CHAPTER 11X

IR VITRO EXPURIMENTAL STUDIES ON
AZOLLA FINHATA R.Bre



I VITRO EXPERIMENTAL STUDIES ON AZOLLA PINNATA R,Er,

gzolle is a free floating acuotic fern living in
gymbiotiec asscciation with Anpbaena g@g;;gg., Since the efficlency
of Azolln a8 a blofertilizer depends upon its blomass producs
tion at a fester rate sccompenled with incressed nitrozen
fixing ability, studies concerning the nutritionsl/hormonsl
requirenents hove been conducted on Azolls plonabe R.Br., the

i

comnon Indian species,

in adaition the anctomical detells snd the effects of
sodium chloridewinduced splinity on A, pinneta were explored,
Stock cultures of {. pinnatp were meintained in a tenk in the
Botenical Garden of the M.S. University of Barodzy Bzrodae

This chapter degls with the results of the experimental
work conducted on A, pimngts wnder jn vitro conditions which
are described in the following sections 3

SECTION A 3 Rutritionsl studies

Experiment 1

Estéblishment of oxenic stock cultures of fgolla wﬂﬂ*m;

Healthy Agolla plents collected from the tank (Plate 1)
were washed under rumning tep water end £inslly rinsed with
diptilled waber,



Plate 1 Azolls piunats Re Br. in a tznk in the
Botanleal Garden of the H.S. University

of Baroda.
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Three surface sterilising sgents vige. mercuric
chloride (0,05, 0a1; 023 043% w/v), sodium hypochlorite
(04054 Culy Ou% ‘v/v) and hydrogen peroxide (5, 10 and 15%
v/¥) were useds One gram each of heelthy fizolla plants were
surface sterilized in esch of the resgents in the given concene
tretions. The plants were mainteined with congtant shaking in
150 ml Erlenméeyer Flasks for 4, 24 3, 4 end 5 minutes each, in
each of the given concentrotions, They were washed with steprile
distinécl wvoter several times and inoculated In nitrogen free
Vatanabe ct ale (1977) medium (pH 5.5), Culture flasks were
incubeted et 25 & 2°C in culbure room with cool, white fluo=

rescent light (1000 Lux) for a 16/8 hours light/dark cycle.

Both mercuric chlpride and sodium hypochlorite used
as surface sterilizing egents were found to be toxic Loy
Azolla plents in all the concentratlions and durstion of
tines spectfieds |

4zollp plents treated with 5¥% hydrogen peroxide were
found e be contamineted after one week of gulture periecd
while those trested with 10% hydrogen peroxide for three
minutes were free of contgrmination. After n culture period
of three days neerly 60% of these swrviving Agolls plants
were healthy in appearence. They were trensferred to fresh
nitrogen free Wotanabe medium, as described In Chapter II,
Materials and Methods (4b). These plents picked wp growth



and development due to which new plam:‘s‘ were produced c;ovez»
ing the entire surfece of the medium, Within eight weeks of
culture period, a fmm‘bar" of axenle stock cultures were thus .
initisted (Plate 2). It was observed that 15% (v/v) hydrogen
peroxide was toxic to Azolla end was therefore rejected,

Experiment 2

It wos gbsem‘red- In Experiment No.%1 thet stock culture .
of Azolia turned yellow aefter a week. Therefore the effect of
periodicel renewsl of the culture aiedium on biomass produge
tion was studled to understand 1f that would prevent the
yellowing /af the plants,

Equal quantity of healthy Azollg plants (300 & 20 ng)
from stock cultures were transferred to nitrogen free Wetanabe
medium (50 nl)y pH 5.5.. cultm flagks were incubated at
25 & 2°C in culture rpom and illumingbed with cool, white
t‘lu&remenﬁ 1ight (1000 lux) for 16/8 hours light/dark cycle:
Two such sets were prepereds In one set (Set I); reguler
weelly subcultuping of the plants in fresh mediun wes cerried
out vhile in the other set (Set II) the plants _wm&‘a' allowed ’
1o grow for the entire period afv three weeks m%hﬁut. renewling
the medium. Plants were harvested from bath the gets at

(WL



Plate 2 Axenic culture of A. pinnots



Plate 2
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weelly intervals, and thelr hlodass caleuwlated snd recorded
{Table A}. The pil of the conditloned medium vas alse neasured
&t eoch weelke At the end of Lirgt weelty & 2.4-fold ingrense
in blomess of jzells in terms of fregh and o 2.9«fold in
terng of dry welghts were gbserved in hoth the sets and tho

pH of the mediup was decreased from 5.5 to 5.17»

&t the end of second and third week, Azclls In yege
ponse to renewal of medium in sot I on incresse of Fefold
in blompos production with ne change in pH wes recorded
(Table &),

On the other hand, hervegst from the conbinmed grovkh
in the same medium at the end of the third week (Set II),
shioved only a 3.7=f0ld incrense in biomass of 4zollas The

pH tended to decrease at each week.

Therefore, it vap found bemeficlial to weekly venew
the eulture medium of fzolln. Since with three weeks of
growth, the entive surfece of the medlum wes sufficieatly
covered by Azollas plants, the easzgaermentél peried was not
extended further,

Ezxperinent 3

felection of sultable culture medium for Agglla -

For mawxinun blomass produchion of jzolias, three kmown
nitrogen free culture wedin viz, Jobnaon et ale (1966),



Table &4 ¢ Effect of renowel of culture medium on blomess

- production of fzolla pinnata Re Bre

Inoculum ¢ Fresh whbe = 300 2 20 mg
Ery wtsa = 13 & 01 og
Veekly observations Set 1 Set 11

Medium reneved

Medium not renewed

Edrst
Fresh weight (mg)
Dry weight (mg)

phH of the nedium

seeong

Fresh weight (mg)
Cry wvelsht (og)
pH of the medium

Third
Fresh weight {(mg)
ory welgnt (mg)

Pl of the medium

730 4 32
28 %3
517

1310 & 48
52 4 7
Se16

2080 g 62
82 £ M1
5419

730 & 32
286 2 3
5617

1130 & 34
48 4 6
431

Mean of six replicotes with S.D.
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Petors and Meyne (1974,a) end Vobanebe et el. (1977) were
tested, The pH of the sledium was meintained at 5.5. jzolle
plants about 300 & 20 ng from the axenic ‘zstnc& oulbures vere
transferred to each of the culture medium {50 ml). Veekly
ronewal of the culture medio wes done; and blomass wae harvese

tea after three weeks periocd.

M Table 54 gives the data about fresh and dry weightis
of Azolls plents grown in different medis, Highest biomess
production being 7«fold of the opigingl hes recorded in
Letarnabe medium, The next best wes Peters and Hayne's follo-
wed by Johnsons media. Further experiments were therefore,

carried oul using ¥Watanabe medium,

Experiment &

z-::m’l acetgﬂ ene reciuct:on activity ﬂf &. 2 @mgtg

In the present experiment, the optimel pH of the
Vetanobe medium which would support the highest blomass
production of gzelle and the highest nitrogenase sctivity
es measured by acetylene reduction method have been studied.
Heelthy Agolla plants (300 & 20 ng) from axenic stock culture
vere trensferred to nitrogen free Wotanabe mediuvm (50 ml) at
various pH levels (4,5, 5.5, Se3, 745 and 8.5). Culturol
conditions as deseribed in Chepter 1I, HMateriels ond Hethods
(4b) have been folloved., After three weeks 0f exporimentsl



Talle 5 @2 DBiomess preduction of fzolla in different

culture media

Inceulum ¢ Fresh whe = 300 2 20 mg

Dry wte 2 13 X G1 mg
| Johnson's  Peters snd  Watanabe's
Biomass mediun Hayne's medivm
mediun
Fresh welght (mg) 1860231 201024, 2 207518
Dry welght (ng) 787 8419 884

Fean of six replicetes with S.D,.



period, Azolle plants were hearvested and their fregh and

dry welights were recorded, Chlorophyll, protein, nitrogen
contents, nitrogenase aativi%y neasured by acelylene reduce
tlion asseay and heterocyst frequency were estimsted as destrie
bed in Chapter, Mebtoriels and HMethods (6as; b and ¢).

Lzolle plants cvltured in ¥Wobtanabe medium eb pH 4.5
turned pale green in colour and the roots begame brown.
Plants grown at pH 5.5 and 6.5 were dark sreen with well
developed roots. AL pH 7.5 and 8,5, the growth of Azollp
plants declined, its multiplicetion decrecased and the plents

remgined seell in sizee

&t pH 5.5 and 6.5, the fresh snd dry weighitsof blonass
of Azollis plants, both these and other paremeters viz, chloroe
phyll content, protein content, ecetylene reduction sctivity
and heterocyst fLrequency were significantly higher than that
ohserved et 4.5, 7.5 and 8.5 (Tabtle 6),.

Therefors from the range of pH triedy 5.5 &o 64,5 was
found to be sultable for Azollp culture under controlled
csnd.i*himm; In 21l further experiments, pH of the medivm was
kept at 55
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Experinent 5

Yntonabe medium was prepared with esch of the following
sinerel nutrients in concentrations of Oy 10, 20, 30, 40 and
50ppm ¢ Potessium (K), Megnesiwm (Hg), Phogphorous (P); Cale
ciun (Ca) while Iron (Fe) concentrations were 0, 1, 2 and 3

PPl

Azodls plants (300 2 20 mg) from axenic stock cultures
were trensferred to each of the test medivam (50 ml in 150 ml
Erlenmeyer flask) containing different levels of minersl

nutrient, making sure thet carry over effects were removed.

sfter three week perioed, plonts were harvested and
their fregh and dry weights recorgded. Chlorophyll, protein,
nitrogen contents, nitrogenase activity npeasured by acetye
lene reduction assay and heterocysts frequency woere estimated
es deseribed in Chopter II, HMaterials ond Methodg. |

a) Pobassium (K)
Effect on biomass

In compieote sbsence of K and at 10 ppm K levels,
nezpligible growth or multiplicetion occurred and chlorosis
eppearced on the leaves (Plate 3), With the incresse in X



Flate 3 Effects of K levels {(2=0, b=10; ¢=20,
de30, esf0 and 50 ppm) in Yatenabe

pedium on A. pinngta



Plate 3



level to 20 and 30 ppm, the plants showed growth end were
green in colour with short rocts, At the standard dose of
40 ppa of K, Azolle plants were derk green with well devew
loped rocts. With further increamse in  level to 50 ppm,

the plants decreansed in thelir growth and resalned smell in
gize a@ compared to the standard, At 10, 20, 30, 40 prm of

K levelsy linear incresse in the biomass preoduction oécurred
{(Table 7). However, the biomess production was significently
higher ot the standard dose of 40 ppm and at 50 ppr of K,

than recorded at the lower deses (Flge 1)

Effect on cemposition

Lven chlorophyll abd protein contents were signifle
cently higner at 40 and 50 ppnr as compared to the rest of
the treatments. Nitrogen content was though not signifie

cantly increased bubt was highest et 40 ppm K level.

Effect on nitrogenase sctivity

In the complete sbsence of XK, €0% reductlon in
acetylene reduction activity aleong with 33% reduction in
heteroeyst frequency In fnabesps of Azolls has Loen recorded,
when compared with the fgzelle plonts cultured in standerd
level of K in the culture nmediva, Data indicoted thet the
K concentrstions of 40 end 50 ppn were significently supe=
rior with respect to nitrogenase activity as compared to

the rest of the concentretions. Considering all parancters
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Fig, 1

Effectsof K lavels (1u0, 2e10, w20, 4a30
end 5 = 50 ppm) in the wai:a!;aha nmedium on
dry weight, protein content, ARA, chloroe
phyll content, nitrogen content end
heterocyst frequenty of A. pinneta, afier
a pericd of three weeks. '
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40 ppm K level even had the edge over 50 ppm which proved
thot 40 ppm K level in the standerd Wstenabe medium wag the
most optimuw level In all respects.

Fositive corrsletion was observed vetween bilomaess
production (fresh weight) and acetylene reduction activity
(r = 0.,975), and beﬁ?:een nitrogen content sceunmulated in
dry matter (r = 0,954) in response to various X levels in
the medium,

b) HNppnesium (Me)
Effect on blomass

Couplete ellmination as well es ab lower level of
Bg (10 end 20 ppm) ceused chlc:résis vpon the lesveés, Chlore-
sis inltially woe notlced upon the older and later on the
younger leaves (Plabe 4). foots got detached from Azolla
plants within five days of culturing, Absence of Mg reduced
7% biorass production vhen compared with plants cultured
in standerd dose of Mg (40 ppm)« A% 30 ppm of Mg, the biow
mass production impmvet; gnd reeched to an optimal level
at 40 ppr of Mg in the culture medium, Plants cultured in
stendard level of dg (40 ppm) wei‘a derk green with well
developed roots: Further increase in Mg concentretion
(50 ppuw) did not improve biomass production of Azolla
(Table 8), o



Plete &  Effects of Mg levels (a=0, b=10, c=20,
3 = 30, e=40 ond £a50 ppm) in Vatenebe
pedium on A. pinnsta,



Plate 4
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EETect on composition

in complete absence of Mg, 67% reduction in chlorcw
phyll content, 325 and 35% in protein and nitrogen contents
respectively; ccocurred compared with the velues of fizella
plants cultured in standerd level of Mg (40 pom) (Fig. 2).
The sddition of Mg at 10 t0 50 ppm improved the fzoliln
composition while at 40 ppm of Mg, Azollp exhiblted optimel
levels of chlorophyll, protein and nitrogen contents,.

Effect on nitrogenase sctivity

In complete absence of Mg in culture mediun 28%
heterocyst frequency wes reduced with carmsﬁaom%ing educw
tion to 74% in ARA when compeared with that of the Azolls
plants cuitured 4n stendard medium. Thus the preseace of
stendard dose of Mg (40 ppm) was found to be essential for
Azolls growth. It wes noticed thst 40 and 50 ppm concenlres
tions of Mg yielded significently higher fresh and dyy
biomasss chloroephyll, protein and nitrogen contents and
slso incressed ARA and heberocyst frequency; compored to
the roest of the levels of Mg tested. Numerically 40 ppm
wes better compered to the higher level l.e. 50 ppm of Mg

& posltive correletlon was found to exist between
biomass production of Azolls and its ARA (r = 0,987). Thus
40 ppm of Mg that was normally incofgoratmi in the standerd
Watanabe sedium was proved to be the ogtimal leweld,



Fige 2

Effects of Mg levels (1w0, 2wi0) 3w20, 4w30
and 5a650) in the Vatanabe medium on dry
welght, protein content, ARA, chlorophyll
content; nitrogen content and heterocyst
frequeney of A, W after g period

of three weeks,



wn wn
~3 ~3
™ ™
™~
5 T 58 3 i > ] 2
| 1N3TNOD *THO 7 LNFLNOO NIOOMLIN "03y4  *L3IH
L
~3
i ™
™~
5 5 5B E 7 5 T 3
'LM  A¥Q LNILNOD NIZLO¥d vyY

A¥VANVLS H3IAC NOILIONA3Y HI9VLINIOddd

Fig. 2



¢) Ealeium (C

Effect on blomass

in complete absence and gt 10 ppm of Ca in wetanabe
medium, Azolle plents reduced growth and remeined small in
size, Roots were not much developed in these plants (Plate
5)e At 20 and 30 ppm of Ca levels, plents were green in
celour with short roots. As the Ca level in the culture
medium reached 40 ppm (the stendard dose) the fApolle plants
were found to be dork gresn with well developed roots. I
crease in Ca level to 50 ppm, did not ismprove Azplla growth
any further, in ebsence of Ca, biomass production of Agolla
was reduced to 74, when compored witix Azolls plants
cultured in wmediun containing standard dose of Ca. Vith
addition of Ca, the blomass production of Azolla vas
improved, ultimately reached its optimsl level when Ca was
40 ppm in the culture medium (Toble 9).

Effect on composition

Absence of Ca in culture nedium reduced to A8, 274
and 264 the chlorophyll, protein and nitrogen contents
respectively ¢f Azo as compered with those values
obtained when fzolls cultured in medium of standerd dose
of Ca (Figs 3)s ‘



Flate 5 Effects of Ca levels (a=0, b=i0, c=20,
d=30, el and f«50 ppm) in Wetenabde
medium on A, pinnsta.
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Fig. 3  Effects of Ca levels (1s0, 2w10, 320, 430
end 5650 ppm) in the Vabtonabe medium on dry
wedght, protein content, ARA, chicrophyll

_ eontent, niirogen _cani:em and he‘teméyét‘
£requency of Ae pm, after s period fa\t '
three vweeks. A
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Effect on nitrogenase sctivity

) Absence of Ca in the medium reduced heterocyst
frequensy by 32% and acetylene reduction mctiviity to 79H.
The gradugl sddlition ¢f Ca to the culture medium inmproved
both these growth parameters, both reaching to optimel

levels at 40 ppm of Ca in the medium.

A positive correlstion existed betweon biqmasa Produe
ction of pgzolls and 1ts nitrogensse activity (1 = 04990)«
Eezsides; nitrogen content exhibited a positive correistion
with biomess produced (r = 0.968). Hente, a concentration
of 40 ppm Ca was found to be t.hé optimal concentration for
As plnosta biomass productions

d) Phosphorus (F)
Effect on blomass

The visible symptoms of phogphorus deficiency were
reduced growth, the fronds remaining amell, pele green in
colour and reots turnéd brown (Plate 6}« Reduction in
growth was 20% when compared with jgolls plents grown in
standerd medium (Fig, 4). At 10 and 20 ppm of P, there was
an improvement In biqﬁms& production tut the highest biomess -
procduction was recorded in & medium conteining 30 POD e
Actually 30 ppmy P wae higher then the level of P (20 ppm)
present in standerd mediume Further increase in P level to
40 ppm did not improve blomess production of Agollo.



Plate 6 Effects of P lovels (a=0y beb, ©=10,
d=20; e=30 and £=40 ppm) in Yatenabe
medium on A. pinoata



Plate 6



Effects of P levels (‘i-ﬂ, 2;5; Bﬁs‘iﬁ, 4im30
end 540 ppm) im the Yetonsbe medium on dry
welght, protein content,; ARA, chlorophyll
content, nitrogen content and heterccyst
frequency of 4. pinnsis, after a period of
three weeks, ,

i
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Effect on composition

Azolle cultured in complete absence of P showed 42% and
27% reductions in chlorophyll, protein and nitrogen c¢contents
respectively« At 30 ppm of P level, which was higher than that
present in the stendard wmedium (20 ppm) supported an optimal
chlorephyll and nitregen contents, Further increese to 40 ppn
of ¥ was not effective in improving the composition of A,

pinnata.

Effect on nitrogenase activiiy

Heteroeyst frecuency In frebaens azollae wes reduced
to 37 and ascetylene reduction activity to 89% when fzollas
was grown In complebe sgboence of P. 4t 30 ppm of Py the
heterocyst frequency end scetylene reductlon activity were
foﬁnﬁ to be optimal. sctually, ebout 7% increase in heteroe
cys% frequeney and pcetylene reduction activity were recorded
at 30 ppm level as compared to Azells planta'cultureﬁ et
standerd dose of 20 ppm of Ps

The present studies on P nutrient af\ggg;gg‘plants .
shovwed thet positive correlation existed between blomass produc-
tion aund nitrogeﬁase acﬁivity (r = 0:986). -41ls0 nitrogen content
accumulated showed positive correletion with dry matter
(r = 0.972).

Hence, a level of 30 ppm P which was slightly higher

then present in hWetenebe medium, wes found to be cpbtimal



«

under controlled conditions,

e) Iron (Fe)

Effect on biomass

Agolla plants showed fregmentation in ccmpi‘
of Fe in the eculture medium, Plents showed extreme chloroais
and roots remained short and were of brown colour (Plate 7).
Azolle cultured in 2 ppm Fe conbaining medium showed derk

green fronds with well developed roois.

The blomass productlon was reduced to 73 when compered
with plants grown in standard dosge, 2 ppm of Fes Nesrly 7=
f0ld incresse in dblomess pfaduetzan was recerded et 2 ppm of
Fe levels At 3 ppm level of Fe, tﬁemm was ne further increase
‘in blomass production (Table 11). J

BEffect on composition

szaraphylz. content waé reduced to 33%, in complete
- abgsence 0f Fe in the medium, Protein and nitrogen contents
were algo reduceds At 2 ppm Fe level, all these three growbh
paremetors were at their optimel levels (Fig. 5).

Effoct on nitrogencse sctivity

%Ietebecy-at Lrequency showed reduction in the absences
of Fe vhich affected nitrogenase ectivity., A positive



Plate 7 Effects of Fe levels (a0, b=1, c=2 ond
d=3 ppm} in Yatenabe medium on K. pinnate



Plate 7
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Effects of Fe levels (1=0, 204, and 3e3
ppm) 4in the Vatmnabe medium on dry
welight, protein conbent, ARA, chlorophyll
content, nitrogen coutent and hetexrecyst
frequeney of 4., plmmate, after ¢ perloed

of three weekae
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correlation vwas ecbserved in blomazss production of jzolla end
ascetylene reduetlon activity (r = £.888), Similer correls-
tion occurred in nitrogen content sccumulabed in dry matter

(r & 0'962) »

Hence 2 ppm of Fe level wes found to Le the optimel
dose for blomess production of Azolla.
Experiment &

Effect of incorporstlon of cobelt {Co) ot verious
levels in Watansabe medium on A« plnhats

Viatanabe's medium locks cobalt. To test the effect of
cobelt on biomass production end niltrogenase ectivity of
dzolla, the present experiment wes conducted. Varlous l¢VQla
of Co (0.01; 01y 1.0 and 10 ppm) in the form of cobalt
chloride, was edded inte the culture medium. Heelthy Azollae
plants (300 & 20 mg) from the axenic stock cultures were
transferred to the test media (50 ml). Cultural conditions
were mainteined as described in Chapter II, Haterisls and

Methods.

Hesudlts recorded (Teble 12) cleerly indicnted that
addition of sobalt to the culiture medium improved the overw
all blemeags production af Lzolla. The incresse in Co levels
from 0401 teo 0.1 ppo showed maximum blomass production of
Azolla. The increase was 24% as compered tothe growth of
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Azolla plants grown without cobalt., Further increase in Co
levels (1.0 and 10 ppm) were not favoursble for szolla growth
and multipllcation, The niltrogenase activity wes improved by

12% over the plants cultured in stendard medium (Fig. 6).

The effect of cobalt on Azolla compesition such as
chiorophbyll content and nitrogen content was negligible. The
nitrogenase activity was improved by incorporation of cobalt
(0.1 ppm). Cobald level at 0.1 ppm gave significently bettor

regults than the rest of the concentrations btesteds

Experiment 7

Eifect of incorporgtion of ascorblc aec t various level
in vatenabe medium on growbh and nitrngag Fixetlon of

Le pinnate

Vitamineg are required for the normal growbth and deves
lopment of plents when cultured in synthetic medium, Ascorbic
acid at verious levels (5, 10, 15 and 20 ppm) was edded to
Vatenabe medium and tested for itg effect on biocmesgs produce-
tion ond nitrogenase activiiy of f. yinhgtg. Healthy pzollan
plants (300 + 20 mg) were transferred to the test media.
Culturel condltions were followoed as described in Chepter 11,

Materielas and Methods.

Regults showed that there was a significant increase
{

in viomass production of Azolls in presence of sscorbic acid



F‘igc &

Effects of incorporaticn of Co levels
(100,01, 2:041; 31,0 and 4210.,0 ppm)
in the Uatenebe nmedium on dry welght,
protein eontent, ARA, chlorophyll

content, nitrogen comntent and heterc-
cyst freguency of A. pinnata, after o

period of three weeks.
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st all levels tested (Table 13). Mighest biomass production
was recoprded at 10 pom of ascorbic écid level, But the coupo=
sition of 4zolla viz, chlorophyll comtenta, protein and
nitrogen contents as well as ARS and heterocyst irequency
did not significantly chiunge at the levels Tested. An
increase of 14% in blomass, 2% in chlorophyll content, 5% in
nitrogen content, 18% in AIA end 10% in heterocyst fraéuenay
wes recorded at an ascorbic acid level of 10 ppe in the
medium vhen compared with the corresponding velucg of the
plants grown in standerd medium (Fige 7)+ A positive correlpo-
tion exiszted bebween biomses produced and ARA (r = 0.888).

Experiment &

source anfé, pinnats

in this experiment, the effects of combined nitrogen
added in various forms to the culture medium on blomass
production of Azolls end nitrogenase activity were studied.
Vatanabe's medium was supplenented with combined nitrogen
(40 ppm) in the form of ammonium sﬁiphate, grmoniun chloride,
emmoniuvn nitrate and caleium and potassium nitretes, lonic
balance of the medium was salnteined, Heelthy fzolls plants
(305 2 20 mg) from axenie stock cultures were transferred to
the test mediug {50 ml). Culturel conditions were maintale

ned as degcribed in Chapter II, Materialg and HHethods.
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Fige 7

Effects of ascorbic scid levels (1=5,
210, 3=15 end 420 ppm) in the
Vetenebe medium on dry welght, protein
content; ARA, chilorophyll content,
nitrogen content and heterocyst
frecuency of A, pinnsta, efter 4
period of three weoks.
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After an experimental p@:&@é of three wesksy the
biomess preduction and the composition of Azglle remained
unaffected {Table 14), while the heterocyst frequency wes
reduced to 279 bringing a corresponding reduction in nitroe
genase ectivity to 59% in presence of ammonium sulphate as
compeared to Agzelle plants cultured in nitrogen free wuedlum
(Fig., 8)s The percentage reductions in the frequency of
heterocyst snd getivity of nitregenase were more in the
presence of ammonium salts than in the presence of celeium
snd potassium nitrstes. The nitrogen contents of the dry

patter remained unaffected.

Thus it wes evident that presence of nitrogen source
in the culture medls suppressed heteroceyst differentistion
of Apsbaens szollee with corresponding decrease in nitroge=
nase activity of Azeolls. Irrespective of any source of
nitrogen, biomass, chlorophyll, protein and nitrogen contents
weye at par with the stendord Watanabe medium, however scebiw
lene reduction sciivity and heterocyst freguency were signiw
ficsntly below those recorded using the stendard Watanabe

medium.

Experinent 9

Comparison of the 3 3
A« pilonsta grown in staﬁdmrﬁ Yatenahe medium and modified

medium, considering the current 5tudie§

The present experiment was conducted to find out the
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Lffects of combined nitrogen (40 ppm of
N levelg in the form of

1 = Ammoniun sulphate,

2 » 2Ammonium chloride,

3 = Ammonium nitrate end

4 = potassium nitrate + colciun nitrate)
added in Watensbe medium on ARA and
heterocyst frequency of f. pinnatp,

after a period of three woeks.
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effect of o podified vatenabe's medium (30 ppm ¢f P snd 0.1
ppz of Co) on production of biomass and ite nilrogenese
activity of jzolle as compared with plents grown in stendard
Watanabe medium. Healthy Azolls plents (300 & 20 mg) from
stock cultures were transferred to the Watanabe medlum
{stendard) and to the modified medium, Culture flasks were
incubated as described in the Chapter 11, Materisle and
Fethods. Chlorophyll, protein snd nitrogen combents, ARA and
heterocyst frequency were determined according to %he nethods

described in Chepter II, Moterisle and Methods,

Reosulis presented in Table 15 clearly indicobed that
modifled medium gupported B 2-fold increase in blomass
production over that gyown in stendard Watensbe medium,
Statistical anelysis of the date, showed that the incresse of
the bleomess production was significant at 1% probability level.
The biomass production showed J0% increamse in terms of fresh
and dry veight vhen compared to the corresponding values of
the plents growm in stendard Yetanabe medium. Beslides blomass
production, the heberocyst frequency showed 44% increase with

corresponding 24% incresse in ARA.

Experiment 10

Studies with respects to preservation of Azolls

in all the experiments deseribed in this work, Azolls

heas been cultured in o liquid mediums It was of interest to



LD
ga32oTTdax XIS JO uUBIdyM
- - - mrpen
zrcves glezee GeORLey  greeRtoe QU CFHE*D 64l 89¥Gloe PATITLON
= - - - . - (pavpusls)
#oE*p2 HE¥2L9 gUFg.  2ULELE §0°0TEG*0  #¥98  ZLGHOR WATPRH
S BUTIM
(au/*3a *a3  (STSUY *AM  (*RaT  (IACaF 3/9m)
(%) = m\wwﬁﬁ Lp Aq €y B/3w) ogued  (Fa) Fu)
Aouanbagy ﬂ,w o 8fom u) 4u33u00 b Xpro b kA Lace ] TTéiudogoTus  gudtes ¥15 4 Eo10Y

qs£0013%9y Yyy uwafolgfy  UFe0dd 8903 Lag uygery | WATPSy

"oww g

Su L0 F €L = *9n £a7 Bm 0z ¥ 00¢ = *48 ysedd 3§ WNINooul

TnIpeT PITITPON DUB (PIVPUULS ) URIPSW 2QIULYLY UT UMOIR
BICUUTG 'V 3O 47TAT10® ssuuafoaqiu pug worjiscduwos fygmoxd o unsTxedmon 8 6L IIGR]



study the culture of jzglla on & semiwgolid medium. 4zolla
plants (300 x 20 mg) were transferred to petri=dighes cone
taining Yebtenabe medium (15 ml) solidified with 0,9% agar-
agar. The petri-disghes were secled and the culturses were
incubated in the culture room at 25 &+ 2°C with 16 hours
photoperiod (1000 Lux).

The growth of fzolla on semi~golid medium was extremely
8love Only Z.5=f01d increase in biomass production was reCorw
ded after a culture period of three weeks (Table 16), But it
was obgerved thet, without subculturing, the plants survived
for three months, Therafore, although there was not much
increese in bilomess production, subculturing on semi-solid
nedium was adventegeous for preserving end transporting of

Azolls plants,.

SLCTION B ¢ Hormonal studies
fpplication of phyﬁaharmqnes to plents grown in

sterile nutrilent nedla enhances thely growth and development,

Experimeﬁt M X

and ni rogenase activity ofig, Qiﬁﬁ

Fhytohormones such s kinetin (Kn), idoles3eacetic
acld (1s4), 2, 4=dichlorophenoxy acetic zcid (2, 4«D) and



Table 16 3

oy -

Biomass production of Azglles cultured on
semlegolid VYabanagbe medium

Inoculum 3 Fresh wt, = 300 z 20 mg
bry wbta = 13 & 01 ng

Fresh weight | Dry weight

focein) ) (ng)
1. 398 x 27 17 4 2.3
2 518 x 32 24 2 8.7
3 780 & 48 32 + 8,6

Mean of six repliceotes with S.D.



gibberellic acid (GAg) at various levels were incorperated
in the Vatanabe medium. Healthy Azolls plents (300 & 20 mg)
were trensferred to eech of these medla. Cultural conditions
vere maintainedias deseribed in the Chapter 1i; Materisls and
Methods,

a) Kinetin (Kn)

Incorporation of Hinetin st various ¢oncentrations
(0,014 0uly 140 and 4@,6 pom) to Vatenabe medium digd not
affect the growth and nitrogen fixetion of J. pimnste
during three weeks of experimental period (Table 17). No
significent changes were observed in the blomass production,
chloxophyll content, protein sontent, acetylene reduction
getivity et the Kn levels tested. No excgenous gupply of
cytokinin in the form of kinetin was found necesssry for

fzolla culture.

b} Indole 3=acetic mcid (IAA)

It was notlced that after three weeks the blomass
proguction of fzplla and nitrogenase activity did mot
incresze by incorporating IAA to the culiure medium (Table
18). The verious concenfretions 0,01 ppm to 10 ppm vere
ineffective in Increasing Azolls blomass. The composition
of Azollg viz,., chlorophyll, protein snd anitrogen contents,

also remained unchenged,
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Hence, it wves evident thot epplication of IAA wes

not necessary for Agzolls blomuss productlons

¢) 24 4-Dichlorophenoxvecetic seid (2, &4~D)

Azolla cultured in media containing verious concen-
trations of 2, 4«0 (0.01, 0.1:, 140 end 10 ppm) showed that
upto C.1 ppm concentrations, the biomass productlon and ARA
renained unaffected (Table 19)., Increase in 2, 4~D concen=
tration to 1 ppm, resulted in reduction of blomass by 12%
and ARA by 13 respectively. Chlorophyll content and
nitrogen contente were reduced by 6% and 3% respectively.
Further incresse in 2, 4-~D concentrstion to 10 ppm resulted
in deoth of Azolla plants within a chort period.

d) Gibbercllic scid (Ghs)

Gibbare}lic acid was incorporated into tatansbe
culture medium at varicus concentrations (001, 0«1y 1.0 and
4040 ppm)e At low levels of Ghg {0,071 and 0«1 ppm) biomass
production of pzolls showed significent increase when
compered with szolla cultured in medie without it (Table 20).
The increase observed was 10¥ in blomass production and S
in ARA a5 compared with those values of the plants cultured
in standord nedium (Fig. 9). A& positive correlation existed
between biomass ard ARA of Azclla (r = 0.990) end dry
matter of Azolle with nitrogen contents (r = 0.752).
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Fig, © Effects of incoxporstion of gilbberellic
ocld ot various levels (1=0.01, 2=0,1,
a0 and 4=10.0 ppn) ih the Vigtenabe
medium onr dry weight, protein content,
Alls, chlorophyll content, nitrogen
content snd heterocyst frequency of .

pinnats, after a period of tiwree weeks.
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SECTION C: Anptemical studies
Experiment 42

Anatomicel studies on 4. pionsta

Azolla plants grown jin viktro were used to study
anatonicel detalls of the complex. To study the anatomical
details, procedures described in the Chapter II, Materials
and Methods (11) have besn fLdlowed,

Ezech leaf of Szolls was bilobed, the ventral lobe

nearly schlorophyllous and increased in thickness from one
cell at their distel end to twoe ar m&i& cells at the proximal
end. The dorsel chlorophyllous lobe contained the algel
syabiont Ansbamens azollae in an internsl cavity (Plate 8,a)
The leaf cavity was lined by two types mf‘epidermal oute
growths in the form of heirs (Plate B8,b). Branched hairs
were only two, while simple unbranched heirs showed déiinite
nunber from first leaf to fifteenth leaf in its serisl order
of developments The branched hairs consisted three to four
celles and they were loceted in similar positilons in every
leaf cavity, elways on the path of the foliar trace (Plote
8,¢)« The highest number of slumple hairs recorded was 22

in the fifteenth leaf and 1t romained consiznt upto twene
tieth leaf (Plate €,d4). In each of the dorsel leef cevity
Ansbeenn trichomes present consisted of vegetative cells

and & few heterccysts (Plaete 8,e). Heberocysts were



Plate & Photonicrograph of dorsal leef lobe/s
of Azolls pinnate showing
a) leaf lobes with inabaena azollese (€00 x)
b) branched hair (BH) felier trace {00 x)
¢) magnified view of branched heir (BH) (1200 x)
d) unbranched heir (UB) (900 x)
e) isolated fnobsens agollee (1000 x)



Plate 8



observed from Angbaens isolated from third leaf cnwaords,
recched a maximum in the fifteenth leaf (Fige. 10). & direct
correlation between the heterocyst frequency in Ansbaens
trichomes and the number ¢f simple helrs produced wes noted.
A few fnpbaens cells were present around the ghoot spex of
Azollas Studies on pnsbpene isclated from fresh mgterliel by
fluorescence microscopy showed that chlorephyll and phycos
cyanin pigments were present in vegetetive cells end hetero=
cysts (Plate 9, a and b).

SECTION D s Salinity studies

The studiesz on the salinity, induced by the addition
of sodium chloride to the VWetanabke's medium were conducted
to examine its effects on the growth, composition and nitros

gen fizgatlion of A. pinngts under aseptic conditions,

Experiment 13

Effect of sodium chlorideeinduced sslinlty on A. pinnata

Healthy Azolle plants (300 & 20 mg) from stock

cultures were treonsferred to Vatanabe medium (50 ml) supplee

mented with verious levels of sedium chloride ;5. 1Gy 204 30,

40 and‘SD mi)e Cultural conditions and procedures for
gnalysis were followed as described in Chapter 1I, Haterials
angd Methodss



Fige 10 Correlation between poercent hetorocyst
frequency of isoleted Anabeens awolles
and Azolls leaves in thelr serial order

of development,
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Plate $ a) Fluorescence of chlorophyll in
vegetative cells and heterocysts in
isolated Angbaena azollme (1000 x)
b) Fluaressence; of phycocyanin in

vegetative cells and heterocycts in

isolated Angbeens gzollpe (1000 x)



Plate 9



e} Effect on biomess

Azolla plants subﬂeete& io low levels of salinity
(5 and 10 m{) were similar to the plants grown in standard
culture medium, There was no significent reduction in biomess
produceds With the incresse in selinity to 20 mM of sodium
echloride, Azolls plents became pele green and roots were
ghort and derk brown (Plate 10). Azollg cultured et 30 and
40 m1 of sodium clzﬂﬁride levels; leaves showed chlorosis and
plants were devold of roots. Biomass production was reduced
by 30% and 724 et 20 o and 40 oM of NaCl levels respectively,
when compared 'with the &o'mass produced by Agolla cultured
in stondard medium (Table 21).

b) Effect on ccmposition

The growth peremebters viz. c¢hlorophyll contents,
proteln and nitrogen contents also showed progressive reduce
tion as the levels of sodium ehloride increased in the culture
medium, At 20 mif of NaCl level, 23%, 16% and 3% reduction in
chlerophyll, protein and nitrogen contents regpectively were
observed when compared %o piants cultured in stenderd medium, -
At 40 mlY, 260 reduction in nitrogen content was noted.

¢) Effect on niti'agegggg getivity

The heterocyst frequency in the symblont Anmbaens
isolated from &E.J:ﬁ treated with 40 n¥ of sodium chloride



Plate 10 Effects of smodium chiloride levels
{e = conirol, buH; ca10; d=20, e=30
and f=40 mM) on A plonets



Plate 10
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recorded 69% reduction in scetylene reduction activity angd

27 reduction in heterocyst frequency (Fig. 11).

Pogltive correlations between bilomass production of
Azolls end scetylene reduction activity (r = 0.978) as well
a5 with nitrogen content eccumulsted in dry mebter (r=0.983)

were observed.

Thus 1t was evident that A, pinnats could tolerate
10 1Y of sodium chloride present in the medium,

) EZfect on emvonies sssimilsting enzymes

Three prinecipal ammonip agsimilabting engymes, glutas
mine gynthetase (G8), glutamate dehydrogensse (GILH) and
glutanate synthase (GOGAT) were extrocted from sodium chlGe
ride treated Azolla. The extractlon and estimation procedures
followed for these enzymes were as described in Chapter II,
Materials and Methods (10b~i, 1L snd iii).

Results obbeined shoved thet at low level of sallndty
(5 mM), the GS activity wes reduced by &% while GDH and
GOGAT rempined unaffected (Figs 12). Frogressive reduction
In G5 sctivity of Azolla was recorded as the trestument levels
of sodiun chloride increased, AT 20 mi of sodium chloride in
the medium 0S5 ecbivity was reduced by 39% while st 40 m¥ it
wes reduced by 77% es compered with GS activity exhibited by



Filge. 11

Effects of sodium chloride levels (1=5,
2:10, 3020, 430 and 5240 M) incorpow
rated in Vatanobe nmedium on dry welipght,
protein content, ARA, chlorophyll content,
nitrogen content and heterosyst fLrequency
0f A« plonata, after e period of three

weeks.
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Fig. 12 Effects of godium chloride levels
(C = control, =5, 2u10y 3020, 4=30 and
S5ab0 mil) on eomenia assinilating enzymes:
Glutamine synthetase (GS)
Glutanate dehydrogenase (Gil) and
Glutanete synthase (GOCAT).
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fzolle plants cultured in stendard mediuwm, The GDH and
GOGAT activitles of Azclls were not much affected due to
the pregence of verious concontrationg of sodium ehloride
in the culture media. The nexioum reduction recoxded at the
highest concentretion of sodium chloride tregted (40 mil)
Azolla was &6 end 13% in GIM gnd GUGAT respectively, vhen
compared with these activities of Azolla grown in standard

medium,

e) Effect on the ionic comstituents of Azolle

Ionlic constituents from Azolle, culbured in media
éugplemente& with various concentrgtion of sodium chloride
vere snalysed socording to the procedures described in
Chepter II, Moterials and iethods (9).

Sodium end ¢hloride lono in Azolla showed gradusl
increase corresponding to the Incrgese in gadium‘chlcri&e
levels of the medium, The sedium content increased by 774
while chloride content increased by 451% gt 40 & of sodium
chiloride concentration present in culture medium vhen Gole
pered with these aenteﬁt& present in Agells pgrown in

standord medium.

Potassium content wes severelly affected when compared
with galcium, phosgphorus end megnesium contents due to

selinity. At lower concentrgtions of sodium chloride in the
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medium (5 and 10 ml1) a slight reductlon occurred in potassium
contents Vith Increasing levels of sodium chloride levels
vize 20, 30 end 40 mi in nedium, the reduction by 0%, 348
and €2% ln potassiun comtents occurred respectively when
compareﬁ’with dzolls plantes cultured in stendard medium,.

At 10 mM of sodium chloride level 4 reductien in
calcium content wes recorded. Purther inerezse in sodium
chloride levels in culture medium uplo 40 =M reduced calcium
content by 41% .

Fhogphorous and magresium contents of Agollyg were
not affected upte 10 mM of sodium chloride level present in
culture medium, Phogphorous and magnesium contents were
adversely affected at higher levels of sodium chloride
present in the culture media (Table 22).

Azollia pinnata can tolerste sodium chloride upto
10 i level without decrepsing its biomass production,
Beyond this level upto 40 mh, 4. pinnets tﬁQUgh decrease s
the biomags production leyel, however grew ressonably well.
It was possible that th@selylents helped in gradugl removal

of sodium chloride levels from soline waber,

f) Effeet on symblont Anshagna gzollse

bpobaena; isolsted from the fifteenth lenf of fzollae
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treeted to various cencentrgtions of sodium chloride was
studied for the pigmentation chenges in the vegetotive cells
end heterccysts, The chlorophyll contents and phycocyanin
contents from both these types of cells were estimated by
their fluorescence as described in Chepter II, Meterisls

and Methods (10 a).

in increase in the phycocyénin contents by 2% end 3%
in vepetotive cells and heterocysts respectively were obser-
ved in jpnsbaena isolated from Azolla trested with 5 mi
sodium ckloride (Fig. 93). But et this concentration of
sodium chloride no chenge in chleorophyll contents in both
the types of cells was noted. Vith further increase in
sodium chloride in culture medium of jzolls, corresponding,
degrease in chlorophyll ss well as phycosyanin contents
occurred in both the types of cells (Platé 11, ay b} Flate
12, 6y by ¢, d)a. Chiorophyll pigment completely éiaa@pear@d
in both the types of cells of Anebeens trected with 40 mi
of sodiun chloride. The phycocyenin content was reduced by
73% end 613 in vegetative cell and hoterocyst respectzvely.A
Hence, it was evident t&at aélﬁnity affected the patiern of
pigmentation of the symbiont,



Flge 13 Chonges in chlorophyll and phycocysnin
contents in 4dngboens apellme igolaoted
frem verious levels of godium ehloride
{(1=5, 2a10, 3520; 4=30 and S5=40 wil)
trented A, plonatz.
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Plate 11 Effects of sodium chloride levels
{e = control and b=20 nll) on the
chlorophyll fiuorescence of Ansbaens
gzollee (900 x)



Plate 11



Flaete 12 Effects of sodium ehloride levels
{a = control, bei0, ¢=20 and d=40 n¥)

on the phycoeyanin fluorescence of
lngbaeng azollae (900 x)






