efficiently when
present in symblotlc asspeistion in leaves of cerbtain plants
such es Azolle. Yoth fzollas end symblont fnabsens, hervest
soler energy via photogynthesis, The total nitrogen reguirew
ment of Azolle could be wet by the nitrogen fixed by the
symbiont. Therefore, the water fern fzolle ls considered es
an idesl candldate for nitropen fimetior. . . Gellon (1980) has
stated that there remalns e nced for basic research concerned
with the process of nitrogen fixgtlon by the photosynthetic

orgonismns,

Geodla has been uged in China and Viotnem- for centuries
in rice cultivation. Liu zheng-zhu (1979b) reported thet the
book Q4 Min Yeo Shu written in 540 AJDe by Jia 51 Xue
described the use of Agzeolla in rice cultivetion, Uao and
Tren (1979) reported that Beo Glong Azolls and ¥Wild Azolle
were the some, Azolls pinnets was the only species native
to Chinns Chinese reseorchers have been studylng Azolia
since the carly 1950 ut many of thelr schisvements were
unknown oubside Chine (Lumpkin, 1985). fccording to Lumpkin,
{1985) Chinese are making vigorous efforts ta isolete and
culture Ansbeena symblont and meXke imbra and inter-specific
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erosses and thelr efforts should not be overlookeds China and
Vietnam hed e long higtory of using Azelia in rice production.
Azolls plants have been described as mineture nitrogen "ferble
lizer factories' by Chingse and Vietnemese (Lumpkin and
Flucknett, 1982). In Indla, application studies on fzolls have
been conducted at Coimbatore Agriculiursl University end ot

Central Rice Research Ingbitute, Cuttack.

Azolla is a free-floating, heterosporous aguatic fern,
It belongs to the order Salvininles and 1s & sole representioe
tive of monotypic family « pAzollacese. The spmmphyte‘ |
consists of multidrenched rhizome bearing lesves and advenw
tltious roots, Fach of the leef is a bllobed orgen and in
its dorsal lobe a 'symbiom:g dnobeena azollse Strasburger
occurs, It multiplies by vegetebive propagation besides
through sexual means. 1t produces two types of gporocerps,
develong endosporic gamebophytesy and fertilizes gonetes

regulting in the production of sporophytos.

The revlew of the litersture on jgolls indicates that
two digbinet aspects have been researched. One aspect desls
with bosic researchy snd the other with its applicstlons to
crop as & nitrogen fertilizer. Anstomical d@”&ailé {Konar and
Rapoors 1972, 1974), wltrastructure {(Duckett ct ala 1975) of
Azolls and structural inter-relationship of Azolla=irieboong



complex (Calvert and Peters, 198%; 1982) have been investis
gabed. Heconstruction of serial secctions of leaves of verious
gge as defined by thelr position on the stenm axis have provided
aow insight inte the developnent and orgenisstion of the leaf
cavity of fzolla (Mill, 1977). But hardly myl anetonlcal
studies have been done on the Indian specics of Azolla
pirnngts corvelating with lts physiclogy. Vhile Anpbaena is
within the leaf, this endophybte within the cevity is
exf:racel/:’t.ular end the actual degree of relationship of the
endophyte in the individunl species is speculptive and
constitutes an arep of current reseaprch (Petors, 1984).
féarewér. Azolla is smezing In that it iz the only synblond
in wikich the prokaryotic partner is cerrled through the
sexual evele of the mucaryote {(Peters, 1984).

The basic studies invelvesd lncressed blommss production
of Agollo with simulteneous increese in its cepacity for
nitrogen fizxetion. The nutritional requirenonts of Azolls and
its nitrogen fixing symbiont, fnobeens psolipe for prowth end
nitrogen fixetion are rether complex and strongly releted to
the physiclogy of cach of the components of the assoclation
{Bocking, 1979). The emount of nitrogen fimed by Azolla
naturelly would depend upon the nutrient status of the

culbure nodiumy



The importance of macronutrient elements including
phosphorous (P) potassiun (X) Celeciuvm (Ca) and iviagnésium {g)
in supporting the growth of Azolls hes been recognized, Howe
ever, quantlstive determinatlons of the nitrogen fixing
sctivity in this gymbiosis are rether limited; and information
concerning the levels of minersl nutrients required for suffie-
cient display of nitrogen fixgsiion in the symblosis is slmost
absent (Yolazawae et al. 1‘9‘8@. Subudhi and Singh (19793 have
reported that 2/5th dilution of Hosgland's meddum as a suite
able medium for Azolla culture.

Expeorimental work reported on 4, pinnato (};'nilizapmw)
showed that growbh and nitrogen fixation in nineral deficiens
cies decrensed In the order =K; ~P, «Ca and Mg (Aziz and
Batanabe, 1583) while others reported thot nitrogen content
wag lowest in trealments ~F,; «X, «Cz end «Mg wvherein nitro-
genage activity wes &lse reduced (Malavolts et ale 1981). The
need of pho s@ﬁemus end megnesium for phosphorlyetion reactions
which provide enerpy for the endergonic resction of nitrogen
activetion explain the reduction in activity found in the
corresponding treatmentz. Phogphorus represents o major limis
ting factor for fzollg epecies and gtroins vary a great desl
in thelr phosphorts requiresent (Subudhi and Vabtanabe, 1981).
However, varistions heve been obgerved in the degree of

reduction in growth of plents cultured in gclutions deficlent



in macromtrients (Yatezewa et al. 1980). Watenabe et al,
(1977), Peters and Mayne {(1974a) and Moore (1969) have worked
on the nubtrient requirements of fzollg but the mutrient requi-
rewents of the Indian specles jzplla pinnets R. Br. need to
be investigated as, this information would help in incressing
the yield of pzollas In addition, éfferta ghould be nede in
India to screen large rmmber of clones of'&ggl;g, under
laboratory conditions for selecting the promising speciep
(i‘%ohan Rem, 1978). Since fhe anount of nitrcgen‘fixed by
Azolla depends on the mutrient ststus of the culture medium,
the inineral nutrition studies wo&ld.help to formulate/change
the minersl composition of known culture media which would
support optimal biomass production of g2olla. Growing of
dzolla under precisely coatrolled conditions of environment,
&8 in the case of its axenic cultures would provide uniimlted
opportunities to study the problems of its organizetion and
physiologicel processes, liowever tue previcus work on jzolla

mineral nutrition has not beén conducted in axenic cultures.

Regerding the micronutrition of Azolls, molybdenum
and cobalt are necessary for nitrogen fixmation (Singh et al.
1984), Johnson et sl. (1966) showed thet cobaelt at 0.01/ug/1
supplied to A. filiculoides cultures growing in nitrogen
free medium gave about five times more biomass then in

cultures grown in the mediun without cobalt. The avellabllity



of minerals to Azolle depends upon the pH éf‘the medium/
solution (Nickell, 1958; Aﬁhtqn'and Walmeley, 1976). ﬂlsén
(1572) found the maximum dry matter production of Azolla ond
nitrogen fixction at & to 7 pH vhen iron wos present db
ferrous ion complex snd éalcium content (10«20 mg/l) were

relatively low.

Since fgolle fixes stmogpheric nitrogen through its
symbiont Anabaens, presence of nltrogen source in water/
culture medium affects ite nitrupgen fixation. In presence of
am&onium sulphete or nitrszte in the culiture medium, the
nitrogen fixstlon by Agolla gets reduced proportlonately
(Thomes and David, 1972; %atanabe et al, 1981). lence, the
effect of presence of nitrogen in culture mediun of &s plnnate
needs to be elucidated.

flthough much attention has been peid in recent yesrs
to the effects of the gibberellic cecid (&A3) on flovering
plants, relatively little importance hus been paid to undere
stand the effects of phybolhormones on lower plants particularly
the pteridophytes (Dusek and Donde, 1965}, In A. mexicens,
growth and nitrogen fixabtion 1n¢reésed by application of
gibberelling, (8ingh et el. 193},

The chewnical composition of Azolle shows that it is

also rich in phosphorus, celcium, potassium, megnesium, iron



begides nitrogen, These chemiecal constituents showed Variew
tions in their quantities according to the svelilabllity of
the minerals to fzolle during its growth and development
(Malavolte et al. 1981).

The second major mpproech to resesrch on fzplla was
concerned with iie gpplication to rice crop as e nltrogen
fertilizer, Azolle and its symbiont pnabaens both pertners
harvest polar energy vis photosynthesis and the total nitroe
gen requirement of Agolla gets fulfilled by the assimilation
of nitrogen fixed by gnabgégg. The relationship bebween
photosynthesis and nltrogen fixation showed that the reductant
required for anitrogen fixation was sccumulated during light
period and thet the cyclic photophosphoryletion provides o
slgnificant fraqiien of the »TP required for nltrogenase
activity (Peters et al. 1980). fzollg no more remains as a
botenicel curcsity hut turns out to be en sgrenomically
useful nitrogen source. Elological nitrogen fixstion through
Agolla Anoboona complex is( considered to be a potentiel
biclogicel system (Kannaiyan, 1978 ' )« The opportunity for a
concerted approach townrds understanding the whole blology of
a single speclen only oceurs when commercial intersst in the
applicetion of this understonding provides the incentive and

regources (Iyer, 1985).
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_Apgzliéatiwn of Azolls to rice crup as nitrogen
fertilizers improved the growth of rice plante and thereby
the vield of straw and grain olso wes increased (Telley et al.
§977). The verious factors responsible to bring desired yield

in rige grain depends upon the specles of Azolln, the quontie
ties used, and methods of iis gpplicgtion either by Incorpore
ting 1T dn goil or by growing It ms a dual crop slong with

rice,

Singh (1979a) reported thet the incorporsotion of Azollz
in goil not enly improved the growih of rice plants it also
inerecged the number of tillers; grain and strew yield. Zarlier
Yetonnbe st el {(1977) had reported 13% increzse in the grain
vield when fzolls wes incorporsted in soll. In the pame yeer
Singh (1977), had reported that f2olls incorporated along with
30 kg or 50 kg, of /ha as aovonium sulphote cmuced as such
yleld as obtained after the applicstions of 60 or 80 kg/ha
of chemical nitrogen fertllizers respectively. Hovre regently
Soebepathy and Singh (1985) observed significant increase 4n
vieid attriating charseters such as tillors, paniecle mumbers
and nitrogon content of shoots end rocta, when Azollan nitrogen

vas avodiable to rice crop.

Pual eropping of Azolls siong with rice hes increased
yield from 14 to 4D percent (IMdore, 1965). In Azells £ilicus
loides, duel eropping geve 2584 highor yleld vhen compared
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fowmde

with the control (Raine and Telley, 1979). Kannoliyen (1986)
uzed verious guantities of Azells incculum and found its
effect on the yield. Incorporztion of Azollan was of grecter

benefit to rice yield than when it wes not incorporated.

Under flooded soil conditions, rate of mineralisation
and amount of nutrients relessed from decomposition of blomass
Azolle cre importent indices of availability of minersl nutvie
ents from Azolls. Understanding these indices is importent not
only for improving techniques of Azoils propegetion end its
incorporetion, ut also for canﬁrélling the belance of soll

nutricnts,

The study of Azolle as a blofertilizer and its spplice=
tion for the improvement of rice crop is very relevent to the
Ingian gituation. Despite severel reports ¢f successful applicie
tion of fz0lla to rice crop, its use among Indian farmers is
not gadining the required momentum, In order to‘pepularise ite
application in rice growing areas in Indis, large guentities
of fzolln of desired high nitrogen content should be mede
egsily avellable to the farmers at o cheaper rate or free of
cost all round the yesr. Hence, studies deasling with maximum
biomess production of Agolle pinngte Re Br. need to be condu-
cted.

Another major problem that has been observed in
certain areas in Indias iz that many agricultursl ecosystems
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are increasingly becoming salt aifected thus rendering them
inhospitakle for excellent crop production {Roychowdhary et
al. 1988). Very little research work concerning the effects
of salinity or osmotic stress on Azolla has been done (limmer
man, 1935). According to Sukumsr and Kannalysn (1987) the
adverse effect of sodium chlarid@‘an-chlomophyll content was
much pronounced in A. pinpata than A. filiguloides.There

are hardly any reports on effocts of salinity on biomass
production of A. pinnata. Benefit of A. pinnota as bloferti-
lizex depends upon its tolerance to the salinity of éeii, in
which rice is grown, Besides nc work has been conducted on |
the ammonia assimilating enzymes under salinity conditions.
Holst and Yopp (1979) reported thot in 4. pexigana, the
effects of salts were more osmotic then lonic. Salteresistant
ecotypes of Azolla species might be exisiing or may be gene-
tically engineered in the near future. By studying the
pigment profile of the endophyte Ansbagna of salt treated
Azolla, large number of Azolla streinsg could be screened fox
their salt tolexrance at a faster rate (Rajarathinam and

Padhya, 1987 a)e.

fiorcover, there is a report that the physiology of Azolla
can ke so medified undexr special laboratory conditions, that
hydrogen gas can be generated from water (sohan Rawm, 1978).

iydrogen being a highwenergy fuel, the implications of this



discovery are fer resching in view of the sharply declining
reservee of petmleum. Newton (1976) elso. reported the
photoreproduction of molecular hydrogen by & plent - algal
synblont system - the __gg;;_g. Thils 1s the most challenging
achievement about AzollosAngbaens complex and how far it
could bhe practicelly fessible depends upon the sclientists
efforts, L |

The espects discupsed above form the background for
the present work, The main objectives of this work include
to elucidete nutritional/hornonal requirements of A« pinnats
Rs Br. under precisely tontrolied conditlions of environment
for its optimal blomass proeduction with glmultanecusly -
improved nitrogen fixation capacity. The snatomicel details
about the in yifre produced 4. pinmate and the gffects of
sodium chloride induced salinity om this complex form the
other objectives, Under in vivo c¢onditions the rete of
emmonification of A+ pipnmate os well as its epplications as
a nitrogen biofertiligzer have been evaluated.

The experimental results obtained are incorporated
in Chapters 1II end 1V under the followlng broad hepds 3=

Chapter 1il 3

In yitro experimentel studies on Azolle pinneta R.Brs
2) Nutritional |
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b) Hormonal
¢} Anatomical
d) Saliniiy

Chapter IV s

In vivo experimental studics on Ae pimnata R Br,
2) Blomass production
b) Himeralisstion of Agzolls nitrogen

¢} Applivetion of Azolls to rice (Paddy)
veriety IR 28, '



